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PREVENTER Techni cal Field The invention relates to ramtype blo 01/2006
prevent erwolWsssisn wel |l operations, such as in the reﬁ@?’/ﬁ@‘éﬁ%ﬁ

hydr ocarbons, for well control includi ng preventing a we fowout Mor e
particularly, the present invention pertains to the construction and

particul ar  appli cati oBPRECHONRsRER By ovat PREERTE Chc et bl oout
preventers and other apparatus in a bl owout preventer stack. Background of

t he I nventi o?ec’halcgl %@gt preventers are typically included in the assenmbly

at a well he i1ling or conpleting a well to close off the well to
prevent a bl owoutTheduwehtion relatestsuram-tipegriowant preventére usexiiampll eperativesy t he wel |

D190 | e SIch S P8 k2B Fbr lrobartor, 1P H8H corlbLIUE RAfng Wl 11

bl ows up the well revent er aga| nst the
f1 ui d $r essublawgut. oMPI?d?aﬁtﬁU'aW Btecﬂfﬁﬁﬁﬂt inyestiempeasteing imthgicenstrsetionasd t o seal 15

of f the wel | oftrdR 6f saliy devﬂéﬁﬁclbdbdﬁ@fh@%ﬁovﬂﬁ1 ﬂr&&e’ﬂ&r@ﬁﬁ& MdsPRdicigy 0! vi ng

positive downhgl e Er essure g actice | owout event ers are
arrayed in a?RPE‘faf'P'E: [thesgpesation aggfesting;of syhisea waﬂ'&d’r%@tﬁrstﬂé with the
wel | pi pi ng #paendiing blswoitipravbetbr stk center  of the bl owout prevent er

stack. Figs. | and 2 provide two views of an underwater bl owout preventer
stack 20 shown generally at 10. Various hydraulic lines, franmework and
control app@Baekarsurdof thedv@ntdn Ng t he bl owout preventer stack 10 are not

sho for purpos f.clarjt JThe = st 10,1 ncl udes fou m.t ype bl owout
pre\\llvgl ters 12, 1§%w%%tp5%"§naf arﬁwpigﬁlﬁdnci@dmtgmiﬁew%f &heé connect or
22, a seconaﬂnmnmeﬂca!mpleltmy\mwellqorcbsenffme\ﬁbﬂ!tapnévent afblawou; csuch abowauk arrayed

above the r 28 IS
pos?/t I oned g‘iﬁtﬁﬁg&t %Py@}ﬁij'ﬁp&'?et\ﬁniﬁ§|€s¢aewigtﬁ%38{8%cﬁ oc?eg%Pﬁtﬁ E riser
above (not htghm)suremlmet llhhlebldwsmmﬂlea\tetlboaohMowout;aemi\teltsealhﬁlebmﬂt om of the

tack 10 f Iﬂ.;‘éqﬁlE . |, the
?tuﬁt(::)er andOEPmﬁ'a q%}\i\!sosqdfé fﬁ:%‘@ééé\\fi??b?%@%\kﬂ@f(ﬁ@% "fsg lérgrder in
whi cf5t hey aff theavsliapeund |arweti|n@e insmegeRl drifing operations molmng ammvyep!ewmmut
prevent er Bf‘elsblﬂ@SInapr&%bé ]guple't!t%ut&teb r&'Sﬁé'a?n%ged i v g@ﬁ%facka(:t uat ors,

| ocated on opposite sides of a central housin e novenment along a

strai ght | i Waich jsqogitiopsdoyerdhe well. with theavellipiping, eﬁe@dlag Hp Hreughiigcantesm t he

housi ng. FObfth@)jjaﬁ&h%revgmé%&ype bl owout preventer such as shown at 12
provides a pair of piston and cylinder assenbljes 32 and 34 with the

cylinders fixed F'%ﬁ«.wﬁﬁaerqv@eewegwwf ag ugderwaler Plawout pravenisr steckoosi t i oned
overzg he wedHowh@ehétally dthe. Varus Rgdradlie ifEY fthewdtk 8Rdcahtrbl dpparkitis@dy 2006

operating the blowout preventer stack 10 are not shown for purposes of clarity. The

stack 10 includes four ram-type blowout preventers 12, 14, 16 and 18. An annular
blowout preventer 20, a connector 22, a second annular blowout preventer 24 and a
flex joint 26 are arrayed above the ram-type blowout preventers 12-18. A riser adapter

25 28 is positioned at the top of the stack 10 for connection te a marine riser above (not

' shown). A wellhead connector 30 is located at the bottom of the stack 10 for
connection to a wellhead below {nhot shown). In general, the number and kind of
blowout preventers in a stack, as well as the order in which they are arrayed in the
stack, may vary.

30 A ram-type blowout preventer includes a pair of linear drive devices, or linear
actuators, located on opposite sides of a central housing to provide movement along a
straight line, perpendicular to the vertical, toward and away from the housing. For
example, a ram-type blowout preventer such as shown at 12 provides a pair of piston
and cylinder assemblies 32 and 34 with the cylinders fixed on opposite sides of a

35 centrai housing 36 positioned over the well so that the pistons are movable along a line
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perpendi cular to the well bore at the surface of the well. As s1hb16\/a;l/t2{b06

bottomt preventers 12 and 14 have a common, central
"ng. SB0BEHEH; B peREhaRsgf,

housi ng vertical bore through t he housin aligned wth
the well bore so that wel | pipe extendi Bg fromthe well passes upwar dl'y

t hrough 5 the housi along.its central The sto aulically
oper ated to PRI She b5 tirb v o pelpendalen ot st bgs e SredHhe

oth her . hEach we&tmtmwnrtheaoﬂmmmmﬂoutﬂm/qnteﬁ tEhareing ttawvalt:dnmbm wel |, so
that the two n | ntral
bor e winen t nEXB1Ep Geirelbebshha 260 A ped BRI iR Bibatthe LRI T ML |2

pi stons to awitiolie wel borkisgihatwebpipe Fendingritarathe weif passe$ upwardiy thrdwgbugh 10

housi ngs of {h%%ﬁ%élé’r@ﬁtst% reb Ty i@foﬁé 1@6%@1 @Icﬁﬁzgﬁé& |°f a central

vertical passage rom bor e bel ow,
up through a&lmutﬁneom%em@\reetmarﬂ§a¢l'nottl¢reortﬂ\n@w5'em egeleolben dzack piglor caesind on

through the QPJnHQﬁhébu%ﬁend\o%f@tfné/wbﬁs@&f&’t’!h@%:%ﬁshhébti%l&s%ﬂtra' housi ng
for each ramtr% | owout preventer - I's, for each pair of

pi ston and c$AFigkalo n@éthslheatln%mt@weeaéwst%s g driysp tPQﬂ“Eﬁ’-s%‘étase t he
ver%lcal 30r.9.;uea d,sdiﬂayh@élﬁutmast%@g ngattg tﬁlﬂﬁon{ ar%%éxttmeéttmgbsfthfjda%rd thﬁ
p1rsto an ruct ur es an WO ewa a W

R oh B e PR 68 a-broh oS preentor 128 1HBBI S AR A VIR os pond ng
pi ston ?Ed ﬁa%slrs]ageday eﬂaﬁm@xlrdqm th@bﬁm(tjeamaﬁ@ﬂrelm bbre Llod, 8p ﬂfbdgﬁ%{i dES| and
noves W | e COorLr nadl.n uJl n a.nmu |pe

D out b et SEmeS® it 68 RRYou I e Rk o dion ISugtES rafnd it o or t t he
vvlel . Pi pfef r aLrs 2amityas providedwithidptine entpl msmtfmchﬁrri—typabbhwtmel |, f
COSIﬂgO t he n_t . e ['Tace.
o ot s AedkenfRD Bt ngt e, R SR i o Biston Bh SRkt chilBindfions 3838 Ceddl (205
ram 18hear, cawitydotetseciyihe vertics! botesaithet Hoasing B and g)eendbmdlalmommrardyeal of f the

annul us ar O%\garp FH% ;ﬁ\st@f%nd%gl M SRR s> 4% brf%?mdteﬂﬁggvﬁl andRbRgaNd cl ose

and seal the we preventer W th rams 1S typically
at the top cdaclaguldﬂwangpmetd\mmeepMm,@ntr@howmnd avorrespaading gistonpi pe rans
i n bl owout | AMhet N€ top ram
type bl O\Aouty g%@@gﬁt%?é@gﬁmul%ﬁ db?a?tst&ﬁghﬁ«g% ﬂﬁ“%eﬁ%rﬁn& and the
| ower prever@@@omﬂnmmmd contain pipe rams. 30 Fig. 3 shows a matched

pai r ,gf pipe rang, r%'ﬂ?s l% hi?gfﬂ{ehbi&vgg?@'ﬁ\?eﬂgeﬁ%gk hl%y Uﬁéfﬁlte lrh&iff&leﬁl wfsid | ustrate

vari ous features o and 44 are ali ke,
t he same nusliesing Pﬁlﬁ'@lwﬂus Pﬂ@é@“ﬁ geal gopnd qa;ubphéplpe E’Ftk'éi*wfqﬂsthsﬁ(?"-f eat ur es.

Each of t h%uotﬁgﬁﬁﬁ% a%nﬁtuéf}em@&t #e wau agé 88 e Wil fbreRBNACRO BRndXaRRVE 48 in

its front, or l®eading packer Is carried in the groove 48. A
groove 52 eﬁ?@ﬁﬁﬁ’sﬁa@ﬁé}’@gwﬂh@ P'Bﬁa%tﬁe logption ot theblindham. 5hegb QYCHENg: A t op seal

54 is recei Yé?ﬂiséﬂebhh@vkiﬂﬁipé%@ﬂﬁ&‘é@al%ﬁﬁ%uluéBl%lmdhfép‘r}:lédehﬁtszeBe top seal
extend to the ends of the s cut |nt@rqlh back of

Cach2h am bogmiAeRh R welbipB 35 Goreragi s heuslls Ablowos pieventer v

shear rams is typically at the top of a ram-type blowout preventer stack, with various
_pipe rams in blowout preventers located below. In a typical application, the top ram-
type blowout preventer 18 would be fitted with blind shear rams, and the lower
preventers 12-16 would contain pipe rams.

30 Fig. 3 shows a matched pair of pipe rams generally at 42 and 44, and is used
herein to illustrate various features of rams. To the extent that the rams 42 and 44 are
alike, the same number label is used to identify their like parts and features. Each of
the rams 42 and 44 includes a ram body 46 having a groove 48 in its front, or leading,
end. A packer 50 is carried in the groove 48. A groove 52 extends across the top

'35 surface of the ram body 46. A top seal 54 is received within the top groove 62 such
' that the ends of the top seal extend to the ends of the packer 50. A T-slot 56 is cut
into the back of each ram body 46 to receive a button at the end of a linear drive
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i ncl uded i n the piston and cylinder assemblies 32 and 34 (Figs.l1/@hd 2006

used to %Bﬁ tshe rans 42 and 44. The ram bodi es 46 Eﬁﬁﬂ%ﬁ%ﬂ?' |y curved,

obl ong cyl'rnders as shown. The QU|dema§s (not shown) urved,
obl ong cylindrical inner surfaces that Peceive 5 the rans 42 and 44, and

I whi ch th ' h t |,
bl oneut pr B ARooB 8 AR Ao ARG BN e 4o have
ot her cross- ﬂe(ﬂigsomahdE)hamsoomraﬂatmamsmuhdim or rectangul ar When t he
rams 42 and 44 arfhedih $6el BOGH B erah Mo Blond byibs 1E ookl g 10t SnOM)

within the central vert vent er stack
10. The pi pegtrl@ﬂwa!@(fphﬁ%nn)sar@@lst)@awed @bbng'e;!mdr(cal mn&tytmfaodsthabﬂec&gva)ove 58

that rgcei Ve’fﬁeﬁhﬁs s Yk t,ﬁl eac%%ﬁ'&ﬁhﬁ'fgn%%? 8Mﬁ b9§het&ﬁe%0%%p dies 46 are

cut to fit tao cl ose conlguratlon
the pipe ran®istans. dngenssals hlowquhprevenier ram dodieanddompeponding owitieyeys may encl ose

the well pipgisd ﬁavaefm#@bsss%.mgsrﬁag@g@émtmc&a&%&Hngaﬁr tWfenthé@! i ng of the
well with the r and 44 in the closed configuration, the ranms nust be

sealed to 15‘aF‘ﬁ2? la“‘? é@ﬁ'&ﬂ”?’%°§‘ﬂh%fe\%¥/§'e%@ém‘?§feumI("qtlsl]‘?"d‘) wittia thepr essur e
from movi ng centeal vertitd) passageFayaiithiniRe b!ﬂﬁ:@lﬁbi‘é@eﬁl&lﬁa\dﬂgoabﬂé’ﬁ’ bhan | evel of the

ram pgckers. ovi.d 4 t hat engage t he
i nterior gui &8%5@@#"5&%?@?' ig\dpta?glraoyes@gﬁat rﬁ%’?@éal? l|pjpe. g

conbi nat i on fht éris of thp rmhbdn%ﬁamld lctahefna@éﬂww&ﬁeeéh ahérarrhnaﬁs'i in thé 43
conpletes t ep. the we i espondi ui deway,
and 20 the %g‘ﬁs%eg‘}"“?‘gﬁﬁ‘n@e&wg il f‘%g?cﬁ'gs @It‘??? ‘dli‘ﬁ WBIRHE%%I etes the
seal i ng of tehdoseghewellipipehn anhalansehlingemgagesnent. o'[mm]@téheswlnb opihpe. Each f
ram 42 and t he formo
2 oove, ol BeGhe B ol At bdicRad bl M5 Thnd B BR weaBe b surt ace
of tHE ram ﬂ*wlr f@-%nfmvn|gauewasfSIagamsmﬁeidmedewrmwa fmhﬂnamg:aromid thore of the

central hou%margg_lpqmo%o%%ggﬂa@ g\f'g %%4££@egse§ngggélM§|%U| de\é\l/ay

behind the rams
forth al ongProvigeq)by ﬂie\tm&ﬂﬁlstﬁl‘ldhﬂt eh@ﬂﬁeﬁ@ mtynmuideagnsmaces inlalidingr essur e

di ff t b i cal
passagevay. Phe oooRaertiAn bAbRRD) Bing 48 <Ea B R vigj ok Bhlofy rffld O8 e
bl owout  pr ekddroBpietesthe seal hetwgen tie wiell Bipp and the Zolrespgrding guldpwamdng) t owar d
the bettom gk paRefrafsd® afl 44 e abge%%ﬁfu#men eGplERS t%%ﬁ%%f #: The ports

62 of each bl owout preventer 12- are positioned t nicate with the
central ver??@ﬁ'ﬁ%@!ﬁ%&@ﬁf&ﬁ”w’mﬂ"ﬂﬂﬁ%‘@e“s‘l“&ck 10 at a location bel ow where

the ram packer Eh rdnhas anb#@%%wd@ﬂ %ﬁﬂbﬁﬁur@@ﬂuﬂz&ﬁﬁ P&t ﬁnetfé}mf girma

seal. A choke line 64 extends t he of the stack 10 and is

connect ed t®9%CY& &M plek 6@ 2’%’?'“@44@“@5‘”5?"5\?&5%919;903% furdgce of e gamtos, and
control | ed gdnmiuhidale il pressuffhetfechliBk serlidalbré 8Mthé enttaPRslising blbR@sk of I hi gh

flui ZdS PT essrg%epagll;er% mg%s%egﬁ/ve guﬁlg\:vg bethnzzict)tlljtg r.=,|n'lasneaiael;C Ql'%ﬁss elic)uc:)l'xr rtam 42
and 44 may be driven back and forth along its guideway without having to work against
fluid pressure differentials between the area behind the ram and the central vertical

~ passageway through the stack 10 below the packers 50.
Each of the ram-type blowout preventers 12-18 has an access port 62 (Figs 1
30 and 2) toward the bottom of each side of the corresponding central housing 36. The
ports 62 of each blowout preventer 12-18 are positioned to communicate with the
central vertical passageway within the stack 10 at a location below where the ram
packers of these blowout preventers would cooperate to form a seal. A choke line 64
extends along the side of the stack 10 and is connected to access ports 62 of the
35 ‘blowout preventers 12 and 16, and controlled there by valves 66. A choke line can be
used to bleed off high fluid pressure from downhole by tapping through an access port
62 at a closed and sealed blowout preventer. A Kill line 68 extends along the cpposite




.62 at a closed and seal ed bl owout preventer. A kill line 68 extends al ong
t he opposite 11/01/2006 WO 03/014518 PCT/ US02/ 23642 4 side of tlhe/ 81420 A6

and is cap, B?%B to access ports 62 of the renaining rg&t&yﬂ%%ﬁﬁpl owout

preventers 18, and controlled there by val ves 7 |l i ne can be
used to feed hlgh pressure fluid or h|g -density mud into the mell t hr ough

an access pon ed an al ed bl reventer. I n practice,
bl owout pr evgn{é 8&@9%@( f)cg ngéﬁm pf’g%l\gf ﬂféﬁ? regmlqlqgtrymtt@ seal

agai nst domnhlgWeutmrmslarselst anilth,sands:oqttmﬂéd muiea:ylvﬂvéstte Ahl! triesqan bef
ondervat et LBHalB sl by RUTAE R\ B SHER L o o
i n the stackpori$hatiasiosed god sealedddaweut preventer. seal t he vveII at that point. A
bl owoug prevent erin bRaclig, ts%tagravémaewpérradt;ug 1E4QT6: @ acfly B384 Cd

configuration. Then, ssure i s conmun annul ar region
surroundi ng %msbﬂwhalsmswﬁe Thisis padisvlatritietiecasas phundeivatesut prevent er

under i nvesihbtgiitib®) msﬂfsﬁ"hﬂoﬁére&fh?o hﬂtﬁ%!&vﬁd&?p@@elﬁr stddgofkh blpe! drige 68 to

carry out t or di sadvanta e of this testing operatlon S

that it reqtﬁ“rch%’ei’ hglgwfl}?ét)\ﬂ#t piowayt preygnterjp Weﬂ? tegt fppligagtuateddp ng used
in the well, sealtaé welbatithatiporit. fA BIGWEU Breveiter t6 Be tdigid |§ mevddas its digsd, 80! nay be

I nst ed| After t i n the test to is removed, and the

ori gi &Sﬁﬁgwgt‘ﬁ‘@ n &‘ip'?%t' % i ﬁ%f"’tvéfr*?ab%m?ﬂht eI egions ti e
consum ng arsdrremmmgsthe/ﬂpe alrmettheoted;tacrdl sind !lsetdmthe@mmq:‘re@ntéﬁerﬁdeY\BH or of a
rams i pr odryatyRfion ofnBars S B e g o8 8t e RA e B oy Busdle bRt A e
bot t om of th@ajwlddmdwtqgee'f/mtestmsDaeratronThﬂaat M@qu[msﬂhabthetdm&smdgimd bl ovvout
preventer a t e cont act
t he (%w de\/va;/"gI agapgrttgé]hfﬁ bb@%%%&ﬁﬁ tt}e%&t]l rhﬁét be rﬂ?‘!ftd r@H tﬂ%ﬂ%il %Onﬁ%ﬁ {%{p of the
rams,1%as i | el meybeinstaliedtn ghe \eell. Alﬂsﬁﬁstmbethgte@tstm!rlereenwadf argkihé onigingl ooves 60

are on the MH?nrg dQIrﬁB s Bdek hd mbﬁl"?th&(trcl@ r{gﬁ%"tﬂte B&Qu&%&gﬂﬁ‘ %?ewsﬁ bet ween

t he areas behi rans and passage
i nverted raﬂﬁmﬁﬂﬂlm%IW§m@&ﬁegmﬂOQ§amﬂme®MMr ng tested These

inverted rams argy Qlt defd%uﬁiﬁ&theqm fpg%'?est”lﬁ%l'an@ fﬁgrov@%f ﬁ%ﬁﬂfﬂ&n place in

the well, against fluid pressure bove id pressure
i s comuni cﬁ'f"é@?flf?ﬂ‘tyﬂelb@“ﬁ’ﬁ’rﬂt?‘éﬂmﬂf ébfhé hotiam efdhmblowept preventer stagsi ke above t he

test 24 ool a%&ﬂ'ﬂfé’&dd@@bﬁtu&‘nﬁ\ﬁve%%@ iHsBilled MbkHed! é?JVtﬁéttthé?laerHl ?‘s&\l’s means of

the choke line 64 or the kill line 68 to carry o he test

di sadvant agthatgenfact e guideways a(%‘?!h‘ﬁ? Bettom of the eanis; r@lthferettre.I1 prothe 1gp rtter a

ramtype bl gvayas mmeatixemgtfnaﬁasd %éﬁ@éiuférﬁqﬁalfzﬁﬁon dr@o'ikh B@ar&tdh%e fahowout

preventers i the tack. dvant ageous and desirable to provide a
t echni que f?ﬂ}h? aug eﬂda'ﬁ? ES:\/R{'JHY’?'“' P@U@H@'g"’r‘@“ between Hheareasbehind the tvey a st ack

t hat does nemsraaqmercenwlpbssagewm% the RivBed ramB8@nd béi6w fH sidigdut hat does not
' at 35 is only used for

?ggt JgOE)ur'%g g %?H%?eﬁkeg aﬁ?soelv}ﬁ‘(u?tg lr'ag)r'/?e%% Sopestia k’t‘!ragglﬁétl? welkaipehni que.
already in place in the well, against fluid pressure from above the rams. Then, fiuid
pressure is communicated into the annular region surrounding the well pipe above the
test tool and below the blowout preventer under investigation by means of the choke
line 64 or the kill line 68 to carry out the testing. The disadvantage of this test

- 30 technique is that it requires an extra ram-type blowout preventer that is used only for
testing other blowout preventers in the stack.
It is advantageous and desirable to provide a technique for testing blowout
preventers and other apparatus in a stack that does not require pulling the well pipe,
and a technique that does not add major apparatus to the blowout preventer stack that

35 . isonly used for testing purposes. The present invention provides for such a technique.
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present invention provides a bidirectional sealing ramtype bl owol{01/2006
prevent erwoasgi4Biz0Vvi des a bl owout preventer stack inclygdine,asdi di rectional
sealing ramtype bl owout preventer. 5 bi directional sealing ramtype

bl owout preventer has bidirectional sealing ranms having top seals, bottom

seal s, and pgﬁljﬁﬁl'éﬁgdﬂhetin\?enfi#nom of each ram a selectively operable first

fluid communicatTon systemfor equalizing fluid pressure between the back
of each ram wit h Fheyireseptinvestionsoreddes\@ hidicectionel ssalingsam-tyneipweut sel ecti vel y

oper abl e Secerkdrtrid EVRBIAIHMolAPoVRHEr S REARYRbiRIAEha] ks Pr essure 10

bet ween the ck o{) each ramwi th fluid pressure above the rampackers. A
bl owout pr ev@ATPe PIGWOY BERYeR ¥ or di ng to the present invention has a
receptsécl e at t hen bidiesttiorRskaliny rameg bibvidit PrePatitdrPas bidirddtibrid! seHlifve acr oss

the top for _recei.vi a .t seal .nmenber and econd groove across the
bot t om f or r@@gﬁ@yl%%gseﬂﬁﬁﬁgwggaﬁ, aﬁ&ﬁ%‘é‘?fs aﬁﬁﬁﬁ@ﬂb‘gﬂeag}*@%ﬁter ram
acgor]gi nﬁ t oseletively areble ﬂrst\ileidfrcbmm_ui‘lieaiﬁilﬁyaelbQd)eqtllaizihgﬂﬁ?)pﬁ@ém'@e at the front
end of the carried in.the receptacle, a_ . first _groove across
the top of tb‘%qew 983'}%09%%{%@%@&%’1’ mﬂgﬂ%%breg%w?ﬁégwﬁ}?r?ﬂgaﬁe&gn foove, a
second gr oo\selegtivelyspetable secarddinidabmiriueichtiod\system doraqbalizing fluid padssure mber

carrif i n - doRfbeh B OF Q2N Cam QA AN baGLaldlE wi ER FabiIVENt T 0N, 2

ramtype bl owout preventer nmuni catron sy ias a sel ectively
operabl e first fAdilavosbieravanter zam bedysagearding fothe pregend iniveitiog hé$ ai d pressure

petveen ! he ridftacRfat fe Mt MG redcingd PURLE o RISPYBRICSordll ild tod 1 d Pressure

f
bel ow t he ram packers, and a se?ectlve y operabfe seco
comuni cat i dfredingtatap seal megben andiafgcend drepveracssithe botomis recelvimgldack of each

ram of the pbkdigeH: mahB¥E Bbwolit bievEdter rgm%rc&ﬁgil'a'%ﬁ) tﬁ@ﬁ%é@eﬁt MreftRAmBgCkers, A

fluid 25 conmuni cati on system accordi rese I nvention turther

ng to t
i ncl d8es fi ﬁ@Pd!b@rff?%?@dee?éB\&rf@nt@dfqﬁﬁheg@pbanae@wa@s@mtmgre&ﬁaa@wsi ng the
first fluidfgegeud snddsWib Y of tREbody)E topSRERAEIISR BhiEd inARPRSEIrdcve! £
sel ectively O@eal ng and cl os'léor{% the second fluid communication system A
control uni ESC8f FERVRECPSS the Retiom of thehady.apd adiofiem sea snember eariediRe” second
control appteaeténdoovec! ectively operate the first and second control 30
apparatus to opep and clgse the first and second fluid cogmunication
systems, respe W@I’“ﬁi" %@f?*?@?vee@% Pﬁm'%ﬁi’mrﬁﬁtefmude at | east
oRe @l ve aceinrhintcatics St mrﬁd §6RictiﬁWeadb|bﬁf;rﬂﬂMidioBﬁ1h1&ﬂ%atﬂin slyﬁéﬁlifforgne val ve.
The present i nyentio rovides a ype oWo eventer jncluding a
irst °F am el G wiesirs fehdoshthe baek SReach ! e BomuLaspientsr ¥ n o1 v st
gui deway anfilicBpressued bekown the zam pagkeal ind@velegively bppablesdohd i@ a front end, a
back end, a .carrj in a.receptacle at the front,end of t{he body, a
top seal Ca?o?rﬁninﬁw?c{aﬁg%sﬂsteﬁﬁfgléqugFzgy?@cfpéessure be een?he bacQ of eacﬂ ram oI'
the blowout preventer with fluid pressure above the ram packers. A fluid
25 communication system according to the present invention further includes first control
apparatus for selectively opening and closing the first fluid communication system, and
second control apparatus for selectively opening and closing the second fluid
‘communication system. A control unit connected to the first contro! apparatus and to
the second control apparatus may selectively operate the first and second control
30 apparatus to open and close the first and second fluid communication systems,
respectively. The first control apparatus may include at least one valve and the
) second contro! apparatus may include at least one valve.
The present invention provides a ram-type blowout preventer including a first
ram connected to a first linear actuator and movable within a first guideway and
35 . including a ram body having a top, a bottom, a front end, a back end, a packer carried
in a receptacle at the front end of the body, a top seal carried in a groove across the
top of the body, a bottom seal carried in a groove across the bottom of the body, and




top of the body, a bottomseal carried in a groove across the bottom of the
body, and 11/01/2006 WO 03/014518 PCT/ US02/ 23642 6 bei ng connedtled0id 2026

first |ingeosgfsbigat or at the back end of the body, a sgeppé,hraqy connected
to a second linear actuator and novable within a second gui éeway and

I ncluding a ram body having a top, a bolBtorn a front end, a back end, a
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system between a central “vertTcal passageway, throug ntra ousi ng of
the bl owout {FrE¢ETRIaNe atfhe frant endeof the kady.o top Beat carriedyn @laseaye aprgss Beat i ons i n

the figst antpwetenddydibetymysal BaREdR ol greovedBBss fhk baftont BIthé BbdyaRRar at us for
sel ectively &é){ Oﬁi}%ﬂw&%ﬂaa%c' osung?t he Tirst fluid comunication system a
second f1 ui d°SIGRHIRTIELP s second: IBRRMACURAE At the Backand phihe bady: A it T ssageway
abp\ée t he Le@t_mhmm'{icatiblesysreamthd @&nﬁﬁ@ehi@él@hés@@&wdymhfdﬂ@hfEicéiﬂFal ?ndt_sec?)nd
gui deways in rans.. and . second contr appar at us r selectively
openi ng and ¢ ug)@? Hgﬁ?'? R@wglét(%‘ﬂ’amﬂ' §?’8wq'heolﬁ¥ﬁtﬂﬂ th%ﬁp"g??cg?@ta@ OCH9BS In; 1 st

| i near act uahefirshand seooruirguiiewaysiiesind theenachs cfirbticonteot aggaraissforddlactizand t he
seco line : Lsio d cylinder assenbly. The
fir s{%fl Ui da‘;&?ﬁ%%?‘%gﬁ‘@}‘%@s@#ﬁ ér?%/"?%"g o %’Sf%ﬁ'ﬁusé‘”&gﬁ%ni cation Iines
and at | eastcoswsinigalionsystamdetween thecential iverical pessagaway @hbvedthe kysitobtine nay
conprise fl yi raryasadial LOn ol Th I rst
control appg?'gtpgs mafq %ﬁ@%ﬂi@gz-t?eagﬁﬁ%%@ééqagg,ﬁehg@ﬂ??g 5 r(':d(c)nd cont rol
appar at us n#fcUEeRlTA apraratogior selrclivelinepening wad cidsing the setondfididsecond cont r ol

appalr at us TRArRENESRASTER. TR BrORRY Bluatd! ek ol G e 20 second

control apparatus ma e selectively operated ) cfose the first
and d&8cond ﬁﬁ%ﬁ"@'km#{'ﬂﬁe&am lsrarapiiatoranay compuissta Rigpyandmylindef i r st f | ui d
communi cat i @Bsemihl SRR filid EorAGhiEatibh st?é?ﬁfmé?b&ﬁﬁr!sﬁﬁuih' muRBstio Y

communi cate with the central vertical passageway through at [east one
access port linesganggblepstione valys, andsihe spepnd fivid sommyinication sutemmayeast one val ve,

the second btbipribe fREBMRILAIBLIOR MndeHHdAMeBBONk DSILa! AhelfirdticOnto BPPARtGAt | on
| i nes and rrae%gcommm? the central vertical passageway through at

te wth
| east one alPéSIGEE %aﬂ(?“? Mrives apd g seeqidicpairel apnatus may samprseal ude at
| easg0 one Viebstene Vhige. SERAINE ahd sdcdnd 8dhitteNappaiatiRmaybéoRneciRito 8 @BREYNI Cat e
with the centi{e@I ve';{thi £8 assaﬂev\@/ t hrough at I'east. one 30 access port
that is | oc4iy Whichie '@Lﬂ'ﬁrsﬁ?"" §a89\ grRAratis may e, sRiestively eRpEledio, i n an
ext ensi on obpentand ciosd thalfirshantsdedndiuiy ontrihidatio§ydlena! R¥SttiRdly. THe I n the
central housing., of second.. higher bl Qwout preventer. Al] of the access
ports by mlﬁfr%tﬁﬂ{dhcg)nﬁqn@ 'Oé'ﬁéféte@é'% d'ﬂF’lﬁeﬁ\ulﬁ‘ c@ﬁ'fﬂ’r'ﬂﬁ?t@&ﬁ’f‘%a Pens
. conmmuni cat econintunidateewithethe centralvertichiqaksageasysharight [8RY oheadcesspag i n the
centyal hoysi f.the bl owout . venter. 35 A method of .operating a
bi diFoct | ortlt Merh{Bpatalte ok R al1es ons gaiee e seSond Hui
' communication system may include fiuid communication lines and may communicate
with the central vertical passageway through at least one access pott, and the second
control apparatus may include at least one vaive. The second fluid communication
system may communicate with the central vertical passageway through at least one
30 access port that is located in the central housing of the blowout preventer, in an
extension of the central housing above the blowout preventer, or in the central housing
of a second, higher blowout preventer. All of the access ports by which the first and
second fluid communication systems communicate with the central vertical
passageway may be located in the central housing of the blowout preventer.
35 : A method of operating a bidirectional sealing ram-type blowout preventer
~ according to the present invention includes providing fluid communication between the
- area of fluid pressure against which the rams of the bidirectional sealing ram-type




according to the present invention includes providing fluid conmunication
between the area of fluid pressure against which the rams of thel/01/2006
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sealing ramtype bl owout prevent oper

bi di r ect i on@{EValiRd(te aRpiy fhy nryﬁ@reoab@v&)t!i@ bgskre@x@n@!éeallns raedipe dlpmiortst f | ui d
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systemw th the first communi cat | on ;&/Jstemo pen and operating the
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vertical Paso@ERside mmmﬂaltvéﬂicﬂ%ésragéwé]RH:%hWhe%eﬂPél hauding! ary €ssur e

“test} g a blo reventer in a bl owout preventer stack, accord| ng to the

pre i n\VAPAY "Qrﬁi” |pFﬁ,sF't'f8(¥§th'BrﬂEﬁ/‘fe§I°ﬂ'd’aésﬁﬂeH?¥ aRave dieanackers pf the ramm t ype

of the bidirectional sealing ram-type blowout preventer. The present invention thus
provides a method of testing a blowout preventer that is positioned above the
bidirectional sealing ram-type blowout preventer. A method of operating the
bidirectiona!'sealing ram-type blowout preventer to seal against fluid pressure from
30 below includes closing the second fluid communication system with the first fiuid
communication system open and operating the linear actuators to move the rams to
seal around a pipe in the central vertical passageway through the central housing.
A method of pressure tesfing a blowout preventer in a blowout preventer stack,
according to the present invention, includes providing a bidirectional sealing ram-type
35 biowout preventer in the blowout preventer stack at a position below the blowout
preventer to be tested, providing fluid communication between the area above the
rams of the bidirectional sealing ram-type blowout preventer and below the blowout




35 bl owout preventer in the blowut preventer stack at a position bel ow the
bl owout preventer to be tested, providing fluid Comunication betlhéen /1206
area abovgddfssfsan®s of the bi directional seali ng ram
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fluid pr essub@v@ﬂér‘@@@éhhﬁ@@ol{f giraticH ard)RitPind! bfo%hgﬂ te$ to?%%éllﬁgm igm type
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vi ew of a pdestingfor piepsitre-activaling dtheoapparatud. he prior art; Fig. 4 is a view
simlar to Fig. 3, but showing a pair of pipe rams accor di ng to the present
15 invention; Fig. 5 is an isonetric view of another pair of pipe rams
accor@i ng t driehBescptiogeafitheiDrawingd on, showi ng one of the rams in expl oded
view, Fig. 6 is gf i rg,éé onofa
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v ting | u

preventer according to the present ention
communi cat i SfW S tafda.ck bytshowipg a paigof rips rems agcasdingstorthé presend Fi g. 7 but

showi1gg anO‘id%éﬁtloMeFlﬁ'ﬂg aﬁisoHeHic%ew%‘PHﬁB!ﬁHr%ﬁirr bpﬂ%er ﬁ%?ggcl)rdlﬁégath?l is a view

simlar to % , but show ng yet anot on- of
comuni cat i 8 glgﬁgqvgntpn ﬁﬁ’&"’lﬂlqﬂe of {he ramyin sxpledngiview: Kigal isam lsqmqﬂ‘LPst rat ing a

control uni mequaasﬂeedeéﬂ@n Co1alpofibn BPPpdiRdf Bowdlt &aﬁnwfym&lu&wm cation 25
syst ens acc%rdl @H%%? resent invention. Detailed Descrirrtion of

Presently, F’E?‘@g’? -f¥Re Plowe! preyepieraacoiding do e preseat inventiaf: r at ed and
descri bed hEilgemal@héméﬂdslide%fmﬁnaﬁé%dmoﬁsb@ﬁtlmbr%l sédlif bidwsliows a mat ched
pair, of bidirectional se h 8 gwp rans according to the _30 present

i nvefiti on, DA ?'asafcy & Prekest iyentig, luplratingdne Sy smmunicaliohs, 50 and 82
are alike, g@msldfkg sﬂag tsr.ea v:afustnhartowg rraan sAGWing Mert«ereﬂnbf/ﬁmm same

nunber | abels. W, J ons di.s el ow, rans 80 and 82
operate wit ; h‘%p ?érﬂwﬁaﬁ?%%@%t %‘F@v@'ﬁls owing Yefescr i bed
above. another version of ﬂurd communlcatlon syslems; and Fig. 10 is a schematic diagram

illustrating a control unit connected to control apparatus of the fluid communication
25 systems according to the present invention.

- Detailed Description of Presently Preferred Embodiments

The present invention is illustrated and described herein in muliple preferred
embodiments. |
Fig. 4 shows a matched pair of bidirectional sealing pipe rams éccording fo the
30 - present invention, shown generally at 80 and 82. To the extent the rams 80 and 82
are alike, some like features of the two rams are identified by the same number labels.
With the exceptions discussed below, the rams 80 and 82 operate within guideways of
a ram-type blowout preventer as described above.
| Each of the rams 80 and 82 has a ram body 84 with a discernible front, or
35 leading, end, 86, back end 88, top 90 and bottom 92. The ram body front end 86 is




Each of the ranms 80 and 82 has a ram body 84 with a discernible front, or
35 | eading, end, 86, back end 88, top 90 and bottom 92. The rambbd)1¥, r?d?l@6

end 86 i Sywhlfsiifsf006 WO 03/ 014518 PCT/ US02/ 23642 9 br gr oove,
receptacl e, 3& I'n which is nmounted a pa ker 96. The fr%ﬁ?fﬁsﬁﬁs‘?ﬁe packer 96
I's broken by a vertical, cyli ndr| cal ove 98. Also, the ram body front

d 86 i W d f
end 80 1> S bHigHERdalild o RESASS 3?3“3’@&1“%5{ o5 et B PR Poget nor as
t hei r packer $hegBickas 86 n@rammm vartige| ¢ylipdrical gresye 98 cAlspihe tae bpmig rent gr ooves
98. Each ramehegy lsgﬁﬁtﬁu@@%tﬁﬁecem§ aﬁ’d ﬂ}oﬂsﬁl{l gnthg H‘Blﬁ%ﬁﬁé’(@ 6lie8tg)dtr£r9£' on the

end of a piston or I's driven

forward or r &2 P%%‘EP"W“FW@W@@%M@IFW memagethnruae@elrrpemsﬂﬁ%wl or

actuatgr, sughudada ﬁrel)blﬁé RiGe&tfin S dabk gradee 88| Bach Rath b dYDUER endBCEN T am body
top 90 is br 102 that extends across e to 10 and

ken oove
connects to %‘k%l’%{)’é aduttoryon the eacefia pigian Pfsth?r{b@r{t'@d‘ ¥t he top

groove 102 waerpbymefhmaolsi isrivech fovakd w:éthacwdrﬁ yWLodvlespdnging WihelPuaws (not
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packers 96 tBeFIELP mtﬂracé a?/@P'Fﬁ’Eé‘f‘d 3( PLIGANY he
correspondi ng bl (Emhltarqnbmdyaqnmlsﬂmﬂelkbmgiobeé 162 thatdaxtelndeaﬁwsehéﬂbpm bel ow

ram biy bot et R pediet b 87 0h Vb beBio e PoRIRL R Br bl Tre T

bott om and cHi2rteposide e slidirg mtﬂﬂ‘rsug‘ama&féhiﬁghldeww(ndt simvsy eheréindhe mmmount ed
in the bot tfegg%[ TE tﬂvp@p\%ﬁa@ll@ﬂx @ Ui Tre bRl 9 38 al tht by 1 f ace of

t he gui deway ramresi hus tom seal s
108 cooper atvertigpknassagewaythraugh me@erreapoe@w bloweut pravented staakracalostlﬂuqdassag eway

through the grédshRTRATEHIApiE MO ineh Gidied CERIng coRicAfdioR BRLAPS wEd fibd] Pressure

fromabovethe ranms 1 n their close seal I ng I'guration around a wel |
pi pe.1Ther ef or e, Eﬁﬁ‘efaﬂhbﬁé’y%ﬂ%az@iﬁr@(é@tb)fﬂﬁ@ot%m&'ﬁﬂteﬂemﬁa@rai’rStb%lssageway

through the %&M%cﬁn@t\ﬂgmlﬁé p§<§k@F o@\%29t4”t dctth's‘ti.aPIr ?élg&g\éécﬁﬂ e @bove and

bel ow the rans. In view of e rams an seal agai nst
the gui dewayPoUeIR gEpo¥e 1@5‘°@!§9W’Q¥Fd§ﬁ§"@'ﬂ%5¢9&mﬂbﬁd§a°@ Qfdbe guideway (f¢te r am body

Dot 1 o 92, shour)3ereh! the A Healod MPhus! LI S6s’fbe cobgirRlesAR e O Pr essure

equal i zati on &eoove he surface of ram romthe front 86

of the ram 8 ﬁegsdﬁéﬁa'%@ celﬂFélé’Sﬁ'P@ P@%ﬁﬂ&?‘ﬂ’%&*t‘”ﬁﬁf‘ thg COWP&EOW!&P Wouknot her
mechapi sm derwentiagadrelgamst fﬁldQ)res'éué hRWEalR RO iR dEmET théiedosaa) deafitg

~ bidirectional rs g&l % Eﬂ&fﬂj ﬁlms accordi ng 30 to the present |nvent|on
shown gener SPTigurgtiondrgting aywalhpipe. Jtharefore, %?@?ﬁ@c?"@@zﬁﬁ\me ehbElof the rans
110 I n expl oeltichl passagewty thrbeytettié Biolodt prevemerstdckgamnst flikdrédstredtonke, some
It ke feature are identified by the sanme nunber | abels.

Agai n, Wi tﬁg%"ﬁé‘"égég‘ﬁmdﬁ@sm scussed bel ow, the rans 110 and 112 operate
wi t hi n gui deway sin vielv of thedaet thap thebhms\80iandB2staNdRInsBhe doiewasfagdove.

25 both along the ram body tops 90 and the ram body bottoms 92, in fact all around the
ram bodies 84, there can be no pressure equalization groove breaking the surface of

the ram body from the front 86 of the ram to the back 88. Pressure equalization is
provided by another mechanism described below.
Fig. 5 shows another matched pair of bidirectional sealing pipe rams according
30 tothe present invention, shown generally at 110 and 112, and is presented to show
one of the rams 110 in exploded view. To the extent the rams 110 and 112 are alike,
some like features of the two rams are identified by the same number labels. Again,
with the exceptions discussed below, the rams 110 and 112 operate within guideways
_ of a ram-type blowout preventer as described above.
35 ~ The rams 110 and 112 are similar o the rams 80 and 82 of Fig. 4. Each ram
110 and 112 has a ram body 114 with a front end 116, a back end 118, a top 120 and
a bottom 122. The front end 116 is broken by a front groove, or receptacle, 124, the




35 The ranms 110 and 112 are simlar to the rans 80 and 82 of Fig. 4. Each
ram 110 and 112 has a rambody 114 with a front end 116, a backl kAGl¥E) 06

top 120 ag@esdiRpitom 122. The front end 116 is broken t groove,
or receptacle, gst4 the 11/01/2006 WO 03/014518 PCT/ Ugg%&a‘gglo top 120
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groove 126 é‘s {e\ér?lj Qr%% 2 PR aoos,| ’F%O '588 %T%fai’fc’g?'?\@y ™ he front
groove 124. Arcoye 128. Hécanmetsaam grthmwloﬂ%wewbémdsamdtmmthélmprgmbody bott om

122 and CO””QQ? Sxtb itaﬁt%ss the r£rﬂ% ?%’tﬁ rﬂdjorBs ﬁ‘%rfﬂg Ifrglit leg (‘:I%{ \/%IW' thin the

front receptac I'S sec i n hol es
(not shown) Wetbﬁ’ﬂwntgr@veﬂ%ext@nde@oress tie earmn bedyzhotiorh 322 end ainnedieto tmcker 130
are pastial | yohtighfle B¥a.met @l plates 134 and 136, respectively, that enhance
the fit of the packer within the front groove 124 of the netal ram body
114. The front ofAReEF keh B0 within the fontgedapiarieri 28,and isaacuied erehy Pingir i cal

groove 138 thl@zreb@esalwﬁsre@(nwéﬂowﬁ) \ﬂﬂlidtﬂe fromYréove S TRk tba%h&eé}iohgéfw ion, as
di scussed abov 1"5 the plates 134 an are cut to

For ow T he opaor e ps iy Gckiy soatalplifestiod ang 134 cxsppciiep that epbascs oal 140
i fs tsﬂaped t othiifit ofitihe ﬂiuoﬁeﬂm;nttg@fr@ﬂgmoee i@ﬁoftmﬂetbﬁaﬁrbféa{ ﬁﬂf'ﬁhéfrbrﬂgﬂ y OUt15
o) r oo n.sljdin i Wi e gui dewa

ur { af%( not e ARl 1408 brxen bla i GndialZRARE T et eenes, wpiRsdh 128 by

pins 142 r dbeilossl ram donfigesationcis disossey abeveh The frbvit ebiges @tiRQlgtes f84bot t om

seal 144 is ' tt r QO 12 d to protrude
slightly Outaﬂﬁ@ﬁ% &F %’o@g)wtthg#r&l %&%%‘f fq'g% 'ﬁ%{‘? éﬁ? PAYeEhtagenent with the
gui deway surfaceP(tomseaﬂl@m)shapEueoiﬂm:mmrthesbalgrobﬂdmasammmﬁdlden t he bottom

groove 20 1 W hin the bottom
O oo 2R i obf el F6ovet Blaihsh ¢ilind 3L SRq Ao A Sy D° D011 O,
and tte botsmfmes{a@tlshqwu) Jhe@mealrﬁgmma iretive kopcyoav@ 426 by piosit4&t t he
packer 130 t&?@ s seal circunscribes the ram
body and ex?%r%@agc@é?gﬂ%gmront 0 {)hg’%?éjam body. 25 The back end 118 of
t he ram body 114Aibsttem seali44is shapedde twithinghe bottosrgroone 128, angitoon on t he end
of a p|ston driven
forward or rgtrruggcltglghﬂ%&tgp@%ﬁdggm I ng ﬁ1| | neéa&%"cg?éng%%%%ram’c‘irﬁ‘leve

mechani sm sutéhwafssua‘a%ﬂngtsﬁﬁwahd%éﬁpﬂm(@eaiaé{;@mwec(zn@ne botforrgreov@he front
end 36 of - apeby pini"el8oai it Adled B8 oM i e BUBASorAR, Cut backs t hat

conpl i ment protrusions and of the other ram

when the two ran®s %hoé’"nm'aﬂb@’éh%‘éﬁwpﬁth? Fan 312 shecfop eegii4Qancddheé on. Thus, an
upper protr u@ﬂdansehbmﬁxtén%rmmr@@mlbﬁdy @%%ﬁa&!ﬁ@ﬁhﬁ&ﬁﬁeéb&@ ¥ facing

upper cutback 152 of the ram 112, an u rotrusion 154 the ram
112 is rece tB?"%PP'B‘B‘fRS@ﬁF@W"W“P&? tﬁlﬁ)’ﬁé’% b%?ﬁ@\@@%@%’ﬁs thee ram 110.
front of the ram body.
25 The back end 118 of the ram body 114 is broken by a T-slot 148 to receive a

button on the end of a piston or the like (not shown) whereby the ram 110/112 is driven
forward or retracted by a corresponding linear actuator, or drive mechanism, such as a
piston and cylinder assembly (not shown). The front end 116 of each ram 110 and
112 features protrusions and cutbacks that compliment protrusions and cutbacks on
30 the front end of the other ram when the two rams are moved together in the closed
configuration. Thus, an upper protrusion 150 of the ram 110 is received by an
oppositely facing upper cutback 152 of the ram 112, and an upper protrusion 154 of
the ram 112 is received by an oppositely facing upper cutback 156 of the ram 110.
Similarly, a lower cutback 158 of the ram 110 receives an oppositely facing lower
35 protrusion 160 of the ram 112, and a lower cutback 162 of the ram 112 receives an
| oppositely facing lower protrusion (not visible) of the ram 110. Further, the front end of
the ram body 114 features cylindrical cuts 164 to accommodate well pipe to be




Simlarly, a |lower cutback 158 of the ram 110 receives an oppositely facing
| ower 35 protrusion 160 of the ram 112, and a | ower cutback 162 lok/0hd 2006

112 recei w@s3afsisopPposi tely facing | ower protrusion (n% /\fr‘sﬁz?olﬁ) of the
ram 110. Further, the front end of the”lam body 114 fe 1f"ures cylindrical

cuts 164 to acconmodate well pipe to be 11/01/2006 WO 031014518

PCT/ US02/ 236 packer 130. The use of bidirectional sealing
rans such as&%‘éﬁ’g@ ggi%liilbg within a blowout preventer may be further

appreciated by r eT'l?rl@ﬁ@ébldwﬁcmrgl seglinghiamsisncheasiivaz apd 1107 12witten a of two
ramtype bl OBBWBUH?)F&E&@F Iﬁé)ﬁbé fortfdt ApPreSIAG B?H{%ﬁﬂb t&EB 6 e Jgﬁgﬁforténb | OWOUt

prevent er 172 and | oner ‘bl owout prevente ol ne
ext ended cenPraa'Pa"kall]’!q RE-tynesblawaut preventers i shayn anﬁi'M@H?Oomlmgerport i on 176a

and a 5| over blbﬂmmpmemerrm%cm&#ér bﬂShSut%@ﬁl@?f’hﬂH?é‘;%’id&g bi Bffvi des a

central vertl’&al dﬁfﬂwﬁq‘?ﬂ é% part of the cen verti cal
passageway of §RE using | VSIE%’E‘H aPHPMPEHS“EQﬂW%nH@WW%venters
170 m ]ghlt belowarcHousingl porfigh £8bh Thé ﬁh&zﬁhemﬁm%&g&&@@mﬂﬂ%@éﬁ rlrt7)|4 has a
pair of line orm ston and c er .assenblies on
opposite si s%%‘"%ﬁg? @ﬁ p 5?& H@ﬂl 'O"f'?gal %F?@Bﬂ%dé'i'ﬁ/b%’%ﬁtoprl ate
mechani sns tIUe\mntaHataekinlwmmnhm!andeunpreaqntélmmm@ht beCmd:IydeHhe pi ston and

cyli r assenbl i e housi ng 176
are ?ﬁjleustrat ed IE%étr:@ﬂﬂe @%@hggv‘gﬁ%ﬂ[{g%f&/ﬁlﬁé qﬁ@‘@ cl?"éaé O3 M rel ated
15 feat ur es tamformef mgtpo and eylinded essembligseortoppesiegidee bithe séntial mousing
constructio t he upper
bl owout pre?gg[%hewﬁpa@*}ﬁggeage %‘Q&%ﬁ Jn'slt&‘%@?c%?ﬂearh{b tB@éé%ﬁ%l’%dwo with a
pi ston head QMhﬁé§tomaﬁﬁéﬂlﬂﬂ@'rﬂsmﬁ%md wateldﬁeattaes oy bhenside ofdhe charmber 184,

A piston r O%O%@I@{ 1% dfé’lllﬂ:ﬁ%téd% FBEG 9 &Q(Bn %ﬁ?ﬂd:ﬂu@?aﬁs&@ﬁh& énr(]'?elatgg ntral

housi ng si de pl st on a se I'ned to the
pi stdf 20 hé%?&"%oa#heoamfég Flsieeofsmléousmdae@msirmiatmpnstw@uandupmm t hr ough

hydraulic f kd‘!hgsé llld},%%tea”ﬁ'n paftictia® thd Pp Eﬁbfé\ﬁ?&& gl%w)ﬂb”ﬂ g{geﬂf&\ of the

chanmber 184 on si des of the plston to se y nove the

pi st on head aﬂ%MF@F’@P*&W&W@W@%&R‘F@’bMH&? peeipspd for mpygment witbineods 186 and
188 nove Wi bylingmel aia&naemdzeaﬁpuét&?rodﬁaé %q&hétﬂtofﬁ?egﬁ]ékaﬁ Aéad 189 QoY t hge act uat ed

to engage the rfd 188 1 pi ston in its closed 25 position

toward the GRIHE Pzaqusqqgﬁxgp Hgﬁﬁﬁﬁﬁ’"?ﬁaq [R8d @peeandirerht88 iy iningd to e pistossur e wi t hin

t he 2@hanbeheslith ﬂwbpbosme dide Wdﬁduﬁ@ﬂdhﬁ%d:lrédbt&d‘ﬁr&xbﬁﬁ?d?auﬂi@?lhlﬁ'nﬁl% dng | OSt, or
72 and 174 are illustrated in the| r

is renoved. Both | o H ersh‘é
retracted, BER f(i"\é\g %Y{"Bgﬁ 8 Fhprahes 484 empbotly sidessof dhe piston | ke t he
rams 42 anchebd 18% tdbeactivbly moverthé pielotead mwb&a%rawwwnlﬁeﬁ:emfaz%&% on 194 on

ram The st ZARanbE Feih 883nd B hcusi g vk bep 82 Avgkrageechanien s am 102
carries a ptodoeay ROithateditd 8ndagetiie 08 d88 fr16kkahé ﬂ@toﬁ ﬁééd #anaceioned i ts top.
Thucss, L ne Bt R BSRERG R BT e ey St *="
mai nt ai ni ngchambén mngldmgaﬂle pistomhédakn thertlosed position is fost, or is removed. Both
blowout preventers 172 and 174 are iflustrated in their retracted, open configuration.
A standard pipe ram 192, such as like the rams 42 and 44 of Fig. 3, is attached
to the piston 186 by a button 194 on the end of the piston 186 residing in a T-slot 196
30 on the back of the ram. The standard ram 192 is movable within a guideway 198. The
ram 192 carries a packer 200 at its front end, and a top seal 202 across its top. Thus,
the ram 192 is operable to move longitudinally along the guideway 198 by operation of
the piston and cylinder assembly 180, while maintaining a sliding seal with the top
surface of the guideway 198 by means of the ram top seal 202 as joined to the packer
35 . 200. Afluid pressure equalization siot (not shown) is provided along the bottom of the
- ram 192 to allow fiuid communication between the guideway 198 behind the ram and
the central vertical passageway 178 below the level of the packer 200 when the ram is




surface of the guideway 198 by nmeans of the ramtop seal 202 as joined to
t he packer 35 200. A fluid pressure equalization slot (not showd)1/81/2006

provi ded o%ﬂuéﬂe bottomof the ram 192 to allow fl u'g&@gmgg%lcat i on

bet ween the guideway 198 behind the ramand the centr

passageway 178 bel ow the level of the p¥ker 200 when the ramis 11/01/2006
WO 03/014518.PET/ US02/ 23642 12 j.n thg cl osed conf i%guration,_ as di scussed
above. The r 4N §95qdConiiguptiop.asipcyssed gboven dhe ramy 92 ig ilksiiatestin theioeen ower

bl owout preveotfigoraiohd | ncl udes a piston and cylinder assenbly 2 10 with a
pi ston head 212 1] for no t wthin a cylipdrical ch er 214. A
5 piston rod 216p|ﬁ§é%%%%gc’gmfngm?‘ﬁg%gH?P'BH”?‘F@&P'%&%'{J&XQ}JBF?sﬁgm@?ég%) al

housi ng si dewilt apistonhiead 212 positidnedformaveseatwithin acyliddiBalichamibérizdd. Ao t he

pi st onghead gk j ' |, ic%' I Lcul at t hr ough
hydradlic 100 F‘?a“n@?”ﬁ%‘&‘[’ﬁ%@@?@stasﬁ%‘?‘#&W%fﬁi*%n nked pesig T ive o ¢ he
chanber 214 BatopHead, andiasecsnd (e 18issivioed todheipistod heasl andheopriositd side. rove t he

pi ston head PR f | 216 10
and 218 mveﬁ%gtﬂ ﬁg' I st gt%& m@ﬂg‘ﬁ@a% f@@é{ﬁ%ﬁ%ﬁf}%@gﬁ%ﬂi be
act uated t o INOAPYQut §fte chamberidi4iop boisides Ethgipisfonrherd 312 to selegtivelyt s cl osed
posi tion t ownbwk thé pistef Mbadlowalar Sivairdnf 2 dehtrdl RBushiteTbb ! Fifd roliyserul i C

pressyre wthi he ch er 214 holding the piston head in the cl osed
oo it 15 s e W erpisfartheaf o of iosits BRenEmA2Depy SR seLpeio 2
Igpcor 2i ng tgertgh@e the mmll t gwe?kipmngeue h%mfusbﬁséd ﬂfc%litibﬁlﬁmﬁlﬁ? tﬁ&:trﬁﬂg ?2 ?L
ig. 4, or I an of FEiqQ. . exa , 1S, attached to the
pi ston 216 &%gnil%bd%&ffxe%#a?H@%‘H’Bg'@ﬁsqrﬁ@"ot%?gpcﬁ%g'f%zﬂéQP’ nadein a T-
sl ot 226 on pisten leadiin the clobeal pesition iShest, lor éiremeovddonal seal ing ram 222 is
2t its front. endAtitEERNDSerhEyint'Sp2a8 bocoldlte i atenl Bl bRl 532
alcr od$ E[ts tiibe themamsT8uand 82f Figah) & 21 ﬁamsZ@Qapdai‘%ﬂI{ffigL 6, fomas@ t mlplengi tu?ji ngl |y
along its c eration stan and .cyl i nder
assenbl y 21%&5‘\%%?@%& tnoﬁ%ﬁﬁﬁg%g@sﬁ %gioﬁ@%%r}ﬂ °qéhe| p'§?'b% Jetidiad '"ﬁJf'f ace of
t he gui dewayplobf26harethe badk of the ramniThe pidisectibna? Séalingchnt 222 is movatdd within seal 232
joined to t g@k@ Vistits .S, A . in the ope
configurati gﬁid éltl scu siﬂgé"@‘%&g&f’ﬁé%ﬁaﬁ#% g{o'ﬁg °"£°é‘§r ?H’@ sreglm of the
present i nvedl aaesstitgdomandapbationl seal232 madroas itobatiom. Jbas, teorat 222 ig here is no
| ongbg udi na s ' of the
am 2 1 Ui QPiane RHnGeeilin ) 6o B AtEndidina oo by el 8fe U ' ™
pressure bePifiesand pdindsy ersembly 2 18ewhilegnaintaining laslidiegrsezpall atbunddher bel ow its
packer 228 SRyt L Pant [ ousi ng
portion 17695&%3_26?42}3%%' accgsni@n%raﬁhggaff_gﬁs’?ﬂgﬁ\rgg%%heg%}ﬁ{)h@wgﬁhousi ng
portion as #33pised ixtaeipacken 3% Therane(8d is ustrated ip Sskapen sodiguatiorh s _
access por TS Aol e o o ot ks 0822 17 Dol ow
t he 2%vel -_ andtanlgottggl(ﬁgglrsogm there is g fongitudinal pressure equalization groove cut ’

along the surface of the ram. A fluid communication system is provided to equalize the
fluid pressure between the back and the front of the ram 222 above or below its packer
228 as need to move the ram in its guideway.
_ The fower housing portion 176b has a side access port 234 on the front of the
30 housing portion as illustrated, below the ieve! of the packer 228 of the bidirectional
sealing ram 222. The upper housing portion 176a has a side access port 236 on the
front of the housing portion as illustrated, below the level of the packer 200 of the
. standard ram 192, and also above the level of the packer 228 of the bidirectional
sealing ram 222. Similarly, the lower housing portion 176b has a side access port 238
35 on the back of the housing portion as illustrated, below the level of the packer 228 of
the bidirectional sealing ram 222. The upper housing portion 176a has a side acoéss
port 240 on the back of the housiné pottion as illustrated, below the level of the packer




standard ram 192, and al so above the | evel of the packer 228 of the
bidirectional sealing ram222. Sinilarly, the |ower housing porthohl7 2606

has a si dggasgfss Port 238 35 on the back of the housi as
il lustrated, below the |Ievel of the packer 228 of thepg{fgﬁéﬁeﬁg?onal

seal ing ram 222. The upper housing porti‘tn 176a has a side access port 240

packer 117 017 3pge BT orf 7 o Ryt BRI e BB R20 Hin Tt
192, and al sbidisesdoesal sealing ame222f t he packer 228 of the bidirectional
seal i ng ram 222. ﬁe\ﬂwb %zﬂmEH&ETHﬁ‘kfs?én‘u i?&gﬁin%ttSFlﬁe ?&%Hh\}%ﬂu&n% Ef¥amPipesent

I nvention is shown, art, caonnec ront access ports 234 and
236. A first 3t &P‘&i‘e@@m P &abliaseess PeYjsR4-ANd23Br A diest fldd poramunieatiamuni cat i on

line 242 conpr&ntebriiRicdesiuid Biinh@&HRioRfiess co;meefed%éﬁueaﬁﬂte%we%a&s@44 A
second fluid crg ni. cat lv?gﬂl i ne 248§u[§aves the valve 244 'and is joined to

athird flui®® ndiag 4. i §eFoB goramugeaiion fing 266 2avatithe valve syst em
conprises a andis jtmmmum:rdatmueminuﬁieataﬁ@n@wecéeedqdqﬁd/manhﬁnwper

access port val ye, 252. The sec flu munj, cation |ine 246
al so lopconn‘(’yg% g"p?lﬁ%sﬁl ' "5%‘5“051 ?{H""F%%g ﬁfséggf""? eygrle 252 to the
third flui d accessmornti2368anda valven2622 4B sddond flid icommanivation drd 246mldo ne 248

t t yisihle). in.which the
ST BE | neoneckytoihd ivePoa, ATt Lofelini e Yo aihird flid Ot 1 on at a
poi nt behi ncbomwniwhdn liea @48 f Theflid- commuTivatidni line 248\oahneets tnitle ntanibriof
conmmuni cat i g‘,@gﬁ bove in part
are shown sgﬁeegra? Tdtusﬁife# ngﬁh?ﬂéhé:g% m%l %ﬁﬁ%ereléﬁ&g%gg ram 222 is
shown in it dneygs.cdthdle gmnectxp:n gtanblmwetfumhemaclcendrdfme ramd not drawn to
scale. further. whensl sdleephiifugioohnRb@ibioRt ASRIE o fa F10; 6 1

partlally represented I n I'ts I rectronal sealing ram

256 i1§ its ¢gesdiboshgborein p%ﬁﬁeghw schemafigaltydmtvp dizgram afifdg. 7awhegis thes
connect ed t Qarft 2895 REMPIAGS HBidEa 252, #@d??sos ﬁé(rhétl&%‘ﬁf é’rﬁﬁﬁg‘g ¥im ¢d10t shown) by

a piston 260 for_sel ected rmovenent wt and carries a
front packe®c3&2oF “rﬁ'ef'&?"Q@h?'dez‘éﬁh%ﬂaﬂ‘aﬂﬂﬁt@'ﬁ?ﬁg &fFIQ%W) parfialy t wo rams 222

and 256 ar e rapiésanietivh ﬁQ NOWAIERESHORS Ys biBlirddiSna? Eéh‘ﬁﬁ‘g Fa'ﬂf"ﬁﬁﬁ li“ﬁ@ﬁmaéﬂﬁy 2 ent r aI

together in the closed configuration at a wel pe wi

vertical paBRsletigpuidensy %c [&p §am 255 'ﬁﬁﬂ"'@ﬁ@dﬁ% ﬁ?@sﬂmﬂgwmﬂ ad ar ound
the pgll pi Eﬁmds’#%séﬁblﬁ (met éhbﬂ@fbﬁ‘ﬂ.&oﬁ)ﬁsd f3Esdictied rAcRmbhiwithifdRd her, as

-di scussed above first and secon I'd conmmuni cation sSystens
“descri bed ag'ﬁé%""‘lyr? goﬁﬂﬁ'é@f’%ﬁfr\ﬂﬁ“tﬂ?""ﬁ@e? aﬂwtp&ieﬂ €mand kottomsepl 368.

construct i omge ml rained22 and 156 aE@nﬁht%ﬁg cgﬁ{ﬁﬁtﬁéﬁté ﬁ{ th¥ sert%efthdt ﬁﬁhesl |théyf|
et we e cen ral vertica

passageway B 2gEr 18 e st Ta TG el Boe W {reRsaplpieal
passageway M 6) and a
val ve 270. ﬁwmﬂ the packeeczmm 26H fon a lsedling ARy arédnceikk weflpipheinand t he
Va5 710, S0 A A oGt 6 At o e
fluid communication systems described above in connection with the ram 222 continue
in like constructions related to the ram 256. Specifically, a first fluid communication
line 268 is connected between the central vertical passageway by way of the lower
housing access port 238 (Fig. 8) and a valve 270. A second fluid communication line
30 272 extends beyond the valve 270 and joins a third fluid communication line 274,
which connects to the interior of the guideway 258 in which the bidirectional sealing
ram 256 resides and moves, with the connection at a point behind the back end of the
ram. Also, a fluid communication line 276 is connected between the upper housing
access port 240 (Fig. 6) and a valve 278. The second fluid communication line 272
3B also connects to the valve 278, and thus connects the valve 278 to the third fluid
communication ine 248 and thus to the back of the guideway 258.
It will be noted that both guideways 254 and 258 are connected to the central




ram 256 resides and noves, with the connection at a point behind the back
end of the ram Also, a fluid conmunication Iine 276 |s connect]e'ld/@ét/\%H}ﬁ

the upperwQugisdg access port 240 (Fig. 6) and a val vg %Qf second
fluid communication line 272 35 al so co,r ects to the va ve iJ and t hus

connects the valve 278 to the thlrd fluld comunication |ine 248 and t hus

to the back : gui deways 254
and 258 are g%rﬂ%dgg géto t e cen hlezfl %{%%ggﬁgmﬁﬁﬁ@w

PCT/ US02/ 23689mmunicationy lings 242 24 w48 and thebialve 244 indhecask of ant?222, anmid 262 by
way of the findifgid csammmtmﬁ.h%al 2?1%d%3an%§v§\{?éjz7%4§tré%g§é$8ﬁ rga' ve 244

in the case gg ram 2 and he f conmmuni cation |1 nes 72 and 274
and the val v&°%8pd th ﬁsatﬂi’éd @&H@'"@F“QFHWPS amgbvalvgp greripglugied fn the first@¥guni cat i on
|A: nes .'atnd Vi’jlllaomﬁurﬁdaﬁon §etentl 9sd, R wilh rfotéd&ﬁatfbbﬂﬂlg@:d rﬁsweh&.@ss &8 system

SO, it w

t. bot 8 are connected to
the central V’@P?‘ft cgtp?rbaa%eg&ﬂé'ﬁfg'ﬁgfgﬁsaﬁ 0‘636?@?"23"2%8 ey by  way
of the f| ui dwmﬁmerﬂumctommmcbnmslnébms m&narzdo afdthaslvé 282 i leV@se52 in the

The valve 278 1% 228 Al IeSula P RIRN Tndf = Rrd ardon e ol 2 o 11 nes

and val ves dhecasecf ae?ba, andlmesm‘kmtmmnmmtm Itles amiwalvies atelincludey st em Bot h

274, dﬂ"ﬁogmi‘? SicoRfnd Stciial fislelf s HiE HRRTNGHSTHsBhReb8RE" ) thei
respective dui d@mwglcm liperR2485Md 2ZMdintnanticd, theoramb @22 &ind 286 dré ui d
communi cat | QpeKltSdBH Mlhlpﬁ'lef?l?é'srr%@&ﬁr? Igt'@éw%ger a%ﬁd?fﬂg)g&ﬁth%lﬁfore @gd the

second fluid comruni cation syste rans together.
The first 1§rsaﬂwdm@mcatipmsxst%wﬂhbmowmedrﬁorwﬁtremtage&aeupedwed to all ow

or bl ock {1 gbniat coh SN 3 il SRPRIAS Bf bl AR Aihebde Frd frpect i ve

val ves. Thus, the valves and 270 provide first apparatus for
operéﬁl ng t RBd peqoa fiyid B‘P'U“E'BWB'PIPE&NW§WB@W°3“9WGF bin@kﬂmdﬂms 252 and 278

provi de sec@ebtrRiH 1 o F@mn@b@énéshgftﬁéu r‘&Qﬁ‘efcﬁ\Fé Vaflet, hﬁ%%@@&lv%;f &'aﬂg

conmuni catlgﬁ s'yste he operation of first and secon
comuni cat i QB‘d%G’ﬁ%dr?ﬁwrﬁtés%ﬁP@éﬁ'r&ttbﬂf@WWt@@Yﬁe& 6 and 7.

The bi di reChh@th@'valﬁMﬂZ%d bir@mvfﬂe eé&»ieasr%l ép?:éramworbﬁ;e%hd {hé@Ecapa- @
bl owout ﬁ'ﬂ'&nt er to.se gal nst downhole fluid

pressure as ‘i Coppunication sﬁfenémgF é?H%I'ﬁV‘H‘ ‘ff"}f‘é- “T’téﬁﬁi B‘P@ﬁﬂ)ﬂ'ﬁ'd perepusieaionwi th t he

excepgi on t’é@ten’éd?ﬁaﬁbdﬁpréclatédd:yr@f@f&ib@to@ésl eandystemis utilized to
equalize fluid

re. bet ween 54 and 258 behind the
P b55 e 250 e bR SR sERiR tatgutheeien ] 74 ey b Hiiee oS SaeeHenay 17
?Fl O\év t he rmvmkﬂ@lar’&@ﬂ aoondsHdell gi %-@3 @ﬁﬁYﬂMol@h‘Uﬁ pﬁé%euratahﬂﬂhggge 36(2328(:1
uid commupi ca tem connected to t rBCs rts an
is closed b 888&' "‘f%‘ip%ﬁ%@mﬁ%lﬁ pﬁﬁ‘fﬁ"tﬁrﬂﬁ' tH&E""‘PP@"Qt hqt?l]_?l fﬁSt@HWrmnl cation
system comwuﬂmﬁtatm gystent |9mﬂi2emmmqas!|z9ﬂﬁ‘u$)re%%e deveetheigaideways to fluid

I:|y|0| dgrtg agggli% cgtLe trarr]r(tas 835 é}'élsp% vely, and t#ecen?ral v%rstlcglhe pi ston and

passageway 178 below the ram packers 228 and 262. To carry out this operation, the

second fiuid communication system connected to the upper access ports 236 and 240
is closed by closing the valves 252 and 278. The first fluid communication system
connected to the lower access ports 234 and 238 is open to fluid flow by the opening
30 ‘of the valves 244 and 270. Hence, as the piston and cylinder assembly 210 is
operated to drive the ram 222 toward its closed configuration, fluid pressure from the
.central vertical passageway 178 below the level of the ram packers 228 and 262, and
- therefore from within the well bore, is communicated through the access port 234, the
fluid communication line 242, the valve 244, the fluid communication line 246 and the
35 fluid communication line 248 to the guideway 254 behind the ram 222. Similarly, as
~ the ram 256 is driven toward its closed configuration, fluid pressure from the central
‘vertical passageway 178 below the leve! of the ram packers 228 and 262, and




operated to drive the ram 222 toward its closed configuration, fluid
pressure fromthe. central vertical passageway 178 bel ow t he | dvlef 0d¥ 20He6
ram packeg gﬁ @nd 262, and therefore fromwthin thF %/ﬂgﬂe i's
comuni cat eg rough the access port 234, the fluid co cation line
242, the valve 244, the fluid comuni catdion line 246 and the 35 fluid

comuni catiop line. 248 dewa 254 ind the ram222. Simlarly,
as the ram PEETGE g, lbwﬂ%' ref fss°° gggﬂ ‘i'gé‘dp &,8906% PRt 23Bdher essur e
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top seal 290 and a bottom seal 292. A bidirectional sealing ram 294 is connected to a
linear actuator by a rod 296 for movement within a guideway 298, The ram 294 carries
a front packer 300, a top seal 302 and a bottom seal 304, The rams 282 and 294 seal
the annulus around a pipe {not shown} within the passageway 280 and fit together, in

35 the closed configuration.
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25 down the well below the level of the rams 282 and 284 through the open valve 310 to
the guideways 286 and 298 behind the rams 282 and 294, respectively, the second
fluid communication system is closed by closing the valve 320, and the rams are
moved to the closed configuration to seal the well around the well pipe (not shown)
within the passageway 280. To use the apparatus of Fig. 8 in a pressure test of a

30 higher blowout preventer or other apparatus, or to pressure-activate higher equipment,

' with the second fluid communication system open te communicate fluid pressure from

‘the passageway above the level of the rams 282 and 294 through the open valve 320
to the guideways 286 and 298 behind the rams 282 and 294, respectively, the first fluid
- communication system is closed by closing the valve 310, and the rams are moved to

35 the closed configuration to seal the well around the well pipe {hot shown)} within the
passageway 330. Then, fluid pressure is introduced into the passageway 280 to test

the closed blowout preventer or other apparatus under investigation, or to carry out
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the fluid communication line 370 to the interior of the guideway 348 behind the ram
344. The access port 358 opens to the passageway 330 below the level of the rams
332 and 344, and the access port 374 opens fo the passageway 330 above the level of
30 the rams. A first fluid communication system comprises the fluid communication lines
356, 360, 368, 370, 382 and 384 and the valves 362 and 364, connecting the
guideways 336 and 348 behind the rams 332 and 344, respectively, with the interior
passageway 330 below the level of the rams. A second fluid communication system
comprises the fluid communication lines 372, 376, 368, 370, 382 and 384 and the
35 valves 378 and 380, connecting the guideways 336 and 348 behind the rams 332 and
344, respectively, with the interior passageway 330 above the level of the rams. The
first and second fluid communication systems are operated to allow or block fluid flow
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E be |9¥cat ed BHhatewe RN 1ef @ geatrol unit that may be located on the framework (not
shown) of the blowout preventer stack. Fig. 10 shows a schematic of the operating

system for the first and second fluid communication systems of the present invention,
for instance, as shown in any of Figs. 6-9. A controf unit in the form of a control pod
390 is connected to first control apparatus 392 of a first fluid communication system by
30 a suitable iine 394, and to second control apparatus 396 of a second fluid
communication system by a line 398. The first control apparatus 392 may be one or |
more valves of the first fluid communication system that are selectively opened or
closed as discussed above. The second control apparatus 386 may be one or more
valves of the second fluid communication system that are selectively opeﬁed or closed
- 35 as discussed above. The nature of the lines 394 and 398 wili be determined by

whether the valves 392 and 394 themselves are operated electrically or by pneumatic
or hydraulic pressure. The-con_trol pod 390 will also provide the appropriate electricat
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the presegipgsuenti on, for instance, as shown in any gf ’Edﬂ 64$
control unit in the formof a control pg(g 390 is connec¥ to |rst

control apparatus 392 of a first fluid mruni cati on system by 30 a
sui tabl e i ng, g4 é’:ﬂnﬂe @Q'ﬂﬁ 6 of a second fluid
comuni catlonr sys?re Elgnaﬁﬁﬁ%ﬂ% hme\&% éhd:% apparatus 392 nay be
one or nore val v'@§hq)¢ass|¢éthﬁﬂulépommumqatoomtm oialflgsﬁlamyuherﬁrstlcamtroare
sel ectively apenats 892 inQhdes Btk RAied ECHRSSY oﬁﬁ’s@\fﬁst i €o dﬁ@@ﬁ&ﬂo&%&{e

ni cation

appar at us 396 Cgﬂé be gne or nore valves of the secon
&

system t hat 3P%tE &ecoRt corifol appgeats PG inciudes thg valses262ind 278 efdtie sasond. The
nat ur esof t hfui b@ﬁﬁuﬁ%oﬁ@f&t%&n\tﬂe‘ das@@f #Heh@s Bbrﬁﬁgnl&ihon WRRIMISIFid, lBe val ves
392 and 394 é‘ S.ﬁ Ne E are op @g el ectrical 6'{‘ pneumatic  or
hydraul i ¢ pr SEJG &OntFpLPPRGHS syl valvg §1°a?f§'!?fﬁ$t {dgampwBicalioBr opri at e
el ectrical 1dys@in, aﬂw&e\é@:@ﬂ/cﬂﬂtﬁﬁéﬁ)a%fﬂym@ﬁhﬂﬁﬁﬂ{é vaike 300 offthélééd:?m ﬁss]ylre g
signals to | yes 39 nd.396. In the case of e ui
communi cat i gﬁﬁd;ygé%%n'%? g'f:éyﬁgenha} case %Hﬁe f?‘f"??'g‘imfewﬂ i 5Vs§ﬂ'b%f%é& és 392

i ncl udes t hetheﬁltst/mt@khppanatlﬁ:wmmmdemae iraitvestsﬁﬁlaudi deLefmastdiaidi on system

and t secqy n‘nif?ii?;fa{: H@Eﬁ&fﬂé g‘%ﬁd E%%éfi%%g I%gg?%g?ﬂa% 78 of the

second 5 fI connun bn Sy s ni cati on
syst em of Flﬂj}d 380Ofthheeﬁmdﬁmdmmumcahappmean us 392 includes the val ve 310

of the first fl ui appar at us
396 incl udes therrval ve 320 oPgQﬁbera%%g%ﬁ%gto%gmﬁbomﬁ@@g{ﬂgﬁﬁ%stem

the case of VEN@Contigl IppatawRMetaneayslys s theolves 844 and 270incFig. Trare control
appar at us 3%eldati4sed Rfethal 42ind Oy D82 304 20 arbRBeddulzil obketf ¢ 10

conmuni cati on H‘%’St em he second contro appara I ncl udes the
e

val vé® 378 g8 §8|6k‘i‘1‘f'59c H\@V§h{%$ﬁ¥W@lenﬂmecmnedranéﬁgs@mgeﬂm control

pod 390 genah@tlﬁs:aﬁeQMdetaso@&Edpahéda}idad&éai&&@m}é@' ves in a nulti- valve
control apparatu S|nultaneously Thu the val ves 244 and 270 in Fig. 7

are opened and girtheedhs @@ﬁé?mnﬁﬁ@“@h@mﬁtwﬁa\sé 386 despedivelyarepened and

cl osed 15 t paslied thrblifhe nirl i 200! YRR i Siear e opened
and cl osed togﬁ%{; and ther vgalaves 378‘aﬁ%@ﬂ%@r@g3w éﬂegm cl osed

t oget her. FHP opprate e fist and-secancteontiol, 8%#@116%%@%@@ ssgtzmawa 396,

respeest i vel fhat sire thel valves bmﬂe&ai tHelik<p uﬁmsécbﬁd AN EsrAhulioPSftembiaé 1S, the
control pod 39 operate the first and second

~controls si ?Rﬂ t 'Egﬂbe v Y‘Fﬁ °&8‘8§ﬂ‘$6°’t5t53 firs eopnd flyig communigetianhe val ves of
one of the dystests awdomc (Thds, fthe dofltr6l REBBIG wcam oﬁt}ié wve% o%ﬁe cdalgin While all
-of the valv rst. and conmmuni cati on
systems ar eaep?f“%glgd{a E‘Pﬁ h@fw? ﬁeﬁ"?:@ﬁ?‘?ob'ﬁy BEng 9@“&%%}‘%"%0? thgpthenerniigl ves of
one contr olappanpqsamhsa;uaﬂg fluid &ffmuridatien batweeri the esnial paﬁégb&hﬁg all of the
val v. of tn (A olelsigs BR2 |at usty ConF clhlentl fluid conmuni cation
© betvean thd r?g g 05%%%@@%&9 onal ram-type sealing blowout reventer according to
' the present invention and the area behind the bidirectional sealing rams within their
respective guideways will always be available.
The fluid communication system illustrated in Fig. 8 is preferred over the fluid
communication systems shown in Figs. 6/7 and 9 in view of the fact that each of the
30 first and second fluid communication systems of Fig. 8 includes only one control valve
310 or 320 to operate the system, while each of the first and second fluid
communication systems of Figs. 6/7 and 9 inciudes two valves.
A bidirectional sealing ram as disclosed herein provides sealing with its
guideways all the way around the body of the ram. Seals, or seal members, and
35 . packers utitized with the present invention may be made of plastic or any suitable
elastomeric or other material. The first and second fluid communication systems may
share components such as fluid communication lines. The fiuid communication lines




25 through the housing of a bidirectional ramtype sealing bl owou

preventer according to the present invention and the area behi rﬂdlfﬂé/2005
bi directiwoabkosesl ing rans within their respective gupggn@yssets! ! al ways
be avail able. The fluid comunication sy,gtem illustrated In FI g. 8is
preferred over the fluid cormunl cation“Systens shown in Figs. 6/7 and 9 in
view of the Lagh 5 ni cation
systens of Fig Ps:ﬂﬁﬂci: udes on éyng?]ugﬁgggnr{%yﬁ{emggﬁy 8@%9 hOL%Z%aP% erate t he
system whi |l éu'@a@womuﬂﬁ h&he aqcess pertd tastbe cendral passapewayssed by theifloid syst ens of
Figs. 6/7 angofimumedtief téﬁﬁn%é’!@éted%r{%ﬂér&%@%ﬁ%m%%ﬁé%r {h@'fsts

di scl osed herein provi des seal’i way ar ound

n
the body of [igcoamynicgtign systes a%‘gﬂfwwh%!ﬁﬁé?‘? thegsam PaBé?f?)BE thersecandifividzed with

the present commakic=ton SR1EM SNVATRGR é?lflbolaln?eﬁ hﬁﬁznﬁg pa@ﬁﬁaﬁ&bﬂhﬁ@rﬁsﬁmé@m“ c or
communi %atl on systens may share

ot her materi first. and

conponent s sﬁ'(fﬂ vg?ﬁq il 'ﬂl@ma ‘gg?st?ﬂb?‘i '??é%" aiy e PﬁlPﬁ'“&i‘ﬁﬁﬁH@F‘?}h‘Pl on |ines
11/ 01/ 2006  eM3eOBH@pdthS rati kiSO (1sEaGER thklpredent gertibn. st and second fl uid
comuni cati on systens nmay be pipes, hoses or any other suitable conduits.
The access ports to the central passageways used by the fluid

communi cat i ondusjrizi Applicabilify be | ocat ed anywhere bel ow t he ram packers for the

first fluid k f
the second 11t o 18° prosen HleleR RSB0 ARYURRA SeBin8 Yy AR HRBUC T 7 g
pi st o¥ and d@reventfemaawéwtuse@m well gonteol eperétions tnseal swell draisid rmatedihipen d

d bed h f th
Ges b, gt o el Bk AR, Ol e P adP T,
present i nveéyelinih PB%"'W@ldeﬂh# peehure: 68 Wekhas inpeayveiting or shuttingewblzowout 10
preventer { ibgwolif BndEartdidtbel Bl deaf BN wawm%ré£¥@%bv&oml | around

a well pipe against downh pressure I n wel or exanple while

drilling or PE&sRyEdest ﬁgloyoumwenw bighes insthe iblowoutargvenieestatkadthoute, as wel | as
in prigventi 'ﬂﬂn@.‘ingﬂﬁé’%ﬂ plge M&eavelll&h@m%m% 20t oA ABPRIRE § to seal

around a wel | E €a| nst pressure above pressure test | owout
prevent er hPH§ER invgn %én%d@\uﬁﬁﬁsaplwewtmvemeaemu astusgin QUOW@WDW ng the

wel | pi pe fptmﬁtbﬁatmlfér saamglweﬁﬁéﬁd ﬁﬂpr@séu%stin@%’lher ﬁeﬂbdts?évia&l@:% if or the

present II’]V@V'{I on 1 Ncj uge | owout preventer as as use in a

bl owout SHACKr AB?'Q%‘!P"F?H‘ "?é’&?ﬁeﬁb'"m'%'"‘élﬁ‘lﬁ ush upascagiglarly st i ng ot her
bl owout  pr eussdeestsr biswout ﬂ@vﬁ@%&ckmmti@ﬁé!'aﬁﬁlﬁaﬁoﬁ& inclife REMiERL | nvention
_ mclE&e suc%? lgartlcu ar?}é q under wat er bl owout preventer stacks.

- Addi £Y onal Wically aghyating HarioHsdoqls. ek GoRplelen apparasus within @ Blewqutact i vat i ng
vgr i ous ht ogbrgvcmter(sm bidvie Qe mmf@bi&amgt .’gm m,qaw%vedg@y?@t ﬁr st ack
above the bidirecti pe bl owout venter of the present
i nvention, A% Pﬁe@'ﬂ?'f'%ﬁéﬁﬁyf%ﬁquﬁl?%g anghgpbsea, g t'ﬁ%ﬁ* al | ati ons. P
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VWhat is claimed is: 1 A ramtype bl owout preventer having a central housin
with a cavity including first and second gui deways extending rddia@ly200
outwardly in opposite directions froma central vertical passageway that
extends through the central housing, and first and second |linear actuators
ext endi gﬁ@r_adi ally outwardly fromthe housing and aligned wth the first
and sec t'@ﬁ'?'ﬂl?ﬂéi/s, respectively, conprising: a. a first ramconnected to
the firgt linear actuator and novable within the first guideway; b. the
first raminf @HHM Rlowaki prsMsnterabaving a cepial heupipg tith a savityoneludingi firsh back
end, a packef"tSFFaNddayideways K| @diglly onwardipia oppesiter dicgstionsofigm & t op
seal carri effNiRR yerieal passageway ﬂ*ﬁ@eﬂ.émfﬁﬂugm@etf@ﬂw' housivg: ad ishandarr, ed
in a grooveSSfPPddicarrctyniers srepdingadia ?l,itwéﬁﬂy freimige dwveiegtand alignedhe
first IinearWithibedistgpd secandguisigwrys fesneetivelye copRsing- a second ram
connected to the second |inear actuator and novable within the second

gui deway; d.&the SBEbrAN cariecies| tadhe §rsh lineanastiaor aadi mevable within sherlist om  a
front end, a badidS¥@Y: a packer carried in a receptacle at the front end
of the body, a to seal carried in a groove across the top of the body, a
bott om seal Rarr itgﬂﬁrﬁhfaﬁ" inglugipg @ rapy asly hawiag isolop orrbettom, Heefrens epd, ahackbei ng
connect ed to t he ®8dcdRacker Carad ima regaptacienst thedopbend efifbie bpdy, imtobsegt e. a
first fluid commSATEdtin ghoregea éﬁﬁoé%:"ﬁ fapi eigthe | hedy, a dettomi ssal camietliima@s
comuni cati ng be@RNA acKss isbatiom ofcthe ibedy, anddeingesoapested tathe fisst hearst one
access port bel oficitter pidhe bagk endwf theyhedyackers and | ocations in the first
and second gui deways behind the rams; f. first control apparatus,
conprising St | edSeCendiiamgonpegigdio the seeasnddibeanastyateraadimeyablenwthl i ng t he
first fluid com®@RoRd@HgRWaAYistem g. a second fluid comunication system
conprising fluid comunication |ines comunicating between the central
verti cal pagsagegaﬁetf’?ﬁ%[?@h'rle‘i{'JdI"{éaﬁSfa%ﬁ@dY havdes 8 teivra betlvouca front dndvel  of

t he ram packers angcaPrRERs cafiied e afrpeeptacimat the Hoohendyefithe hagy adepi nd t he
rams; and h. sec¥HRICHHRY N gregwa penoss thedeppf theibedy.ca botioas seal camiediniaval ve,
for selectively 9’815‘@1?‘%55%% 2qtles) atythenkodye et deing udoanessednion theaseoond sy st em
2. A ram type bllbgeiActyatena thabackengdef thedwdyn C aim 1 wherein at | east one
access port by which the second fluid comunication system communi cates
with the céhtral® Mg uid o eRvesysiem |comprieing i fivid Isempsmicatipn Hivesi ng of
the bl owout preREATRNIcating helwgan thareenbiabvrstieal passagaway thasughedtileastions C ai m
1 wherein at |eé§rﬁe§§d@r§%@g§%@wl of e vam packens and insatiorfs inite Gestramchi cat i on
syst em comuni c &eendguidewaye belind the ramger t i cal passageway is located in an

extension of the central housing above the blowout preventer.
f. first control apparatus, comprising at least a first valve, for selectively opening

and closing the first fluid communication system;

g. a second fluid communication system comprising fluid communication lines
communicating between the central vertical passageway through at least one
access port above the level of the ram packers and locations in the first and
second guideways behind the rams; and

h. secop‘d control apparatus, comprising at least a second valve, for selectively
opening and closing the second fiuid communication system.

2. A ram-.type blowout preventer as defined in Claim 1 wherein at least one access port
by whlch the second fluid communication system communicates with the central
vertical passageway is located in the central housing of the blowout preventer.

3. A ram-type blowout preventer as defined in Claim 1 wherein at least one access port
by which the second fluid communication system communicates with the central
vertical passageway is located in an exiension of the central housing above the
blowout preventer. ‘

2y ,




22. 11/01/2006 4. A ramtype bl owut preventer as defined in Claiml
wherein at | east one access port by which the second fluid comhi@avi2d06
system communi cates with the central vertical passageway is |located in the
central housing of a second, higher blowout preventer. 5. A ramtype
bl owout preventer as defined in Caiml wherein all of the access ports by
which the first and second fluid comuni cati on systens conmunicates with
the cerdtr al Avemitypsablowad peepentey aaefineda Ciimi hwhéreincs iasabndactebnigoref t he
bl owout  pr ebenthioh. thé. sekond iuidy peminUticativh §yseveRbRmMUARatkel Witethd Ber@lani m |
wherein: a. vérticdl ipastageivagds logatedah dhe certrl iheasing of arsicofd, Higher dsvety | | nder
assenbl y; anpreentehe second |inear actuator conprises a second piston and
cylinder assenbly. 7. Aramtype bl owut preventer as defined in Claiml
f ur t her Sconphiraiiiypesblowoit poéventertas defined it Gldini @ witgeih iall I te0aé0ee parepar at us
and connect eley which fitee first amd secomtrivid cappaniedtion sysenrbyorimenitates witls @ r ol
appar at us aneéntrale vertica nphssegewayl as feuakidul Ry cefittal Siedugingi ¥ethe dRMat ed to
open and cl gwevanks. first and second fluid communi cati on systens,
respectively. 8. A bidirectional sealing ramtype bl owout preventer
conpri sh.ng: Aaranbiyge blewbubpralerterads dufinedimeClhiayi wheledp seal s, bottom seal s,
and packers at the front of each ram b. a selectively operable first
fluid commumi cat therfirstyliseamactuatonuongirises afirst pistoh add chlindst assehbly; ah@r
equalizing fluid pressure between the back of each ramwith fluid pressure
bel ow t he ré&m pathesesondiirac actaatortenmprises bysecnry fistbe ah@ eyindef dsdbmibly. '
conmmuni cation system conprising at |east a second valve, for equalizing
fluid [@ressérremdppenblewottyreventdr asf definedhin Claimm Wiftithdr lcoimpriging adongolalve t he
ram packer scorfectadr tantHsy fiest bdontrolu apparatue niel chhnbcteds BTN | eabhd ToRly@t em
conpri si ng: appargius wheeby el firspaadrabippatatisand theisdcemEdnior appapatus maem f or
equal i zi ng beé seldctivelyaperated bebpareand blesd arkfirefl arebsdtohd Mulfl cdnirBurkitAeRut
prevent er wsystenid, mspectivelyssure bel ow t he packers of the rans; and b. a
sel ectively operable second fluid communi cati on systemfor equalizing fluid
pressude beh heirectivhal deality @im-type blowoot prevédier donpieing: preventer with fluid
pressure above the packers of the rams; c. first control apparatus,
conpri sing @t | diditectiorfal sedlingabme hating topeseand, iboRbv seBRNaRG packets aitRGI Ng the
‘first fluid comfiont ofadachmarayst emy and second control apparatus, conpri'sing
-~ at least a second valve, for selectively opening and closing the second
fluid conmini cata sefectiyely eperaB@ first fluid communication system, comprising at least a

first valve, for equalizing fiuid pressure between the back of each ram with

fluid pressure below the ram packers; and

C. a selectively operable second fluid communication system, comprising at
least & second valve, for equalizing fluid pressure between the back of each
ram with fluid pressure above the ram packers.

9. A ram-type blowout preventer fluid communication system comprising:

a. a selectively operable first fluid communication system for equalizing fluid
pressure between the back of each ram of the blowout preventer with fluid
pressure below the packers of the rams; and

b. a selectivel'y operable second fluid communication system for equalizing fluid
pressure between the back of each ram of the blowout preventer with fiuid
pressure above the packers of the rams;

c. first control apparatus, comprising at least a first valve, for selectively opening
and closing the first fiuid communication system; and

d secopd control apparatus, comprising at least a second valve, for selectively
. opening and closing the second fluid communication system.

23




11/01/ 2005 10. A ramtype bl owout preventer fluid conmmunication system as
defined in aim9 further conprising a control unit connected kl/0ke 2006
first control apparatus and connected to the second control apparatus
whereby the first control apparatus and the second control apparatus nmay
be selectively operated to open and close the first and second fluid
communi cati on systens, respectively. 11. A nmethod of operating a
bi di r ecti®nalA swadypadolowontt greeertérofvid copnemeatiar systaral agdbefhedbin dbisigrc i onal
seal i ng rans further mympoigingeal ntrobuhib coasedted dodhér B8t cpakedeasparaRe’=ngl € by
cor r espondi ngonnestesh todbe sacadscdntol appaeaten vhimebyg thig BP oot GpEathide WY S
within a cemhestcondoeitred apparstas ewtyibecdejectiesty opdretednd bhers and Bluseithe fipétpe
| ocat ed wi t hiahd aecosd il comneuriicatioh syséesss gespaytively ough t he central housi ng,
a selectively operable first fluid comunication system between the
central 1ert Aoaéthpdiof epprating b didirectidnel sexiig ravh-tydehisioweun frawntsrsinaloding
| ocat i ons i nbidirectiphal sealingorapedwmnitig gop kg potidrBeald anb drohbpackersf bgrabl ont r ol
appar at us, cbypertesponyirg lineansattuatofs fostmoverthard in EarecppRding guideways! withimg t he
first fluid eowalimusingtoselytitehnseatiteadnbolus wedundepgsipe Moatsdasitintia tbntizl
communi cat i oYertics} passagbwaydknougin ¢hec eeritrahlhousing,| £ ablcphrmngpavayleasiviuid he

| evel of thecommunicatind systenobetweemtheotentripbadriiial passREmay Dl fe 1bRASF a
second val vehe fram papiers rgddochtiond osthe dirsthadsseeond ghideways BERIRD theadah@n
system conpirstsiontiol appatahenicompdsing ahidast @ fisb galvd|fopbpenin®iind Blesihi tisg  and
second f I ui dirgdiitednranicationsysters; seluttivdly opgrablatseBond hid Icomemiicatidriiat or s
t o sel ecti velystemobatwedre theacantiahvértieal paesageape kbbb tihlicdeMerythe rams, dhdret hod
of operati ngeeorisi dontret tappaalkuss eatripriging att leagdea kowwl valpé eite NdpRhingSaritef | ned
in d ai m 11 cloging e sepong fluidicognusicatioras)etemh redmprsing: connected to the first
control apparatus and connected to the second control apparatus to
sel ecti vel y @oper apaninghene and slosiogtherother ap fherfaétumdardond fuié esamdniesidn’ ol
apparatus to opesystgmos;a@ndse the first and second fluid conmunication
systens, respectively. 13. A nethod of operating a bidirectional sealing
ramtype bl bwout oparatingnttbe hreeadehitoatdrs it Shledtivelyl V@R the i REnONET el Ng t he
bi di recti onal seedriesponding gyigewddsowout preventer to apply fluid pressure
above the bidirectional sealing ramtype bl owout preventer, conprising: a.
closing the first fluid comunication systemw th the second fluid
comuniZat i & medlycst efmpepating obidicgtiond] iseglirigham-type dlowdtt prierter 49demeg t he
ranms to seah Glaioudd fartirpeorprisingeusiogeat cotitrol ahit icoRheReS 3G BRMANE IcBRtesIgh t he
central howappagtusaanti connepiebito tige $édshd contes Spparatist tbi seidchively 8pdraeahe
passageway faovstrolapppeatieand te sdcbad cormtrol @bpararishtb Hpeh Gndiede tAe kst Ng
ramtype blasdsecondifilid commuhioationfsystesispidspectivelpi di rectional sealing

" ramtype bl owout preventer as defined in Claiml1l3 wherein the pressure is
~ appl i dd. wi #hinathotiof vperatingh bidiestaaneealihg ram-type blowout preventer as defined

in Claim 11 comprising operating the bidirectional sealing ram-type blowout preventer

to apply fluid pressure above the bidirectional sealing ram-type blowout preventer,
comprising:

a. closing the first fluid communication system with the second fluid
communication system open;

b. operating t!_1e flinear actuators to move the rams to seal around a pipe in the
central vertical passageway through the central housing; and

c. applying fluid pressure within the vertical passageway above the packers of
the rams of the bidirectional sealing ram-type blowout.

14. A metf.lod of operating a bidirectional sealing ram-type blowout preventer as defined
in Claim 13 wherein the pressure is applied within the vertical passageway fo
pressure test a biowout preventer, in its sealing configuration, positioned above the
bidirectional sealing ram-type blowout preventer. '
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pressure test a blowout preventer, in its sealing configuration, positioned
above the bidirectional sealing ramtype bl owout preventer. 24 Ih/01/20066
15. A method of operating a bidirectional sealing ramtype bl owout
preventer as defined in Caim1l conprising the bidirectional sealing
ramtypeﬁ)l owout . preventer to seal against fluid pressure from bel ow,
conpri si Wy: Q? f 'Qigp?w;éﬂ%éaﬂif&t?ﬂ'qqa sralipgramityngt blewou pseventenas Wefined i r st
fluid comudf AT 1_11 RISIAgOte Pidingalipngl serlisg samriype: blewbitrseventarttasestk s t o
nove the ram@9ghs f&‘ﬂpﬁﬁﬂ-ﬁﬂﬁ’oﬁl bsigve comprisied: central vertical passageway
through the central housing. 16. A ramtype bl owout preventer having a
central housifng wCPRNg &BR,i $8pondcfiidi semmunisationa neystast owith gtined direty $iuid

ext endi ng radi al | FORMUASAISYSIETOPRISRE® directions froma central

verti cal pasgagewa t hat extends through the central housing, and first and
second |ineaP act GB%'8HY Riliopan ariuatermitamoye doe vemsitoysdal eraunie pipaibi thg and
aligned with theC§Mtiatvertical pagsagrwayiireushdhe centwbpeusiriovel y, conprising: a.
a first gamc¢onnected to the first |inear actuator and novable within the
first &% defidfm-4pe blowopt preventarhaving adentialshquaingwithya fsavityrigclading firsta
bottom a froft SETAPD gHidpyays exipnding regially oubwardly dal dppositer dicastiors fremag t he
front end of &A@ ¥IHGR! Passaggwar that ds grough thegrentraieheusings snd first aog of
the body, a % %g{' Actyalers extending Jadigho eyiwardly Fom thechavsingandodligned body,
and bei ng coWHERE &5t ARd peeondiguidiewpys, segpectivelu goroprising:t he back end of the
body; c. a second ram connected to the second |inear actuator and novabl e
within the %ecorfdliiguiameaaRnected torfbe Hest inrarastratarcnddnengble wishin tedfrshavi ng
a top, a bottom SHU®WaKt end, a back end, a packer carried in a receptacle
at the front end of _the body, a top seal carried in a groove across the
top of the Body, e HstiEpnineliding cafam ety having aytopoe botiam os Eontleadbabadm of
the body, and bePAd % BAFKEE cardied in @ ecoptasisnat the moabendaeft thatbody, at toprseaback
end of the body; C&Tied if & giooye gergse dhentam efathe diwdyy 8 thettowosaal icairieg ifi laui d
communi cati on | i BE®Ve dgress feckbationyofithe hedn anddeinganakcted ta ihedirstinsarageway
through at | east @giHator gicthe §3ckend ofiikg badyt he | evel of the ram packers and

| ocations in the first and second gui deways behind the rans; f. first
control app%r at ud SeeRWIRMsGoRgedied tathe seepndilingar aciuater, andonowbleawithirv thiey
opening and cl o¥%9§d@HEewaY:st fluid comuni cation system g¢. a second
fluid communi cation system conprising fluid conmuni cation |ines

conmuni cat i hg behReSERONhEaM: Bslugding a/eam bedy having adomes bettarm uayfionttenideast one

access port | octasH &nd. @ packes eairigH imauetampipdis atthefioat end ofitbe body, evient er
above seal carried in a groove across the top of the body, a bottom seal carried in a

groove across the boftom of the body, and being connected to the second
linear actuator at the back end of the body:;

e. a first fluid communication system comprising fluid communication lines
communicating between the central vertical passageway through at least one
access port below the level of the ram packers and locations in the first and
second guideways behind the rams;

f. first cont_rol apparatus, comprising at least a first vaive, for selectively opening
and closing the first fluid communication system;

g. a second fluid communication system comprising fluid communication lines
communicating between the central vertical passageway through at least one
access port located in the central housing of another blowout preventer above
the level of the ram packers and locations in the first and second guideways
behind the rams; and

h. secopd control apparatus, comprising at least a second valve, for selectively
opening and closing the second fluid communication system.
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the | evel of the ram packers and locations in the first and second
gui deways behind the rams; and h. second control apparatus, corptd8ildZCR6
| east a second valve, for selectively opening and closing the second fluid
comuni cation system 25 . 11/01/2006 IT A ramtype bl owout preventer as
defined in Caim1l6 wherein: a. the first linear actuator conprises a first
pi ston dd cy iatpe Blowewtnrgveniardsisiefinedind@aiontb whetelar act uat or conprises a
second piston and cylinder assenbly. 18. A ramtype bl owout preventer as
defined i n Cfai m i@ firsidinerractustqrcopipiigesa Grshpistoh and cylindecamseniblygland t he
first control apparatus and connected to the second control apparatus
wher eby the £ir st thedeeens lingppagtuatascamptises @ ssemimistaroand oflindgrmssanbly. nay
be selectively operated to open and close the first and second fluid
conmmuni cation systens, respectively. 26
18. A ram-type blowout preventer as defined in Claim 16 further comprising a control unit
connected to the first control apparatus and connected to the second control
apparatus whereby the first control apparatus and the second control apparatus may

be selectively operated to open and close the first and second fluid communication
systems, respectively.
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