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Technical Field The invention relates to ramtype bl owout preventers used
in well owperiabisms, such as in the recovery of hydrocar b@a3/usboeseue| |
control including preventing a well 5 blgwout. Mre particularly, the
present invention pertains to the construction and operation of sealing
devi ces included in theihREBHORAE\SERISNG B%ﬂ’dwgf‘ NTERU! ar
application in the operation ang testing of subsea bl owout preventers and
other apparatus in a blowout preventer stack. Background of the Invention
10 Bl owout prHe¥EHtSTFei@r € typically included in the assenbly at a well head
when drilling or _conpleting a well to close off the well to prevent a

bl owout . Such a biTbadmention giatestogam:-type blowpubhprerenteusaised h@lvel&ner%tmaenl y
intersects asnar;zé%tn thE rédovbs &H?&Bfarbb@f&w&%ﬁﬁol |Mu&§9]b@??ntm WRellP the

wel | bore. A blowout preventer Sea al nst pressure
from bel ow. RlawashoMerepastenarky th@a}ﬁe%nétslvg@lqnmam tg the constregtioniand wel |
around a vel lo;pign bf‘séh(ﬁﬁ@ﬁlew&gs' |H:IM& lﬁf?ﬁ'é S‘lBWQﬁ'ﬁ)rév r¥] dHY S ipbHiGlar
downhol e pressure In practice, nultiple blowout preventers arpe arrayed in
a vertical sw@apkcationthe operatienand i?ﬁté'@ﬂ @f\ﬁehbsemélomuﬂprewmmtan@ot@n pi pi ng
extending upg4 bPér%H&hnrahﬁovﬁﬁﬁbPerventQFst"aB? bl owout preventer stack. Figs. 1
and 2 provide two views of an underwater bl owout preventer stack 20 shown
generally at 10. Various hydraulic lines, framework and control apparatus
for operati BckdiBuitd SMRE ineheMENT er stack 10 are not shown for pur poses of
clarit The "stac Includes four ramtype bl owout preventers 12, 14, 16
and 18 An annul aﬁ'°"l’ﬂ%ﬁ£ﬁ¥?"tﬁfseaf€rﬁ!%‘?a"26‘°|uﬁe€dihﬁ‘é(?@§?m8|2 at g wellbeaddvkamul ar

bl owout Preveniifg o?éorﬁﬁlgtlrfg a (efto I&ddff #8 vilIR0 gFefv@MteéibI%h/@Mte SRR o AFwdPe
bl owout preventers 12-18. ri ser adapter 25 2 ositioned at the top of

the stack 10 Might %Wn&fﬁxémpleowﬁeﬁrﬁ‘ﬁ"}‘ﬂy suddenly H‘Eﬂi%@t% Adecked 9h g under
vel | head Con'h%t;ﬁéss%@e Iwhido®ah srém@tuptth@we%a@mﬁoslo&vb@t p?é\%h'fer]s@afs(?ﬁe well

connection to a wel | head bel ow (not shown I n general, the nunber and kind
of bl owout &Bé'%trﬂ‘@rﬂﬂ'd RRegsuEs fem below. viepiowgut Rraventarsan alse keised teey are

arrayegl i n thg thSWaf brouiB¥ Wéﬂrd{pe lﬁQoﬁnéﬁmlhgj%e@tn@ﬁ@i‘r\%l%&b@é}h@ ddwhHoledes a
pair of linear drive devices, | i near uators, located on opposite

si des of a c@HassHre. HBRsIcHES: trﬁuwﬂl%moweuwgé@Péwaa%ﬁgve& in grvegticghstack. ne,

per pendi cul agynich i§ PEsiticHedi svat the Wdiawith ﬁt@dueamﬁmn%éﬁehauh@ ugwsugrgme%eﬁter
exanpl e, a ramtype bl owout preventer such as own at 12 provides a pair

of piston aﬁHtW'?WmJéP’%@Q@ﬁﬁﬁaP'és 32 and 34 with the cylinders fixed on

opposi te sides of F¢§s35 aﬁ&'?tdr@\hdéWJ'bS\héWs StargidehiateesloR¥@IpréventeMtdckso t hat
t he p| stons are novabl e al onq/
shown generally at 10 arlous hydraullc lines, framework and control apparatus for

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 to 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 (not 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 central housing 36 positioned over the well so that the pistons are movable along a line



WO 03/014518 PCT/ US02/ 23642 2 perpendicular to the vertical, that is,
perpendi cular to the well bore at the surface of the well. As shown, the
bott om t wsOlBoOWsWE preventers 12 and 14 have a conmon, ePcende2isent r al
housing 36. A central vertical bore through the housing 36 is aligned wth
the well bore so that well pipe extending fromthe well passes upwardly

through 5 theeheuaicogr & B yeiticsl, abis! pérpbdiculartbehedivell Bote altte Juydeat theal |y
operated to or. away from each

Si | t aneousl ve t rd each ot her,
other. Each Bl A% sBawp; Be bollomaiwe Blowobrrayenters 1rAnd, KBV A G0 RN | so
L hat me tWﬁelS(&ﬁB_ edre@itral Rodsireg w.eAicemm}]fvégualadgr@mr@igmplehgouﬁg B@isﬁéﬁ@h%@
ore when the pistons, are driven, together n re pulled apart e
pi stons to aW'tgﬁ'i%WE@H?ﬁegﬁ_?ﬂbﬁV&“;"_P'H%%’“E%‘{ﬂgr& m\;@? Y"FU:E?SSSﬁr“BE’gT‘ﬁWB[%‘ﬂLlO
housi nsgls of tivehdusing 3loey iltddcam Ibcﬁré.eﬂ'ﬂéb&t(fhlshja?e gﬁdrfa@lrdampa;sér?tleﬁ é@ celr)ltlral
vertica assageway extendjn rom the wel | head and the ore bel ow,
oy augh” aRTEneyysl i e FATR GBS, Beaal Foip S06h bl oERRPISN SadeRn
]'Ehroughht he maammet tl;ié pieton ehdtewardythe winzzrsci)\ﬂhaﬁeﬂe mo_tda'mfmba iﬁ@ﬁtdsath ho]lclsi ng
or each ramtype hl owqut revent er - at. is of. ea air o
st on i cppiidhtioR e nRfshacSabipre phan tneiistols ataives ebelRr carirase
verti cal 3or @lulléddaﬂwt stueipiyyor&&oan@pgubenﬁmratbdi Jhbé’:eﬁlﬂél%ftidhl}bd&%fdilghhﬁ
pi stop, and cyl i nder ructures 32 and 34, in ui de s 3 nd, 40, wit
P aoh TR e napohlod or3he B Breventer1 2 18 (M AP cntiaN & i
pi ston aﬂd @pt}éagdwayasteedibg;fromThe_vxéeaInauamfdita?_ well bar@béléw,mﬁtﬁfiiugﬁlallagﬁ
nmoves within,t corr.e i ng qui deway. e rams in a nultiple bl owout
T eventor ot e inmerts ik RRHOWAT pfienfe o 70 ohf on Bioheh s Tapine 1 vl |
Pihpe rarr;s segl ar witﬁistpjbflu@dwmiinpmdea)eh&auidlmlginfgrfmdohe?my;be blowbasi ng of f
t he annul us betwegn i pe_.and the we re surface. Blj ans
seal across lpﬁeé’e(/\%ﬂ&{/]'m%t ﬁgkﬁ'&'gadh?a"i i5taapd Sﬁmg?r 9T %'ioﬂfil‘,'#@%] IiEgﬁ'éar,
or cu;ﬁi Eg, cavityintetsats thieentiedllbops gfthe hodsintp3datd extahdialiialipeutaardyt us
around the p

oo, 1N P 1 e el AP TRGES ol U bin S oD, RS, 2
top of a rametypguibéwapinterprseddietvegenshacéntralvhbisivhanda sorr@sppading pistdrmn
o e b S LoDt ! e PR PR RR RS S B o BT

| ower preventerrespbadihg guuelwdycont ai n pi pe rans. 30 Fig. 3 shows a natched
Dar T AL PLES A SHEDE Rl Ll BB b g a2
the same nunieRkingalifithe Well UPipd ramsisdaindrodng 4 tublular pipks@xpmding frontltheandiiur es.
Caoh o " B g Wil bARERTR, Sl R e ey T P "
groove 52 exkesalderastoswel With hopipaat shy ibeatonaf tHehslindaamb @hgard 6r cditing)p seal
54 is recei v?gmg\n ;s.rt1ehairrt]het Rgll })i?)g, tg.xrt %8\{1& 55e2al 8# (t:hhe annulus around the pipe. Blind shear

25 rams shear the well pipe and close and seal the well. A blowout preventer with blind
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 52 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



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 |ineao odioiases WO 03/ 014518 PCT/ US02/ 23642 3 devi ce (mot/Gshpedsy2 such
as are included in the piston and cylindery assenblies 32 and 34 (Figs. 1
and 2), used to operate the ranms 42 and 44. The ram bodi es 46 are generally

curved, obl orgviey (nd1dR6wN)ASUCHEW e ifd\RIedan tHEPIERYS ahd 8flindBoAdsmBlies 32 SfY
curved, oblo %\)(E%/Jl |{1d{){£5al i nner SLirfaces tz{bﬁt ceive 5 the rams 42 and
44, and al ong gh! 8L <) yagd loQregate the ragys %n%%r-r espondi ng pistons. In
general, bl owout [Thevemtuoddicsas 416 dereraclirisd, bBBAG BAlindersiis sHoway Thery  al so
have ot her cross-sectional haé)es, suc circular or rectangul ar. \Wen
Che. rams 45 SREWRY MOLSGIER aih chmen. SHang, AiAriepinetoagrs el leevmor
shown) 5 wi t hi ihé kns 4281d 44, andraldngalhigthe agmwaye dviveRiby théEorfdspvRdihg Pr event er
stack 10. The. pipe ram 10 cke{s 50 feature.a vertical, cylindrical groove
28t hat 7 ecoriaaty b Sghern. BRSS! Sreientniin hein ansorsapandinG aildansre alag
ar efcut t o fialsothageotier crisklsectiamial ﬂtdpeﬁ,];sulihus ,cir&:ugartdi&ecgﬁd\gma}dc\iNhen the .
configuration, t i rans 42 and 4 it together and around. the.

Spe fo “encrams 3¢ B8 e et il ey meet 3P kgl bk GRERIOWT BB ot o
thef seal i ng @énﬁréihaertml Passadewdytwithiretie biowvotib predéntensthtle1®.| Thepipe ram

cont ndl el | Papkei oD RS A et SRl dori seiFal b o hen AR RS e o
the housi ng #bavendsiuf theersed badied 4 arcaont prefithegether Withseath athierg Thes, ipthevi ded
obal | Conbeq et SonatateB e wne AR T 1 basliar e SRR walleReo 50 of
a ram 42 dor efidlosothel vidligspd ineanae?r sémihg/eafgagdmm\eirb cpmpletéthe seliling of the
correspondin ui.deway, a 2 e, pajr rans 42 and 44 in the cl psed
cont  onr ati ol NS e i atD4d g Blosed ot RiTRipGuRR forih i iebe Sesip
surrouhdi ng tier regpdctipe peidewayshaganist well Auid uAder Fegyudy fromdnaviidlardupd gesur e
equal i zati on r m of chi ned

ath in thef a oqve, por nud sl ot . A
angi t ud nal P95 et Up S st hisig Pyl ledsv e Tansoers et F1 ui o
preisure bet \pﬁmiud heﬁhiytldetdpi swals $othat a*fgabb@hesigtﬂriﬁaguibau@y' slf;fdneimvb§lmm925 ram
packer 50 and t respect.iy ui de i t am seal s, Thus, each ram
5 and- 44’ nageln St e SRR o BinAted 4T BERas on 0B ArSREAR g
to work agai es#4 compietbsithe sealbetviichnfthe aell pipeanb etheedrespbrding gaidbway, aedt he
packerd 50 BRLPAILS THE 42 AZDE THH GRR copP RIS e shoingotiPe o
packe : 0 = actess
port 62 (gi g%nﬁuluQGftaéﬂveﬂbot'e)wrdﬂmHiﬁgtHimWéIDpipé).f each side of the
correspondi ng central hoysin 6. T ts 62 of each bl owgut preventer
o 16 B e pogi ¢ 1 ofaah fa3n 48 At e csPEVEled R ripregult pafTga Rad) indhe BXGkiay
Wi thin the stapéovk)opinud slob Gl achife longitudipaly infeethe dottopatifatsofthe tre ie
bl owout prev%g;[nrenrusnica eu uclid SPe%EErE%te ete% tLg (/emrtigal%%lae! of tﬁ‘e %Qr%nka? hlotllsI?neg geAiow the

25 ram packer 50 and the respective guideway behind the ram seals. Thus, each ram 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 opposite



extends along the side of the stack 10 and is connected to access ports 62
of the 35 bl owout preventers 12 and 16, and controlled there by val ves 66.

A choke |woaspoarsibe used to bleed off high fluid pressur@cfrrusnm/eiswnhol e by
tappi ng through an access port 62 at a clgosed and seal ed bl owout
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25 preventer being tested. These inverted rams are closed to seal about the well pipe
already in place in the well, against fluid pressure from above the rams. Then, fluid
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 is only used for testing purposes. The present invention provides for such a technique.



It is advantageous and desirable to provide a technique for testing bl owout
preventers and ot her apparatus in a stack that does not require pulling the
wel | pi pewo oandisa8 t echni que t hat does not add nmj or appar CTUSHV23ME

bl owout preventer stack that 35 is only uged for testing purposes. The
present invention provides for such a technique. WO 03/014518
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prevent er w kBcdndwjrdoye 3644 tRe dbitome otﬂne boai) greickiestiom dedl imentbe? Barried in
cormunicatioq1 ste n1accord|ng to the present invention further includes
first controf® %ﬁﬁ d 9f%¥ or sel ectively opening and closing the first
fluid communicati Mc@mgemheaﬂdsemmnﬁbmemamaypeamp\amtpuevénm flail ect | vely
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and the communication system for equalizing fluid pressure between the back of each ram of
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 control 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 control 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



second control apparatus may include at | east one valve. The present

I nvention provides a ramtype bl owout preventer including a first ram
connect edwD®3a14518 st | i near actuator and novabl e wi t hi n aPCirrsso2/gasisdeway
and 35 including a ram body having a top, gg¢ bottom a front end, a back
end, a packer carried in a receptacle at the front end of the body, a top
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through at | gg@f%gﬁ@te with the central vertical passageway through at least one access port,
25 the first control apparatus may include at least one valve, the second fluid
communication system may include fluid communication lines and may communicate
with the central vertical passageway through at least one access port, and the second
control apparatus may include at least one valve. 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
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thus provides a nethod Rf tes |n§1 a} bl owout Phrev nther the\t is positioned
above t he around a pipe in the central vertical passageway through the central housing, and
25 applying fluid pressure within the vertical passageway above the packers of the rams
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
bidirectional sealing ram-type blowout preventer to seal against fluid pressure from
30 below includes closing the second fluid communication system with the first fluid
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 testing a blowout preventer in a blowout preventer stack,
according to the present invention, includes providing a bidirectional sealing ram-type
35 blowout 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
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another version of fluid communication systems; 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 multiple preferred
embodiments. |
Fig. 4 shows a matched pair of bidirectional sealing pipe rams according to 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



Det ai |l ed Description of Presently Preferred Enbodi ments The present
invention is illustrated and described herein in multiple preferred
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according to the 30 present invention, slown generally at 80 and 82. To
the extent the rans 80 and 82 are alike, sone like features of the two
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In view of the fact that the rams 80 and 82 seal against the guideway surface
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. 56 shows another matched pair of bidirectional sealing pipe rams according
30 to the 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 to 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



ram bodi es 84, there can be no pressure equalization groove breaking the
surface of the rambody fromthe front 86 of the ramto the back 88.
Pressure wowaliasat i on is provided by another nmechani sm desgrisbzesehz! ow.
Fig. 5 shows another matched pair of bidij§gctional sealing pipe rans
according 30 to the present invention, shown generally at 110 and 112, and
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complete and continuous seal circumscribes the ram body and extends across the
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
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the chanmber 486a.oThéaide 186@AE 188 ndie wiihth@Piston head 182. A locking mechanism

190 may be actuated to engage the rod 188 to lock the piston head 182 in its closed

25 position toward the central housing 176a in the event that hydraulic pressure within the
chamber 184 holding the piston head in the closed position is lost, or is removed. Both
blowout preventers 172 and 174 are illustrated 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. A fluid pressure equalization slot (not shown) is provided along the bottom of the
ram 192 to allow fluid 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
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25 and a bottom se,al so that there is no longitudinal 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 lower housing portion 176b has a side access port 234 on the front of the
30 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 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 access
port 240 on the back of the housinQ portion as illustrated, below the level of the packer



20 operable to nove longitudinally along its correspondi ng gui deway by
operation of the piston and cylinder assenbly 210, while nmaintaining a
slidi ng swelo3al4siar ound the surface of the guideway by nPamgisoi23sche ram
top seal 230 and the ram bottom seal 232q30ined to the packer 228. The ram
192 is illustrated in the open configuration. As discussed above, the
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passageway, the packers 228 and 262 form a sealing ring around the well pipe, and
25 the front ends of the two rams fit together, as discussed above. The first and second
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. 6) 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
35 also connects to the valve 278, and thus connects the valve 278 to the third fluid
communication line 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



represented in Fig. 7 which shows its bidirectional sealing ram256 in its
gui deway 258 opposite the gui deway 254. The ram 256 is connected to a
corr espormiDreg/opissg on and 20 cylinder assenbly (not shown) Poy/tsopemenn 260
for selected novenent within the guideways 258, and carries a front packer
262, a top seal 264 and a bottom seal 266. The two ranms 222 and 256 are
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25 254 and 258 behind the rams 222 and 256, respectively, and the central vertical
passageway 178 below the ram packers 228 and 262. To carry out this operation, the
second fluid 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 level of the ram packers 228 and 262, and



t her et hrough by opening or closing their respective valves. Thus, the

val ves 244 and 270 provide first control apparatus for operating the first
fluid conwomBoatsion system and the val ves 252 and 278 piroeTiuse2/ssennd
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and the val ve to the access port 8 and into the central vertical
passageway 1Ppfher qxﬁggr?tuph@' to pressure-activate other equipment, above the blowout preventer
25 174. To carry out this operation, the first fluid communication system connected to the
lower access ports 234 and 238 is closed by closing the valves 244 and 270. The
second fluid communication system connected to the upper access ports 236 and 240
is open to fluid flow by the opening of the valves 252 and 278. Hence, as the piston
and cylinder assembly 210 is operated to drive the ram 222 toward its closed
30 configuration, fluid pressure from the central vertical passageway 178 above the level
of thé ram packers 228 and 262 is communicated through the access port 236, the
fluid communication line 250, the valve 252, the fluid communication line 246 and the
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
35 vertical passageway 178 above the level of the ram packers 228 and 262 is
communicated through the access port 240, the fluid communication line 276, the
valve 278, the fluid communication line 272 and the fluid communication line 274 to the
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the vad ve Another version of a fluid communication system for operation of bidirectional

sealing rams according to the present invention is shown schematically in Fig. 8. A
bidirectional sealing ram-type blowout preventer according to the present invention is
positioned with a central vertical passageway 280 extending through the blowout
preventer. A bidirectional sealing ram 282 is connected to a linear actuator by a rod

30 284 for movement within a guideway 286. The ram 282 carries a front packer 288, a
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.

A fluid communication line 306 connects between the interior of the

passageway 280 by way of an access port 308, and a valve 310. Another fluid
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with the first fluid communication system open to communicate fluid pressure from
25 down the well below the level of the rams 282 and 294 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 to 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 (not 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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bi di r ect i onaFOBERNICAHON ki 3RAJAING thdiid coPevBicatiqn 'H@&??d? t"iiﬁ%u%%ﬁ@sent
i nvention i s3p@Sirhé 8fMaA sk bRtR VaRRLI7Rlis ¥eHrefedlto RRSRAD BXRMuRBRtidchineidisng

t hrough t he

and the other side of the valve 380 is connected to the fluid communication line 370. A

25 fluid communication line 382 connects the fluid communication line 368 to the interior
of the guideway 336 behind the ram 332, and a fluid communication line 384 connects
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 to 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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conmuni cati on 76, 368 nd_384. and thgwg%@ﬁal ves 378
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ond 380, conABE PR A FiTAwIevess i oo aIER RO IRSPLE Wl 2 344,
s ﬁSpeC_t i vel ytr:je/Wélfpib%@}dt @p(gm)wvitmamé@g_emwaﬁme.bwen,tfmﬁ ﬁremge Rf t|hF ramns.

e rst and seco ui d _communi i on systens are operated to allow or
bl ock241 ui o MsRGE 018/ B3ssPamvy B40 s SRS closed bRt MRV a5Pisheni g or
cl osi ng t hei appaR@eindE¥EinVastigason, bhtéScarlyloRit 4@} MtAsr MG gt Presdtre dhepitiode
first control apparatus for S%r%tlg‘g the first fluid comunication system
and the val v&seigies use dhe NG 3R ARFE3446R'6 ferv@blie Within the awdeways 836 aphdtdit i ng

the second {édpebtivelTRAOR 2éditAnce/ o @ préBatd\diffefeatiall r st and second fluid

comuni cation systens 5 share sonme fluid communi cation |ines. o
All of the fluid communication systems described above and illustrated in Figs.

25 6-9 are operated by way of a control 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 control 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 line 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 396 may be one or more
valves of the second fluid communication system that are selectively opehed or closed

35 as discussed above. The nature of the lines 394 and 398 will be determined by
whether the valves 392 and 394 themselves are operated electrically or by pneumatic
or hydraulic pressure. The control pod 390 will also provide the appropriate electrical
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fluid presouwseifstom down the well below the | evel of thePCcanso83384nnd 344
t hrough the open valves 362 and 364 to thg gui deways 336 and 348 behind
the rans 332 and 344, respectively, the 10 second fluid conmuni cation

systemis cl @s@didpyessufssigalé Lopsnl of @foss Tite vaMksI.anaBd6. t he rans are noved
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other_high fluid pressure operajion. |In either use e rams 332 an 44
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systens descri bed_above, and iJlustrated.in Figs. .25 6:9 are operated by
iy of a control dRBEORREPOHAP0RENP RIS saralioherats ahelBe RafroD = CHBiun)  of
t he bl owout pakeeohtes appaatus singitantOusifn oVisusa theolzives 244 apl 2706n Bigev atd ng
systemfor the first and second fluid c Lcati systens of the present
Thvention.  Papned itk iBGBR, apd e GFRSP2 By o8 RSpeeB p clatedni ¢ i n
the fofm of togethdrr bikepise, thalalves 362 ana 364 th Fig. 9 aresdpenednd tlosgptgethes 392
of a first fluid co jcati system by 30, a itable line 394, and to
second cont r@pdﬁﬁ%%ﬁ@%@p %egg%qﬁ%arﬁqlﬁs&atf ni cati on systemby a
:c i ne 3]9|8. _ ghe fir s:prtﬁ@rptifeoﬂrsmwasreaﬁmscémr%l amal rét@s Gﬂfiaﬁd 39%5@@1&&%!}?%@5 t he
i rst uid ¢comuni cati o stemthat _are selective 0 or . cl.osed as
di scussed abdMEooKRE eeualy e £6Ye 700 25 alls the SORiR) PRE 360 aeRsrates g
val ves of thegighaRaddpérats thediestama iseedridaddntryis isintitanabusly, and@bes sé wahsurepened
or closed 35 as ﬂi USSEP above. Thg natgre of the lines 394 and 398 wil |
be def®r ni nedd? °€xﬁ'€t"ﬁ s ohang, of the drst gnd seicpnd dluic Gammunicaiion sydtemis et ed
el ectri cal | y open iildaieonme valve©of thy dthav bf tiefirt 3Bt s6cont fRiid esthmahicaion 390
will also provide the a Q@{iahg electri(ﬁ? v{)OSQQﬁ6518 PCT/ US02/ 23642
20 or fluid SYHED§ALe dperth thuseths fontrelPodsF9 openg al of the yalyes ol ol cegol |
the case of tapparhtusdi ID26H BIE WHIEEIMURaRYSUSBBIEYINGAIDST the @aldes/of thaethe Ediitrol
control apparatus 392 includes Hpe vaIves,Ziﬁ and ﬁ?O of the first fluid
conmuni cat i oﬁp%’?ﬁl’ém onsequently, fluid communication between the central passageway
25 through the housing of a bidirectional ram-type sealing blowout preventer 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 includes 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 utilized 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 fluid communication lines



and the second control apparatus 396 includes the valves 252 and 278 of the
second 5 fluid communication system In the case of the fluid comunication
syst em ofwbiogo1818 the first control apparatus 392 incl udesTiusez/rahye 310
of the first fluid comunication systems,find the second control apparatus
396 includes the valve 320 of the second fluid connunlcatlon system In

the case of Toﬁhefflrbt'#d%emmﬂlﬁ@bbrﬂﬁ\uﬁhééﬁm:ﬁfen@ Day B rdebehcfsleé%'? aﬁPGﬁwéP'
apparatus 392 jncludes the valves 362 and |rst | ui d

communi cat i oifUdaRig epRdUitsq Theacesss pRES E%W?PSP"%W&?%U@Y%%N Wcﬂ“ﬂ(ﬂé@ t he
val ves 378 aBfniftatin biterie el bellbuélh SV b O FNSHARers FOREAR ol

pod 390 generates S|'?m$I s to operate all of the valves in val ve

control apparfHidfOMNyRisation syse )?"d'ﬁﬁ‘éf‘é’herﬂ?@°%m‘?é§"‘mk%rﬁdor2ﬂ79 SF?P"Idi flyid 7

are opened aBfnfinaaeh gwhhWhneaa.darﬁm.ma&twau?gBas@ﬁ@naE&mreEamds and
cl osed 15 together. Likew s 2 and 364 in Flg are Igened

Iv es 3
and cl osed t &yEWNethe ragsds t"Hé"‘i‘}‘a‘? gadd bﬁﬁiae@@@a@f meyipd REdnes actage
t oget her. Furcidaerandiopén the rainsansl beasuadwiOotht pfdseApiR@ériols 392 and 396,
respectively, are interlocked through the control pod 390. That is, the
control pod 390 generates its signals to operate the first and second

control s si mphdudtrRPAsplicabiitgd does so to insure 20 that all of the valves of
one of the first d second fl ui nication systens are en while all
oot he valves of TR PRRaEEY myentbnErovIasS bl ate) RHaInG e bR HORPEL | on
syst emt ar Ie praveatér tthﬂwgng gé h@edéigg&éllcﬂonﬂ&%p'é%ilfﬁ@maﬁb |welﬂfarédhﬁ a\/\ﬂéIVﬁ et i
one contro or e sinultaneous osi n e
val ves of t hé‘gg'Bﬁ‘éf V‘E%H{er%?ss”éﬁ)ﬁd’!’ed QS’é‘tro'Ck?r@é%ﬂ]B'ﬁt"Ywe df'ﬁ'ﬁg qr E‘gﬂﬂﬁtﬂﬂgc%\t i on
bet ween the wwmlpoameéaMWe prestire Oatdelt mnfmwnn@g 6f stuttigdiowncd | onal

ramtype seal bl owout vent er ac or di resent |nvent| on and
the area behiP i?d‘%“h@“ﬂl%f‘? Ot ed’r'f&ﬁ ta geg PFR}'"B%M%&W"P In§} GressureRkoNe 9 v e

gui deways wi Iplres@hw& dono%aldramneer higher frl tnedlmmrprav&&éﬂ QBciSVitoRm
il ustrated in F'I%gguﬁ qpreferred over the fluid communication systens

shown1¥ n Fi géemey! o e, well ard ingerting A dgst&erlnApplicaiens fSOthIel rst and

second fluid p@éﬁéﬁﬂlﬁ!/é‘fﬂfbh%hﬁﬁé&ls@@ Phlowb@- pr&/ehﬂ.*ilalﬂféﬂ a8k A Blowelt I ol
val ve 310 or 320 to operate the s whil e each of the first and second

fluid comTuHf@&ﬂ?eéﬁt%ﬁqréﬁﬁ"’@fw?ﬁé@d fey pressivie testing pthgeRlowRit RFaveniays iny

bi di recti onalhesgaéu. rwpm.aéﬂom f6hi thé bRSEAt iRGIibA indluakisders usaabdridiatytiit 1 ts
gui deways all the way around the body of the ram Seals, or seal nenbers,

and 35 packé&pdenateri U@/\P@Ne’ﬂtﬁés%?'@s Aditiopglapplications pclyde \8siBI OF pl ast i ¢

or anygsui t alplgraBlicfy acRAtitg %no% Rstls BrRdapipidtion a-EBEraidsr WithiB Blowdepnd fluid
comruni cati on systens nma hare components such as fluid comuni cation

lines. The f|pmvent%ﬁwﬁhaé@tq tha bidirgetiongsealing naps {ypedtowaqytpreventenof the1 of t he

first and seqdnf hidhoR SRTBAH 6Mdo ThshiBHGFandibbea R@RAiongOSes of any
ot her



suitable conduits. The access ports to the central passageways used by the
fluid communication systens nay be | ocated anywhere bel ow t he ram packers
for the fwoB/0145h%1i d communi cati on system and anywher e ab®¢a/ushz236am
packers for the second fluid 5 comuni catppn system Wil e an enbodi nent
utilizing piston and cylinder assenblies to nove the ranms is illustrated
and descri bed herein, any nmet hod of | i n€agimgctuation to close and open the
rans may be used % g resent invention. Industrial Applicability The
present inventi on\%ﬁ’ i é'gpeé’ '%i di rectional sealing ramtype bl owout 10

preventer that cam rbm-typedldwa,um*ebemarﬁawig DeEtial heuding witts € avitg maldmgetr ound

Il pipe .against downh | |
GriTiing or SoArgsrrasuRaS sReR pE R lion SroelS HFonR S | o

i n preyenti ngentral vodical p‘agsat;emyahatlﬂxmsﬂhroWIdhe&Gnt@él%uhﬁg umdirstangeal

ot event or i GRETE e eetintalhandera/AMALF oL Parsl G ishovbio BHausng wine
wel | pi pe frmhie_ﬁr’eeemeddcoadlgubeweyst. respeetivelystorhpriding: Appl i cations for the
Dl vout | pr event of ot aBrsteameaanetieh Rt breLlieer BrCaied Sud oo it e ner
bl owout prevéirstguitleway; t he stack. Applications for the present i nventi on
inclu such uses parti.c rl under enter

add ¢ 1Gnal appi | o8t s onthe e} ety AEAH o8] ndyy 8 e BYEM, rcblfichg
vgrl outsht og! g_aok erfcpramefskémalr@qmﬁlaa‘eumtmle ki the ot awboﬂthe podw;ert?ﬁSealt ack t
above the bidirectional sealin reventer .o e resen
Tovent i on, 1 feBeoi 8 SfoorB ERasS e PRl HRtelH BiiaR5SH TRt R S dioide 4%
03/ 014518 PCihd isfifoh?3fHe body, abddeing coliiedted 1 thé Sirstiiear aictuhtor At therbatl ped

bl owout pr eveF&l&Hg@aw ng a central housing wwth a cavity including first

and second g 3 extending radially outwardly in opposite directions

from# 5 central cvert acatombasraganested fmtheaetantinebhactugtor amemoestie al
housi ng, and fth Sté and secgc%d | i near actuators extending radially outwardly
from the houdftAly 1% gecgnd W&th the first and second gui deways,

respecti vel 3(; cConpri si ﬂ@hsea:oncﬁra‘m ][r&tudrngm ey eding @ fopea b?ttcﬁﬁ d freygar
actuator an thin the irst 1 IS ram
o g a B Bak o, pRcke Eapied iy b seieprE Rt b fomtand & e Gosbnh By 4
packer carri Géalldarr&drlﬂGQ}DmeaEr@'ﬁs thdtopfof e bo;ivdatbbttdirh%ebmimeldﬁnfa@p@?a!
carri In a 00 0SS (0] ottom sea carril e In a
R oD aur oo adioRn e OB B1shd Bad” Bof beind 2atmen, B 36 sednd dnee Ada At s

| i near act uatiy back enief ffctiodgnd of the body;

e. a first fluid communication system between the central vertical

passageway below the level of the ram packers and locations in the first and second
guideways behind the rams;

25 f. first control apparatus for selectively opening and closing the first fluid
communication system;

g. a second fluid communication system between the central vertical
passageway above the level of the ram packers and locations in the first and second
guideways behind the rams; and

30 h. second control apparatus for selectively opening and closing the second
fluid communication system.

2. A ram-type blowout preventer as defined in Claim 1 wherein:
a. the first fluid communication system includes fluid communication lines
and communicates with the central vertical passageway through at least one access
35 port;
b. the first control apparatus includes at least one valve;



15 c¢. a second ram connected to the second |inear actuator and novabl e
within the second guideway; d. the second ramincluding a ram body having a
top, a bowooai#1$ront end, a back end, a packer carri edPCa/ls02/25ept acl e
at the front end of the body, a top sealpgarried in a groove across the
top of the body, a bottomseal carried in a groove 20 across the bottom of
thg b]?dyh agd bei &g COfEH’eeéécﬁﬂd figid cBmnfipkatich kysf@ﬂinoﬂﬁbﬁgbﬂrcoﬁ{murﬂ&bﬁohaCk |
end of the a first C i cation system between the centra
Vertical | palodietihgruhtieien et BrcrorAl varied BspleReY broie 3L pesne |
the first andceégsqmt a,gwl deways behind the rams; 25 f. first control
apparatus for selectiv eni n nd cl osi the irst fluid

communi cati on sysfem g"ey%f’c 8?@“??8:‘?3&”86%3#?83{ {eaﬁth bet ween t he
central vertical passageway above the Ievel of the ram packers and

| ocations in_the first and sec nd,_ the ra and

second‘JQ contr&t appHPartyee g@woggwrgx%rﬂ ﬂf"ngllaﬁ'ha Kot gg"e??tté’“?econd
flui d comuniaeedssportbysitach thd.sebordfitid yqnﬁmbhuemtvmtsyafeavemhemnuaatedatthrtml in
Claim1 wherei e first flujd c ni ¢ n st icluesflwd
communi cat i oﬁetr']lﬁté{gmc% d’sﬁ?ﬁﬁ’?ﬁxl'%lé’?%tggw a}éalg@ '% F{'/T"]grtt eyt PIRyERShenay

through at |east one access port; b. the first control apparatus

| ud t | t al 03/ 1451 02/ 23 t h d
rludes s Leee e el SRR o Mg >

conmuni cat es avtdss ﬁohebywm’kttr thke seedrid fiuad ccpﬁmsaugmwyhiehoctghmahucétee&ﬁthw
acces port e _second contr.ol aratus inclu t |.east o
valvelo B%5' " R8P euka RaRSRaEy it Ror af SR &k Rasien. of}fe foral et al e o
| east one abewat prevéntty whi ch the second fluid comunication system
communi cates with the <central vertical passageway is |located in the
central housing of the blowut preventer. 4. A ramtype bl owut preventer
as defined i C aiArmﬁt-Mbebb%umrebaﬁatasmwine@mmnpalv\themmnh'eaét dnee second
fluid conmuni_cation ste ni s with the 10 central. vertical
bassageway | SRS H0E Y ML TE REE T SrmiHEC B AR auemAgcas vif fir

bl owout pr eveé:tten veffical/passageinal ds lotated i thercentedltheusing ofi@sedsdd, highéd ai m 2

V\herth EFSt one ccess port by which the second fluid conmunication
syst e co (‘,‘"Qt‘egre\‘/\‘/? HE-t he

6. A ram-type blowout preventer as defined in Claim 2 wherein all of the access
ports by which the first and second fluid communication systems communicate with the

central vertical passageway are located in the central housing of the blowout

preventer.
20 7. A ram-type blowout preventer as defined in Claim 1 wherein:
a. the first control apparatus comprises at least one valve; and
b. the second control apparatus comprises at least one valve.
8. A ram-type blowout preventer as defined in Claim 1 wherein:
a. the first fluid communication system comprises fluid communication
25 lines and at least one valve; and
b. the second fluid communication system comprises fluid communication

lines and at least one valve.

9. A ram-type blowout preventer as defined in Claim 1 wherein:
a. the first linear actuator comprises a first piston and cylinder assembly;
30 and



central vertical passageway is located in the central housing of a second,
hi gher 15 bl owout preventer. 6. A ramtype bl owout preventer as defined in
Claim 2 werogionwsad | of the access ports by which the fir®CTarsd2/ssennd
fluid conmmuni cati on systens conmmuni cate w4 h the central vertical
passageway are |located in the central housing of the blowut preventer. 20
7. A ramtype bl owput ﬂfe%&ﬁh@l’ne%ﬁ?ad@éioﬁe&nrme@aﬁsé&ﬂtd%ﬁfﬂﬂ cyfinddrhe first
control apparatus, conprises at | east one va and b. the second control
appar atus cofpPi8R% at |east one valve. 8. A ramtype bl owout preventer as
defined in Clalntl mherein a. the first fluid communi cation system

conpri ses flq east one val ve; and b. the

| i nes d at
second fluid @ iaH'a VPBH%‘S?E{ RIEVIURAS ‘f%l'gegrm%m&amnﬁf&ampﬂﬁng RicAB¥Cland
at | east one unmbmmec&ad té tieafifst ogmerobappapatis BRE ¥eriHettedas titeddcord chritrdt! ai m 1

wher ei h: a. thefrst i.ne actu I conpris a first piston and cyli nder
Rcenty:  3OPRAAMAE A8 15 BOAIBBYSRE 290 thsesond ol oppr ol dea

act uat or combeiselestl\mlysmmatdd to spernaranclosythe ficke and secendtfiuid coimunicatiadm t ype

bl owout prevent.er as 2S?r‘!ed in CQaim1l further conprising a control unit

connected to Yﬂﬁmftrfg?ecé' ¥rol apparatus and connected to the second
control 5 appar at us whereby the first control apparatus and the second

cont rol appara elective operated to open and cl ose the first
and second fI @Wgtﬁsgﬁlng@@ﬁﬁ%aow@gﬁa 11. A bidirectional
seal i ng ramtype bl owout preventer. 12. A bl owout pr event er stack
conprising a_Qidirectional se ramtype vvout reventer. 13. A
bi di recti onal19 eaﬁebﬁ@"’?‘gﬂetvfﬁ rB{]ag ﬁ?"%%{'&/@ﬁf FCWﬁb?qaé'F%bam -fype blowout

bi di rext i onalpreaeafer.ng rans having top seals, bottomseals, and packers at
the front of each ram b. a selectively operable first quid conmmuni cati on

systemfor equalizing 15 fluid pressure between the back of each ramw th

fluid pressune. belAmiditettionansealipgeinrtgpe blowott. pra/emlreetﬁpwghg oper abl e second
fluid conmunication sy n the back

of each ramwith fi ui d%%@@ﬂ%‘é%ﬁ&%ﬂ%vwgh& Sedit § Bottom seals, an packers

at the front of each ram;
b. a selectively operable first fluid communication system for equalizing
15 fluid pressure between the back of each ram with fluid pressure below the ram
packers; and
C. a selectively operable second fluid communication system for equalizing
fluid pressure between the back of each ram with fluid pressure above the ram
packers.

20 14. A blowout preventer ram body having a top, a bottom, a front end and a back

end, comprising:

a. a receptacle at the front end for receiving a packer;

b. a first groove across the top for receiving a top seal member; and

c. a second groove across the bottom for receiving a bottom seal member.
25 15. A blowout preventer ram comprising:

a. a body having a top, a bottom, a front end and a back end;

b. a receptacle at the front end of the body, and a packer carried in the

receptacle;

c. a first groove across the top of the body, and a top seal member carried

30 in the first groove;

d. a second groove across the bottom of the body, and a bottom seal



packers. 20 14. A blowout preventer ram body having a top, a bottom a
front end and a back end, conprising: a. a receptacle at the front end for
recei vingvaopacsses ; b. a first groove across the top for PETAiSV2/ey4n t Op
seal nenber; and c. a second groove acrossgthe bottomfor receiving a
bottom seal nenber. 25 15. A blowout preventer ramconprising: a. a body
having a t opmemhRichRidd iRt ebn®gboddld a back end; b. a receptacle at the
front end of the body, and a packer carried in the receptacle; c. a first
groove across the top of the body, and a top seal nenber carried 30 in the
first groove;ed. @u‘éﬁﬁ?gébmw&e%ﬁt@ﬁrﬁjid BsmmRhicaiBrdyste chaghisingand a

bott om seal WO 03/ 0145 PCT/ US02/ 23642 25 nenber carried in the second
groove. 16. A ram?type@SeRaERY presariafist fivid soppmunination swstem forsavalizing

conpri sing:  @uidpréubsbétwebly tHRIcRIDF @adH faft of the bbweatprevérmat wigh gy st em f or
equalizing fluid pr?ssure bet n the back of each ram of the bl owout

e
preverter wi PFFSFP[‘EQF%”B'}&J%\R%\’?B'&F the ram packers; and b. a selectively

operabl e second flpui d aGeEdNhAEPPAbIE ¥EEN flURS comtmahitationGystelrfoflequifiSig " ©
bet ween t he Elﬁ_ck of each ram of the wout preventer with fluid pressure

bl
above the ranfidRgesuLe batweenthehack of eagl) rafpefithe PlowoHt eventes With-Btiduni cati on

system as defprd¥edrel dbotk BidMamlpackersf urt her conprising: a. first control
apparatus for selectively opening and closing the first fluid

comuni cati on systemy and b. second control apparatus for selectively
openi ng and alosi pgatgps eWadt prelétiter fedBdInQAItalith S¥RNeEs ddfnelin Chim
ramtﬁ)e bl o t '%r eventer fluid communication systemas defined in Caim
17 futY her cﬁﬁgw F&8MRN¥B%t rol unit connected to the first control

apparatus and comnect figt tentidh8peraias forceictivily apgrvigantbclvdifd BlefirétmRidf i r st
control apparatus and the second control apparatus may be sel ectively
operated to GPEMURIGHNR) BYSEEPHANG j r st and second fluid conmunication

systems, respectipely. s@ébndTontiollapphiaticfobsa@ively dpeningand clokingdhe second
comuni cation systemas defined in Claim 17 wherein: a. the first control

appar at us cofigidicopunuicatign systefle val ve; and

15 18. A ram-type blowout preventer fluid communication system as defined in Claim
17 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.

20 19. A ram-type blowout preventer fluid communication system as defined in Claim
17 wherein:
a. the first control apparatus comprises at least one valve; and
b. the second control apparatus comprises at least one valve.

20. A method of operating a bidirectional sealing ram-type blowout preventer,

25 including bidirectional sealing rams having top seals, bottom seals and front packers,
operable by corresponding linear actuators for movement in corresponding guideways
within a central housing to selectively seal the annulus around a pipe located within a
central vertical passageway through the central housing, a selectively operable first
fluid communication system between the central vertical passageway below the level

30 of the ram packers and locations in the first and second guideways behind the rams,
and a selectively operable second fluid communication system between the central
vertical passageway above the level of the ram packers and locations in the first and



b. the second control apparatus conprises at |east one valve. 20. A nethod
of operating a bidirectional sealing ramtype bl owout preventer, 25

i ncl udi ngwbiodior4seg | onal seal i ng ranms havi ng top seal s, botrromsszadés2 and
front packers, operable by correspondingydinear actuators for novenent in
correspondi ng gui deways wthin a central housing to selectively seal the

annul us arourggc&,dpgtp@ev@ag,gq,gﬁﬂdméfyn{g @omgﬁgﬁg .al vertical passageway through
the central housing, a selecti vee% Io era irst fluid comrunication
¢

syst em bet ween t h@- cenPPeling en¢ ppgrloping theguthenofthg st antbsecen@fuido of t he

ram packers aBgmupicatibPSystdhistdm@ first and, second gui deways behind the
ranms, and a selectively ogerabl e. second fI uid comuni cati on system bet ween

the central vertPcal PBEYEHRBVBG IBBY @lAlors d9cteleptivelycmpyantim dRBE sina e

| ocati®ns i ncbResgonbimb gaiféwdly. 03/ 014518 PCT/ US02/ 23642 26 second gui deways
behind the rams, conprising: a. opening one and closing the other of the
first and second fluid comrunication systens; and b. operating the |linear

actuators topgel esAt héBod oo Rratihg & direttibriah SealingCraf-§; feqm»dw podleH eSS -
21. A net hod of erating a bidirectional sealing ram | owout

preventer as 9 ﬂ@éﬁ"’" dyrhehComprigipg HeiRg E@Fﬁ:ﬁ’\t@f ‘F&Paiﬁ}i‘%@ qrep 3nd elgae the!

appar at us t o fip lidadrhribiisRioh Rgstei, GRd sbEdHddcor@BNapharatlis eosershmitiose the
second control apparatus to open and close the second fluid conmunication

system 10 28SCRIUFUUBRNBHNIGIANAYSIRE a bi di rectional sealing ramtype
bl owout preventer as defined in Caim21 further conprising using a
control unit connected to the first control apparatus and connected to the

secon®P cont r 8- apfaimethed efcorssating: 2 \nidineclionat é?%"“QH@"T’WPgtb'OWtPFQ)'Ie" er as

appar at us andefiftdy if SIAML CRhEdoniRMgalsiy 4 ébrﬁrraeammn@b@a@o fHéG#"rét'cbﬁfrola”d
second fluid comunication systens, respectively . A nmethod o

operating a BPERAREANG ﬁ&!‘"%“é% forfe F%ﬁ?r“f’)?ﬁ@e"% IaBREféfusﬁ‘P é%'S?HV@lV %’atﬂﬁﬁfﬁgd in

Caim 21 furicheirol CiypaFdted BEd BReO¥édHnt Lontrol Asparatdd o ¥aery and rudsbethé iiFsttand
control apparatus and at |east one valve in the second control apparatus.

24. A met hod S8FongfkcheqrguBICHiom SYEeMSofREPeEWEli ng ram type bl owout
preventer as defined in Caim20 conprising operating the bidirectional
sealin ramtgpe bl omout 20 preventer to aBpI y fluid pressure above the

bi di r &t i onal3seal mgthodraft grseatindombistirectional, sedlien raplirpe ibiaweyt Peevebtesfisng
the first fl ubﬁné‘oomafnstéﬁ 'f@r&héxe%&%mgtppomﬁg 5£/6a80brid Wb inARETIRIBAlHION

system open; b. operati ng the |inear actuators to nove the rams to sea
around a pi p@PPQfa ﬁ@nd% easheneayalvadp the sgcopd septid aapareisough t he central
housi ng; and

24 A method of operating a bidirectional sealing ram-type blowout preventer as

defined in Claim 20 comprising operating the bidirectional sealing ram-type blowout

20 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 the linear actuators to move the rams to seal around a pipe in the
25 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.

25. A method of operating a bidirectional sealing ram-type blowout preventer as
defined in Claim 24 wherein the pressure is applied within the vertical passageway to

30 pressure test a blowout preventer, in its sealing configuration, positioned above the
bidirectional sealing ram-type blowout preventer.



c. applying fluid pressure within the vertical passageway above the packers
of the rans of the bidirectional sealing ramtype bl owut. 25. A nethod of
oper at i ngwa obiodisnect i onal sealing ramtype bl owout preventemr/ise2/2@efi ned in
Claim 24 wherein the pressure is applied ypthin the vertical passageway to
30 pressure test a blowout preventer, in its sealing configuration,

posi ti oned alpgve tArthetttiadbf sdratiiph pichrRklicHal s@alingYfh Qb@%ﬂo@rp%«fém&ras

03/ 014518 PCT/ UUSO /2 642 27 26. A nethod of operating a bidirectional
sealing ramt H 20 eR/BRrisiNNg aRerating fh?e'?.!d!’?f:t'er‘%.'l $R2%00 EYbYREs Plawout

operating t h%ré\leﬁtdr%&éamgbm&ﬁmhd msm@%mum Qibﬁ#ﬂnsm@’f eventer to seal
agai nst fluid pressure {oﬁom bel ow, corr@ I% ..closing the second fluid
we i acoriug

communi cati on systiem ingther seeqno; YRR éXﬁtF'BntQSQ‘énf’ébé'H*d and

b. opesati ng coRendnidagen sm&m@beﬁsar{do nove the rans to seal around a pipe in
the central vertical pagwggﬂe\ﬁa?( rou%h the central housing. 27. A nmethod
of pressure testi Ry a BP the lingar acators tomeyede rams e a6 sfqund gipipedn the

conprising: @ngal varti@mpﬁs@@ge@vd@ltdtwgmhmkraﬁ&ﬁisln@g ramtype bl owout
preventer in the blowut preventer stack at a position below the bl owout

preventer to be tested; b. providing fluid communication between the area

above the rarg. of Atll‘nethobldﬂlpl”és@tllfeCJtﬁﬁﬁngS@BbWBGt praveritaie Ablexsuttprevernsttak and
bel ow t he bl ovvout reventer to be tested, and the backs of the rans of the

bi di rect i onal®®T®EFP%g ram t ype bl owout preventer: 15 c. closing the rans of
the bigirectio naI aseal br@.dm m.ymubhmwanmgpamm 6w R préiRader iidhe blowout

conflguratlon reventer to be tested inits

seal i ng conf iPGME qur 3ﬁcwéi)ﬁlp9?'ﬁ%f‘ Lﬁ %?F@P‘élg‘ét&r’%veﬁ'@r\x%gﬁt?w'rans of the

Pi dibr etcti ?ngl sealu ng pwveonngomblcamumd@n@rvamren thé drelahgbdvk QMG FEmP bEMRNt er
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pul ating t e raﬁ'é’s'ﬁg rems irectional sgaling rasw-tpe plowaut peevgnter to
seal ing confsegliigadonfiduration; and

d. with the blowout preventer to be tested in its sealing configuration, applying
fluid pressure between the rams of the bidirectional sealing ram-type blowout preventer
and the blowout preventer to be tested.

20 28. A method of operating a bidirectional sealing ram-type blowout preventer
comprising:
a. providing fluid communication between the area of fluid pressure against

which the rams of the bidirectional sealing ram-type blowout preventer are to seal, and the
backs of the rams; and
25 b. manipulating the rams between an open configuration and a closed, sealing

configuration.



