WO 2006/ 051317 PCT/ GB2005/ 004366 1 INPRCMED VALVE 2 3 The present

|nvent|on‘£elates to valves, and in 4' particular to an inproved val ve for
use in wi rdPPWEOAY 5 wel | head control systens for thBCHGBZMHIN4EES
industry. 6 In one aspect the invention relates to an inproved blow 7 out
preventer (BOP). 8 9 Specialised valves, including blow out preventers
(BOPS), 10 have been avail able for many decades, and provide a nmeans 11
for sealing the wellbore at the well head against well 12 pressure if the
drilling crew | oses control of formation 13 of fluids or if required to
seal a wireline or logging 14 cable during well service operations. A
conventional ram 15 type BOP is |located at the well head, and consists of
two. 16 hal ves of "a cover for the wellbore, located on 17 dianetrically
opposed sides of the wellbore.” The covers 18 consist of steel rams and
el astonmeric ram bl ocks, and are 19 typically actuated by |arge dianeter
hydraulic cylinders 20 located on each side of the wellbore. If a well

control 21 event occurs, the hydraulic cylinders will be renptely 22
actuated to force the rans to enter the wellbore from 23 either side,
meet i nglat xMPROVEDtIVALY® sSeal against well 24 pressure below. Inportantly,

the BOP.nust have the 25 ability to seal the wellbore without cutting the
26 wirefine, allow ng subsequent retrieval of the 27 toolstring. WO

2006/ 05351 BT CRRROS QUG ZkacsTlS GamBbockss il | (ypical 1y have

cooper ating, aped 3 surfaces to ensure allgnnent The ram bl ocks are 4
avai | abte pﬁralvulwewo ofn claniqyedavpdie, femduseris winsliost rods wher e pi pe

O[}m‘rek'n%eiihggﬁngbﬂégbirEﬁé?%ms for the oil and gas industry..

6 In one aspect the lnventlon relates to an improved blow

7 out preventer (BOP) '

8

9 Specialised valves, including blow out preventers (Bofs),
10  have been available for many.decades, and providé a means
11 for sealing the wellbore at the wellhead agaihst well

12 pressﬁre'if the drilling érew loses control of formatioh

13 of fluids or if reqﬁired to seal a wireline or logging

14  cable during well service opgrationsl A conventional ram
15 type BOP is located at the wellhead, and consists of two

16 halves of a cover for the wellbore, located on

o

17 diametrically opposed sides of the wellbore. Thé covers
, 13 consist of steel rams and elastomeric ram blocks, and are
19 typically actuated b? large diameter hydraulic cyiinders
20 located on each side of the weilbore. If a well control
21  event occurs, the hydfaulic cylinders will be'remOtely
22 actuated to force the rams to enter the wellbore from-
23 either =zide, meeting at the ééﬁtre to seal agaiﬁét Wel;
24 pressire below. Importantly, the BOP must have the
25 ability to seal the wellbore without cutting the
26 wireline, allowiﬁg subéequent retrieval'of-the,

27 toolstring.



6 well will be provided with a cut-out fornmation (typically 7 a
correspondjn of sem -circular recesses defining a 8 narrow
throughbor‘é’ @é‘ﬂﬂ%d to allowthe wireline or 9 pipe tRETEB2N04366 ough t he
BOP wi t hout damage. The . ram 10. bl ocks will be designed such that -a tight
seal is formed 11 around the pipe or wireline and around the aperture 12

throughlmhibh the rans nove. The ram bl ocks will often 13 be provided with
a gui de that ih the ans nove 4 froman open to a closed position,
the pi pé or FEM R&°C %ut'r%‘"t%yo & CBRAPPE> %n‘{‘heﬂ%ﬂ’?%ore such t hat

it is 36 rGEaved o éﬁguﬁatapignﬁ@fmat ToR WahBubcHangge. . 17 18 The rans
in a typical ramBOP are self- enecrglmn!g in the 19 sense that after they
1

are inith algvpidebdat é8 ByVARELRD esatiens. predstee-is all owed to get
behi nd & papd,) 121 c9bnk NghéAm :fl.% Cdxngvﬂrteltlﬂéaﬁgsbémcﬁ'%&rﬁongl dion. The 22

el astoneric“Seal s 'of the.ramblocks are U shaped udi nal section
t hr ough 6t hevegdllame Livhbe hprdrel dedevi idd s xpérdntafidreat tonl tmicﬂdwoss t he

openi ng,of the 25 vvel bor The hag_ed seals allow.t ressure to
26 T or 4t o COBRRSERBRRN R |t T CIEF SO RE: ERERGRF | S E Sr e ¢
ener gi s@s tdaexaeaatahaadgmemla) t&eéﬁﬁﬁi@d ® BANBw Bhe2@ibeEEmé ask confi i gurat ion.
29 30 Other, variations_on the ram BOP are available, including 31 rans -

desi gnedl t ®iBSm5PeREFERS NebFough difh BIFp¥W1sPouB 0o ReR i nethe Fafdi ti on, some
- arrangeEents RLe myatéyaeéfgmratad thakhgr ttaﬁ@ Q%Qiai’é £&ke4 oper at ed.

in this 34 case, the actuators normally consist of large screws and WO
2006/ 08131 2rRONAGERE 051100 436 6 13 i ey @nﬂoaapeddbyhasep@ftlaré arge handle to

gerer atg the. RoholANEn " e a0 Wl VarkneahagToa0e sty (R el 3

pressure.
i3 be provided with a guide, such that when the rams move

14 from an open to a closed position, the pipe or wireline
15 1is gulded into the centre of the wellbore such that it is

16 recelved in the cut-out formatlon w1thout damage '

17 .

18 The rams in a typical ram BOP are self~energising, in the

19 =sense that affer they are initially actuated by ﬁhe‘_

20 hydraulics, well pressure .ls allowed to get behind a part
21 of the ram, forcing it towards a closed position. The
22  elastomeric seals of the ram blocks are U shaped in

23 longltudlnal section through the plane whlch the rams

-

24 extend, and extend fully across the opening of the’

25 wellbore. The U-shaped seals allow,the well préssure to
26 force the seals upward and inward, such that the well

27 piessure energises the seal and tends to keep the rams in
28 a sealed configuration. '

29- -

30 Other variations on the ram BOP are available, including
31 rams dasigned to completely shear through pipe or’

32 wireline. In addition, some arrangementa are manually
‘33  operated rather than hydraulically operated. In this

34 - case, the actuators normally consist of large écrews and



5 Presently available ramtype BOPS suffer froma nunber of 6 deficiencies
and dr awbacks articular, many of the 7 drawbacks arise fromthe size of
t he appar amm’@’ﬂ&ll | abl e designs consist of a pair ofPGEAGE2003/00&sGed 9
perpendi cul ar to the wellbore, and exfending on either 10 side of the .
wel ' bore by up to 2.5 nmetres (around 100 11 inches). This has significant

i npl i catyi ongrd GfodtRdl2yCcanst pHchi Dared wwlldiCcent geheapparahdls at the rig.
13 ldeally,. the.BOP stack woul d be |ocated close to the 14 wellhead, to
maxi ni seé t h@%%me%%@é 5Qafripe et et ceatmegateet Welt ool string.

However 3 | noguaghigce, it i's 16, difficult to manoeuvre the BOP stack
through platforms on 17 the rig structure. A platformon the rig structure
would H#8 typically have a hole in the grating of around 24 inches 19

di anet erz ( end on t. | apet er of sing.20 thro This
openi ng % s I a’tvglgngw e p@ﬂaszf%%%g grBEf f)a’%@ége]% fﬁ%ugh inits
usual uri giﬁfﬁﬁeﬁmﬂfelsgahdt dﬁawww&e thm patdailaracisai 068 @€ oriented

23 hor.i zontgl I)i Thi s reqU| res the BOP to be nmanoeuvred 24 carefully such

that thd cr ks grdesstremothemiwe o5 thsr @PPaFRYUSal | owi ng the BOP to
be passed tzwapitygimtehee%@gﬁeeeaaﬂglsg h&e d%aﬁxd'offf Lokt s2pdn dagpger ous
operation due 27 to the size and wei ght "of the BOP stack. A reduction in
28 wei gift izednendisglpy thetheewelbrodenr @e’lddlmenéﬁ-nQQOhydxm&rc ranms and
hi gh st en t gel 3 |t pl at f orm may
be prov1|r de 1*]3;? O%eth%zwgﬁz%g%édb%r}gq A%S %rg Igg£ %@@I ng of the BOP
to 33 He cnmha:st)ed rm&e haSI&sjlgn:I:'Dil\ﬁatﬁf 1Itl';d]Jl$:a|ﬁ&&nErTﬁbrCBh¢ ons 34 for the

‘hea}th and saf et onn wor Ki at the WO 2006/ 051317 -
CT/ GB 5/%@6‘%1‘3 Zro aY"Fﬁ' nTORkP rﬁﬁ%&‘&l@eal Fn§P&I F2%i on railings
or - ot heys- Zldé't{lrlfr%hTeOBDPGHEQék%mr]fé 1ford&'E‘efiaEtLbBQ thresgh the 3 slots.

It is therefore nore usual to install the
14 wellhead, to maximise the height above avallable to

15 accommodate the toolstrlng However, in practlcer it is
16 . dlfflcult to manoeuvre the BOP stack through platforms on -
17 the rig structure. A platform on the rig structure would
'18> typically have a hole in the grating of around 24 inches
19 diameter  (depending on the diameter of'pipe passing
| 20 through){ This opening is too small to allow.a_ram—type
21 BOP to be passed through in ite usual‘upright
22 configufation’where the hydraulic actuators areloriented
£ 23 horizontally. This requires the BOP to‘be manoeuvred '
24  carefully such that the cross-axis access is orilented
25 vertically, allowing the BOP to be passed through the
26 opening. .This is a difficult and dangerous operation dﬁe
27  to the size and weight of the BOPrstackl A reduction in
28 weight is limited by the need for large diameter -
20 hydraulic rams and high strength steel components.
30 _
31 As an alternative, the platform may be provided ﬁith'a
32  larger diameter slot to allow the passing of the BOP to
33 be conducted more ea511y. However, this has implioations-

- 34  for the health and safety of personnel working at the



4 stack at an el evated hei ght ~above the well head, of in 5 excess of 13
netres (4Qg$eet .._The consequence is that a 6 greater overall height of
vel | cont o 2MEE¥Ptt us is 7 required, or -al ternativel yPEEEBROGPMEs ar e
placed on the 8 length of tool strirfy available. This deficiency is 9,
particularly inportant for concurrent operations.. 10 11 Existing BOP

desi gnsl suplet férmm atd eraydefdquiencinstal 12t ddre =il nclggd@rpoehkens with the

structural, strength of 13 the ram The_ram bl.acks | ocated on either side of
the 1 mep?fﬁﬁ%égJ%? BB PETPRBRG Qf¥PWT£§ii3qu¥ PHEuSPEn 15 which
cooper aj e EDoefsure: tihatrHdiv road Rboekss@a® U6 B0 irdkeRyppal | gned. The
recess formed on a ramw Il 17 reduce the structural strength in the ram

Mor eovel, Beck 18- rae xlevindpd hEEQBF peoYerral e ldipasut @F dur face' of the
19 1 ams aps 4 Wty A% diled AT0! o8R! | Nohd ol diid igneygd Lhat i s

unsupporte ramis therefore "tloating" er than being fully
support@d_@WeatmxtnngraﬁltﬁaigEtPof w1 Thienicerl arremmadsid tisi n def ormat i on of

the ra i npactin 23 its.a i cation. to. high pressure BOPs, 24 25 The
arrangg%enngéﬁlgﬁ$yﬁ¥% qﬂfﬁﬁ@ﬁéggégnrgfg%ﬁ%gﬂgﬁgfﬁgﬂ#ﬁﬁF@?iPpeﬁh?n gui di ng
the pi p@ oledgtielohecddl tdmrinigghirai2dbbart THid Refiadngcksf ormation (i.e.
the cut=out 28 formation). These difficulties arise in part due to the 29
probl ens WPRREk&YA GG Y HERCLFENAp fPEPF PRES IR (PRRFad@™Si-on, - typical |y the
pi stonyg@ssenbly on one side of 31 the wellbore will be slightly |ooser than

the opposing 32 ram resulting in the | oose piston assenbly being driven
33 to the Existing GOP cledigmst satéer bEfon eotter ojgfusiisgcd4spi st on assenbly

B neid o e, TG N OOSLIRA PG, GGy 04300, 5 1
gui di ng8 pr ohé | am ThiThe aranddregrst D8cated on either side of the
14 wellbore will typically inélude a recess and protrusibn
15 | which cooperate to ensure that the ram blocks are
16 appropriatély aligned.  The récess formed on a ram will
17 reduce the structural strength in the rém. Moreover, the
18 recess may in fact be formed on an outer surfacé'of the
19 ram, meaning that as the ram ig sealing it has a portion
20 that is unsupported. The ram is therefore “floating”
21 rather than being fully supported by the body of the BOP.
22 This‘can_alsb result in deformation of the ram, impadting
';i) 23 on its épplicatign to high bréssure BOPS . '
24
'25 The arrangement of a typical ram BOP can also cause.
26 difficulties in guiding the pipe or wireline to the right
27 part of the ram block formation (i.e. the cut-out
28 formation). These difficulties arise in part due to the
29 problems with keying the rams appropriately. In
30 addition, typically the piston assembly on one side of
31  the wellbore will be slightly looser than the opposing
32" ram, resulting in the loose piston assembly being dfiven
33 to the full extent of its travel before the opposing

-34"piston assembly begins to move. This increases the.



3 wireline or pipe and in severe cases cause it to be 4 sheared. 5 6 A
further def|C|enc of typical ramtype BOPS is the tine 7 taken to actuate
the rans, "0 %ﬂe hi gh vol ure 8 h%graullc cyl i nder sECTHEBBYWA366t he ti me
reqwredto 9 rranually "close the ra This has safety inplications. 10 11
The present applicant has identified the need for an. 12.inproved val ve '
desi gn, 1an@rbhab&1it:¢mﬁrt]aém wingldned oBOPipé 3oelinsd genddusd airf f er s
signifigant] a convent i enal e BOP._15 16 It is a first aim
of the gﬁ%f" 8?%ypﬁ6?/|%l‘%’r?gl?ré’ gg?at ugﬁg | TBI @S &8 i ng a bore that
obvi at eg omabllﬂa beasipdi dngatresesenre Bhsébecsigunbacks, apd deficienci‘es of
19 avail abl e valves and/or BOPs. In particular, it is an 20 aimof at |east
one aspéctS BFAERE: i nvention to provide an 21 inproved valve or BOP for

seal i nggaround a wireline, 22 pipe, tubular or conduit in a wellbore. 23 24
It is a further-aimof the invention to provide apparatus 25 for sealing a
wel | boré of Fedtbed @xfkriencwiofe typddal nraR6type tBQRA drs aheardtes of | esser
| at er al dlne sjop_a duced wei ht wh are mnth a typical ram
type B Egn g ‘?Hr??% erﬁag}s tﬂ F‘l‘@eﬁtﬂ? ﬁﬁr@% OVI de apparatus 30
for sea8| ngydr&ElitbOdE}elll\iMQ tdzemmpal; atné biase areqeisest to3l requi rement
for QaU|IC actuatlon when conpared with a 32 typical ramtype-BOP. 33 WO

2006/ 0513172PeF£8 DOATH TS 1 EE}FFh%‘?‘SaEF‘?‘%e@ﬁcF-WJé‘@‘ttéoéﬁ t he invention
wi Il bggone 2 apparent fromt he foI I ow ng descri ption.

11 The present appllcant has 1dent1f1ed the need for an .

5i} 12 lmproved valve design, and in partlcular an.lmproved BOP
13 design that differs significantly from a conventional ram
14 type BOP.

15

16 It is'a Ffirst aim of the.invention to provide én'

17 apparatus sultable for sealing a bore that obv1ates or at
18 least mltlgates some of the drawbacks and deflclen01es of
‘19 avallable valveg and/or BOPs. 1In particular, it is an

-20. aim of at least one aspect of the invention to‘provide an
21 improved valve or BOP for sealing around a wireline,

22 pipe, tubular or conduit in a wellbore.
23

24 It is a further aim of the invention to provide apparatus

"

25 for sealing a wellbore of reduced external size, and in
26 particular apparatus of lesser lateral dimension and

27 reduced weight when compared with a typical‘ram type BOP.
28 | -

29 A further aim of the invention is to provide apparatus

30 for sealing a wellbore, where the apparatus has a reduced
31 requirement for hydraulic actuation when compared with a _
32 typieal ram type BOP.

33



3 4 According to a first aspect of the invention, there is 5 provided
apparatus for sealing a well bore, the apparatus 6 conprising a ranlassenbly
havi ng a ans rotatably 7 nounted in a housing and actuatlng nmeans,

t he appargg) ‘ﬁ%HQV|ng a first open gosition in whichéﬁT (FRPOPRH4368ss 9
through the wel |l bore.and a second cl 0sed position in 10 mhlch the rams abut
to seal the _wellbore, wherein the 11 apparatus is noved between the open and
closed]posFurthEr ammsbyndobbUengstné tlaeinvERtidd hlilhkecanéext of this
description, ;- th [ 15_not .be,taken to inply a linear

novene Q%H%@lgp tﬁ? %Egyﬂrfﬁgd% %6951 ramtype BOPS. The rans and’
ran117:ﬁssenblles descrlbed herein are anal ogous to the rans in 18 a

convent | onal ran}type BOP.,in the sense that they nove 19 together to abut
and forim dAekadingetter enédsstoafhnet oD WsodryebEirRkehReBS BN assenbl i es,

conponent sgrmréé%f $p aaka%sbkefkéeM@ s@%l@‘é?@bl BnkCa ?pQP%t]l.ﬁé on in whi ch

they 22 farman obStruction in the we ore t-he
appar attus ¢rasorl i AuFRNasesaibdy nensinen 2 Bigf OQOcmnszsotaﬂakﬂryef erably,

h | | h ferably, th
i murt | SRR e FEn B0, 28 PSS e Shesdonitarling (o &

second Saspectimf o Herisavepehopesitbse irs whi4hprovidedagppasat us for seal i ng
a wel |l hore arour;rllh WO 886/0513 7 PCUGB2005/ 004366 ,7.1 wireline or
bi pe- bl ng-FRPE e RaAPEEFean R SRR Cdosed position in

10 which the rams‘abut to seal the wellbore, wherein the

11 apparatus-is'moved between the open and closed pogitions

12 by rotating the rams.

13 ‘ _

14 TIn the context of this description, the word ram should
15 not be taken to imply a linear movement of components, as
16 with conventional rém—type BOPs. The rams and ram .
17  assemblies described herein are analogous to the rams in
18 a conventional ram-type BOP in the sense that they move
19 together to abut and férmra seal. References to rams

20 should be taken to mean assemblies, components, membérs'
21 or blocks which are moveable to a position in whicﬁ they

22 - form an obstruction in the wellbore.

23
24 pPreferably, the apparatus has a maximum lateral dimension
25 of 80cm. C ' |
26 ' _
- 27 vpreferably, the maximum lateral dimension is lese than
28 50cm. |
29 |
30 preferably, the_maximum lateral dimension is less than
31 40cm. | -
32

33 According_td a second aspect of the invention, there'is

34 provided apparatus for sealing & wellbore around a



2 conprising a ram assenbly and actuati ng neans, wherein 3 the apparatus
“conprises a first .position in which the 4 wellbore is open and a second
posi-tion WPHMFBH3he 5 wel I bore is closed, wherein thBCHGBUASIMESMEANS
causes 6 the ramassenbly to rotate Fromits.first open position 7 to its
second cl osed position in which the wellbore is 8 sealed around the

Wi reline owipéDene br HApAceerdignguhoia the rebmRRAd, ofhd BephayeRsi on there
is 11 provided a, apparatus for sealing a we|lbore, the 12 apparatus
conpri s# ngCeMPRIFiRT & L7 AEPEEBLY FRONTELHIFNO MERNSosMEERinn which the

wel | borg igs,9p ég%ﬁ' S&Y O$k L] Lo 1 eal 't he
mellbor%,ar%%ﬁ%%% d%M re ingéérgp?%géec(§$2%$%f9§%§%ﬁﬁﬁgﬁgg when the 16
appar atdis wellbote s opemakindg aoseenndt posi tide jappériatushel?7 has a maxi mum.

| at er al ¢ di i on_which all it t 18 through an aperture in a ri
ol at f or’n t HFOHH Gt Tit XHE 197 REPRe B CBRCFU b BRene 2pt68es. 20 21 -

Pr ef er adl ythé heamead gaampivater abrdbaepsoeniis fioss ydh @bsiB2ohhe maxi num .
| ateral _dinension of a ramtype BOP operating_ 23 on an_equival ent dianeter
vel | bore aboeld iR wdioseypPppabinreln Winichy fheemeldbrye ffe maxi num

| at er alg di EEQﬁé&“afoﬁ;dc?%%eaﬁiQEfL@neZZr%i;%é‘.e maxi mum | at er al - di nensi on of a
ramtype BOP 28 operating on an equival'ent dianeter well bore-at 29 '

equi val®nt wel | .pressure. 30 31.Preferably, the .maxi num|ateral dimension
's Tesfy thales 218098 S33MPa? 00600134 "lCT (BRI 004308 18 |
;“ i1 'provided‘a-apparatus for sealing a wellbore, the | '
iu} 12 apparatus comprising a pair of rams moveable from a first
13 poéition in which the Wellbore is oﬁen aﬁd a second
14 - position in which.the rams seal the wellbore around a .
15 wireline or pipe, characterised in that when the
‘16 apparatus is in its opefating érientation, the apparatus
- 17  has a maximum lateral dimension which allows it to pass -
18.  through an aperture in a rig platform through which the
19 wellhead control eguipment paSses; |
20 _
' 21 Preferably, the maximhm lateral dimension is léss half of

22 the maximum lateral dimension of a ram-type BOP operating

23 on an equivalent diameter wellbore at equivalent well

24 'pressﬁre. |

25

26 Preferably; the maximum lateral dimension is less a third
27 of the maximum lateral-dimension of a ram-type BOP

28 operéting on an'equivalent diameter wellbore at

29 equivalent well pressure.

30
31 Preferably, the maximum lateral dimension is less than
32  80cm. ' |

33



1-Preferably, the maximumlateral dinmensionis less than 2 SCcm 3 4
Preferably, the maxinmum | ateral dinmensionis less than 5 40cm 6 7

Accor di ng PP 206/0530317 aspect of the invention there is PG/GBXIH4356a
apparatus for sealing a wellbore, t he %9 apparatus- conprising 'a pair of
rans noveable froma first 10 position-in which the wellbore is open-and a
second 11 peseferablin Wie mabtdieumabatseal direnmeildrbdree l@seunldaa 12 wireline
or pipe,-ch§6acterised in that when the 13 apparatus is in its operating

ori ent at? on?” the apparatus 14 has a maxi mum | ateral dinmension of |ess than
80cm 9315 16 Preferably, the apparatus conprises a pair of rans 17
rotatably nounted in a housing and_actuating neans, , 18 wherein the.
apparatdg i BreRierl oet vidih Mo TyPe habfrel 1dinersEan asilessnshey rotating the
rams. 203 24pAgcording to a fifth aspect of the invention, there-is 22 '
provi ded apparatus for sealing a well bore, the apparatus 23 conprising a
ram asseénbly having a pair of ranms, and 24 actuating neans, the apparatus

havi ng fi n. 25 positi in_which_fl.uid nmay.pass. through the well bore
and 36 b SEETA SR ae T i RY R th T PR DR tRSTSedF 27 e
wel | bor & wheselded he-aanraane fovededl iy thavdlilieire,28hand second positions

wi t hout substantially changing the ,29 volunme of the actuatihg_neans exposed
to well re%%?ﬁ‘@tu%d:%rp%éf’grabpﬁrt%% LR riRe Rl rses B8k of rans

32 1ot af@bl Yo SR R BOURENGeBTEoRE L LRI, TRRNS: seddniherein the
apparatus is noved between the open and 34 closed positions by rotating the
rans: 11 position ip which the rams seal the wellbore around a
Q;E‘ 12  wireline or pipe, characterised in that when the

13 apﬁaratus isiin'iES'operating orientation, the a@paratus

14  has a maximum lateral dimension of less than 80cm.

15 | | |

16| Prefe;abiy, the apparatus comprises a pair of iamé

17 rotatably mounted in a housing and actuaﬁing means,

18' whereln the apparatus is moved between the open and

19 closed positions by rotating.the rams. |

21 - According to a fifth aspect of the iﬁvention, there is

22 provided apparatus for sealing a-Wellbore, the-apparatus

23 comprising a ram assembly having a palr of rams, and

24 actuating means, the apparatus having a first open

25 position in which fluid may pass through the Wéllbore and
26 a second closed position in which the rams abut to seal
'27 the wellbore, wherein the ‘rams are moved from the first
28 and secbnd positions without substantially changing the
29 volume of the actuating means exposed to well pressure.
30 | | | |
31 Preferably, the apparatus comprises a pair of rams

32 rotatably mounted in a hoﬁsing and actuating méans,

33  wherein the apparatus -is moved between thé.open and

34 closed positions by rotating the rams.




WO 2006/ 051317 PCT/ GB2005/ 004366 9 2 Acbording to a sixth aspect of the

invention there is 3 provided a blowout preventer conprising a ram assenbly ;

4 havi-ng wqmbé/osas17r anms rotatably nmounted in a housi ngeCcI/én2o0i00s3c6Wout
preventer having a first open positidn in which 6 fluid may pass through the
wel | bore and a second closed 7 position in which the rans abut to seal the -
-wel | bore, 8 wherein the bl ow out preventer is adapted to be noved 9 between
the open and cl osed positions by rotating the 10 rams. 11 12 The

fol | owi Ry SCEPERBAYS 9e¢|%@st%mﬁrzﬁ¢aq onfegber e8Ventapy therefiahe first to

si xth agpe h I onprtse
fornatlggs%%%ngogaglﬁggga%&qﬁﬁ %ﬁl%g %?m%?%é?ﬁ% %Kgaﬁrgﬁggyﬂa SI?POH 17
18 Pref ér alleyinghe apparatu&amﬁnqnhahablalmgnnbﬁd neamghdunlng19t@eld|ng a
wirelin o% gigettomagds th centre t he' bore, duri,ng rotation of
the ra 1OWIBE\BF BV EFR B Y th lﬁﬁﬁa?ﬁ?ﬁspgﬁ }?%églﬂﬂFjﬁhent means

23 for @ui ctimgdamayrﬁdm@etmOlmrpeché eanBerthendios neédots Adbsla ing rotation
of the ranms. 25 26,The alignnent neans nmay be a drum adapted to rotate
about 37 PRELEAPE bF YRIER|6he GTME PRME 58 5931 THRe dredthRRR conpri se a

t hr oughRor er@f oanf Lhat b HLRMEE € pred@ il %gaa&?t&a the pigRlde or pipe

extends. 31 32 Preferably, the throughbore defines an aperture which
9 Dbetween the open and closed positions by rotating the

10 rame.
i1

12 The following stateﬁents reflect optional features of any

13 of the first to sixth aspects of the invention.
4 |
15 Optionally, the rams comprlse formations for locatlng a
16 wmrellne or pipe in the closed position.
le Preferably, the apparatus.coﬁprises alignment méanS'for
19 guiding a wireline or pipe towards the centre ofvthe'
20 wellbore during rotation of the rams.
21 |
22 More preferably, the apparatus comprises alignment means
Ny 23 fpr guiding a_wireline or pipe . towards the formations
) ‘during rotation of the rams. '
25 .
26 The aligmment means may be a dfum adapted to rotate about
27 the axis of rotation of ‘a ram. _ o ' _ -
28
29 The drum may comprise a throughbore of a first diametexr,
30 through which the wireline or pipe extends.
31
32 Preferably, the throughbore defines an aperture which
. 33 ° decreases in cross sectlonal area durlng rotation of the

34 drum.




33 decreases in cross sectional area during rotation of the 34 drum | ~I
WO 2006/ 051317 PCT/ GB2005/004366 10 1 2 Preferably, the throughbore is
perpendlchg &ﬁ’ gﬁ axis 3 '-of rotation of the drum 4 5 The first

di anet er SPE81PA0I y equal to or greater than 6 the PCAIEROGOMISE er of the
wel | bor e. 7 8 Preferably, a first oﬂ'ning of the throughbore is 9, provided
with a. channel fornmed outwardly froman edge of 10 the throughbore. it 12
More prdferably, a second opening of t he throughbore is 13 provided with a
formati gn a | 4 hannel. 15 16 The
f or mat i c%n ?r%e%ﬁ:a%qgécon% gﬁ%‘?\% %er #ed%oe%% &F[ﬁaﬁg?r ditdtige of the -
throughﬁoreﬂi&mﬁhthbatafhéhéqﬁstman 18 second channels toget her form an
apertur%‘ extending r 19 through the drum perpendi cular to the axis of
rotatio 20 21 The aperture may extend through the axis of rotation.of 22
the drum 2Z%he 24 Rrehesablyr 1H6pAPRIAANIS ictnah aeegrwgiraaéélﬁ &%rrfmt' ons 25
for locating a wireline or pipe in the closed position.

Al t er nati véiie ipmerf dipmeren ¢85 sheuwalilheredge’ adapt ed to 28 shear a
‘wireling or plpe,as t he apparatus noves to its

] Preferably, a first opening of the throughbore is

9. provided with a channel formed outwardly from an edge of
10 the_throughbore. ' '

11

12 More preferably, a second opening of the throughbore is

13 providéd with a formatiqn'on.its edge, diametrically
14 opposed from the channel. |
15 |
16'.The'formation may be a second channei formed outwardly
17 from an edge of the throughbore, such that the first an
18 second channels together form an aperturg'extending
19 through the drum perpendicular to the, axis of rotation.
20 '.'
21  The aperture may exteﬁd through the axis of rotatioq of
22 the drum.
Sy 23 _ _ o
: 24 Preferably, the éperture is aligned with the formations
25 for locating a wireline or pipe in the closed pbsitibn.
26 | |
27 Alternatively, the formation is a cutting édgE'adapted to
28 shear a wireline or pipe as the apparatus moves to its
29 closed position. |
30 |
31  pPreferably, each ram comprises a seallng assembly having
32 one or more elastomerlc seals '

33




29 cl osed position. 30 31 Preferably, each ram conprises a sealing assenbly
havi ng 3§y@ne or nore elastoneric seals. 33 WD 2006/ 051317 _ '
PCT/ GB2005Y90W88¥31711 ' 1- More-preferably, the seal i ngPEEEBMIFHIM3EPri ses an
inner 2 seal adapted to cooperate willh an inner seal on the 3 opposi ng ram

to seal against the wireline or pipe'. | 45 Mre preferably, .the sealing -

assenbly cuppei pesfaraiolit erthed seedlingdapsesbly sembriedgesnofinhbhe wel | bore

agai-nst,wel| _7 pressuyure. 8 9 tionally, the inner seal is retained on the
ram by. ¥ he5e8h: 6@?@?e‘g¢ta‘f .C%DPEI%EPF"'&%E ém Wn?%eg%ﬂ}peﬁnatt&? is hydraulically |
actuatesl. opBodin@Piiingd |36all RaaRRRr ahESwiBe PINWigiediWd h a manual 15

override nmechanism 16 17 Alternatively, the apparatus is nmanually -
actuatel. 18 19 The device may conprise an actuating assenbly or 20 :

“actuatiag S ti ~agtuat i LCe T tuating
assenbl€ n@ggepiagfa%?%dﬁ@o t\si% égtaﬁég?yagggﬁ?%%@ﬁesec%gaﬁ %g_tgrr%nbers, to
cut thebobpesl. adtpte®Xactasdt iedgeassénbhy wallloonprdgednmt aefliati ng menber
24 coupled_to the first and second cutting nenbers, for 25 exerting a force

on the tut PFfig°Hefbers to thereby rotate 26 the cutting nenbers. The
actuatigg nenber may be adapted 27 to simultaneously rotate the first and

second cutting , . o
9 Optionally, the inner seal is retained on the ram by the

10 _outef seal.
o 11. | : :
i:} 12  Preferably, the apparatus is hydraulically actuated.
14 Optionally, the apparatus is providéd‘with a manual
15 override mechanism.
16 |
17 Alternatively, the apparatus is manually actuated.
18 |
19 The device may comprise an actuating assembly of
20 actuating means for selectively_actuating.the device.
21 The actuating assembly may be adapted to selectively
22 rotate the cutﬁing members, to cut the object. The

23 actuating assembly may comprise an actuwating member

O

24 coupled to the first and second cutting members, for

25  exerting:.a force on the cutting members to théreby rétate'
26 the cutting members. The actuating member may be édapted
27 to simulﬁaneously rotate the first and second cutting -

28 members in respective opposite rotational directions, and

29 thus to contra-rotate the cutting members. In

30 embodiments of the invéntion, the actuating assembly is a
31 hydraulic actuating assembly, where the actuatihg member
32 takes the form of a piston. However, it_will.be : 71

33  understood thét the actuating assembly may alternatively g



28 menbers in respective opposite rotational directions, and 29 thus to
contra-rotate the cutting nenbers. In 30 enbodi nents of the invention, the
act uati ng WOSMWHFIPITs a 31 hydraulic actuating assenbPET/GRIeNSE043ke |
actuating nenber 32 takes the form df a piston.. However, it will be 33 .
understood that the actuating assenbly may alternatively WO 2006/ 051317

PCT/ GB2Q05/M43b6@let2richecdscet@fid, Grectla@dicnlnbe, e@ebasgd cal or electro 2
mechani gal - act-dat,i n ssembly. 3 4 The actuating assenbly may conprise a
drive t fandISsPansChdcAGRPER-FS 289 Y%rring force fromthe actuating 6
menber t3o the cutting nmenbers. The drive transfer 7 mechani sm nmay be adapted
to convert a translational 8-novenment of the actuating nenber into a
rotatiodal T mefeasAngopseaebly reay qamrigemandsiveahtersEontra 10

rotati oral t 9%@] td] et Th . drive transfer '
mechani s%m rrngg%\ﬁ%%h gérf ??giggn srgottnd 1% \‘i%et f'hlgF\%%ee}rgioupl I ngs, each
associ atbed menttiera td3thespetting memgoas .t hehkei detivantdraesded cutti ng nmenbers
14 and ?oupl eq‘to t he _ac uat&nﬁ rrcrgnber. ' Thetfi'rfs:t ang % '1%Csecond drive
transfer cOPiNAGE™ 4RY PRUSCPRECASSHAMES 18 FFPEF LAt S tond cutting
nenber s 8 maokenchet afabhe abbwdtindy neBEIN iAXes aOkot@t 8éh&m. Thus the first
and secaond drive 18 transfer couplings maé be | ocated coaxially. 19 .

"Transl ati oAvVeRSRENeht the Eheshctieiting ¢ ABY BeConBRadapted to rotate
one of fghe Ifddtra%tioﬁgidL. ﬁ@%@ﬂgggiéﬁ% %ﬁeérerc%'ﬁ%ﬂc %?Jtt@'.gﬂal hBgSed N amid r st

rotational direction and ~one o e first and second drive
transfel 2&iowupirengsernmacsacben napposiprd seotfarsbnahd déeentd on. 24 This

) COT A dOLAL & LS U b (NPT i D81 T0Ea G H1A NG mochani sm ey

13 respective one of the first and second cutting-membefs
14  and coupled to phe-actuating member . ?he first and

15 gecond drive transfer coupiings;_and thus the asséciated'
16 first and second cutting mémbers, may be rotatable about
17 common axes of rotation. Thus the first and second drive
18— tranéfer couplings may be located coaxially.

19 Translational movement of the actuatiﬁg member may be»l
20 adapted to rotate one of the first and second drive |

21 transfer couplings in a first rotatibnal direction .and

22 the other one of the first and second drive transfer

-

23 couplings in a second, opposite rotational direction.

24 This méy contra-rotate the cutﬁing members.

25 ' _

26 The actuating mechanism may comprise a driver coupled to
27 - the “actuating member aﬁd to the first and second drive
28. transfer couplings. Translational movement of the

29 actuating member may be ﬁransferred to the drive transfer
30 couplings through the driver, to thereby contra-rotate
31 the drive transfer couplings. Alternatively, the

32 actuating member may be coupled directly to the drive

33 traﬁsfer couplings.

34




~driver and

27 the actuating nmenber and to the first -and-second-drfve 28 transfer
coupl i ngs. grgnfrational novenent of the 29 actuating nenber may be
transferr edCERE Gri ve transfer - 30 coupl i ngs t hr oRGH/GBAMSHM3GGer , to
thereby contra-rotate 31 the drive t fansf er couplings. Alternatively, the 32
actuating nenber may be coupled directly to the drive 33 transfer ,
couplings. T™é WOiZ2006L&dBdY XeHARAOMaY0430Pridsd 4 Fhesdrdn&et ransfer
mechani n1q?%€p$n?rise a fiyst dr-ve -2.transfer pin coupled between the

_ HOSERF P8 TPRAPY RETSISET EBEpPT hYST anelt at R coi#tdr i ve transfer
pin 4 gouphedebetueeret r@o@laﬁ&q,' e bheee8rQNG-HVd Vierd{ansf @y 5 coupl i ng.
The first and second drive transfer pins nay 6 be coupled to tﬁé respective
drive tfansPepledubeiwesn athe Agjsian endpsbedseeond tdelve spwasifes drive
transfeg c hE 8 : - o] s I M ' L on, t.r.ansl ation of the
9. actugti%gahggggf Hgégigégiﬁi%ﬁ§|§%%§?hrg%g%§n%9%$%ﬁ%hiéﬁ§% ¥6¥t r ansfer '
coupl i n§s &eouabuphedrtaxdse fegpectivendrihe tdansfaercomlings wde a gui de
sl ot or,channe and the_driv 12 transfer _pins may be engaged in the
driver Zha_ﬁ’ﬁépkﬁn_ﬁpa‘i COUP Ed*e & S5REC égﬁe@%‘\’fe B"f%%%? afr%é‘g’élmgoupl i ng.
The  148driawes g8i gdecstdn maybershapadhsys) thatsidonsl ajd emeof 15 the
actuating nmenber contra-rotates the drive couplings, 16 |In enbodi ments of
the invént BERUSERRY FRERAT JiAMICadidt the BoRAr | Sebahing dtheekiven disposed
subst.anpi alkl. pg @ﬁﬂﬂﬁ I a0 ; axi f in mber.' 19 20
The fipgt anéngéggndé r|véﬁ%f%%gﬁgFﬁgégpkgﬁgsoﬁégbééﬁéﬁﬁ1o%%gid straddling
tfg drilver dramdrthay ihmelulie \erguike béot28r nohaihe] bedinkathet Beiveupl i ngs. To
flagi litgte, this,. the, 23 first and second _driye, transfer couplings may -
conpri 42 S5EPRRERk (Find B dit THERORS oF: LHE ot LY (el B8 of the. 25
shaft s 18my cexpead torenghraspanaridiaeive thendféy¥edod®ling. The

14  driver guide slot may be shaped such that translation of

15 the actuating member contra-rotates the drive couplings.
16 In‘embodiments of the invention, the driver'guide slot
17 - comprises a slot portion disposed substantially |
18 perpendicular to an axis of the actuéting member.

- 19

20 ' The first and second drive transfer couplings may be

21 - located straddling the driver, and thus the driver may be.
22 movable between the couplings. To facilitate this, the

23 first and second drive transfer couplings méy comprilse

-

24 respective concentriéally griented shafte, and one of the
25 shafts may extend through an apérture in the driver for
26 - locating the drive transfer couplings straddling the

27 - -driver. |

28 _ _

29 The first and second drive transfer couplings may be

30 adapted for rotation between open and closed positions

31 corresponding tb the open and closed positions of the

32 cutting members. The drive transfer mechanism may be

33  arranged to restrain the first and second drive transfer

34 couplings in their respective open and closed positions.



26 locating the drive transfer couplings straddling the 27 -driver. 28 29
The firstgﬂ?aﬂsecond drive transfer couplings may be 30 adapted for
rotation ¥PtHden and cl osed positions 31 correspHrUEBYYY4I6He open and
cl osed positions of the 32 cutting fermbers. The drive transfer mechani sm
may be 33 arranged to restrain the first and second drive transfer 34
couylin@s-?hié*mﬂy gresiyec tdhae ahendamdethﬁﬁﬁfqnﬁ?dﬁgﬂiﬁgsMEhﬁﬁgﬁl05131r

PCT/ GB2005/ 004366  -14 1- -This-may ensure fhat the drjve transfer couplings
Cannot%92 fBve ?ﬁﬁhﬁﬁ’iﬁé§ﬁﬁbipﬁé¥rr?@%%%%??%é*ﬁﬁbﬁ”ﬁk&leﬁﬁéed_3 posi tions.
The first ppgiceeand dHEitsanahar «4c608 M+ NRES trafdAdhus the first and
second cutting nmenbers, 5 may be coupled_together such that novenment of the
drive % trfawelErgTodid Ageishéhendiraei andperdibsattios mephsres 7
preventg£d. 'ﬁﬁg [ f .84 qﬁggﬁ& [ Jpli ngs may each
conpri§§ amc-r€% canf%?é%%?kgggt%ﬁgﬁcﬁgg%e or €ﬁ£°ﬁ?§§§ gggﬁgof-mhich may
be adapi edttandfer enmipldgse beyond thabsfarempiglogded posd.tdonsetted to the

11 oth one of tnf.dr've %fuglings. The g?n1trac of . one'. .12 of the drive
transfef cBHBYFRGE haﬂkbgF MEVRovERERt TR TSR RDISECHMEELER to the ot her
one of & hecéipVendd arsf @achl4osPukingScudnsh tduwid vrTeRt cRet ween the open

and closed _ 15 positions. However, the pin nmay be restrained agai nst 16

movenent beEhamect HE dfén 14kg cPESBIOp Rt T IR P RGaRERd 97 with ends of
Lhe cam !l ackeid8 4 ApAQKAIAnkeeR SEY IR orledil HBVERLT On there is
provi ded a nethod of configuring pressure control 21 equipnent at a rig,
t he nmethodothapréms mf tiie strdye obupleg®r ovitdd rpma Hxlaghwootf pneventer at the
19, i, Obpk) oZ SO FRIRS LIS Ralfel| JRRSR01 @ froma 24
' 13  the pin connected to the other one of the drive transfer ’
14  couplings, and thus movement between the open and_cloéed
15 positions. However, the pin may be restrained against
16 movement béyond-the open and closed positions by abuément
17 with ends of the cam track.
18
19 According to a seventh aspect of the invention there is
20 provided a method of configuring pressure control

21  eguipment at a rig, the method comprising the steps of: -

_22 - Providing a blowout preventer at  the rig, the blowout
iﬁﬁ 23 - preventer comprising a pair of rams moveable from a.
i 74 first positién in which the wellbore is open and a
25 - second pdsition in which the rams seal the wellbore
26  around a wireline or pipe;
$27 - Passing'the blowout -preventer through an aperture in
28 a rig platform while the blowout preventer is in its
29 operating orientation;
30 - Installing the blowout preventer-on the pressufe
31 control equipment. | '
32

33 According to a elghth aspect of the‘invention‘there is

34 provided a method of sealing a wellbore, the method




25 second position in which the ranms seal the wellbore 26 around a wireline -
or pi pe; v@gz‘w{%}gﬁl ng the bl owout preventer through an agerture in

rig platform the bl owout prevepter is inits 2 9P GHEP205/pp4366
orientation; 30 - Installing the bl owout preventer on the pressure 31
control equipnent. 32 33 According to a eighth aspect of the invention

there ik Gamprbvintedle meepodfotosebingga dadt |dfomemst ha  aerbmd - WO
2006/ 05317  PCILFGB2005+004366: 1 co i Si t he- st of, rot-ating a pair -
5310, B PO WS 15 SOUDEL 5L, LR 90,9% 1

of rans i n-a-

se open 'pos Pn#Ki ch fluid may

3 pass 3 hrpagh tiheowst 1ther ecalbarsesndda chesetl pisidedposiitidnwiich the rans

abut to, seal ,the wellbore, 5 6 There wll w be described, by way of
‘exanpl & on‘{?’]§/%°h7t}é§'rﬂi?d‘fsr’r€m‘§ &P PReLi B bPhi®h reference to the 8

fol l owigig drawi ngs, of which: 9 .10 Figure 1 is a front view of a bl ow out
preventer 11 (BOP) stack _in accordance with an enbodiment of the 12
i nvent ifon; There LR gwve bg desgribed dby tway BOP aseaeleopniygure 1 from 15 a

first 57 de%mligél&\é{p 4%ithgdkﬁghnﬁfg%iﬁg%%g%@%m@t%h%Bgct'uati ng nmeans; 17

18 Figure

an view o e appar gure 11 -20 21 Figure 4

is a pef spBellowing elranfingise efibedioknt of 22 Figure 1, showi ng the nain

body of
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13

14
15

16
17
8
19
20
21

2

23
24

25

26
27
28
29

30

31
32
33
34

the BOP being 23 partially t ransparent to display internal

Figure 1 is a front view of a blow out preventer
(ROP) stack in accordance with an embodimentrof thé"

invention;

Figure 2 is a view of the BOP stack 6f Figure 1 from
a first side, showing lcngitudinai section through

the actuating means;

Figure 3 is a plan view of the apparatus of Figure

Figure 4 is a perspective view of the émbodiment of
Figure 1, showing the main body of the BOP being
partially transparent to display internal

components;

Figure B5A is a perspective view from one side and
above of the ram assembly in accordance with an
embodiment of the invention, shown in its open

position;

Figure 5B is a perspective view from above and one
side of the ram assembly of Figure 53, shown in its

closed pogition;



24 Conponents 25 26 Figure 5A is a perspective view fromone side and 27
above of m%glsﬁsenbl y in accordance with an 28 enbodi nent of the

i nventi on, its open 29 p05|§ on; 30 31 Fi gur BCEEBIGP4Er spect i ve
V|em1fron1above and one 32 side of e ran1assenb|y of Figure 5A, shown in
its 33 closed position, 34 WD 2006/051317 PCT/ GB2005/ 004366 16 1 Figure 6A
i's a petspecti vﬁlwlewféﬁ s rmmegfepehtive embodbfrentrasf df glwees 4 and 5; 3 4

Fi gures,;6B and Vi F an 5 allgnnent drum of the :
enbodi rrents of gur es and%lg\{]% EV\%H% gire 6D is a perspective view of a
ram key3pl ate 9. of the enbodiment of Fi gures 4 and '5; 10 11 Figure 7Ais

a perspective v EM/Of out seal of 12 a, sealj enbly used with an
enbodi rr%nt of thjeg 3iGé.Sa(iE}Q/ ‘fc?ﬁ: 2fg Pessppghive 7‘8“? fps)@tr‘spectl ve vi ew of
an innes seal 0f1idnéntsaRhin)®RTIRMBINESRShM: tdF am Rivkediamgply of the 17
invention; 18 19 Figure 8Ais a pI an view of the ramassenbly of the 20
,enbodlnﬁnts of i gures 4 and 5 in'a fully open 21 position; 22

7
8 Figure 6D is a perspective view'of,a-ram kevy plate
9. . of the embodiment of Figurés 4 and 5; '
10
11 “Figure 7A is a perspective view of an outer seal of
;2 a séaling assembly used with an.embodiment of the
13 inventibn; ) '
15 Flgure TB is a perspective view of an inner seal of
16 - - a sealing assembly used with an embodlment of the
17 invention; '
8 :

19 Figure 8A is a plan Viewkof the ram assembly of the
20 embodiments of Figures 4 and 5.in'a fully open
21 pogition; |
22

¥23 23 | Figure 8B is a plan'view of the embodiment of Eigure

24 5 in a partially clesed position;
25
267 | Figure 8C ig.a plan view of the ram assembly of the
27 ' embodiment of Figure 5 in a partially open position;
28 | | |
29 Figure 8D is a plan view of the ram assembly.of
30 Figure 5 in a fully closed positibn;
31 '
32 . Figures 9A and 9B are perspective views of an
33 | alignment drum in accordance with an alternative

34 _ 'embodiment'of the invention;



23 Figure 8Bis a pl an view of the enbodinent of Figure 24 5 in a partially
26 Figure 8Cis a plan view of the ram assenbly of the

3%(?1%0%@?51% gure 5in a partially open positionPCT/SB200ME,,re 8D i s

cl osed
27 enb

a plan view of the ram assenbly of

po
odi

accordahce with an alternative 34 enbodi nent of the invention:

2006/ 0
Vi ews

part o
enbodi

is av

of

f an actuati ng assenbl 8 in accordance with an al nat i
nént of tﬂﬁse@bf%vjé‘ht?%?ﬁxqa&ﬁ@nwﬂ%n‘?‘%n@ﬂ%‘?c{lj’é?% %%&ﬁeng part of
the actgating aggseatyohn ghost outline;

actuating assenbly of Fig. 13 11, taken fromthe other side; 14 15 Fig.
i Bw of part of a further part of the 16 actuating assenbly of Fig,

t he

3

ghent ure and

WO

ve

11 12 Fig. 12 is a view of the

Figure 5 in a fully closed position;
31 32 Figures 9A and 9B are perspective views of an 33 alignnment drumin

17 PCT. / 3 : 2. Fi . V" 1 ti
EEERIELAAGHR g e EHULER M O HE i peLCOLl e,
accor dafice wi t hadihgendodidment - of HilgereS PAvendi #W;iM a Ham g. 11 i-s a view of

10

13

Uhe actlating aSegibry B Qo pe FaYeore i e Clng UL’ Pow of o

first dBive
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in accordance with an alternative embodiment of the
invention, taken from one side and showing part of

the actuating assembly in ghost outline;

Fig. 12 is a view of the actuating aSseﬁbly-of Fig.

11, takén erm the other side;

Fig. 13 ig a view of part of a further part of the

actuating assemblyiof Fig. 11;

Fig. 14 is an enlargéd.view of an actuator forming

part of the actuating assembly of Fig. 11;

Fig. 15 is -an enlarged view of a first drive

transfer coupling forming part of the actuating

Cassembly of Fig. 11, taken from one side;

Fig. 16 is a view of the first drive transfer .

'coﬁpling of Fig. 15, taken from the other side;

Fig. 17 is an enlarged view of a second drive
transfer coupling forming part of the actuating

assembly of #ig. 11, taken from one side;

Fig. 18 is a view of the second drive transfer

Coupling of Fig. 17, taken from the other side;



22 transfer‘coupling formng part of the actuating 23 assenbly of Fig. 11,

taken from

26 coupl i

enlarged view of a second' drive
actuating 30 assenbly of Fig. 11, taken fromone side; ‘31 32 Fig.

ghe sid%;_24 25'Fig. 16 is a view of the first drive transfer
rﬂj B19871317 15, taken fromthe other side; 27POBGBRYSOWMI66 s an
29 t#ansfer coupling fornming part of the

18 is a

view of 1the secpig. did viestararsflerged3viewpbi ng drdiig suld forakag from the

ot her

sid

enl ar ge
Fig. 133 taken BrémospoOngicddengnd 4 5 Fig. 20 is a view of -the part of

the torque sub of - 6 Fig. 19 shown fromthe other side.

firstl

vAt

inventi?n
generally
12 genefal |y atFidA Bhéhowd fHom BBBScoaher ceidal ned within 13 a main body
12, whigh contains a:lower tubular 11B for 14 connecting the apparatus to,
le, ariser, and an 15 upper.tubul ar section 11A for connection

for exa

e; 34-WO 2006/ 051317 RPCT/ GBZOOS/%?%B 6th§;|1.8 %F{%}qélQ I S-an
t“of e ~act filg assenbly of

vi ew oPZEE 1 Ut SRFURSREngeseTh

7 8 Referring

o Figures 1 to 4, a first enbodinent 9 of the apparatus of the

Sor T AR L e S mR O st

r
depicte 11 at 10. conprises a parr

BOPS, shown

to, for8exnapkerind6farddilyr itvatagusback. t474, 18 dirM |dno@iappeeci at ed .t hat
the 'drawi ng shows a 19 dual BOP stack, the BOP can al so be used

al t houg

in a sinhgl & BhetIpRAratus of ke Aaverpien chhfshpiret ilgwlemented

10
11
12
13
14

15

16

17

. 18

19
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22
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24
25
26
27

28

29
30
31
32
33
34

as a blow out preventer (BOP) stackf generally dépicted
at 10. The BOP stack comprises a pair qf‘BOPS, shown |
générally'ét,l4h and 14B. The BOPz are contained within
a main body 12, which contaiﬁs a lowér tubular 11B for
connecting the apparatus to, for example, a riser, énd an
upper tubula; section 11A for connection to, for example,

a lubricator stack.

Tt will be appreciated that although the drawing shows a
.dual BOP stack, the BOP can also be used. in a single,

trible,‘or other multiple configuration. .

Ag most clearly shown in Figure 4, the BOP stack houses
an upper ram assembly 152 and a lower ram assembly 15B,
housed in cylindrical cavities oriented in the Y-axis

perpendicular to the main wellbore axis Z.

Actuator assemblies ;6 and 18 are provided on front and
‘rear sides of the apparatus respectively, each actuator
assembly includingla pair of hydraulic pilstons. In this
embodiment, actuator assembly 16 includes one piston 17A
which functions to actuate a ram of assembly 153, and one
piston functioning to actuate a ram of assembly 15B.
Similarly, actuating assembly 18 comprisés pistons 19A

and 19B, respectively functioning to actuate opposing



21 22 As nost cIearIy shown in Figure 4, the BOP'stack houses "j 23 an
ﬁ%& 5A and a | ower ranlassenbly 15B, 24 housed in
caV|t|es

upper ram
cylindrica

oriented i

n the Y-axis 25 perpendd(fB#I084366 e i n

wel | bore -axi's Z. 26 27-Actuator assenblies 16 and 18 are provided on front
and 28 rear sides of the apparatus respectively, each actuator 29 assenbly
i ncl udi iy a:rap&i rlmfranydsaambéipiaslﬁ)hsandﬂ&mi s In g@cbnbadenede actuator

assembl % 16,4 nekudes ong Biskon. i, 3

Q0 actuate a-ram of -

h f
preton F nd?m%%l C @tﬁggg é YPam of assenbly

15B. 33 3Si mdwdmrsaaeuaaungoagheﬁblWlms mm@x@e&apeat BR&t 19¥he84 and 19B,

r espect

PCT/ GB2

ively functionin actua osi ng WO 2006/ 051317
605f%@ﬁ%&ﬁ?m§ﬂ§ 1%°u$§nge ¢ O? assenbl i es 15A and-15B. I n each case,

the 2 pistons are coupled to the rans by scotch yoke type 3 actuators-13,

al though it wll
5 6 Al $o

of wel |-

pressure priof ‘970 noving

be-appreciated that other 4 arrangenents could be adopted.

FHAmh sheowR dor Bsg9ures 4 h¢e4éﬁﬁaﬁQﬂ@¥aS§p§oBP§9b sybassenbl i es 20,
| ocat ed zon the. disaganaly oh  Lhe.Rogdy %ﬁ% o a3 lgﬂ%tﬂgd Of%r°||ed rel ease

asse rom osed back to

an open'8 1(0Thposs taldow Ehgucestﬂolbe@-fékﬁnsﬂumﬁ &eﬂﬁj@réssmr@qmrﬁaﬂz 11

al | owi n

st ack.

% fluid tag be#belgé%E%S%ﬁ%agy

1% fPE5

to the cyl 12 sect f the BOP
AL e oG <0t PRRE. FANTRSRbI | s 15A

15 and 1158 pddi iU € F4gubekhir e asspsd| drRsy 33.5& gedtiéﬁ é@r@é ezphown in

thelr fuIIy open posi tions.

The actuation 17 nec

anismw || be described in

re detlai l2Pergng fduidotp har &8 satehdER Wé’éhﬁ@ﬁéﬁ@% of the ram
ass' ”b|1>2 188 tions of the BOP stack.
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Figure 4 also shows positioning of the ram assemblies 15A
and 15B. 'In Figure 4, both ram assemblles 15A and 15B

are. shown in thelr fully open p051tlons The actuatlon

‘mechanism will be described in more detail below.

- Figures 5A and 5B show components of the ram assembly 1524

in more detail. The main body and actuators of'the BOP

have been removed for clarity. The ram assembly

comprises a pair of rams 50, 51, an alignment drum 52,

and a ram key plate 54. The individual components of the

ram assembly are shown in Figures 62 to 6D.

Figure 5A shows ram assembly 152 in an open position,

position.

~whereas Figure 5B shows ram assembly 152 in a closed - -~

Figure 62 shows an individual ram 50, having a sealing

assembly 60 mounted thereon. The ram 50 comprises a main

body 62 which is formed from a cylindrical quadrant with

main axis Y. In use,

eylindrical axis Y.

the ram rotates about the main

The ram has an interior section



20 in nore detail. The main body and actuators of the BOP 21 have been

r enoved fq& clarit¥. The ram assenbly 22 conprises a pair of rams 50, 51, an
“al i gnnent PaMedsi3ins and a ram key plate 54. The indi PCBGB20058086nent s of
the 24 ram assenbly are shown in Fi&ﬂres 6A to 6D. 25 26 Figure 5A shows
ram assenbly 15A in an open position, . 27 --whereas Figure 5B shows ram
assenbl y 15&mnaved, clkosédrm28 past-tdydnnd@d cal0sEbgusB—-6ér-stipavs an i ndi vi dua

ram 50, ,havi.ng a seal.ing 3 ssenbly 60 unted_t hereon. The ram 50

conpri sés flﬁ%PWe -2d58§y°%2gﬂﬁifﬁwi%?%?ﬁgigd f FBf ARESFRMHrTaHYSyuadr ant
With 33 My tae geXovkl H&EtidMBcdBddindiseSoabnut rhfeusehn 3 cyli-ndri cal
axis Y. The ram has an interior:section W) 20061051317 PCTI GB20051004366 20

1 renovéd; aldomBeRtadpym: 53y| apdris Aorreaingselyop O net othe itpimdnt drum of

t he raﬂgasggggh¥.O}hghgngﬁﬁpal radius 3 of the renoved section corresponds
to the radius of - the 4 alignment drum 52, and is approximately 50% of the
total % radius of the ram 6 7 The part-cylindrical renoved section of the

50 8 nd . al he enti ial length of_the ram The 9
am compr1 ot BeLRhv it da? (el Ssdblen FRFGTR b ST ospondi ng

formati @n Glot extbedahlgngethe dintiirel bxikd EengeH oP the taver m@@ge 66 of
the ram.is a channel, 67 13, extendiQ%uparalleL to the main axis Y of the
ram-14 dsséiffl FOPRESEEr 81 end datd dul #Rirh dPo%eCeEERd o @ 15 that when

the | over Qﬁﬂ%e@bonSQﬁgeﬁBﬁﬁgifﬁhr@ﬁ“i%lth% %@igﬁh@ﬁ@ddéﬁﬁﬁcent1 a circular
t hroughbore is provided. The 17 throughbore iS arranged to have inner

dianmetdd greater or 18 equal -to the inner dianeter of the wellbore.
L 12 Formed in the lower edge 66 of the ram is a channel 67
13. extending parallél to the main axis Y of the ram =
14 assembiy._ The bore iz semi-circular in crosé section so
15 that when the lower edge of corresponding ram 51 is
16, placed adjacent, a circular throughbore is provided. The
17 throughbore is arranged to have inner diameter greater or
18 equal to the inner diameter of the wellbore.
19 ‘
20 Along an opposing, sealing edge 68 of the ram, an
21 additional channel is formed in the main body of the ram,
22 in the éxis perpendicular to the main éxis Y of the ram

23 assembly and the channel 69 in the oppbsing edge. The

24 chamnel is semi-circular such that when the sealing edge
25 of the opposing ram is plaéed adjacent, a circﬁlar

26 = aperture (56, Figure 5B) is formed in the ram pair.

27 |

28 The ram is provided with a seal assembly 60 comprising an
29 outer seal 71 and an inner seal 72. The inner and outer
30 - seal are elastomeric, and are adapted to seal against a
31 wireline whern the rams are in a closed position. It

32 should be noted that no recess is formed in the inner

33 geal corresponding to the aperture 56 formed in the ram

34 pair.



19 20 Along an opposing, sealing edge 68 of the ram an 21 additional
channel is forned in the main body of the ram 22 in the axis perpendicul ar
to the mai WORMSPSKIDHf the ram 23 assenbly and the chameElGEMsMIshe

opposi ng edge. The . 24 channel is 'Hemi-circular such that when the

seal i ng .edge 25 of the opp05| ng ramis placed adjacent, a circular 26
aperture (56, Figure 5B) is forned i.n the ranlpalr 27 28 The ramis
provided with a seal assenbly 60 conprising an' 29 outer seal 71 and an
i nner séal FHurgs SEhmed &RdSbavekhe Folpuiendr dramg SRofwpictwand are adapt ed
_~to seal ;g e e g2 46l tion. It 32
shoul d t?g ﬁ%{‘%ﬁderfengfkﬁ‘g‘sﬁpggggge%g n%lj%%]rec} aggﬁne?ilg: I nner 18 g&ggg#ff rrespondi ng
"to the aber¢x&1adﬂidainnsnd|hashe Ehat S (¥ witW0a20@&165881Formed

PCT/ GB2 04366 21.1 2 Fi gur es 6C.show the al i gnment drum-52 from
two 3 di%? q?ﬁﬁ Sy s P& PQE’SS THe® ‘E%ﬁﬂgﬁ AR b SREPa RS 2 4 |
cyl i ndrigcal sedridh&s aefnb&tadendwﬂﬂsvuéihaﬁa@eaet%ff QiR eRrésperein. The
opp03|n% end of_ the allgnnent drum has a 6 section 65 renoved. This is a

t

quadr ant’ ofealaltoettenthigknegguaf he tEFH;d Eriadené4s ovf thRer@hd pl at e 64 on
the ramg 8 and JRLBINES thRe AR PL f eRnkh .9
assenbl ed Menbers 82 are- reowp @(%eo@eangrgér?%@% ?F}lte spggPspl nﬁse of the
actuatirfy resgesibled. 1Memberal Bgnaratpuhrviides? foas engegdsg- wkthala bore 81

f ormed 3 The bar s substantially circular in cross 14
sectlon101 %ﬁg{aﬁarretfeg?‘gorg?gggéﬁ%?ng ‘%b the inner 15 di aneter of the.

vveI&I borH I n opposi ng edges 83a, 83b of 16 the cross-axial bore, channels-

, 84b are formed, _17 ex&endl ng outwardly fromthe centre of the
“”ss a4 al T he allgnment drum 52 has & crogss-axial bore 81 formed

13 there:Ln The bore 81 is s‘ubstantlally circular in cross

14 section, w1th diameter corresponding to the inner

15 diameter of the wellbore In opposing edges_83a, 83b of

16 lthe cross-axial bore, channels . 84a aﬁd 84b are formed,

17 extending outwardly from the centre of the cross-axial

18 bore. The channels 84a, 84b are formed on diametrically.-

19 opposed sides of the drum, with a diameter 1ess than that

20 of the cross axial bore 81, but large enough to

21 accommodate a w1re11ne or pipe being run in the wellbore.

22 The channels extend to a distance such that they define
£y i3 another'croes~axial bore or.aperturé paesing through the

24 central axis of the alignment drum. Theé ends of the

25 channels are rounded to provide a smooth surface for the

26 wireline or pipe. The edge defined by the rim of the

27 main bore and the rim of the channel is shaped to create

28 a smooth, tapered path from the main bore to the channel.

29 1In this example, this is by a pair of tangents inclined

30 to one another at around 90 degrees, with smoothed edges

3] where they intersect the channels.

32 | |

33 Figure 6D shows the ram-key_plate 54, which is formed to

34 an outer dlameter ecual to that of the alignment drum 52.



18 bore. The channels 84a, 84b are fornmed on dianetrically'_ig opposed si des
of the drum wth a dianeter less than that 20' of the cross axial bore 81,
but | arge' snou@hod191721 acconmodate a wireline or pipe beipgpiddtodskst e
wel | bore. 22 The channels extend to a;di stance such that tﬁey dde§k| ne 23
anot her cross-axial bore or aperture passing through the 24 central axis of
the aligpmend Thes etslsoof g 2 r.QLu t0.pravide a
snoot h sgrfacg ?gﬁ)?%e e26 mnree%ﬂe o?n%?%gﬁs#ﬁ%aéﬁbéﬁgggfﬁ§§%%§e5he ri m of
t he 27 n&i nther exandd® hef rihm dflathenchafdnehei slshaped tdruor &2t.e 28 a
snmoot h, tapered_path om t.he in bore to the channel.. ~29.1n this exanple,
this is %y E%Sapga%? %ian:'ggen@%erie 5% éﬁe389t:‘603?{%e aforth&eSRechr §6nd 90
degr ees, 4w thesaDoghechedpasn. 3kaMiere Bheyré npessnidd the: chaaeehy. 32 33
Fi gure GIS') shows the ram key_ plate 54, which is fornmed to 34 an outer

e

“di anet er” eqifaFht 8 FRERIH theha isgtvesingr upese: \iBoowatsizia .

PCT/ GB20g5/ Q94860 2 & Thetal ANdpl-atsncombRbo83. @ AL IAladiate 86, whi ch
receives 2 the aﬁfe 80 of the flat eﬁg g? tﬁe alignneﬁﬁkiru%§52. 3 ' The

pl at e 547 scoheersponds di echo angt atlatwi bfi a2espectand rebdihmsalhgnnent drum
Menbers 87 i of. qlriga i_ng 1 th a spindl'e of the actuating
neans. e %ﬁgtgilgt\s{égﬁge%ilr%u ar %(?F“sgs\%e%i%' quadrant renoved. This quadrant
7 corresponds to the end plate of a-ram .and receives the 8 end plate when
in the r@m asserrblg.' 9 10 .In its assenbled state, the ramassenbly is
arra_ngeél such 13§ $RRRRIREY qadant-ire B2 FFETHEY al S giFramosdr g#FB2 12
recei veg1t hengpdepb ab@n ! QARRQf ihhentags: ghAR©Qrum 325uch that rotation
of4he drumeffects rotation of the 14 ram and vice versa. In contrast, the
oppdsi n§2r ameseives B ad plade flaré wihehof edpectans tdee &0 gnment drum

52. 16 Tpmegﬁéh Eﬂgfrfgﬂggﬁﬁﬂﬂég(%ﬁ24drgﬁ ¥£féé@%c¥oﬂ§€ion of the

14 ram, and vice versa. In contrast, the opposing ram 51 is

15 able. to rotaté with respect to the aiignment.drum‘Sz.
- 16 However, the'fam key plate 54, by virtue of its ‘ :
17 correspdnding_quadrant will cause the ram 51 to be
18 rotated along with the ram key'plate 54.
19 | | | |
20 Figﬁres TA and 7B show_componenté‘of a seallassembly used
21 with an embodimentuéf the invention; ‘The seal assembly
22 comprises an outer seal 71 and an inner seal 73, each
/™ 23 comprised of elastomeric materials. The outer seal 71 is,
- 24  U-shaped in the plane perpendicular to the sealing '
25 surface, and has a curved outer profile 75 shaped to be
26 flush with the outer surface of tﬁe ram. Inwardly
27'~extendihg retaining edges 76 are provided at thelprongs
28 of the U. The inner seal 73, which in this example is a
29 different material from the outer seal 71, is formed in a
© 30 broad inverted T-shape. The lower surface 77 of the
31 inner seal 73 abuts a supporting member on the main body
32 of the ram, and the edges 76 of the outer seal f£it onto
33 the corners 78 of the inner seal.

34



17 correspondi ng quadrant will cause the ram51 to be 18 rotated along with

the ram key plate 54. 19 20 Figures 7A and 7B show conponents of a sea

assenbl y uwecoosdkiaart h an enbodi ment of the invention. ptheResiceassenbly 22

conpri ses .an outer seal 71 and an innmr seal 73, each 23 conprised of

el astoneric materials. The outer seal 71 is, 24 U-shaped in the plane

- per pendiycul,ar_t he . | i 5-sU h r outer .profile 75

shaped tlo_ b@e f%aTEl'l %%‘%S%F g?ﬁe@%%{%ﬁegduraﬁggg g% ? ﬁggr%%ga%%ﬁﬁw 27" -

‘extendi g riffcaiseinag etgestlié- anecprandidetdcatreshehpr bimger 28bftd he U. The

i nner seal 73, which.in this exanple is a 29 different material fromthe
outer séeal t%‘ﬁ ral Peffed LR ‘éseegﬁﬁrbé%q et @HeTgiﬂﬁf)@.t?t%arlower surf ace
77 of the 3hd RRANLIeadl, ¥BcabiitSere SHRRY WINELBEWEEL PRcLHerdmaiin body 32 of
the ram_ and the edges .76 of the outer seal fit onto 33 the corners 78 of
the innér d&nd t94 caps20bBE 0SB TOPCHCEPDEE 1662366028 ACKhe seal |

arr angepent I.bed-ab I.S: sel et aj.ni ng- i h ' ‘the outer

_ seal seér‘ﬁrets %g{%?;inegﬁsg}eﬁ %’%léft%reg'r Qﬁe@og‘gﬁﬁﬁ ﬁ%%,%ﬁ%r@l&tans are

cl osed t7o seaim 4 tfieswdl bbsiejod hin edtircddnehkoionenf séhbswef | pressure wil |l

5 tend to0 cause.the el astoneric inner seals to stick,6.together. . In the

prior aft, SRS HRS FREC, RESr Hn S O 7% PERTaPEF LG gL WESR i n whi ch

the inner seal $=8fs 8reppephig&@ B & 10RkaCHilD 8an@peR position in

which 9 the ranms are_separated, the - ramblocks wi|l tend to . 10 remain in
pl ace ilf t HeEmadm da placReifethrdFentng &fs threyeliboreeunkesy dhpYitted to

the 1AMl ldrd SLARUEH koRRLA! D, e PIAN.AC TRELE] SLRSERE SoMPEled 11 L he
gals to provide support for screws or bolts used to attach the seal to
4t he l2ampxavicdiee metbddineatt ofmebblgst deenhei geahti bo, prdreided 5 outer seal.

prOVId%§;tQSm&%&‘n%B%nsggé%S ggrbé ?%'Jgga'to attach the seal to

D

14 "the ram. In the embodiment of the present invention,'the
15 outer seal provides.the'retention forée for the inner.
16 seal, removing the requirehent'for screws and metal
17 ihsérts. This simplifies the process fdr.ménufacturing
T 18 the‘seélsJ which may be by a simple injeptiqn moulding
19  process.
20 ‘ . . :
21 In the start position, shown in Figure 4, the pair of

22 rams occupies the lower half of the cylindrical cavity in

23  the BOP body. 1In this position, the cross axial bore'oﬁ
24 . the alignmént cylinder is aligned with wellbore. In |
' 25 additiom, the bore defined by the semicircular channels .

26 67 in the lower edges of the rams is in alignment with

27 the main wellbore, and the rams are in an open position. =

28 "_ '

29 In.use, with reference to Figures 1 and 4, the piston 17A

30 is actuated, causing rotation of thg scotch yoke type

31 actuator, which is coupled to the alignment drum. This

32 effects rotation of the alignmént drum 90 aegrees in an
33 anti-clockwise sense from the perspective of Figure 1.,

34 Simultaneously, the corresponding piston 19a on the rear



16 seal ; renoving the requi rement for screws and metal 17 inserts. This
sinplifies r ss for manufacturing 18 the 'seal's., which may be by a
si npl e injgﬁgﬁ%ﬁsﬁﬁﬁlding 19 process,, 20 21 In the stP4&T{CEIBE4366, shown
in Figure 41 the-pair of 22 rans occupies the |ower half of the cylindrical
cavity in 23 the BOP body. In this position, the cross axial bore of 24 °
t he al i dnndisicecyibi adératedatndnedissst tromeltliibor ef the, 24m gulidittd.on, the bore
defi ned,by.the sem ci | ar channels. --26 67 in_the | pwer edges of the rans
o | nafi oRpr PR s ESe AR Rimeien shierne vEME tHe B4 an open
positioB. c2Bs2fgl bhaseamwed Nod ef@i=age JD0dEygueesid andhdbkyike pi ston 17A
30 is actuated, gausinﬂ rotation of the_scotch_ yoke type 31 actuator, which
i s coupfed SEHSEhETR GHFEREC WM LIVECE FagUEPidcts rotation of the ali gnnent
drum 90s5degrees in an 33 anti-clockw se sense fromthe perspective of ~
Figure 1. 34 Sinultaneously, the corresponding piston 19a on the rear WO
2006/ 05831 *freT/ 8BRBAEL004368 b Tramsc ocryprctbat vollumel afudes-rotati on of
t he ramypl ) =T perat.| adrant _f i ages with the ram 3
causi nght hgto%a%aig gg }S%%a?%%{%% h'c'i%ltzjj‘r %g;%lh{ gﬁgﬁ%%%mbgg& “send'e fromthe -
perspecBi vehdk pogliittoll, the Gedliny aciyest E8NELt ke tivm rsar occupy t he
volume qf the 7.t hal] f of the cylindrical_cavity in the BOP body. In 8
this po‘itﬁﬁﬁ?tFﬁegggﬁg#ﬁﬁ‘edﬁﬁ% &5t SEREST A ﬁ?@¥§ FEREERoget her. The
~outer gepal d¢t pealsenr eHAuddE ofl drRdaavRe,WaRa the hody of the cavity and
the main 11 well bore, and the 1 nner seals 72 seal against the 12 wireline or

- pipe eltendedgbereoudhdt eewemaoiealehd213e3hapeathst iiseal assenbly is
SUch tha! 12.30RA" 8k USipl Sexdéndiild 12284GhSLRE waPIBEH. PrgasuUre tends to
13 shape of the seal assembly is such that the apparatus is '
14 self-energising, as well pressure teﬁds to force the
15 seals uPWard and inwards, causing the seal to be
16 maintained.
17 . ' ,
18 Figures 8A to 8D show the'operation of the embodiment‘of
19 PFigures 5 and 6 in more detail, and in parfiqular show
20 the functioh of the alignment drum.,
21 |
22 PFigure 8A is a plan view of the ram assembly in its open

23 position. In thié position, the rams 50, 51 occupy the

)

24 bottom half of the cylindrical cavity in the BOP body.

25 . The Figure shows the throughbore 81 fully aligned'with

26 the wellbore. ‘In addition, the semi circular channels 67
27  formed in the lower edges of the rams provide full 7

28 clearance of the rams from the wellbore. The wireline 89
29 extends through the bore defined by the cross axial bore
30 in the alignment drﬁm énd the semi-circular recesses in

31 the lower édges of the rams. In practice, the wireline

32  is unlikely to be perfectly central in the bore.

33



15 seal s upward and i nwards, causing the seal to be 16 nmintained. 17 18

, . 19 Figures 5 and 6
in nore detVWPIZ0064ARE1T n particul ar show 20 the functi onpafi/gBhersmbdzgnment
drum. 21 22 Figure 8Ais a plan viewsof the ramassenbly in its open 23
24 bottom hal f of

Figures 8A to 8D show the operation of the enbodi nent of

position. In this position, the rams 50, 51 occupy the

the cylindrig: r%a‘éist'¥h:bd@st£ﬁe%béébémbl%ipal[lﬂﬁ?afi?gﬂga di i dgh

~throughbore 81 fully aligned with 26 .the well bore.

i.on,

e
the sem.

ci rcul ar 2Zchaov@ltd op7c27 1€ or dpigr o pimaelvoRdt shgevohfrewrtiams provide full "

Chr ough Che 15a¢. H8P ASEOBy T heaFhoE oa ar tBar St SO ey e

FYrext ends
alTgnnment drum

and t he denidegirees| aandetkssesaling Fhddse olffonke eagesand inelirmds. | n
entral .i.n the bore.

Yireigm assenbl y

partiallyg thxeeals EBrodgh OftRd | Afeefde deZRREAXbIRLRE VoS04 ough rotati on.
3 Here, the alignment drum has rotated t hrough around 45 4 degrees, and the

seal i ng facehapnelfefrpaned fEther|3iied of sbcapproxi Watdh yidmdedbees to one

practice

the wireline 32 is unlikely to b t |
33 WD 20061 %%%ﬁ@?&ﬁ%gﬁé%%%go‘ipn% Sﬁﬁr’ i85 o

anot her . sTha iy LeLhaeos 6, extendls, LU LREuaRCLS Wigsald nel dy

S now I'n
of a squéreeloogatedchavugh @ftemiimescraisshtha ddagbombat® Weannel

and 7 channel's forired eithefr side of the b

r

m.t.he

g5he bore
t he shape

hanhels 84a

di _the di | _of th , formpd f
and Bab nd SA0EgRedTOTHEH TICT e MEBRiE I Ht FORCOTR TS e odges of

the -12 MMamwith thé éetibet atogmeiynsdinmcbensealesytodges ai®e dha t he
i 12 . ram. |
13

14 As the alignment drum continues to rotate in the

15 direction of the arrow, the aperture in which ﬁhe

16 wireline resides becomes progressively smaller, and the

17 wireline is guided towards the centre of the bore and the

18 .locatiﬁg channels 84a, 84b.  The guiding edges of the

19 bore are shaped to provide.a smooth path for the

20 wireline. It is notable that the wireline‘is guided,bg

21 the upper guiding edge of the bore, and by the lower

22 guiding edge of the bore simultaneously. This is in

;i} +23. contrast to a conventional ram-type BOP, in which the one

24: guiding means on one of the rams moves before the other.

25

26 Figure 8C shows the ram assembly almost fully in its

27 closed position. In this'position, the rotated square

28 aperture is no longer present, and the aperture is an

29 elongate locating channel aligned with the cut-out

30 formations in the sealing edges of the ram.

32 Figure 8D shows the ram assembly in its fully closed

33  position.
34



15 direction of the arrow, the aperture in which the 16 wireline resides
becones progressively smaller, and the 17 wireline is guided towards the
centre of 0p¥58313nd the 18 | ocating channel s 84a, SeI/GBIHbR004as5 di ng
'edges of the 19 bore are shaped to p#ovide a snmooth path for the 20
wireline. It is notable that the wireline is guided.by 21 the upper guiding

edge of it herhQiess d2d 2By bBeshewesn 221 G g L@ odfimbAe B8F€he ,
simul taneously. This is.in 23-.contrast to a conventional ramtype BOP, in

whi ch t e obevertqon.gindihgchebhs dhigmeensi dqve PdmbagodBarsef ore the ot her.
25 26 F'ﬂ“{cﬁi%ﬂ}@"’%ﬂoﬂetﬁéﬂ‘ 255eaD! Yl dRsdnd Wel ¥ib0-bLSs 23 ¢4 0sed

posi tion. s position, the rotated square 28 aperture 1S no |onger
present 4 and the aperture is an 29 elongate |ocating channel aligned with

the cut-out_30.formations in the sealing edges.of the.ram_ 31 32 Figure 8D
shows e rHn UL TR | For ERTSSEI LT 33 I8RePERgnatan Se5P006) 051917

PCTI CB2@05140# 3661 20P, heEBbgwhes Ohe aptkABrshewedr abt Benght Vigo embodi ment
of-the 2 invention, in which the alignment drum 91 has_shape 3 different
fromthdt iFeieRSeRRSItReht SEFIRT Jielaws Ae Ghearigg| AligREewkanpl e, the

I nventi gn i&rmmtﬁdfi‘an@eéh%rm@ M 56 BRoqUeRd When the wireline
needs to be cut to 7 release the tool string beIomLmThe shearing al i gnnent
8 dr um $hownligniirgudesmoAf aRtigeBesli 64 earyd fGRornt rka® al Llgaaking dr um of .

cdge of'G nearEt ¢ 15°PRIVSFORERE 0 TR D Eotmoen BECBEE The | ower edge
as 12 the dgwendigigahestt awands1t heh L& Sesb s tthen lolRi-sefiguess 13 edge
f u’i‘yt | olnzs t’é)heg uc"!lr%?n trrc])?:avgerseltibvr.]rgrég ng'rlg Scft;hseedcgr])tsri%ion.- This iower,, | -
13 edge functions to guide the wireline towards the centre
14 of the bore. ' |
- 15 _
16 1In place of the upper 1écatin§ channel-on‘the oppoéing'
i7 edge,  a rounded cutting edge 92 is formed at the
18' intersection of guiding edges. In this example, the
19 guiding edges are two-tangenf; to the bore edges,.
20 inclined to one another at around 90 degrees.
21 | |
22 Fiéures 10A and 10B show'a ram assembly 100 including the
{i}‘. 23 élignment drum 91 at different stages in the rotation
24 cycle. The wireline, guided to the centre of the bore by
25 the lower guiding edges is met by the cutting edge 92
26 before the drum is fully through its rotation cycle. A&as
27 the ram assembly proceeds to the fully closed bosition}
28 the cutting edge shears through the wireline. The
29 wellbore is sealed by the sealing assembly, as described
30 above.
31 _
32 Figures 11 to 20 show an actuating assembly‘158\in

33  agccordance with an alternative embodiment of the

34 invention.



14 of the bore. 15 16 In place of the upper locating channel on the
opposi ng ‘éﬁze "a rounded cutting edge 92 is forned at the 18

i ntersecti 6@ di ng edges. I'n this exanple, the 19CGiBAISG4aekges are
two tangents to the bore edges, 20 ifélined to one another at around 90
degrees.- 21 22 Figures 10A and 10B show a ram assenbly 100 including the
23 alighnment drum 91 at different stages in the rotation 24 cycle. The
wirelin gulded to the centre of the bore b 25 the lower guiding edges is
met by 4 he tAHEEFHol R 92 F6WePoPRTEhRT d’q.lgﬁnar%tqatjqqnga ﬁ’i"ﬁ@mgﬂayl ts rotation

cycle. $s 187 tdifet i ansenhhe Eaﬂcsggémﬁwtﬂ# féﬂd m@h@%eg_o,posmon 28

the cutting edge shears through the wreline. wel I bore is seal ed by
the sedti nghews eniipart £f ddscerbugtingg W@OlwﬂSBSZOD]egﬂmeeswiiht 0 20 show

an actuati rnative enbodi nent
of theQ?34Q?H@%§§?g%¥né%g2O%gfggigﬁgfgngégig%%gﬁgﬁf%l%% i 2 Figures 11
and 12 6hoib& jmardhmin tihe thet darihgr asskbabiaed dhbdft G@@hher 1M th the ram

assenbLy 15, and' Figure 13 4 shows apart of the actuating assenbly 158
together with 5 a single ram50. Additionally, the actuating assenbly 6 158

i's shovi imhéhecdwddd a@@ﬂeﬂalbgl?dlgsei\éolﬁydﬂ'élﬂfl%a]ﬂy opeBalBf, aghyating
assenbly 158 is hydraulically operated, .9 serves for actuatlng the -

devi ce,d t 0S@BYRS At tastaatiaor she device, EH.Cﬁnﬁiamﬁﬂiﬁﬁﬁn@hasS@m%Iy |ncludes

8 PSRy 166, 11 Ml IR IhEdalbbithly AP Fi3eoAngeyhi o 15 held

“ 11 which is mounted Wlthln a cyllnder 162, and whlch is held
i;} 12 captive between upper and lower retalnlng plates which
13 are secured to the main housing of the BOP. The cyllnder
14 162 ié coupled to both the rams through a drive transfer
.15 'mechanism 164, such that translation of the cylinder 162
16 rotateé the rams 50 and 51 between their opén and closed
17 positions. ' ‘ k 7
18
19 In more detail, the actuating assembly 158 includes a
20 driver in the form of'a shaped pléte'l68lwhich is mounted
21 on the cylinder 162, and Which is coupled to the drive
22 £ransfer mechanism 164. The drive transfer mechanism 164
ii} 23 inclﬁdes first and second drive transfer'couplingé in the
24 . form of a torque plate 170 which is associated with the
25 ram 51, and a torque plate 172 whlch is assoc1ated with
26 the ram 50. The torque plates 170 and 172 are shown in
27 more detail in-the further enlarged views of Figs. 15 and-
28 16, and Figs. 17 and 18, respectively. The torque plates
280 170 and 172 serve for converting a transiatiqnal movement
30 of the cylinder 162 into a contra-rotational motion of
31 the rams, as will be described below.
32 | | |
33  The torgue plates 170 and 172 are coupled to the rams as

34 follows. A torque sleeve 174, which is also shown in the



captive between upper and |lower retaining plates which 13 are secured to the
mai n housing of the BOP. The cylinder 14 162 is coupled to both the rans
thf ough a &YQAe6AHATsfer 15 'nechani sm 164, such that pepaskmsisnasssof the
cylinder 162 16 rotates the rans 50 ahd 51 between their open and cl osed
17 positions. 18 19 In nore detail, the actuating assenbly 158 includes a

20 drivey ip.bbe.fo f ed.:p 1 i s on the
cylrnderi 62? éﬁ%ﬁvﬁﬁ%ﬁ?%%;8%%%¥ngtg§%ﬁe,g§rve Q%% tranlé#}l'g?Lg %anisn1164.
The dri v tthasfan Feclaniswwhcdn Z3gi ntludéﬁlérﬁ@m@@mend?drr ve
transfer cou n in t-h K f ato e 170 ichis

associ at ed \-'I\]q?jn ‘?%se %a%%% é’ﬂ hacg ? 4)131 % g s associ at ed
Wi th 264t heitamBiente dﬂ)raqur:edgr §U350ﬁ7ﬂ1@rﬁbﬂcﬁ% aﬂees;reo\.wm Nagd nore
detail in the further enl arged views of Figs'., 15 and- 28 16, and Figs. 17

and 18, fres}ﬁ]é%‘? 5 .2 'ﬂ%’é:mtq@e‘aﬁffa{l‘ésm@g WHFhiE FPPPSEr (8 for converting
a transl@ @ﬁ?él gdly eﬁféﬁg %a@&ahlﬂepféf'!ricg@cg rg-%é P, 2 %ﬂ%h&ém&% ational

not i on of 31 e rams, as Wwll be descri e ow. 32 33 e torque plates
170 and 7172C>@r*eh©d1,qﬁ@ce tsg stetve rféﬁegasﬂ@éwitﬁ |Bws . £langer quedsheeve 174,

whi ch i s al own int 2006/ 513 Cé{:GQZOOS/O 366 .28 1, furt her
enl argez8 Vi él\?vs of %?er?@tfn %Bg 8 u Ie oj‘onfl & rgmfgfc as shown in
Fig. 11.9 Theot ch¢ueans! eete b4 qud smeéudezs?za ddmniges i Waibch extends around
part of%él 4 cirgcunf erence of a bodaﬁ%m of the torque sleeve 174, and 5 '

whi ch hi aPRTEIRR fifadrumd B FQ LIHARI A TS BRGIERI WP ange
duadrant pr ¥ GRshObd td aderqﬁegsgsesnm [ [ Q& Qguens] p8¥gud 1 ange 176

44 the fllange quadrant 8 on the rampernts transfer of a atronal
driste f 6 cesYeee tie thmmtorieme plgbe; skedwhich warethes tiwomhab <10 ' porti ons

184 whri:.oh aflglf &ps%%ét &gage correspondr ng hub
14

15 In a similar fashlon, the ram 50 has a shaft 190 which

16 carrles hub portlons 192 that are shaped to engage
17  corresponding hub portlons 194 .on the second torque plate
~ 18 172, for securing the inner drum 18 to the torque plate
19 172. The drum shaft 190, the shaft bub portions.192 and
120 the torgue plate hub portions 194 are shapeavto pass

21 . through an internal bore 196 which extends through the
22 shaft 188 and the first torgue plate 170, for coupliﬁg

™ 23  the ram 50 to the driver plate i68. '
24

25 Additionally, the drive transfer mechanism 166 includes

S

26 respective first aﬁd second drive transfer pins 198”and_
27 200; for coupliﬁg the first and second torque plates T70
28  and 172 to the driver plate 168. The driver plate 168

29 includes a main channel 202 and a cross-channel 204, and
30 . the pins 198 and 200 each engage in opposite potrtions

31 adjacent ends 206 and 208 of the cross-channel 104. 1In
~32 thie way, translation of the cylin&er 162 end‘thus_of the
33 driver plate 168, fotates the torgue plates 170 and 172.
34



11. portions,on the torque plate 170, for securing the torque 12 sleeve to

the torque 1d which together forma 13 holl ow shaf 88, 4 15 1In a
simlar fagﬁ¢gﬁg?ﬂ' e ram 50 has a shgft 190 which 16 EgpﬁpéggWHgiportions
192.that are shaped to engage 17 correspondi ng hub portions 194 on the

second torque plate .18 172, for securing the inner drum 18 to the torque
plate 1b 1The Fneuvalring sEambion 158hésshaseniplad por tiddswsd2 Thd 20 the

torque pjat pPor 14 Y : shape r .an.internal bore
196 whi ¢ eg 12% < %%%g@gtl%if % %Eg‘fsgl%g gﬁ%ﬁ[%&e %c{]rtglt%g?& cE]"Ee pl ate 170,
for coupdingor@BethbatramB0 thy theadenent of atlee 168 iti2msAddiational |y,
the drive trans mechani.sm 166 .i ncl yde 26 respectjve first and second
drive tr nsﬁﬁaigés 1@@a %&S“z%%f@, pFB_rf%%quﬁ“’Ai% THE £ & and second
torque p§ at earddfed 2@ 1/ 2 enhecdih¥epitate7dlGha Thhe 1dekyey plate 168
29 includes a main channel 202 and a cross-channel 204, and 30 the pins 198

and 200 @achRxERBAiRY i HsprEsithe §oet RPORsoB1thelj diisirr ads=20608Ad 208 of the
cross-chann 3 [ fra i fedt indet 162 and thus
of ‘the B3 geruddt 40 il ek obihaihbiiaE M el HEUTRETS? 30 o

2006/ 051817 1 PET&:@R2005 10043 66m 2@atkTh#2 atotmed Ny desemscopn@ss i s assenbl ed

as folloyws. The- 2 holl haft 18 ram51 is coupled.to the first. 3
t or que p"\f(\gt 5o19ge %?F%%S]\g&éne eoisgf;‘f’g'lg #15@ P rt-tl?%r‘rsani% B gﬁﬁni%. The
first digverptacd®By ioursRUKEEHiR 8he hbIeadeshdiy e 8310 el the torque plate

170 and:is located 6 extending through the end 206 of the driver plate
cross- ¥l chgwherdoohromdr st AFdivey Bhatefmide ¢hamitelddOde pfhe 8 198 -

engages i n goLaimtdftke Tk fUITEY LRchbeaBeoRdk Mt bAbea 182 The
' 13 the torque plate 172,1and is located extending through .
14 the driver plate c;oss—éhannel end-208 into a cam track
15 216 of the first torque.ﬁlaﬁe 170. The tqfque plate 1?2
i6 is then secured fb the shaft 190 Ey engagement of the hub
17 portions 192 and‘194. Thé.first and second torque plates
18 170 and 172 are thus located straddling the driver pléte-
19 .168, and are coupled to the driver plate '168 by the drive
20 pins 198 and 200. BAs the drive pins 198 andlZOQ are
21 located off-centre from the akes.of rotation 146 and 148 .
22  of the rams 50, 51, and are movable along the cross-
My 23  channel 204, translation of the driver piate 168 rotates
\ % ﬁhe torque plates 170 and 172, to thereby rotate the
25  drums. |
26 . : .
" 27 -The mechanism thus operates as follows. The device 10 is
28 initially in the open position, where the through-bore
20 126 is open. When_it is desgired to close the bore,
30 hydraulic fluid is supplied to the cylinder 162 in a
31 region below a lower piston face (not showm) of the _
32 piston 160, and is allowed to bleed from an area above an
33 'upper piston face (also not shown). As the piston 160 is

34 captive, this causes the cylinder 162 to translate



10 rotatably nmounted wi thin'the hollow shaft 188, and 11 extends through the
driver plate main channel 202. The 12 second drive pin 200 is secured in a
t hreaded bBPSM03134T 13 the torque plate 172, and is |PEAEERIOISER436MdI Ng
through . 14 the driver plate cross-¥hannel end 208 into a camtrack 15
216 of the first torque plate 170. The torque plate 172 16 is then secured
to the-ghafdowiRR By yenreageieat t®f tihendivhb hokZiRQr bE OPBe 1@@1:@”%341%4- The
first and second tor%ue plates 18 170 and 172 are thus |ocated straddling
the drider fovgrent19f158e BiRFen cagufisedheodrhgesrpleie pléd ' 168 by t he

drive 30 @ 19nd 2004 t [ RSy, 1 ' re 21 | ocated
off-cen?re fﬁ%ﬁ%?ﬁéyéggsggf @%?5??%ﬁ{f%§ gﬁgé?4§§.fgg%3%%i?ﬁ§1%5%5 50; 51
and ar e4nowaline chronglt Be2 cr d3sr 28 didmneovandnti r tns| dtivs i t he, dri ver

plate 168 rQtat.es 4.1 he [ | ates , 170 _and 172, to thereby rotate the
Dsaruns. 3855 rRet bR Rp e 2eB86oRERt b SRR GRAA ce 10 1 5
28 i ni t bal IchainnellheogpenTposeti-arentrhenecti¢ohhedughe bele $9 126 i s open.

When it _is desired to closgwihe bore, . 30 hydraulic fluid is_supplied to the
cylindel 163UFRSa2 SOTFRPMAE FWERYIGRePLpFEBoRa a2t Tt Tirshn) of the 32

pi ston $60rcaRdibBadl HoNest ish Herd-dd QMsap18668 BHOVEIAD 33-Jugper Ppiston

face (also not shown). As the piston 160 is 34 captive, this caduses the.
cyl i ndeP 16%Zst ecnpanasion eviidh 2006/ G5 IRE7 PRETECEB20051D@ABE6 L8 - 1-

dounmeryl Yo LALRKeLo-E Do, hUYIG Al Lhe BCP b 2 mygent of the

. Ti
pi ston carries -t river dowhwar aroun &t 90, which
is recdlveadliongt hbe dromé+cldraniel202etaehnghe hésd mbye e tHahe drive pin
5 I8 iﬁ ca%%j%d ggmmmardly by its engagenent in the cross- 6 channel 204.
Theé of#-ceﬁ & &¢dtion of the pin 98 7 causes a corresponding rotation of
the ragg51 in a first 8 rotational direction towards its closed position,

t hr ough _ :
14 simultaneously, the pin 200 is carried downwardly by its

15 engagement in the cross-channel 204. The off-centre

16 location 6f the pin ZOD!Causes a corresponding'rotation
'17‘-of'the ram 50 in a second, -opposite rotational direction
18 towards its closed position, through its connection with
19 the torgue plate 172. During this movement of the driver
20 plate, the pin 200 translates aiong_the cross-channel 204
21  between the end 208 andrthe shaft 190. The ram 51 is

22 thus contra-rotated relative to thé ram 50.

23

24 During movement of the rams 50, 51 towards their closed

W,

25 positions, the guides guide the wireline into thevcentral
26 ‘1ocation within the main bore, until the rams reach the
27 -~ sealed position. The rams 50; 51 are restrained against
28 movement beyond their cloged positions by the pin 198

29 abutting an end of the torgue plate 172 cam track 212,

30 and the pin 200 abutting an end of the torgue pléte 170
31  cam track 2i6.

32

33 If desired, the rams 50, 51 may be locked in their 6pen

34 or closed positions. The drums are locked in their



9 its connection wth the torque plate 17Q During this 10 novenent of the
driver plate 168, the pin 198 translates 11 along the cross-channel 204
‘between t NBOYBEE7 and the 12 shaft 190. 13 14 Si nulMCAYGR206I094364 he pi n

- 200 is carried downwardly by its 15 ¥ngagenent in the cross-channel 204.
The off-centre 16 | ocation of the pin 200 'causes a corresponding rotation
17 of the BaBLE8-HHs DL SO -IORRRShECar 8L84 I LN %‘ﬂ e@idtor&hoéuﬁgtowafds its
closed position, through.its connection with 19 the.torque..plate 172.
Duri ng thi 32nBYeRBRTLEFe thed di & topdprapeate hk/Di wided exassfates al ong

the crogs- ehanash 204 a2dvdeLeRl. 1S:eptadll 30k thes Shahel99, The. ram 51

Is 22 thus contra-rotated rel"ative to the ram 50. ring novenent of
the rand 5en sligoedraserthaie 280oded thesStpogie i miwte t1vd .guildes gui de t he

wireling into.th ent r al 6 location w.thin the mai.n.bore, until the rans
reach tﬁe S%?li§§eg?% %&ﬁnéﬁﬁm{ hgayaﬁé gﬁgk%€-%$§?F%@%Fﬁﬁﬁed agai nst 28"
movenent beyendibheiby Clasadimpos rieeasnbygtben pidotl Bho@h)abut khng an end of

the torgue plate 172 camtrack 212, 30 and_the pin 200 abutting an end of

t he torgueagﬁﬁFBrﬁ7%223@“d¥Hﬁt§9£§PeZEé§t§217%B'WthRﬁﬁﬁﬂﬁﬁﬁsthe rams 50, 51

may be §ockgdohgntfiek raORRSY 34 cQr mak ASEHaROS] 3 NSind e luas are | ocked in
their WO 2006/ 051317 PCTI.GB2005/ 004366 31 1 closed-positions by locating a
ret ai ni g phnalioted maepture 224aAnapbet bpeaza seiate HY t.or que plate. 172,
which gxtends 3 through the driver plate main channel 202 and engages in 4
an aligned aperture 220 in the torque plate 170. In a 5 simlar fashion, the
rans may behkopkesent imesntioperf@epssntmensubyimmostamegta petai ning pin
(¢ngt s?gmm£ in,an .7 qpertunf 222 in the torque plate 172, which extends

s - reviously proposed valves. : , : 7 S

| 13 | -

14 Firstly, embodiments of the invention introduce.a

15 component of the movement of rams in the vertical, rather

16 than lateral dimensions. In the embodiment described,

17 this is achieved by using a circular movement of the rams

18 . used to close a condult. By “wrapping around” the

19 movement of the rams, the lateral extension of the valve

20 components is significantly reduced.

21

22 The reduction in lateral dimensions over conventional

23 ram-type BOPs varies according to operating pressure of

o

24 the BOP and diameter of the wellbore.
25 o :

26 For 3 inch diameter wellbore, a 10,000 PSI BOP would be
27 expected to have a maximum lateral dimension of around 30
28 cm, compared with 110 cm for a conventional ram-type BOP.
30 For 6 inch diaﬁeter wellbore, a 10,000 PSI BOP would be
31 expécted to have a maximum lateral dimension of around

32 60cm, compared with 190 cm for a converitional ram-tvpe

33 BOP.

34



8 through the driver plate main channel 202 and engages in 9 an aligned
aperture 224 in the torque plate 170. 10 ~}} 11 The present invention

of fers nuﬁ%qawgm?ﬁﬁ}ovenents over J 12 previously proporemoeatoses. 13 14
Firstly, enbodiments of the inventioA?introduce.a 15 conponent of the
movenent - of rams in the vertical, rather 16 than lateral dinensions. In the
~ enbodi nkent Inesestiteed extimptlli, s the  achieved dnensi Mmneibgubarz Fovenment of
the ra used .t-o cl ose a conduit-, By "w.apping around" .the 19 novenent

of the?arrégpt%@q]%toééh‘%ee%@ﬁsIiﬁﬁ%?‘b?c%elﬁ/alie\?% t%Gnc&grp@Wents is

si gni { izansbapaestucatn Skoudd NS fieCued |00 il defiivdbnll pEASLAS Over
conventjonal 23 ramtype BOPS varies according to operating essure of 24
the BO® anBCRii ameter of the wellbore. 25 26 For 3 inch dianeter wellbore, a
10, 000 2SI BOP woul d be 27 expected to have a maxi mum | ateral dinmension of
around 30 .28 cm conpared with 110 cm for a conventional ramtype BOP. 29
30 For 6 iFchitd arerelevsholor én Bigfk00 RS 3BORhwombsdihem 31 expected to
have a ~Jmaxj num |l.ateral dinmensio f around 32 60cm conpared with 190 cm
for a cﬁﬁv %‘i?roar?aldelrme?ﬁ»sﬁ?ﬁe lggﬂﬁ%@gﬁ’ B3Ge 5139782 PET/ GB2005/ 004366
1 I'n arfot heroma@aygilcen.-t he | argest | ateral dinmension of a 2 BOP stack of the
type described is less than 75 em 3 -conpared with around 2.5 netres in an
equi-val’ent ramtype ‘4 Bop. 5 6 In the exanple shown.in Figures 1 to_ 3, the

maxi iy L BlntisTBRS 8Be 1884 UdIDY MY, 2UhiaC 1 AGEHAT PLSs difan
o 11 althird; of the dimensioﬁs of the‘equivélent conventional
é;E 12 ram-type BOP. |
3 | |
14 . This improves the ménoeuvrability of the apparatus, and
15 allows it to be lowered in, around and through platforms
16 Ioﬁ the rig. .Significéntly, the BOPs.may be installed
17  much closer to the wellhead, having'pQSitive effécts on
18 the height available for the lubricator stack and the
19 tool étring.
20 | | |
21 The present invention also provides apparatus of reduced
22 weigﬁt-when compared with conventional ram-tyvpe BOPs,
™ 23= which further improves manoeuvrability.
24 N |
25 Iﬁ addition, the ram assembly design is significant in
26 that the rams move from an open to a closed position '
27  without dhanging the volume of cbmponents at well
28 pressure. The cylindrical cavities in which the ram
.29 assemblies are located are at well praessure when the
30 apparatus is in its open position. When actuated, there
31 is no regquirement to force piston—éonnecting rods into
32 the well volume, in contraSt to the conventional ram—type

33 BOP. This feature of conventional BOPs means that there



8 around 40cm 9 10 These dinensions are.less than half, and indeed |ess
than 11 a.third, of the dinensions of the, equivalent conventional 12
ramtype BOWO 2065/051347 Thi s i mproves the nanoeuvrability dfcrid¥edmeasat us, and
15 allows it to be |owered i'n, around #@nd through platforns 16 on the rig.
Significantly, the BOPs may be installed 17 nmuch cl oser to the well head,

having pgsit g §§$$ 1.0 V. & e bricator stack
and the__19 Fﬁ% £ %ﬁlng 20 21 égbﬁegé%?-ﬁf %%% on gfsglpF%V|des
appar at ug, thyebace@hlézed/\éonMMméucaunpﬁoedeW| th conventional ramtype

BOPs, 23 whi ch further Fnproves manoeuvrability. 24 25 in addition', the
ranlassenbly design is significant in 26 that the rans nove froman open to

a cl osed4 poght mamawyvaictmmﬁec‘ckwp@i rBikheey@lte® Nirfomensrt anat well 28
pressure T e Cé;indrlcal dﬁf es in which the ram 29 assenblies are
located & QFg PYPrRs'TurFF Sifet FhERSOCRBRRT A U I4EN9F A4S eBpEALposi ti on.

When act gat oy qhBET g Hhisd B EGHEMbrk@ed 055 Lrd Sliopnect i ng 1 ods

into 32 the well volune, in contrast to the conventional” ramtype 33 BOP.
Thi s feaf ur dnohy@ravkind dnalacsopsedesrstenat thare is & WRACEIBEL317

T GO0 BO4°08: 92 skt Y IANELRTE0h 00 SISLAN, el digger e, vl
this reqiresdl aige ofrigws @m&ra&ubar geutengrspdraicierod ahet he operator to
generateoenougsent 1nvéﬁ£10n, h%h%%lgmgcggegth%?%ﬂ&?&%%& %geghgooperator
11. change, and the result is that less force ig required to
§:3 12 actuate the rams. This means that smaller diameter
i3 hydraulic'actuators can be'uséd. In addition, manually
‘14 actuated systems are more feasible using the present
15 designl In both manually and hydraullcally actuated
16 apparatus, the tlme taken to close the wellbore is
17 greatly reduced, improving the safety at the rig.
18 - | : o B
19 The.reduced-requirement for hydraulics reduces the need
‘20 to provide screw locking mechaﬁisms which are typically
21 used in conventional ram-type BOPs te manually-secure the
22 rams in their closed configuration.after actuation by the

23 hydraulics. 1In the present design, the apparatus could

R

24 be locked in one positien by a simple peg and hole

95 arrangement in the actuating mechanism and the main body

26 of the BOP stack. '

27

28 The menner in which the apparatus is constructed is

29 simpleﬁ and allows simple installation and stripping down
30 by removal of two plates on one side of the apparatus.

31 .

32 The constructionbof the apparatus allows convenient

33 location of eqﬁalisetion channels and,;njectioﬁ channels,

34 without conflicting with screws and fittings.



7 In hydraulically actuated systens, there is a requirenent 8 for |arge

di anet er | i nders; which increases the weight 9 and size of the apparatus.
Duri ng ope 300053317 he 10 present invention, the vol urRCEGBISA9Y36s he rans
does not 11 change, and the result |§4that Iess force is required to 12
actuate the ranms. This neans that smaller dianeter 13 hydraulic actuators
can be uBed in addition, manually 14 actuated systens are nore feasible

using t prese 15 desi bot h nual |y and. h draullcally actuated 16
appar at rthl% ¢ Jn%m't%r?-q’t“(’i‘ 8E5§Est fie™ ‘F’Bo‘?% ar%v PEPIGEe &VFY reduced,

i mprovi r[g t Bensahiel nal AdRe thie 388519 The reduced requirenent for
hydraul i cs reduces the.need 20 to provide screw | ocki ng nechani sns whi ch

are typi"cally 21 used in conventional ramtype BOPs to manual ly secure the

22 rams 4n %em o tﬁ%ﬁo‘o&ﬁﬁ%h’contﬁét ]t@tq ngguﬁjﬁg +83 hydr aul i cs.

In the present e appar at us coul oneé position by
a sinplée pe@r@tmid hidiee 28 iamer a:ngenreatJrfﬂceh@fa@tejatamsg mitleani sm and the main

body 2 he BOP. s The_manner e apparatus is
oLt r ook oceH St i Yo, e age S BERE il (B A5 BR021 71 oo e down
30 by r egrovabmedndm® dﬁailﬁSr@.ﬂtsOﬂﬁeﬁtisdBv@é t&tﬁi&nﬂﬁ?ﬁoﬁ@ro&islﬁé The
construction of the apparatus allows convenpient 33 |location of equalisation

channel & ant¢ n§eenF Qfathel §amSSEYV\P¥ﬁMl%rﬁqqe&ﬁ%g% thescrews: and
fittinggg VU006 0] 3A-REY @29@@/99‘4@@@&]: 4 1. 2 The alignnment drum

~offers ?1 nunber of advant ages over convernt i onal ramtype BOPs. 4

{2} 12 Alignment of the wireline is by the pfoflles of the upper
13 and lower edge of the cross axial bore of the drum. The
14 alignment is therefore at two spatially separated:"

15 locations on the wireline, reducing the likelihood of
16 damage_orrsnagging of the ﬁireline during closing.

17 :

18 - Inm addition, the movement of the guiding edges against'
19 the wireline is such that the edges move ecross tﬁe wire
20 while moving a small distance along the wireline as the
21 drgm rotates. The force is therefore imparted over a
22 short range of points, rather than being a slicing effect
23 at a single point of the wire. This further reduces the

o 24 tendency of the wireline to snag.

25 |

26 The movement of the alignment drum to the elosed positionl
27 .prevides two guiding edges for the wireline, moving in

28 opposite senmses, which by their nature must act in

29 concert, as opposed to the guides in the conventional

30 ramQtype BOP which dre likely to move separately,

31 reducing their effectiveness.

32 _ | |

33 References to wireline applications should not be taken

34 ag limiting. The above described apparatus is suitable



5 in the present enbodinent, the rans are upported 6 around the
entire outer surface of the rans. The 7 alignment of the wireline or pipe is
not done by any 8 conponent of the rans thenselves, and thus conpromsing 9
the strength of the rans by providing recesses on the 10 supporting surface
is not necessa{"?.m‘iéi"_smﬁ Alignment of the wireline is by tf?épljr?ﬁww $66f t he
upper. 13 and | ower edge of the cross ax#%l bore of the drum The 14
alignment is therefore at two spatially separated' 15 |ocations on the.
wireline, rédudiongsehéihpkel choddivfardmdamyyeioelinaggshicklindie wireline
during closiyng:.., 17 .18.ln-addtti on, -t-he Amvenen f_the | di edges

agai nst 195t h?lﬁer’efifrji%ii glgﬁbhc?#ﬁém%’@gg&uﬁ?ﬁg%ﬁa&%}gﬂ%#\ﬂﬁe 20
while noving acemakl diatiasee ehengppditvMdy dlaisneepsaifcadddntighy At es.
The force i's therefore inparted over a 22 short range of points, rather than
bei ng a sli i ngeapradt vagses) aver it painareot-St A RRERITSPERE iR t her
reduces thesvzéeéﬁn%98ﬁﬁd0£ therifel ingdo snag. 25 26 The novenment of the
al.ignment drumto the close% position 27 provides two guiding edges for the
wireline, nmbving in 28 opposite senses, which by their nature nust act in 29

.concert, as.opposed to_the.guides in _the conventional r t e whi ch
are likely to %éogépgfpgf’g???gﬁinﬁ eadﬁi(:ilﬁfgrtor‘{ | angf%‘%}(ﬁg%n%@ée. tpcéf :
| Ref erences 80 whb@ki-desaphbed admicn®intdind eritbinbehtakespe 3df ashd i miting. The
above described apparatus is,sujtable WO 2006/051317 PCT/ GB20051004366 35
'1-- for seaPing"¥EEA8T PEEPERNRESRRPd rel ine, slickline, 2 pipe, drill

‘pi pe, coiled tubing, tubular, unbilical or 3 cable. |Indeed, the apparatus
ihas certain advantages for : -

|
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4 general valves, even where there is no requirenent to 5 'seal around an

internal line. 6 7 Various nodifications and i nprovenents may be nmade to
the 8 above-described enbodi nents within the scope of the 9 invention
herein intended. 1 i I 1 i j i1 1 1 j i 36 W claim 1. Apparatus

for sealing a wellbore, the apparatus conprising a ram assenbly having a
pair of ranms nounted in a housing, the ranms rotatable about a comobn axis
of rotation, wherein the apparatus has a.§érst open i position in which

fluid may pass through the wellbore and a second cl osed position in which

the rans abut to i seal the wellbore, and wherein the apparatus is adapted
to be noved bgiween; the open and closed positions by rotating the rans
about their comon axis of rotation, | j wherein the apparatus further

conprises alignment means for guiding a wireline or pipe towards the centre
of the { mel&poreAﬁgg}é¥L§w¥g¥iégglg%gtgewg?ggbrgpdtﬁgmgﬁﬁékéggé

comprising a ram assembly having a pair of rams mounted

in a housing, the rams rotatable about a common axis of

rotation, wherein the apparatus has a first open

position in which fluid may pasgs through the wellbore

and a second closed position in which the rams abut to

seal the wellbore, and wherein the apparatus is adapted

to be moved between the open and closed positions by

rotating the rams about their common axis of rotation,
wherein the apparatus further comprises alignment means
for guiding a wireline or pipe towards the centre of the
wellbore during rotation of the rams, and wherein the
alignment means is a drum adapted to rotate about an

axis of rotation of the rams.
2. Apparatus as claimed in claim 1, wherein each ram is
adapted to rotate about an axis perpendicular to a

longitudinal axis of the wellbore.

3. Apparatus as claimed in claim 1, wherein the rams are

! adapted to be moved between the open and closed

positions by rotating the rams in opposite senses.

} 4. Apparatus as claimed in claim 1, wherein the apparatus

has a maximum lateral dimension of 80 cm.

5. Apparatus as claimed in c¢laim 1, wherein a maximum

lateral dimension is less than 50 cm.




alignment neans is a drum adapted to rotate about an axis of rotation of
the rans. 2. Apparatus as clainmed in claim1l, wherein each ramis adapted
to rotate about an axis perpendicular to a |longitudinal axis of the
wel | bore. 3. Apparatus as clainmed in claiml1, wherein the rans are i
adapted to be noved between the open and closed positions by rotating the

ranms in opposite senses. | 4. Apparatus as clained in claiml1, wherein the
apparatus | has a maxi num | ateral dineA%ion of 80 cm i 5. Apparatus as
claimed in claiml1, wherein a maxinum | lateral dinension is |ess than 50

cm i 37 6. Apparatus as clainmed in claim1l, wherein a maxi mum | ateral
di nensi on s | eABPRRARUA AL F Lt mepdr stl@dlad - cWBRREHN A BRBIWM, wherein

the rams conprigeclotati g d oy etd ans f @4, hogat | a wireline or pipe when
in the closed posiﬁ:on. 8. Appar at us as‘?’ C glhrreg %:{rzllgcl aim1, wherein the drum

is keyed with one of the rans and rotates with said ram 9. Apparatus as

clainmed in.claiml erein the drum caonprises a,throughbore through which
the wireline ormp%?rp%@%‘?(t%sna%falimefg.m g%ﬁglt gs ‘é{geffé{‘n‘g@ei 8 ai m 9,
wherein the threughbbse Lsledttes Minapdiohyr €oextesdt gyl & @i+&ngid udi nal
axis of the wellbore, arranged such that the aperture decreases j in cross
sectional area BUPFNEReRIHLI silasesl @ogdtior.11. Apparatus as clained in
claim9, wherein the throughbore

8. Apparatus as claimed in claim 1, wherein the drum is

keyed with one of the rams and rotates with said ram.

9. Apparatus as claimed in claim 1, wherein the drum
comprises a throughbore through which the wireline or

pipe extends.

10. Apparatus as claimed in claim 9, wherein the throughbore
defines an aperture extending in a longitudinal axis of
the wellbore, arranged such that the aperture decreases

in cross sectional area during rotation of the drum.

11. Apparatus as claimed in claim 9, wherein the throughbore

is perpendicular to the axis of rotation of the drum.

12. Apparatus as claimed in claim 9, wherein a first opening
of the throughbore is provided with a channel formed

outwardly from an edge of the throughbore.

13. Apparatus as clalmed in claim 12, wherein a second
opening of the throughbore is provided with an edge

formation diametrically opposed from the channel.



] is perpendicular to the axis of rotation of the drum i i 12. Apparatus
as clainmed in claim9, wherein a first opening of the throughbore is
provided with a channel forned 9 outwardly from an edge of the throughbore.

13. Apparatus as clained in claim12, wherein a second ' opening of the
t hroughbore is provided with an edge | formation dianetrically opposed from
the channel. I I | 38 14, Apparatus 38 clainmed in claim 13, wherein the

edge formation is a second channel forngéd outwardly froman edge of the
t hr oughbore, such that the first and second channels together form an

aperture e’iﬁ?”dhﬁg?%&%‘g@st airé?éé{?rpm%%zdh%“' Fheb@ihNenaxLE,0f rotation.

15. Apparatus as arned 1n clarm erein the aperture  extends
| ongi tudi nal |y fnrtheieel idox eseowhd ssheenielalf ormedt hetwetbpr Eravhean t he
apparatus is in its clLosed _Eosition.

16. Appar at as,clainmed in claim13,
wherein the edg&99foffrationt léo‘ég}&ﬁﬁe?'ngq”&ﬁ‘gg ﬁﬁagf‘gd%fﬁsgh‘%’&‘g sole%?l?cgl i ne
or pipe as the appahal HStiPyESet OFddnd £ @pRE LRSI bkOBndidy LRPREGH UshasS
claimed in claim1l1, wherein each ram conprises a sealing assenbly having

one or nore el §5uBnReTReREHBlan g0 Afvaratigs OdsTebarhBl-in claim 17
wherein each sealing assenbly conprises an inner seal adapted to cooperate
with an inner seal on the opposing ramto seal against the wireline or
pipe. i | 15. Apparatus as claimed in claim 14, wherein the aperture

extends longitudinally in the wellbore and is central in
the wellbore when the apparatus is in its closed

position.

16. Apparatus as claimed in claim 13, wherein the edge
formation is a cutting edge adapted to shear a wireline

or pipe as the apparatus moves to its closed position.

17. Apparatus as claimed in claim 1, wherein each ram
comprises a sealing assembly having one or more

elastomeric seals.

18. Apparatus as claimed in claim 17, wherein each sealing
assembly comprises an inner seal adapted to cooperate
with an inner seal on the opposing ram to seal against

the wireline or pipe.

19. Apparatus as claimed in claim 18, wherein the sealing
assembly comprises an outer seal adapted to seal edges

of the wellbore against well pressure.

20. Apparatus as claimed in claim 19, wherein the inner seal

is retained on the ram by the outer seal.



i 19. Apparatus as clained in claim18, wherein the sealing | assenbly
conprises an outer seal adapted to seal edges of the well bore against well
pressure. J 20. Apparatus as clainmed in claim19, wherein the inner seal I
is retained on the ramby the outer seal. } 1 | | 39 21. Apparatus for
sealing a well bore around a wireline or pipe being run in the wellbore, the
apparatus conprising: a ram assenbl y3thaving a pair of rams nmounted for
rotation about a common axis of rotation; and actuating neans wherein the
apparatus has a first position in which the wellbore is open and a second
posi ti onZln wpmrdths el beed ing el wskthoamdavderdian wided iaet wat i ng nmeans
is adapted to cause the rans of .the ﬁgm ass%]nbl#to rotate about their

ti Y C

cormon axis PTG d ¥ I &R50¥PLBRIF R Yparatus is in its

first open posdrigOikidsd: @ Pe® bis@BmblyWhAEIng e pappas@aliisd mdumtieds second
closed position in which the wellbore is sealed around the wireline or
pi pe, wher ei nfo% Heo tadirorbfaboa¥s 2aaFeMmet agdbd yo hoigltaldiaty &busi ng of the

appar at us, [ 4t pAr ahus-EuUrther Ll Ses, ald -%&t nmeans for
guiding a wire ft?Jhe lorlrbegfé%e t owar gs tﬁe %%%Hr)e 0 t%sg vvegq]] ore during
rotation of tiesitEims; inandiwhetdenwehébatbe ghsrerpemeant d secakdum adapted to

rotate about the. axis .of hQt tion of 1§,Lam . 22.1A% arat us as rcl.a! med in
claim 21, whef®in the Yals onprlgg ?%rnatjr%n%? (%) (f S\Wireline or
pipe in the ghosatposild erand3isAppapatdstd ofaseal iy mweldbane, the
apparat us ram assembly to rotate about their common axis of

rotation from a position in which the apparatus 1s in

its first open position, to a position in which the

apparatus i1s in its second closed pogition in which the

wellbore is sealed around the wireline or pipe, wherein

the pair of ramzs are rotatably mounted in a housing of

the apparatus, wherein the apparatus further comprises

alignment means for guiding a wireline or pipe towards

the centre of the wellbore during rotation of the rams,

and wherein the alignment means is a drum adapted to

rotate about the axis of rotation of a ram.

22. Apparatus as claimed in claim 21, wherein the rams
comprise formations for locating a wireline or pipe in

the closed position.

23. Apparatus for sealing a wellbore, the apparatus
comprising a pair of rams which are rotatable about a
common axis of rotation between a first position in
which the wellbore is open and a second position in
which the rams seal the wellbore around a wireline or
pipe, characterized in that when the apparatus is in its

operating orientation, the apparatus has a maximum




conprising a pair of rans which are rotatable about a comon axis of
rotation between a first position in which the wellbore is open and a
second position in which the rans seal the wellbore around a wireline or

pi pe, characterized in that when the apparatus is in its operating
orientation, the apparatus has a maxi mum 40 | ateral dinension which allows
it to pass through an aperture in a4¢gg platformthrough which the wellhead

control equi nt ass.es mhere ans are rotata unted in a
housi ng of tﬁgeapﬁgTa:Tﬁ?ns whéfé ﬁliﬁﬁs B Eﬁwﬁﬁﬁsiﬁﬁg1 %% drum adapt ed
to rotate abauedthere ad & aﬁgr etatitepmothibegh amlclzéltheﬂpmrlaielaa as cl ai ned
in claim?23, wherein the maximum | ateral dinension is less than 80 cm 25.

Appar atus as TIHERIM STHAMEH PESSRAer BRATEHR ki TR 3%& eiodat@¥nsion i s

less than 50 £iinZ& APRATRLMS n gso@l ahgegpwr&&@é MZA WSS ke maxi mum
| ateral dinmension is |ess than 27. Apparatus as claimed in claim23,

wherein the rahsnmssHpricsast demat Fons #érrtedatd ngotrivd rafidute tdre pipe in
t he cl osed pqé%%#cgk A8 ARpar L3t ug as galned in claim23, wherein the

apparatus further conprises allgnnen means for guiding a wireline or pipe
towards the centre of the wellbore during rotation of the rams. 29.
Apparatus for_sealing a well hore, .the apparatus conprising g pair of rans

whi ch ar&4r ot 3RRHI A SR A2 @ERBR SXRER0R3 1 RRTVH! At SVEsR &Y r st

position in ygﬁéghjtgamgagﬂ@grgsl§eggeeh§ﬂd8@ &gcond position in which the
ranms seal the wellbore around a wireline or pipe, characterised in that

when the apparatus is in its operating orientation, the apparatus has a

mexi mum 44 | gt erale i mensign 2 L§ss150an, 0 G, whersid Lhe fars

lateral dimension igs less than 50 cm.

26. Apparatus as claimed in claim 23, wherein the maximum

lateral dimension is less than 40 cm.

27. Apparatus as claimed in claim 23, wherein the rams
comprise formations for locating a wireline or pipe in

the closed position.

28. Apparatus as claimed in claim 23, wherein the apparatus
further comprises alignment means for guiding a wireline
or pipe towards the centre of the wellbore during

rotation of the rams,.

29. Apparatus for sealing a wellbore, the apparatus
comprising a pair of ramg which are rotatable about a
common axis of rotation between a first position in
which the wellbore is open and a second posgition in
which the rams seal the wellbore around a wireline or
pipe, characterised in that when the apparatus is in its

operating orientation, the apparatus has a maximum



conprise formations for locating a wwreline or pipe in the closed position,
wherein the apparatus further conprises alignnment neans for guiding a
wireline or pipe towards the center of the wellbore during rotation of the
ranms, and wherein the alignnent neans is a drum adapted to rotate about the
axis of rotation of the rans. 30. Apparatus for sealing a wellbore, the
apparatus conprising: a ram assenbl ysjhaving a pair of rams nmounted for

rotation abo n axi.s _of at i a actu ti ng. means; the apparatus
naving a fir oS R S o SRRENCRFD: B i SR Gt P wel | bor e
and a second €hfseithp Erinia® o \ﬁ/ekcmo&:aem@r@ \@:bﬂ:ﬁl:irﬁé &eqligehanwel | bore;
and wherein the rans are adapted to be noved from between a position in

whi ch the appef@tUesqd ROFitHE | PEerpdBi EHhermRRRIFaE WosiuT et n which the
apparatus is gnd e secand RRsidt kah,u EQPuéul(Fﬂpgsta?%lPél £hang; g the

vol une of the actuating neans exposed to well pressure, erein the rans
are rotatabl ycowmd# ethd weatiegusicnghef wehbbcap@afhamm wheatgion tofe  appar at us

further conprises al i gn t ,mean a wreline o pe towards
the center of the W1 58I "I |lﬁlgftg8t %h% %‘f’ttrﬁ%arf'sar?ss n%‘{%ner ein the
alignment neadsptied admob-adapbedtt eheokrie ebotdtdthioraxds afe rotation of
the rans. 31. Apparatus as clained in claim30, wherein the rans conprise
formati ons fof*cating a wireline or pipe in the closed position. i 42
32. Apparatus for sealing a wellbore, the apparatus conprising: a ram
assenbly having a pair of ranms rotatably nmounted in a housing, the

appar at us0 havirrpratfis storoserlpogi g wallhowhi cthe | aprhymtyuspass t hrough t he
wel | bore and & secoglld cI osedmoom tmglﬂyl ﬂavvhi ch_t

asse ving a éeirrao rams
mounted for rotation about a common axis of rotation;
and actuating means; the apparatus having a first open
position in which fluid may pass through the wellbore
and a second closed position in which the rams abut to
seal the wellbore; and wherein the rams are adapted to
be moved from between a position in which the apparatus
is in the first position and a position in which the
apparatus isgs in the second posgition without
substantially changing the volume of the actuating means
exposed to well pressure, wherein the rams are rotatably
mounted in a housing of the apparatus, wherein the
apparatus further compriseg alignment means for guiding
a wireline or pipe towards the center of the wellbore
during rotation of the rams, and wherein the alignment
means 1s a drum adapted to rotate about the axis of

rotation of the rams.

31. Apparatus as claimed in claim 30, wherein the rams
comprise formations for locating a wireline or pipe in

the closed position.



abut to seal the wellbore, wherein the apparatus is adapted to be noved
bet ween the open and cl osed positions by rotating the rans;

adapted to

the ranms. |

a ram assenbly having a pair of rams_ rotatably nounted in a housing;

and a drum
rotate about an axis of rotation of the rans, for guiding a

wireline or pipe towards the center of the I wellbore during rotation of

33. Apparatus for sealing a wellbore, the apparatus conprisingf

actuating neans; and a i drun1adapﬁ@d to rotate about an axis of %
of the rams; wherein the apparatus has a first open position in which fluid
may pass, t hrou

rans a

h the |  bore,and_a second closed position in which the
t@mgggﬁkﬁﬁe%%r ﬁﬁ??b%ge? %ﬁéﬁ%@ﬁﬁ%ﬂq?%I%?pp§ﬁ§u§re adapted to be
nmoved bet weemie sfingst aa@amsgggadbppsrhéx}ings D10t ¥t Raxkhe rans wi t hout

substantially changing the vol unme of the
further wherZ&itdh

centre of thg uel BB%EengEEQQnr9ﬁa&ﬂfﬁh(¥l&fgaﬂ§y“bags through the

33.

wellbore and a second closed position in which the rams
abut to seal the wellbore, wherein the apparatus 1is
adapted to be moved between the open and closed
positions by rotating the rams; and a drum adapted to
rotate about an axis of rotation of the rams, for
guiding a wireline or pipe towards the center of the

wellbore during rotation of the rams.

Apparatus for sealing a wellbore, the apparatus
comprising: a ram assembly having a pair of rams
rotatably mounted in a housing; actuating means; and a
drum adapted to rotate about an axis of rotation of the
ramg; wherein the apparatus has a first open pogition in
which fluid may pass through the wellbore and a second
closed position in which the rams abut to seal the
wéllbore; and wherein the rams are adapted to be moved
between the first and second positions by rotating the
ramg without substantially changing the volume of the
drum exposed to well pressure; and further wherein the
Adrum is for guiding a wireline or pipe towards the

centre of the wellbore during rotation of the rams.

rotation

| . rum exposed to well pressure;
Y #PURtRY foradipes iy a thie @pbseagusphpEingwar ds t he

and



