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| MPROVED VALVE The present invention relates to
val ves, and in particular to an inproved val ve for use
wo poosios BT ne and wel | head control systens for PEEGBR005/004366
and gas industry. In one aspect the invention rel ates
to an inproved bl ow out preventer (BOP) . Specialised
val ves, including blow out preventers (BOPs) , have
been avail able for many decades, and provi de a neans
for sealing the wellbore at the well head agai nst wel |
pressure if the drilling crew | oses control of
formation of fluids or if required to seal a wireline
or |l ogging cable during well service operations. A
conventional ramtype BOP is |ocated at the well head,
and consists of two halves of a cover for the
wel | bore, located on dianetrically opposed sides of
the wel | bore. The covers consist of steel ranms and
el astoneri c ram bl ocks, and are typically actuated by
| arge di aneter hydraulic cylinders |ocated on each
IYPROVED VR&Vifel | bore. If a well control event occurs,
the hydraulic cylinders will be renpotely actuated to
force the rans to enter the wellbore fromeither side,
Tiee tireg catt timeyeperitore red ageal tagaialsteaveldndrigssur e

bel qw. _I rtantly, the BOP.nust. have the ahility ta
PSE T BT MRNGET YEUNE 1 % 1P b T e Bnd
wal1h9w-ng SrhseAuUents detd irvaleef dine dredlgdd ingddery .
ram bl ocks will typically have cooperating, shaped
TeuofEc esHes tetdier dralanfientre IFfes dift Bibckpraed blow

B ENTeE Wi i b or vi reline i s being run in

t he

Specialised valves, including blow out preventers (BOPs),
have been available for many decades, and provide a means
for sealing the wellbore at the wellhead against well
pressure if the drilling crew loses control of formation
of fluids or if required to seal a wireline or logging
cable during well service operations. A conventional ram
type BOP is located at the wellhead, and consists of two
halves of a cover for the wellbore, located on
diametrically opposed sides of the wellbore. The covers
consist of steel rams and elastomeric ram blocks, and are
typically actuated by large diameter hydraulic cylinders
located on each side of the wellbore. If a well control
event occurs, the hydraulic cylinders will be remotely
actuated to force the rams to enter the wellbore from
either side, meeting at the centre to seal against well
pressure below. Importantly, the BOP must have the
ability to seal the wellbore without cutting the
wireline, allowing subsequent retrieval of the

toolstring.
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well will be provided with a cut-out formation
(typically a corresponding pair of sem -circul ar
wo ewe®sSBs$7 def i ni ng a narrow t hroughbore) desi gremriGBR005/004366
allow the wreline or pipe 20 extend through the BOP
wi t hout damage. The ram bl ocks will be designed such
that a tight seal is forned around the pipe or
wireline and around the aperture through which the
ThénzamobeOchewiam1bypdkalmylhaaétenoperptdmgde@hwpeﬁ

a- gui de, such that ﬁhen the ra nove g& an en to
SHrERES8dLBoSTEIBR, 2L HETHRRE - ornafrﬁﬁpn °S Euﬁ & into
a@EQlEEmEr§nog theiwell ber ecsyeBuirhat ohk, i sngeeeived in

e cut-out formation w thout damage. The rans in a

apppiicakipram B@prar El@@l preméigildnagisi Reihe sEmsdnt ke
Wﬁéﬁlwﬁﬁgeéu?égo ahh¥g? t%@Eequyf%%ﬁa%xgﬁaql?%ﬁcally

348 Iome 0 get behind a part o
al aBrrbepehidnyt phowands saméHesedupesi triearsstse defining a
el astoneric seals of the ran1b|o%ks are U shaped in

npsKgit GEFRYPNRREE) 0ASERAPEEGh tOn& PPN & PR IER StHES &Fs
pmé%ng eQEg SXEﬁ99u5H|Eﬁea%b@s%lkﬁ%qu%ﬁh%@epf e ram

| bor e. e U-shaped seals allow the well pressure
bﬂ0ckerwelﬂhbeséabsgupﬁaﬁdcan@hﬁmwar@lg@@cﬁe@ﬁaﬂstﬁ@rmed
wel | ssur.e ener |se .t he seal__and t%%QS te %e%% t he

aFSHEdlﬁ g BékPel*c ﬁFl dr&t PET. 2GOHES VAR SEEASTon

th%upﬁrrwﬁ@ehaFcaea&amlsablloere i nahudirag HaBEkdesiigled fen
etely shear through pipe or wireline, In
b@d@ﬁPW@dedsUﬁﬁhaﬁrﬁﬁgéﬁen€§cér§hﬁ§nwﬁﬁmyt@ﬁeﬁéﬁﬁdmove

fr%th% %E%R Q%d%?§ho%%| éo%&? Eedthkn§hgk§oga§ﬁréﬂfie

nor na consi |"arge screws andar
1fsobatlaédbyznuis>ethfe achange olfamahleewtedl@@m@r atuelt lihat it is

torque required to drive the rans i nst
rece%ved ?% the cut-out %ormatlon w%%%ou a%%g%?l

The rams in a typical ram BOP are self-energising, in the
sense that after they are initially actuated by the
hydraulics, well pressure is allowed to get behind a part
of the ram, forcing it towards a closed position. The
elastomeric seals of the ram blocks are U shaped in
longitudinal section through the plane which the rams
extend, and extend fully across the opening of the
wellbore. The U-shaped seals allow the well pressure to
force the seals upward and inward, such that the well
pressure energises the seal and tends to keep the rams in

a sealed configuration.

Other variations on the ram BOP are available, including
rams designed to completely shear through pipe or
wireline. In addition, some arrangements are manually
operated rather than hydraulically operated. In this

case, the actuators normally consist of large screws and
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pressure. Presently available ramtype BOPs suffer

froma nunber of deficiencies and drawbacks. In
w@abiossiar, nmany of the drawbacks arise from POEGBR®E/004366

of the apparatus. Avail abl e3 desi gns consi st of a pair

of rams arranged perpendicular to the wellbore, and

exten 0 elther Sld t LI Rar t 5
aﬁ%tFSE ?%ﬁo§¥d 100° |nchgg?ge ?%P?Ehaggs§§%¥F%§§n?h%
tbaglikcabhonsefotot Beivensheuetingn aghineltl thentedll

apparatus at the rig. ldeally, the BOP stack woul d be
Preeatéd-cl ose to the well head, to nmaxi m se the hei ght

above avail able to accommopdate the tools tring.

However, in practice, it is difficult to manoeuvre the
PB@Beﬂtaykavamaghephramf ovive BAPsheufifgrstirget gr @umier of

atform.on t ctur moul i_cal
dEgFElFHCPﬁE ﬁPgtgﬁgW% Foun |%&ﬁé§a%|a#ép 6 The
acdepapdingrepet heodi anet i zef ofi pecpappiamg tiisr.ough)
Thi s ogenl ng is too small to allow a ramtype BOP to
AyaipabieddeRrignghrrsies @dudl PagH Gkt TEBIT ragara&ﬂeén

p%%% %d&gﬁﬁg¥dE$ukh% %%ﬁﬁ%%g%s éﬁﬁ.gwt%ﬂbg%g on either

"Zont a hi's requires the BOP to be manoeuvred
sdaéeb&ltheswehlbbae bheupra@saaﬁugeagessdam©UQﬁ|é@@ed

vertical l BCP taq sed t t he
18p6fRENg. %ﬁﬂ b@s S QFF ﬁ8¥§ %?8@5 ﬁgka i“on
cgﬂ%tkﬁcka%n5b¥ew%ﬁd W%hﬁ&blo%. Qa@@@ sitathke Aig.

reduction in weight is limted by the need for Iarge

Ideaﬁéwerthﬁdﬁ@@lS@aﬁ&mwoaﬂ@-ﬁﬁgﬁf§ﬁﬂéﬁbFﬂo§@e§P
T S LA T B SRl Sy
apasginddatl the BGBl@erng However, in practice, it is
difficult to manoeuvre the BOP stack through platforms on
the rig structure. A platform on the rig structure would
typically have a hole in the grating of around 24 inches
diameter (depending on the diameter of pipe passing
through). This opening is too small to allow a ram-type
BOP to be passed through in its usual upright
configuration where the hydraulic actuators are oriented
horizontally. This requires the BOP to be manoeuvred
carefully such that the cross-axis access 1s oriented
vertically, allowing the BOP to be passed through the
opening. This is a difficult and dangerous operation due
to the size'and weight of the BOP stack. A reduction in
weight is limited by the need for large diameter

hydraulic rams and high strength steel components.

As an alternative, the platform may be provided with a
larger diameter slot to allow the passing of the BOP to
be conducted more easily. However, this has implications

for the health and safety of personnel working at the
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be conducted nore easily. However, this has
inplications for the health and safety of personne
wowookiopgiat t hepl atform and may require i nst aPCBEGBOVS/004366
railings or other - barrierd to prevent personnel from
falling frrough the slots. It is therefore nore usua
0,l.nst a t-he B I e I 0 -
PLREERENT nERE, TBF A oUiesea St 13 har Fos “(40 PRty Doher
bakeieopsegupiesecns beatoangledtrem dedldhly hdéirghighofthe

wel | contrql apparatus is required, or, alternativel
SLE5r i CEFoRE APE:BIAEEATOR L NE Panden 157 tCadt B i
sg\c{ék' abl . Thisodell 6leReY beoRal theuhalhdarnodtant

or concurrent operations . Existing BOP designs
esukber offr dh veleesddiilciferti es. THife SONISRAVGHE pAGLILERE 2

Wi th the_stryctural .strength-of La m.
THPBERE PRl SR EFENeE Srad GPRS eFFEOs e 11
rbypheall y orneltdenatieeass rasd ricationsi eremMlelted on the

cooperate to_ensure that the_ram bl qcks are

lgpprdppitatery- &FF@W@d?V?HéaPé@essT@&Fﬁ@@ﬁ&?%?ﬁ%%ﬂ%ﬁII
p%%@‘i%% 1688 S ‘ih%tr%][a?l't e nghb ik difte JRPa NRigover

e recess may I n fact be formed on an outer surface
of the ram neaning that as the ramis sealing it has

.por.ti t hat i, ted. Th | S..t heref.
S Pearon O QERGET NS EnG TPl 1) Ep T By e

- rhedy ohcthgeBeRobliking ¢ARMAKSR IseStldt urhldefraiamidon £

of the ram inpacting on its application to high
theegsir.-e BORs raThdlacksnderemedofra alyicdals idemososhe

| he & anceren . ! .
w213 20,534s& Lﬁcg;?{qlﬁg)p%h%ﬁg%i% gu 'rféar%'gb% [)agkao % Blsion

Wireline toth the ra mat | on

- whilce. cob@ettiteotic feorcnmtd ampt thHeesendidlfdakd tares

ari se | t d j i
a%ﬁ‘ p@ﬁ‘ @ggt%g&y _a lllEIL‘egl’}e%. .t h eThper Q:belceergss Ot rrr]nel%le yOI I’ln %. trrc]a?n rWa:I.

reduce the structural strength in the ram. Moreover, the
recess may in fact be formed on an outer surface of the
ram, meaning that as the ram is sealing it has a portion
that is unsupported. The ram is therefore “floating”
rather than being fully supported by the body of the BOP.
This can also result in deformation of the ram, impacting

on its application to high pressure BOPs.

The arrangement of a typical ram BOP can also cause
difficulties in guiding the pipe or wireline to the right
part of the ram block formation (i.e. the cut-out
formation). These difficulties arise in part due to the
problems with keying the rams appropriately. In
addition, typically the piston assembly on one side of
the wellbore will be slightly looser than the opposing
ram, resulting in the loose piston assembly being driven
to the full extent of its travel before the opposing

piston assembly begins to move. This increases the
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addition, typically the piston assenbly on one side of
the well bore will be slightly |ooser than the opposing

WO 2006/0583Ul ting in the | oose piston assenbly beCTIGB2005/004366
driven to the full extent of its travel before the
opposi ng pi ston assenbly begins to nove. This

ﬂ%aﬁglﬁsq; @r&@%ﬂé%rﬁ! dN& M 8bd NGy Oén%@@d bl ng
snagged or damaged by the guiding profile. This can
Ghareagel the Mie eliindlmgy pigE land iThseverre dasese chuse
i.t ta be sheared. Q%further deficiency of typica
FRALP BOPLRS e 17 e 15 A The d 4,
JHee Ay t he high vol ume hydraulic cylinders, or worse,

the tine required to manually close the ranms. This has
safety inplications. The present applicant has

| dentifd e.need f d pr | ign, :
%Iﬁ pgﬁ%#iueggién f%ﬁf%%é%aﬁégﬁdg§%gH¥ﬁ%%?a%$$f%$stﬁgutlme
teikgni ficcantiuatfe otha conventieonad tleaniigie BfRimdt i s

a first, aimof the invention toIProvjde an QP ar at us

haisieabliE 1B TSy A BB S hat Obvint eSS 1519 | east
ridi0ate s 18 e thandr awbacksand delici 8Rei 885 190fons .

avai | abl e val ves and/or BOPs. In particular, it is an
aimof at |east one aspect of the invention to provide

n i_nproved valve qr. BOP f.o eald n ound
s AR el e el Y A s
iinforaoidd thdlveaai daoifgrd heardvientgaart it Ip0 Va it el rapared. IsoP
for sealing a wellbore of reduced external size, and

Ao iear (HRAH &1L ST atien ot qaadsler fnamera CrRiHsi gl ram

rgfuced wei ght when conpared with a typical ram
type BOP. A further aimof the invention is to provide
appar at us

It is a first aim of the invention to provide an
apparatus suitable for sealing a bore that obviates or at
leagt mitigates some of the drawbacks and deficiencies of
avalilable valves and/or BOPs. In particular, it is an
aim of at least one aspect of the invention to‘provide an
improved valve or BOP for sealing around a wireline,

pipe, tubular or conduilt in a wellbore.

It is a further aim of the invention to provide apparatus
for sealing a wellbore of reduced external size, and in
particular apparatus of lesser lateral dimension and

reduced weight when compared with a typical ram type BOP.

A further aim of the invention is to provide apparatus
for sealing a wellbore, where the apparatus has a reduced
requirement for hydraulic actuation when compared with a

typical ram type BOP.



© o ~I O B W N -

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

for sealing a well bore, where the apparatus has a

reduced requirenent for hydraulic actuation when
weopassd’ W th a typical ramtype BOP. Furt her BET6B2a0wd/004366

objects of the invention widl becone apparent fromthe

foll owi ng description. According to a first aspect of

rROGpeR SO R’ UBHECS, BEDMC dARARGRL Rl (RN

Fbor Of €, aratus conprising a ram asse
ab@wr@gta fpat thk Fald owdhat delsy ripirdioed i n a housi ng
and actuating neans, the apparatus having a first open
position in which quid may pass through the well bore

ACQQQdQnBe%%nQ %ﬁ%%%da%%%hk|%ﬁ itheMingRnith e, anmh aaut; s
to seal "'the wellbore, wherein the apparatus is noved

pmewméed a@eaGQQMSaﬁ@ICK@@édn@0§lMﬁdﬂ OBE /1 Gt iampatEEUS
c Iogw]r&ﬁ &&E dt 2%{3.%8 r{!lts%;%l;né:) Y% & %I'Elllvs n%)e/%c ﬁa&&l Uk J’.Jal?n% %rt%tfably

I near novenen

noRRRedenhs a asuwihly @@ﬁw%@&mamabgfﬁﬁbhﬁpetB@P%ppﬁratus
rans and ram assenbl i es descr.i bed herei_n are anal ogous
hey e o AR Sitn OR S0 RPEHIIORa LTy HiCPpd 1BES MY eSS

@&%%ght hal (RgYERLe A &lh%g%]tg &I @ %kllétse@‘foofsqriﬁ‘cﬁq seal

erences tfo rams be taken to mean
massﬁnmheesamsowhamemmssaa&ﬁmheswa1HWmm*smwwnﬁ1nuﬁbe

noveabl e to a [ |ch t he

BREEALEE 08 ReRERL MRS S Bl BH SR, R igRs
HRS R aMXgM R db@isal di mension of 80cm Preferably,

fhe maximum | ateral dinmension is | ess than 50cm

Preferably, the maximum | ateral dinension is |ess than
I%Q%%b context of this description, the word ram should

not be taken to imply a linear movement of components, as
with conventional rém—type BOPs. The rams and ram |
assemblies described herein are analogous to the rams in
a conventional ram-type BOP in the sense that they move
together to abut and form a seal. References to rams
should be taken to mean assemblies, components, members
or blocks which are moveable to a position in which they

form an obstruction in the wellbore.

Preferably, the apparatus has a maximum lateral dimension

of 80cm.

Preferably, the maximum lateral dimension is less than

50cm.

Preferably, the maximum lateral dimension is less than

40cm.

According to a second aspect of the invention, there is

provided apparatus for sealing a wellbore around a



O 00 3 O Ut b W N

W W W W NN N N N N PP e e e = R e e

According to a second aspect of the invention, there
is provided apparatus for sealing a well bore around
W@ao6e5i3ne or pipe being run in the well bore, PEEGB2005/004366
apparatus conprising a ramassenbly and actuati ng

means, wherein the apparatus conprises a first

g “m'%%wgwgwhy%ﬁmw%ﬁwaﬁ%% atus- -

, ore is closed, wherein
cambuabuﬁg Beans aasemblyhanﬁambassﬁanbymEQnsotwh@ﬂéumn
its first open position tq.its secqond cl gsed p%%]%
the RRPERAEHE GeIPhOFESi & SdEPEdPREGHA™ HE WirEh

W@ Reore ACCOPALNENt0aa skhibhd @%@Q%ﬁo@flhh%hhﬁﬁeﬁbbon
ere is provided a apparatus for sealing a wellbore,

Wehébappanat adoeedpr wbiemgia [ier a@ftwéﬁc@gwﬁ\?@@ﬁl €HISEM
rst oSl

i.n_whi h t-h l1b n
tgchRE p §FP%0X R wﬁtch tﬁg%Fgﬁ§ssgal O%% F%Ethon
tal g¥Rd second kebkRE fbspitpen dharadicer |t$1@sd \Melilfd’a)ate is

when the apparatus is_in its operating orientation,
seRd efp parards thes VATRALAFUMY BE&Eal di nensi on whi ch
allows it to pass through an aperture in arig

pl atform through which the wellhead control equipnent
Apa@xésnngeferabhyd ab@ew&xDﬁumhban@N@mtdpmemﬁem¢|u§

| hal f of th | | f
OFa e "BaPEORBFAe i o A1 Cdury A arE At B

applhhere %bm@%ﬂb&ﬁbe@IpWQ&|OETQ%ﬁwTQwv%bQﬂQ¥&Mdm a M rst
maxi num |l ateral dinmension is less a third of the

pm&mtnc@m et wihdichdithen ¥iedAber Sa ieamPeppeansop

pba 14 rJ]. o%q lilnv %q.%th @h%n?f%ﬁlr \Q%l Ilb UL He lﬁ%%'r\éa la%n\@ laj

w1re11ne or pipe, characterised in that when the

apparatus is in its operating orientation, the apparatus
has a maximum lateral dimension which allows it to pass
through an aperture in a rig platform through which the

wellhead control equipment passes.

Preferably, the maximum lateral dimension is less half of
the maximum lateral dimension of a ram-type BOP operating
on an eguivalent diameter wellbore at equivalent well

pressure.

Preferably, the maximum lateral dimension is less a third
of the maximum lateral-dimension of a ram-type BOP
operating on an equivalent diameter wellbore at

equivalent well pressure.

Preferably, the maximum lateral dimension is less than

80cm.
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Preferably, the maxi mum |l ateral dinmension is |ess than
80cm Preferably, the maxi num |l ateral dinension is |ess

wo b@a/050em Preferably, the maxi mum | ateral di PENEBRIVS/004366

is less than 40cm .Accordimy to a fourth aspect of the
invention there is provided a apparatus for sealing a

wel |l bo the a : S I1Si g r
e R T
siogmepen and a second position in which the rans sea
the wel |l bore around a wireline or pipe, characterised

in.that when the apparatus is in its operating

P%EE%@B%H&Q”th%h%m%ﬁﬁ%&@ﬁ%%e&%ﬁ L iMRHITHN liad s than
i mension of less than 80cm Preferably, the apparatus
4@omprises a pair of rans rotatably nounted in a
housi ng and actuati ng neans, wherein the apparatus is
noved between the open and cl osed positions by
Akebaliing the a @ thc eebdidtg ofo thd iifiveraspec tthefrd Hes
invention, there is provided apparatus for sealing a
PRENIBEFe 2 ERPEFTACaties SERPARS Fy e r&ss y

a%%%irrégau% Rt Afs HRTS: AN 3G Yak{NG RIS tfﬂ%n% a first

paratus having afirsSt open position in which fluid

poay tpass irhmdugh tthe wellllbore drsd cpesecod aclssswmhd
posi tion.in ich the rans abut .to seal .t he wel |l bare,

BRiftereiof tll?e“%?gl‘ﬁ%s t&Fe TR6\e & or’ﬁtkien & efi' TGSt ¥etord
wReS inan S WiiRRUt Shsiaridialddy iehanginerdie ttad ume of
the actuating nmeans exposed to well pressure.
appefretas s tife idsparered- ioememisedad o4 r WUre Aameratus
HHQt at 3Rl ARUNLE LN A0S M AL Ng JRADS,

Preferably, the apparatus comprises a pair of rams
rotatably mounted in a housing and actuating means,
wherein the apparatus is moved between the open and

closed positions by rotating the rams.

According to a fifth aspect of the invention, there is
provided apparatus for sealing a wellbore, the apparatus
comprising a ram assembly having a pair of rams, 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, wherein the rams are moved from the first
and second positions without substantially changing the

volume of the actuating means exposed to well pressure.

Preferably, the apparatus comprises a pair of rams
rotatably mounted in a housing and actuating means,
wherein the apparatus is moved between the open and

closed positions by rotating the rams.
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wherein the apparatus is noved between the open and
cl osed positions by rotating the rans. According to a

W@ Rooblossspect of the invention there i s provi dedr/aB2005/004366

bl owout preventer conprising a ram assenbly having a
pair of ranms rotatably nounted in a housing, the

bl owout preventer having a first open position in
which fluid may pass through the well bore and a second
Pctm@ijirtﬂ)sﬁq idreixrtiniespettheof anse abwenvicgrathethe is

re the b ow_out reventer i s_adapt
oD Dt dECR T R BPEN. S BTG oot 1 TRRE ByaroTy
HdﬁiﬂglHJﬁdmrrdﬁﬁkamQTKbﬁé&abmyfmbﬁﬂﬁé@n£@t§ Kehds 8BS, the
optional features of any of the first to sixth aspects

%oquet IR Tptiha | ST heratPevhpiereln which
TRLBLUANSQL Lacald o W BN Und! P lddetosea

ose position e apparatus conprlses
s igninentimedniscH drh@unadumga]ww trel sewl orhei wn@lllmmé ds

he centre qf, the IIbore durin tation of the

SRELIVIE AR P THRR e S AR R FReRe Moved
B dvgture dh aTeadesh f01q guli sh g gﬂ:ﬂﬂﬂﬂ@@o@rr@w@lﬁ@vmgs
the formations during rotation of the rams .

&hgnment nmeans may be a drum adapted to rotate about

the axis of rotation of a ram The drum may conprise a

t hroughbore of a first dianeter, through which the

The eldIiewimgigie testieartds . rfileder alptyiondie tduughbda® any
(gfflnes .an aperture which decreases ih cross sectiona

SRR 6t AT GTSRIEUrUm CIFE eFBFEbIIRT ¢ he

throughbore is perpendicular to the axis of rotation

of the drum
Optionally, the rams comprise formations for locating a

wireline or pipe in the closed position.

Preferably, the apparatus comprises alignment means for
guiding a wireline or pipe towards the centre of the

wellbore during rotation of the rams.

More preferably, the apparatus comprises alignment means
for guiding a wireline or pipe towards the formations

during rotation of the rams.

The alignment means may be a drum adapted to rotate about

the axis of rotation of a ram.

The drum may comprise a throughbore of a first diameter,

through which the wireline or pipe extends.

Preferably, the throughbore defines an aperture which
decreases in cross sectional area during rotation of the

drum.
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The first dianeter is preferably equal to or greater

than the inner dianeter of the well bore. Preferably, a
wo 2oost3BpeENi Nng of the throughbore is provi ded rET/lEB2005/004366

channel forned outwardly fridm an edge of the

t hroughbore . More preferably, a second opening of the

t hroughbore is provided with a formation on its edge,

di anetrically opposed fromthe channel . The formation
Py chrabadys ettred thiramgdlboirer med peupsenddlau faromanttedgecis

of the throu% %g@e such that the first an second

t M an aperture extending through

the drum perpendicular to the axis of rotation. The

aperture may extend through the axis of rotation of
Thiee fdrem dppaéeabliyp, ptnqeéegﬁéwlwure@qasl d9 gredn@daten Hdan

or rmt Iegfn%.,lﬁglrete?fcgtfl I%gl l| I e or pl pe in the
tive

Cosei posi At ernal ie formation is a
cuttlng edge adapted to shear a mﬁreline or pipe as

the apparatus noves to its closed sitiaon. .
@g’@rﬁ’y 2o ddf StaPESIRG Sfs thssddn %Q*sosreﬁrm/
pﬁ%wl%doo&t@f arr%%n@ﬂeqs RIS 2RI & Rielal alllge of

the seal ing assenbly conprises an inner seal adapted

the ¢bopewaber®.th an i nner seal on the opposing ramto
seal against the wireline or pipe. Mre preferably,

the sealing assenbly conprises an outer seal adapted
MoeS @tle FRAGRS vOf ol Recweld ket iaghiotsttieldhnestivme is
Optionally, the inner seal is retained on the ram.by
ree igiedeiiiddgle formation on its edge, diametrically

opposed from the channel.

The formation may be a second channel formed outwardly
from an edge of the throughbore, such that the first an
second channels together form an aperture extending

through the drum perpendicular to the axis of rotation.

The aperture may extend through the axis of rotation of

the drum.

Preferably, the aperture is aligned with the formations

for locating a wireline or pipe in the closed position.

Alternatively, the formation is a cutting édge adapted to
shear a wireline or pipe as the apparatus moves to its

closed position.

Preferably, each ram comprises a sealing assembly having

one or more elastomeric seals.
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wWo@@6/05de7 mechani sm Al ternatively,

Preferably, the apparatus is hydraulically actuated.
Optionally, the apparatus is provided with a manua
t he appar aP@BEGB2005/004366
manual | y actuated. The devilte may conprise an
actuating assenbly or actuating neans for selectively
actuat i t devi ce, c ' : b
N R PEA L5 BaY 6ot T oaPS T aT ot £ LT aLa: Lrnl Renbers, TpgeT
sedll . thapebieeb. ctbepeaateatiing assdmbley mewplcomprihee an
actuating nmenber coupled to t%% fi,rst ,and secand -
OPRPEILRY AERDEPS SSPdr A8REPESIINGRE FarrEe 16 e Pddit i ng
menbers to thereby rotate the cutting nenbers . The
actuating nenber may be adapted to simnmultaneously
Mpokabecttheabilyst thrd sseddng egseid ymewberd sigs an outer
respective opposite ratatianal_.di t , t hus t
Ban FATPEER: BO R QuELrag Renidrs "o s AOReREE gF T

ng menbers.

pkBesiupgention, the actuating assenbly is a hydraulic

actuating assenbly, where the actuating nenber takes
the formof a piston. However, it wll be understood

opiabothe Akl hRgeassenh] ¥ ML AlRINAL Loy BeAby che

I c; electronic, nechanical or electronechaniCa
catkwatiead .assenbl y. The actuating assenbly may
conprise a drive transfer nechanismfor transferring
force fromthe actuating nmenber to the cutting nmenbers

prefRe BV e theangbakaeehan spdray 1ieadaptrdu=ted.
convert a translational novement of the actuating

menber into a rotational novenent of the first cutting

mber d C rar ti.qQnal ; .. of _t ond
R YR AREREMAL A B MR B o B
oterptiidse nidchshiamd second

Alternatively, the apparatus is manually actuated.

The device may comprise an actuating assembly or
actuating means for selectively actuating the device.
The actuating assembly may be adapted to selectively
rotate the cutting members, to cut the object. The
actuating assembly may comprise an actuating member
coupled to the first and second cutting members, for
exerting a force on the cutting members to thereby rotate
the cutting members. The actuating member may be adapted
to simultaneously rotate the first and second cutting -
members in respective opposite rotational directions, and
thus to contra-rotate the cutting members. In
embodiments of the invention, the actuating assembly is a
hydraulic actuating assembly, where the actuating member
takes the form of a piston. However, it will be

understood that the actuating assembly may alternatively
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drive transfer couplings, each associated with a
respective one of the first and second cutti ng nenbers
war@eosspt ed to the actuating nmenber. The fir sPCEHOB2005/004366
second drive transfer couplizngs, and thus the
associ ated first and second cutting nenbers, may be

I oL at %kil g:t%%m G_L% )&es rrgchra%tﬁ:t 1075 El%%\%ﬂ%

, i Pst Ta secdn§ rive transter coup I ngs may
mb@@@hﬁdaaoamumdeﬁngTe@m&haﬂ@onaI novenment of the
actuating nenber may be adapted to rotate one of the
first and second drive transfer couplings in a first

TH! alionali ndi LeGid®n vand it henpihele enenalvd he-didreir

and second drive transfer couplings in a second,
p@snlts@ rfotrattivewrsi £ ediviast |f@frce’rtﬁr§nrr§;hec @fﬂtﬁ@-trlétgat e

m@ &u t|n CHQ%ﬁngEFH%)aCtua

i se a river ¢ 0 't he actua |ng ne er and

nle@Hahe st sty ard seeard dd orveans feert remgilstigmnal
Transl ati onal novenent, of the actuatlng nmenber y be

MONVERSREr 0dd e AR U@tie eRRse ARG SRR h
rdRerdiivess &R tHereby G AWRRbe they U idhtra-

transfer couplings. Alternatively, the actuating
rm&mmdmnwﬂymmymmmmdedfdMﬁe@qundaquﬂ;xmaV@Hﬂﬁansféhe

cqQu Ilng‘I The drl e t.ransfer nechani sm.na ri se
VS CEARRE S Al 15 "Edu i &?ﬁﬁﬁ%&gﬁt%%t Fisrerot
@Andd hendrsdr d;rdu\tﬂ1H9@7$feercwmdmt@1dvlactsecond

drive transfer pin co%géed bet ween the driver and the
reseeed 1S \@élet cdndher fdewd iamg seeerd it EHiw

2Qld VR S e JEUL 1% HUBRE: 1 O fte

rve ransfer couéﬁlngs at” points spacedzérontt
gleeprl idrniered rineen stfiean sfoerp Id o i @@Mmmfth@t&&temated
fllr}fstthla?'ldf a&*,serc]:loo% cturtat:nlsnlgatn{e(t)nrl]oeorfs ,t I'I]rteay be rotatable about
common axes of rotation. Thus the first and second drive
transfer couplings may be located coaxially.
Translational movement of the actuating member may be -
adapted to rotate one of the first and second drive
transfer couplings in a first rotational direction and
the other one of the first and second drive transfer

couplings in a second, opposite rotational direction.

This may contra-rotate the cutting members.

The actuating mechanism may comprise a driver coupled to
the ‘actuating member ahd to the first and second drive
transfer couplings. Translational movement of the
actuating member may be transferred to the drive transfer
couplings through the driver, to thereby contra-rotate
the drive transfer couplings. Alternatively, the
actuating member may be coupled directly to the drive

transfer couplings.
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actuating nenber may carry the pins, rotating the

drive transfer couplings about their axes of rotation.
wab@easizver may i nclude a guide slot or channePCT/@Ba005/004366

the drive transfer pins may3be engaged in the driver

chanPeI and coupled to the respective drive transfer

N T rlver h c

%ﬁa rﬁV%nE afis |on opec e ac uat W§Q 2P B rive
reankrars ptat esubheddbetereenu pilhlen @Ix_lvlenr amkﬂo dibee tis saf

the invention, the_driver guide slot. co es a sl ot
dgdvei shBPSFEs EAUBIRETant: sﬁ@PE@nﬁl' Saegsfer pin

%ﬁ?ie@fb@%@e@%ﬁ%@%‘@&1@%&b%5d The %b%%hdﬁ@&ﬂ%%ﬁ%&@nsfer
ve transfer couplings may be |ocated straddling the

coupliéng . an@hehﬂershea@ﬂlwepoméydeevﬁo¢§@m§fﬁet@é@@ rieey

coup [ aC|I|tat th| the. fir

D& .cegpﬂ%§n§ @oﬁﬁspﬁﬁs l|¥§y c&f\rfp?r tggnr%téf§§2%t %%Cﬂ%%s at

poeReantpeall ¥rem enled shaktsveads iere tefaﬂéfexs hefiid in
may extend through an aperture in the driver, for
aV@@aPﬁnéoﬁﬁélﬁﬁiveIPréﬁéﬁeﬁaﬁé&ﬁpln&§@ﬂﬁ%§£ﬂqqu?QI¥?e
e fs I

o e b e e e
tma&eﬁemnsou@ﬂn@gmoqumg t@euheaapEMCéh¢Qﬁaﬁmam The

Qsi tions of E)]gcuttin e drlve tr er,_.

YREANFSH MaY B alfr &g e?trr z? o f |alps d drive

38697 dpive Wednee ren@e@réla nes thie tdiqlvrerr espesidlvend
open and cl osed positions.~ Th is may ensure that the

coripledt itansher r@@mqtﬁg@ anivet taewe el s li&gond The

th "
BT BiRERT AR R R e el or

t&br%bt@eﬁla@@ﬁed&eutbdm;naaﬁmmatesnnhduaanﬁﬂaampl1ngs
t oget her, such that novenent of th d

In embodiments of the invention, river guide slot
comprises a slot portion disposed substantially

perpendicular to an axis of the actuating member.

- The first and second drive transfer couplings may be

located straddling the driver, and thus the driver may be
movable between the couplings. To facilitate this, the
first and second drive transfer couplings may comprise
respective concentrically oriented shafts, and one of the

shafts may extend through an aperture in the driver for

- locating the drive transfer couplings straddling the

~-driver.

The first and second drive transfer couplings may be
adapted for rotation between open and closed positions
corresponding to the open and closed positions of the
cutting members. The drive transfer mechanism may be
arranged to restrain the first and second drive transfer

couplings in their respective open and closed positions.



transfer couplings beyond their open/closed positions

is prevented. To achieve this, the first and second
waleiog®3Boupl i ngs may each conprise a curved caPCT/GBe005/004366

slot, channel or the |ike, 1¢ach of which may be

adapted to receive the drive transfer pin which is

TR FRy S ok RrEn End RRPRE 10k (NBLPN® SOUIIES ool e

O 0 3 N bW N

W L W W W NN N NN NNN NN R e e R e e e e
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One o Ve trans er cou
mp&eNiflrtheenBel onkl thelmlme@@mmﬂwmmajdpeﬂIamdbkﬂemmmhe

of the drive_ transfer couplin and thus venent .
p@éﬂﬁé@ﬁstheTGﬁeﬁlgﬁ& @F@%@@ﬁﬁéﬁ Y€ &, the

B 1] sbeahastthﬁlsn%@leagr@ﬂ&t RV R PN HenfiRlY s,
an osed positions by abutnment with ends of the cam

mlawable CA@péedl mggte@h&rs@wem ttb@stp@@tve@fentth@ﬁ e tdreve

t of. .ca

CORETST QUPICHE ZEVEH Gh oo SR Berb R e 2
prleRatel. - TBr avihdieRe aHilsowelie @Eieventeid ateddisl rdxg;\ze
t he bl owout preventer caonprising a pair of rams
CrOPABISE FPEmPachl COMDEISY iforF WY Sthi o (&l 16t

cﬁg%%gl | Andra §6¢and pos; tdfowl%hwagh dde 588

sore around a wireline or pipe;, - Passing the
ﬁ@dmmma:thee@enwertmhmadGH‘anﬁapénm&ras ccamngafed to the

atform e blomout pr event is in.ts
afFﬁbm% gﬁtgF %lngﬁi $hEBL ShSie °F one

o @HRNIeH van ttr%%sﬁfre%s W@l@.@i’g@f Haye P rRRN noAGReT i I T
to a eighth aspect of the invention there is provided

télemlmo@omes:é@ldl v &heeldtieire onehe frdthro oM itSianp e
sl 3R, Shd WA B AMRA (e AP ol $IBIAR U Sea

i'r open p05|t|on in
p081t10ns However, the pin may be restralned agalnst

movement beyond the open and closed positions by abutment

with ends of the cam track.

According to a seventh aspect of the invention there is
provided a method of configuring pressure control
equipment at a rig, the method comprising the steps of:

- Providing a blowout preventer at the rig, the blowout
preventer comprising a pair of rams moveable from 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;

- PassingAthe blowout - preventer through an aperture in
a rig platform while the blowout preventer is in its
operating orientation;

- Installing the blowout preventer on the pressure

control eguipment.

According to a eighth aspect of the invention there is

provided a method of sealing a wellbore, the method
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pass through the wel |l bore and- a second cl osed

position in which the rans abut to seal the well bore.
wab@c®ssiit | now be described, by way of exanplBCDGBR05/004366

enbodi nents of the inventiadf with reference to the

follomﬁng dramﬁngs of which: . Figure 1 is a front

iew.of _a- e . [ ccorda
ShEh i Sind Aot soap BECERIeRinbng pelbl rang iy Ptk -
a¥Eewbol, EhemBéPfikackopéan@@nelbnfn@wmaltMriﬂus@dway

showi ng | ongi t udi n sectio thro h the actuat
PREENSLTRIGLr £1S W§%& bBF &N %ﬁ%g §§8§F§¥3§gn ion in

whib GHr 8hl raﬁbgbﬂbﬁt"’tbss@aﬁert%%e%fell\l%o‘zﬁeew of the
enbodi nent of Figure 1 , showi ng the main body of the

BOP bei ng partlally transparent to display internal

& 5A A
TERAR Aa “aBove b SeRetr BRCLCENRRY RE° SKeRIE ERNT

efmoaﬂb@ﬂit@eﬁtﬁ ahet havienverh amn,ths hevieriemdet $oodre
position; Figure 5B is a perspective view from above
fﬁﬁéOWﬁégsﬁ&éwépgﬁheoﬁaWPé§§enbly of Figure 5A, shown
inits closed position;1 Figure bAis a perspective
view of a ramof the 2 enbodinent of Figures 4 and 5;
3 4 Fiigures 16Bsand f8Cnér yiper odect iblew ioa\s rafevamter

(ROP) stack in accordance with an embodiment of the-

invention;

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

the actuating means;

Figure 3 is a plan view of the apparatus of Figure

1;

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

components;

Figure 5A 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
gside of the ram assembly of Figure 5A, shown in its

closed position;
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5 alignment drum of the enbodi nents of Figures 4 and 6
5; 7 8 Figure 6D is a perspective view of a ram key

w@bk@b®3317 of the enbodi nent of Figures 4 and BCT/GB1005/004366

Figure 7A is a perspectivelyiew of an outer seal of 2
a sealing assenbly used with an enbodi nent of the 3

i nvent:i_on; 5:Fqure 7B TS : } \/ ' f
| not oA o7 ¢ % Y B R e R .
enbodimivedinent ke Fiigurert idond B Figure 8A is a plan
vi ew.of the ram assenbly of the 0 enbodi nents of

Figures 4 and 5 in a fully open 1 position; 2 3 Figure

8B i sigulaan of aPfedt he epadigmnti«ef Fiaw eofd min a
partially closed position; 5 6 Figure 8Cis a plan
vi ewadfl grimenytadass b the fentag imasso dt indhtgwie i 4y andd
5 insa partially open position; 8 9 Figure 8Dis a
pl an“View of the ramassenbly of O Figure 5 in a fully
cl osed position; 1 2 Figures 9A and 9B are perspective
vi ews of an . . )

Figure 6D is a perspective view of a ram key plate

of the embodiment of Figures 4 and 5;

Figure 7A is a perspective view of an outer seal of
a sealing assembly used with an embodiment of the

invention;

Figure 7B is a perspective view of an inner seal of
a sealing assembly used with an embodiment of the

invention;

Figure 8A is a plan view of the ram assembly of the
embodiments of Figures 4 and 5 in a fully open

position;

Figure 8B is a plan view of the embodiment of Figure

5 in a partially closed position;

Figure 8C is a plan view of the ram assembly of the

embodiment of Figure 5 in a partially open position;

Figure 8D is a plan view of the ram assembly of

Figure 5 in a fully closed position;

Figures 9A and 9B are perspective views of an
alignment drum in accordance with an alternative

embodiment of the invention;
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3 alignment drumin accordance wth an alternative 4
enbodi nent of the invention; Figures 10A and 10B are

w@eospestii ve views of the alignnent drum -of FPQUIGB2009/M04366

and 9B in a ram assenbly in7accordance with an

enbodi nent of the invention; Fig. 11 is a view of part
of an actuating assenbly in accordance with an
alternative enbodi nent of the invention, taken from
one siideiredand Oghamdnd qRrdre gfertdpe ccitueatiirgrasse ey
in ghost outline; Fig. 12 is a view of the actuating
asseREILITBeIE .rui“l',o% AEN S omA I’?éldgt%rl%iadéanfzi g.

13 i 3R MAY o Rdoard WrithearPaibdfitdit of the
actuating assenbly of Fig. 11; Fig. 14 is an enl arged
vi ewiofreat igetiuat or forming part of the actuating
assenbly of Fig. 11; Fig. 15 is an enlarged view of a
first drive transfer coupling form ng part of the

act uatiigng 1assema wiefw MY .pald dfken daamooneg sidemnbly
Fig. 16 is a view of, the first drive transfer coupl| n%
of Filg apsondaesie Midm e dimemediige saRpdifents ofy the
enl arged ;e \H,Oft%e?{s% Yo & idAnsiers1RARld rItQart of
formng part of the actuating assenbly of Fig.” 11,

t akerthier emtowre isidess imp1y1 81 glwatd ewtdfindve second
drive transfer coupling of Fig. 17, taken fromthe
other side;Fig. 19 is an enlarged view of a torque sub
for meng part i@f 4 Reactdmtimng asseming fsdpbld Dt Fig.
taken fromone side; and Fig. 20 is a view of the part
of tﬁé”tdﬁﬁﬁglgm@mﬁthe other side;

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

actuating assembly of Fig. 11;

Fig. 14 is an enlarged 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

assembly of Fig. 11, taken from one side;

Fig. 16 is a view of the first drive transfer

coupling 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 Fig. 11, taken from one side;

Fig. 18 is a view of the second drive transfer

coupling of Fig. 17, taken from the other side;
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Fig. 19 shown fromthe other side. Referring firstly

to Figures 1 to 4, a first enbodi nent of the
wa@ppanst3us of the invention is shown, inplenmenP@mGB2008/004366

bl ow out preventer (BOP) sti&ck, generally depicted at

10. The BOP stack conprises a pair of BOPs, shown

gene aIIy t a 4 T B ar ai

MAth 9a %glﬁéﬁAB ggiérgwg‘gﬁegen?a%hgoa omé%ﬁgﬁgﬁmlng

H B iaefftcanﬁnental agtubemgparsetemltyo o ff arigexddpl eakaen

riser, and an upper tubular section H A for connection

to, £6PMeRBAPP&dSA POBri cator stack. It will be

appreciated that although the draw ng shows a dual BOP

stack, the BOP can also be used in a single, triple,

or ther ﬁﬂluspheveewfpgumael@@rEAQ§|ﬁ&ﬂ telremyd yub of

sho the oP ack ses an upper ram

asse Eg ﬁgnafF F%Fan1asseﬁgﬁ% "15B, housed in

cylindrlcal cavities oriented in the Y-aX|s

perpendi cular to the main wellbore axis . Act uat,or
R§§§éﬁﬁpge§lIét&NdtPSFéﬁerﬁﬁo@|&@d onafﬁ&ﬁ?taﬁFQQQ%m ent

o%'Qﬁ%b%§pBQ§tﬁ PRFatus 1 ?%H' eE% s%%%%.aQB&ﬁk%knted

I'ncluding a palr of hydraulic pistons.
athias bépiyodune ptrevanteat dBOXS s errslck 1@amaﬂaﬂimsdﬂm;cted
agiiton 17A which functions .to actuat.e a
S

Do) e RORS oG ot et o BRI of B how™

geamraf 1gssemhby 158 1R | atley BoRet Wald R@rasserdd within
conprises pistons 19A and 19B, respectively

af madDi bRy 1Re ubiGht €oBPpasisnG~raWey itidmr 11B for
C%%?leeggghgo tgi%?a%%g a%:%% tlon %(_:Eh e&%‘?‘n let h% ptjl%teq:ns f%{de an

coup scot'ch yoké type ‘act uators
u@bbhoughuﬂhrwebbthenappmedbat@@ﬁﬂé@ﬂ1aﬂIua; for example,

arrangenents coul d be adopt ed.
a lubricator stack.

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

triple, or other multiple configuration.

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

perpendicular to the main wellbore axis Z.

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

and 19B, respectively functioning to actuate opposing
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Al'so shown in Figures 1 to 4 are equalising spool

subassenblies 20, |ocated on the diagonal of the body
wQa2006/0bi3se al | ow the controll ed rel ease of wel PCT/GB2005/004366

pressure prior to noving the ram assenbly froma

cl osed back to an open position. Figures 1 to 4 also
__shaw.3 inject] rts I i fly d.t

PP e d e RO Adr B4 el ord! GF The g ©he
pitsa@?‘sl ij@urce)u@méisaoshﬂm reosd thyoraegcdf wdkee rame

asse ies 15A _and 15B., In Figuyre 4 , bath ram
agSeIed 315 A L@ UERE L &idHoWE AR 15 Bpéher
aRSIH oSt sTRSACE Bt e Jmehani smwil | be descri bed

In nore detail below. Figures 5A and 5B show

conponents of the ramassenbly 15A in nore detail. The

i n body and_actuator.s of the B \LE. . enpy
I8 sty JH FATMECTS o3 4 IS S IANG BRP LI DR
a2@em®lican 2al,i gt dicimths dirdyahalamkeheplaid, 54 .

The i ndividual conponents of the ram assenbly are )
TEIRSEN 3lAd M e SBATG 169 T91GRE SA Hvovs sure prior

t%S%%m% 154 iR AR open RO Adon, MelLasfdigws a§1806pAen

shows ram assenbly 15A 1n a closed position. Figure
peledws can | Adiowirdisall rtamdb @ ldvavdhny 8 siedldaty cas gmmilsy 22

nount t,hereon. The ram 5Q _comri ses .a i.n. _body
263 G T bR PO T O G GuAde R Gt
SR od SEY thd B taddre ramrotates about the main
cylindrical axis Y . The ram has an interior

sectionrenoved, to forma part-cylindrical seat 63

Fifred 1t G1dld WHIBAE P 0f e JARASSHPlEo R 1 e 15a
| ernal radius o e renoved sectlon corresponds to
alnide s&di usrofFithereald, gt rimurasEZmldndes sL5A and 15B
approxi mat.el y _50% of .t he total R ' .
are shown in theilr fully open positions. The actuation

mechanism will be described in more detail below.

Figures 5A and 5B show components of the ram assembly 15A
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 6A to 6D.

Figure 5A shows ram assembly 15A in an open position,

--whereas Figure 5B shows ram assembly 15A in a closed - -

position.

Figure 6A 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, the ram rotates about the main

cylindrical axis Y. The ram has an interior section
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radius of the ram The part-cylindrical renoved

section of the ram 50 does not extend along the entire
wa@xooalosi3engt h of the ram The ram conpri ses anPE€ndB2005/004366

plate 64, which is receivedbtinto a corresponding

formation 65 in the alignment drum Forned in the

|_ower ed t 7 t ,
SRS R R i SR e S
ahQ@elIﬁe&tS@ﬁlHrCId'fC whay riam @rsmrﬂ:sle,ct i dﬁhesart’dm:tnaﬂwemdius
t he | ower edge of corr.espondin 51.is ced

OfdjtRCe FEMOY B SEHHEPR KCd Opr% w’ﬁwéDf the

allRRHEhROE-UrS B I 3nged & @i lnfé[t%flﬂlmt&f He AR a1
or "equal to the inner dianeter of the wellbore. Al ong
radioppesi fdie s@al.i ng edge 68 of the ram an additiona
channel is forned in the main body of the ram in the
axi s perpendicular to the main axis Y of the ram

TRES @RIty §1d ridie celankeloved isedtioropposiing edge0 Thees
channel is sem -circul ar, such that when the sealing

%@X&@%@l&woém?g 4 Ss ptidced S Gt et ,the ram.  The
1R Y & {PQ1 oL Q@Qldﬁ5fé"fgﬁglﬁédiﬁhﬂéﬂﬁ

palr he ram s provided with a seal assenbly 60
coamasiceingg. ren foutrert isenl6 57 firartheam liioarersdealri?.  The
i nner and outer seal are elastoneric, and are adapted
to seal against a wireline when the rans are in a

FOlrgeed iPOTiHd bwddt esheulds ke noted-dats no degessl 67
formed in the inner seal corresponding to the aperture

o5 ehelimed Hay aliel &a fdie Hﬁigmaé%l%éf &d B W t he
dififer [

B SR d SR ARSI TSRAR %o

dﬂaﬂ wh@m'E%emﬂdwaﬂ1aﬂgaadﬂ)ddrrnﬂbondlng ram 51 is

placed adjacent, a circular throughbore is provided. The

throughbore is arranged to have inner diameter greater or

equal to the inner diameter of the wellbore.

Along an opposing, sealing edge 68 of the ram, an
additional channel is formed in the main body of the ram,
in the axis perpendicular to the main axis Y of the ram
assembly and the channel 69 in the opposing edge. The
channel is semi-circular such that when the sealing edge
of the opposing ram is placed adjacent, a circular

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

The ram is provided with a seal assembly 60 comprising an
outer seal 71 and an inner seal 72. The inner and outer
seal are elastomeric, and are adapted to seal against a
wireline when the rams are in a closed position. It
should be noted that no recess is formed in the inner
seal corresponding to the aperture 56 formed in the ram

pair.
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therein. The opposing end of the alignnent drum has a
section 65 renoved. This is a quadrant of axial extent

weowalost3o7 t he t hi ckness of the end pl ate 64 onPtheBR@F004366

and receives the end plate2df a ram when the apparatus

I's assenbl ed. Menbers 82 are provided for engagi ng

with a spindle of the actuating neans. The ali gnnent
drum 52 has a cross-axial bore 81 forned therein. The
Biefe &l 65 sibA@Mial |hheidltigmterith dressssettdmntwo
with dianeter corresponding tao the inner dianmeter of

Y apem th 1S SHSE P n&%@é‘sl%%e,n%é%f%? thegenerally
&osRadAl, kel nahannel s 84a angdl (Bt &l d01dBEh formed
éxtending outwardly fromthe centre of the cross-axia
therreeinthe Tirammless 84n, el b fartéhdf grlmeghreent drum has a

di anetrigal | jdes of the. d i £ h,
Aarer o CRBR I Df % e BRERETIN o BorE: gecent

dapila 1l alge enaighrire & commudaten @ pldted i1 68 & fliPeram,

being run in the wellbore. The channels extend to a _

iS5 trafes Vaic Heh NG FRVa e fathe 47t Here 1o -aparatus is
r.faper

e eSS U T P B ¥

gpourted dfo ghreo\daeiat istpotdersur f ace for the wireline

or pipe. The edge defined by the rimof the main bore

and the rimof the channel is shaped to create a

EHDO N, grhRREr ef-Patd fHMd ha-J8 -biote dord K81l formed
channel. In this exanple, this is by a pair of

ttheangant s iThe ihvace tSL e sarvtivert ial laf ctio- ORI et ediz0ss

wi t.h smoot.hed e e i nte ct e %Qgpnel S.
%‘—elcgi-‘ulroér1 '6Ql§;lsf,}ﬁ'lov\c§l e:tervwanﬁire%/ gioéi({eh%ga%%\h?%{ 1§ ¥ or med
dienet it wearmetlerbeopial 1o ddiadsiafg tddgead | pue3b of

~drum52 . Tliet. am plate conprises a central bore 86,

Rﬂﬁ(ﬂ¥Q%§ﬁ§xk§; bore, channels  84a and 84b are formed,
extending outwardly from the centre of the cross-axial
bore. The channels 84a, 84b are formed on diametrically
opposed sides of the drum, with a diameter 1esé than that
of the cross axial bore 81, but large enough to |
accommodate a wireline or pipe being run in the wellbore.
The channels extend to a distance such that they define
another cross-axial bore or aperture paésing through the
central axis of the alignment drum. The ends of the
channels are rounded to provide a smooth surface for the
wireline or pipe. The edge defined by the rim of the
main bore and the rim of the channel is shaped to create
a smooth, tapered path from the main bore to the channel.
In this example, this is by a pair of tangents inclined
to one another at around 90 degrees, with smoothed edges

where they intersect the channels.

Figure 6D shows the ram key plate 54, which is formed to

an outer diameter equal to that of the alignment drum 52.
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the axle 80 of the flat end of the alignnment drum 52.
The plate 54 is therefore able to rotate with respect
WO eooblog13at | gnnent drum Menbers 87 are provi depCT/GB2005/004366
engagi ng with a spindle of 22he actuati ng neans. The
plate is a circular disc with a quadrant renoved. This

TR 1GR eSRPRAS dDO 4 herfind Ple e a WiaBh atkeives

receives the end plate when in the ramassenbly. In
tiltes aasise @l of $hat & Llathendamiagswnis i anmenty ahgud Such

- that the quad i n_the alj drum 52
TGS Bo Lend BT BE s B oS G TRE Ve, TSR 0

t3eC By 1tiRginemat @ruen ofvdnerdy WM effee eirovicieat i iy afndditfing
ram and vice versa. In contrast, the opposing ram 51

widham eniadlis &fe thia RGTAGHEAT Meafe allifh iRt riina
A% culdMeMes i raaﬁda%ﬁqlta&een%e&y Vi st %F%{%féér&

correspondi ng quadra cause the ram 51
aoatratsgdndlsorng witich enlde plamekeyf @ atean 5And-iraaaisvefA the

a B show conponents of a seal, assenbly used with an
eéﬁ?ﬂé’éiaﬁ\?ntw e m&ﬁsefﬁj&ys'eal assenbl y

~conprises an outer seal 71 and an inner seal 73, each
conpri sed of elastoneric materials. The outer seal 71

Tirs i?%ﬁ&ﬁ@@blﬁq frEaficand-hse eeh dEATRLY ¢ % e ghguch
Qf i 7
T o, P TR Sotter ot 4t B AR e ol y

rextedR@disN g hiee temidn iplg ted gels of6 caree ff iHed echrat, tdeen 50,

prongs of the U . The inner seal_73, which i,n thi
Feti & Ok Ao Cin i G S FEa5RS H CRi e difal the

rbh, iahd QiR it br oad damerdad TrehaRgosingy W51 is
surface 77 of the inner seal 73 abuts a supporting
afrdrebéro o tiElie neith bedpect to the alignment . drum 52.

However, the ram key plate 54, by virtue of its
corresponding quadrant will cause the ram 51 to be

rotated along with the ram key plate 54.

Figures 7A and 7B show components‘of a seal assembly used
with an embodiment of the invention. The seal assembly
comprises an outer seal 71 and an inner seal 73, each
comprised of elastomeric materials. The outer seal 71 is
U-shaped in the plane perpendicular to the sealing
surface, and has a curved outer profile 75 shaped to be
flush with the outer surface of the ram. Inwardly

- extending retaining edges 76 are provided at the prongs
of the U. The inner seal 73, which in this example is a
different material from the outer seal 71, is formed in a
broad inverted T-shape. The lower surface 77 of the
inner seal 73 abuts a supporting member on the main body
of the ram, and the edges 76 of the outer seal f£it onto

the corners 78 of the inner seal.
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of the ram and the edges 76 of the outer seal fit

onto the corners 78 of the inner seal.The seal -
wa@eeoangBnent descri bed above is self retai ni ngPCTGBR@®5/004366

sense that the outer seal g&cures the inner seal to

the ram body. In use, when the rans are closed to sea

hheféghigggsnggﬁsnﬁx gggﬁlkg@csbg@etﬁg wehle PLESIHISG- in

ause t astoneric i nner sea
tRBei eknkegehher thenottherpsieai aebprwBthﬁounngrtbeaﬂaﬁn
assenbl¥ froma cl osed 03|% on in which

thgaramoPogypositAgUFans YAFE FASCcHR S oS ;ﬁsgbgﬁo seal

£RESLI B0kl , WhehckbechanEoate $epanat adllt peckafre will
bl ocks will ‘tend to remain in place in the centre of

tehé melbbgse theesdasheypenie dapeiresyaflist tedstdckne
ch3MBL LL 1 Socpnveptignal Lo praul A8 IBLALHNSEL! Sooeniny

the"'Se 0 prOV| € ‘suppor or Screws

fheht s usedetiopaktatbnt hea sRakht @hkhénham skalthet
enbodi nent of the present invention, the ouyter seal
OBPEFiBESTERE PEEehRi BATFBFEe LPoATL RBSPNREFLEESH, 54 which

tﬁgﬁggiﬂeg Feeseggyaega\sn&h@%aﬁc EWekangiMat &lenkingerts.
is sinplifies the process for manufacturing the

remalig, 1mhp¢hcasaynbehbycan$mpbé rthjeewelldﬂmomuwml@@s they

I 0OCess t OSI tion hown in Fi ,
oL reny " rane B B B R SO g fititnty o
p@Mbh&érm@@blcamebytsnmbh@dBGPlho@he keatlli $opesickiiae,
the cross axial bore of the alignnment cylinder is
subPgied LRt BCReWPbeireboLgsadgieti 6R, athechotdedsrredo

t?é the SeEhckhgu%ﬁanﬁﬁgﬂ%!%ﬁﬁlﬁg” &%%ehemqﬁyeg&g%nofthe

rans is nment w t n wel I'bore, and
otitherr agalapeoivtidan openrpasntion fomces€&orwithle inner
reference to Flgures l.and 4., the piston 17
seal, removing the requirement’ for screws and metal
inserts. This simplifies the process for manufacturing
the seals, which may be by a simple injection moulding

process.

In the start position, shown in Figure 4, the pair of
rams occupies the lower half of the cylindrical cavity in
the BOP body. 1In this position, the cross axial bore oﬁ
the alignmént cylinder is aligned with wellbore. 1In
addition, the bore defined by the semicircular channels
67 in the lower edges of the rams is in alignment with

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

In use, with reference to Figures 1 and 4, the piston 17A
is actuated, causing rotation of the scotch yoke type
actuator, which is coupled to the alignment drum. This
effects rotation of the alignment drum 90 degrees in an
anti-clockwise sense from the perspective of Figure 1.

Simultaneously, the corresponding piston 19a on the rear
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is actuated, causing rotation of the scotch yoke type

actuator, which is coupled to the alignnment drum This
webdoeoss1T ot at i on of the alignment drum 90 degPEEEBRIVS/004366

an anti-clockw se sense fr@inthe perspective of Figure

1 . Simultaneously, the corresponding piston 19a on

- gLhe tga%ée&gﬁga 3&8“@589e§”90€§9§8ﬁ b8t @hkon 0 phhee .
ram plrate.

: € cooperating guadrant formation engages
TmetbobperaamngaqaadgahhefbamatmobeengagEedwgahde@eeeam

s in a clockw se sense fro ers ect' e Fi
catisl i EReattlintPoRe ERESEED PnECBEEasy (Phe (OPTI-6H
séﬂgetPPOﬁaEEeOEekgﬁeEEHVEdchﬁhgﬁ@élﬂy in the BOP

ody. In this position, the sealing edges 68 of the

ran1are | ocated together. The. outer seals 71 seals

8gngctﬁgt§%%e % Lween tgssb89xpg§7§%% CAYitY %%dt%hg

ore the i nner sea seal "agal nst
wprﬁhuﬂeoﬁrtnepeyQXhemdcag thvmugh1hhehmeBb@obedyTheIn
shape of the seal ass t t he appar at us

thissePEiEheRgi SPRgSed lﬁﬁlﬁhéﬁésgg 8%t &RGs Te8 fofce

1EB§téaakég%@h@Ed aRfel BWREYS sepadsiyAg skhe sSedbuhe Ree
mal nt ai ne Figures 8A to 8D show the operation of the

edgbobiemwrenothEi odys of ahe 6aNntNDﬁ@ddéb§|mal@nd in
i cul ar_sh t he_funct.l the | t.drum

WE?@EF£esAaP§ g | NN ewor > the Fgﬁﬁas 3 |% Sits

wQ@emlﬁeSbklgmpelex&ehalngskhr@nghtheeraealiﬁxe51 The

occupy the bottomhalf of the cylindrical cavity in
shapeBOP EB@ySe?ﬁea5§§WPéYsﬁ§m§uFﬁet@ﬁﬁoﬁ&ﬁb@@@agftus is

I Wi dit. em
S%#%Cé arbg% %elég6¥%?%r§%%gghge kgﬁb%efhegggggg?h%he
seals ppawirde ahdl inwards, causing the seal to be

maintained.

Figures 8A to 8D show the operation of the embodiment of
Figures 5 and 6 in more detail, and in particular show

the function of the alignment drum.

Figure 8A is a plan view of the ram assembly in its open
position. In this position, the rams 50, 51 occupy the
bottom half of the cylindrical cavity in the BOP body.
The Figure shows the throughbore 81 fully aligned with
the wellbore. In addition, the semi circular channels 67
formed in the lower edges of the rams provide full
clearance of the rams from the wellbore. The wireline 89
extends through the bore defined by the cross axial bore
in the alignment drum and the semi-circular recesses in
the lower edges of the rams. In practice, the wireline

is unlikely to be perfectly central in the bore.
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cl earance of the rams fromthe wellbore. The wireline
89 extends through the bore defined by the cross axia
Wb oe/05131T he al i gnnent drum and the sem - ci r cUPETF/GB2005/004366
recesses in the | ower edgeg5of the ranms. In practice,
the wireline is unlikely to be perfectly central in

the bore. Fi e 2 I rtj
rfifsagRE: PoOMsT s R ek RIS o R a R B ¥ ke
rbekat bancybeee, abvhbeoalimgnednt SdRuUnhrasighotratted itdmr.ough

around_ 45 d , dt [ f h -
Kare.| KB RedURERp CORFIIS) ¥ 050 9Cy EEe s Gend 4s
d%%?%ggt-aﬁaethr%@aﬂgn treRds L eugh he per i ined

I ned by the bore and channels formed either side of
athepborsimatiedly 99 dewriesst ve shgpensthersquiie wireline

rotated _thou 45 degrees, w.th. te

ETEERG K REbs £ SRS o e S uare Lo A
cheamet Be rehardeles t3éa andicS84lF ane aorgnedhiidhh itshewow in
cut-out formations in the sealing edges of the ram

. As
thive SEPPGnRENE G ConiiNaESS SHOBEE €51 fedress, with an
Al 8EL0RNARE AN M@ ARA Whe 1o AN U1° the

i ne resi econes progressively smaller, and
stite e, r gormed Sroui dée ohwands st I8dacemcr 843f arise sPoramed

I ti h | s 84a, .84b. T i di
o e RE aH e SRR Lo ol e £ Hadth e fay the
Ahe wreline. It is notable that the wireline is

gui ded by the upper guiding edge of the bore, and by
the | ower guiding edge of the bore sinultaneously.

alNiSel £l 06RO 2hd 0. OMLENIOBR: s o Y BOP

in I C e one guiding neans on one of the rams

dies ibef afe thize satreer,. theguper@Qrshdws wihelr arhe
assenbly alnost " fully inits , :
wireline resides becomes progressively smaller, and the
wireline is guided towards the centre of the bore and the
locating channels 84a, 84b.  The guiding edges of the
bore are shaped to provide a smooth path for the
wireline. It is notable that the wireline is guided by
the upper guiding edge of the bore, and by the lower
guiding edge of the bore simultaneously. This is in
contrast to a conventional ram-type BOP, in which the one

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

Figure 8C shows the ram assembly almost fully in its
closed position. In this position, the rotated square
aperture is no longer present, and the aperture is an
elongate locating channel aligned with the cut-out

formations in the sealing edges of the ram.

Figure 8D shows the ram assembly in its fully closed

position.
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closed position. In this position, the rotated square
aperture is no longer present, and the aperture is an

web@a@stse7 | ocati ng channel aligned with the cuPEDGB2005/004366
formations in the sealing @dges of the ram Figure 8D
shows the ramassenbly in its fully closed

g%@%&%ggétlggr@?hgﬁb%ngnggl%QQ%%QQVgl%ﬁ%%@ﬁﬁéﬁt of-the

nvent i on, 1 n which al 1 gnnent
lﬂggﬂg@&nhain?hhmehdthbea&ﬁbnhEQMIﬁhahlQﬂ flae shape
enbodi nent. of Figures 5 and [ xampl e, _the
dpﬁ@@ﬁﬁpanfrgmiﬁhgénéﬁtééea§ A ﬁ% FoaEspD G964 ©-
when the wireline needs to be cut to release the too
string below. The shearing alignnent drum shown in
IEl gluies egAmphe  OBhei ﬂh@ﬁ@tﬂp@mltshénmluemmd Gsup efhear

gure A_and 6

nel [
o SR o ORaq UF R, Beby Sheh iR Rl 5 s, BE he ko
rén ki@l rhehiceb1beeenns thke dwawerhedgecas itke ad.rllg;mment
rotates towards the cl osed p03|t|on Thi s Ioggr edge

SryRcEhONS 18 GiPHESEh@Pnieidl OFe Sidvisrds e re of
a%ﬁgnggﬁ% QP! %C%lghrkge§%9%9d|6§“¥h RGN AN ng

opposi ng ed a rounded cutting edge 92 is forned
cabnhlkd oAt essenﬂyopr@f\flgimddlmg oemgmgel r@ﬂ Hites éwa\@pllél

the guidin re t ent s t bore
t@ﬁc@%ﬁ@&mﬁ € %g 9he ﬁgf&hg’ ﬁﬁmﬁb é%?es
t%@Ad%ﬁ%.%@@a%%%wt@w%%@baiiﬁﬂwlbSEaDpd@ﬂﬂ#ﬁﬂmlﬁﬂhis lower
alignment drum 91 at different stages in the rotation

edigel untivd owisr &loj weLidguitdied viig eli@e dpeg St tHhee AsaYEe
%gt%' | ower gui ding edges is nmet by the cutting edge

gpgethe drumis fully through its rotation
cycle. As
In place of the upper lécatiné channel on the opposing
edge, a rounded cutting edge 92 is formed at the
intersection of guiding edges. In this example, the
guiding edges are two tangenfs to the bore edges,

inclined to one another at around 90 degrees.

Figures 10A and 10B show a ram assembly 100 including the
alignment drum 91 at different stages in the rotation
cycle. The wireline, guided to the centre of the bore by
the lower guiding edges is met by the cutting edge 92
before the drum is fully through its rotation cycle. As
the ram assembly proceeds to the fully closed position,
the cutting edge shears through the wireline. The
wellbore is sealed by the sealing assembly, as described

above.

Figures 11 to 20 show an actuating assembly 158 in
accordance with an alternative embodiment of the

invention.
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the ram assenbly proceeds to the fully closed
position, the cutting edge shears through the wireline
WO 200h@518et | bore is seal ed by the sealing assenptTGBa®s/004366
descri bed above . Figures 21 to 20 show an actuating
assenbly 158 in accordance with an alternative
enbodi nent of the invention.Figures 11 and 12 show a
part of the actuating assenbly 158 together with the
Figirassembhydld? ehdthgpaetlafshbasaatpatﬂngfashembly

actuating asse nbl 158 t oget he ngl.e ra 0.
L A8 pBRRFFy VL F ReaE: BT AGoAEbAHbLY 1885 LSRG N AN
sﬁgﬁsagrbgﬁﬁ 8@'€Egegc¥h§E&9? Eguf8134158hecaetuali fath
assenbly 158 1s hydraulically operated, and serves for

aasingﬁengamhéOdevAddetugn@éhyvath@té?éuﬁﬁéngaﬁ§s§@bly
The, act uat i assenbl h
1?% ﬁﬁuﬁPSHnwﬁPhl FB %e i%%ggangl%kfg Fégﬁeﬁhh%

captive between upper and | ower retaining plates whi ch
are secured to the main_housing of the BOP.
Thy| PABBACIBY RESEBEPYed PolBolHIrRE IT&RE FhPBﬁﬁﬁtﬁd and

g 1,48 %59”3&%%8g§ﬁgaghénﬁé@éces%Bhcbﬁ%&aL&%@%E@tk%@ obms

e cyl'i nder rotates the rams 50 and 51 between
50hebl . opeheandtoboded pesembéMSLnbﬁud@ﬁead@ﬂ&ﬁpn tLied

actuati ng asse 58 |ncI rlver he f Qr
wgich %ﬁa%@&nﬁﬁg?ggiéénwﬁ|gﬁ £éd 8ﬁdthe c§1|ﬁgéFld
cdB2ivandowhieh bﬁp@@uﬁhad1b%e&th@&thnbf@ﬂ%ﬁ%@ which

mechani sm 164. The drive transfer nechani sm 164

arncsqugeﬂut@tt@ﬁdmgéeoh@uéﬂpqe0€r5ﬁ§f@PPbouEPﬁngyleﬁder
e.form r p e S 2 a
PSR BEELRLE A Wiithghs o setentedng -
‘massaetatied e, t Buch that translatlon of the cylinder 162
rotates the rams 50 and 51 between their open and closed

positions.

In more detail, the actuating assembly 158 includes a
driver in the form of 'a shaped plate 168 which is mounted
on the cylinder 162, and which is coupled to the drive
transfer mechanism 164. The drive transfer mechanism 164
includes first and second drive transfer couplinge in the
form of a torque plate 170 which is associated with the
ram 51, and a torque plate 172 which is associatea with
the ram 50. The torque plates 170 and 172 are shown in
more detail in - the further enlarged views of Figs. 15 and~ -
16, and Figs. 17 and 18, respectively. The torque plates
170 and 172 serve for converting a translational movement
of the cylinder 162 into a contra-rotational motion of

the rams, as will be described below.

The torque plates 170 and 172 are coupled to the rams as

follows. A torque sleeve 174, which is also shown in the
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the ram 50. The torque plates 170 and 172 are shown in
nore detail in- the further enlarged views of Fig s .
wdaoansizit, and Figs. 17 and 18, respectivel y. PATeB2005/004366
torque plates 170 and 172 g&rve for converting a
transl ati onal novenent of the cylinder 162 into a

contira-ro ional .noti . the.pa Wiz

e EbPF oEa AEPan VHAEot 8 eTB ata b5y B iy SoEpLed to
taeupkadsto tbeshawd das Fabl.owd. ATher quecsicceveei?d 174
which is also shown in_thefurther. enl arged vi ews of

ippdydesgaahidange Ld6cHhirhd SKESPAE PIMUBE PEL SSROWR in

cakguﬁ%%reﬁﬁg ber guecsheqve LE4rhackudes e dfilaRge 1546 ana
Ich extends around part of a circunference of a body
wh78hohathe tukgoetskeedean?4 l88ndviickh Usashabagt fout
uadrant 180, which i s. shaped .t gage an '
e gﬁ&?aﬁtféﬁggfdgga apﬁengﬁFdE%ggge%%ﬁi%E%Lthe it e
o8l eaxerblange s126vwi tthanbe fil7ange ciuaticaml ond headasmt
permts transfer of a rotational drive force to the
opaffheTham BFEUé LS E6PasIPE Odr & &8 *Ald R (F8rticoreree
18enahiap ar %ﬁ%h%%%bfeo s92034e 160r 1e3Randl ng Ry
portions on the tordque plate 17 O, for securing the
pbetdoassiceyehticht ket chapedpltat engage Wrrgiespogetimgr hub
m

forma hollow shaft 188.. I n imJdar fashi.on he .ra

D6 tAEESA CBhATE . F68W E1oCH 1708 D SEATORY 197 (Ranue
s3EeveNapednko teRaREL ARIeS RoR ik dhul JoRIHANF k3 50N
the second torque plate 172, for securing the inner
hoddewl 8hedtt R88t-or que plate 172. The drum shaft 190,
the shaft hub portions 192 and the torque plate hub
portions 194 are shaped to pass through an interna
Thoke s196 1wl Ehasexioends Hehreng!s 0t hevss kafshalB8 1otd vitieh
first torque plate 170, for co%plin%

carries hub portions 192 that are shaped to engage
corresponding hub portions‘l94 on the second torque plate
172, for securing the inner drum 18 to the torqgue plate
172. The drum shaft 190, the shaft hub portions 192 and
the torgue plate hub portions 194 are shaped to pass
through an internal bore 196 which extends through the
shaft 188 and the first torque plate 170, for coupling

the ram 50 to the driver plate 168.

Additionally, the drive transfer mechanism 166 includes
respective first ahd second drive transfer pins 198 and
‘200, for coupling the first and second torque plates 170
and 172 to the driver plate 168. The driver plate 168
includes a main channel 202 and a cross-channel 204, and
the pins 198 and 200 each engage in opposite portions
adjacent ends 206 and 208 of the cross-channel 104. In
this way, translation of the cylinder 162 and thus of the
driver plate 168, rotates the torque plates 170 and 172.
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the ram50 to the driver plate 168. Additionally, the

drive transfer nmechani sm 166 includes respective first
wapaesssond drive transfer pins 198 and 200, fPECF/GB2005/004366

coupling the first and secéfhd borque plates 70 and

172 to the driver plate 168. The driver plate 168

ncl udes. a_nai el O a F hannal,,204,

&ﬁdaf 8a51ng ngg 3§2 eégh%%ﬁgg%%%%ﬁa%ppos?OW% The:
hpQNbiOBSadd] acenbfents 2&&.5&d1%0&o@b1b6etcr¢$$ first

-channel, 104. In this way, translat on t he cylln r
tesgugnBlekEs 1oP t RY GREGEETSIAt &1 Pb’ﬁ@atpé’ teas 184

ah@r 948 . pl%h%sf%zgta@gl¥%2$£ﬁel@@tE%t%%&uﬁ%%ﬁqg.%.158

i's assenbled as he hol |l ow shaft 188 of the
thaneaam boreupllédotfo thiee thineste dedge 1j0atadl 26, l@;sfated

enent . of t r nsl
%9 15En thE8Y E & @ur%@‘aﬁ%a th%éﬁhg%‘%%%éégﬁ% SS_
clh@*h%@ﬁ phate T7Q arédtiruidincalked et emdi g rdu oiztghfei Iﬁﬁn
end 206 of the driver plate crosschannel 204. The

198ocRgarRg éRdaoFafhérricks 2 ldr itpgTsich HodhenegedS n a
(ST 264213750 MRl 1S S6ORY LHAUPIR & o Thon

of the ram50 is then rotatably nounted’
rdtbhbblyhmohnkbdwwsh@ﬁm t&& h@ddC@MEéﬁd&-ﬂﬁ%bughuihe

driv [ annel 2. The .sec| dH
e Ry BBl R A s o e

s%lc%th%l Ji?:aivea@Qn' 20l0ogat edexiendinng tt@fr@é@‘iéci herdy iver of
pl ate cross-channel end 208 into a camtrack 216 of :
tﬂaﬁe thireste pdedgee 1iRat @nt7gs i@@attﬁdq @éct;ﬂnaiﬂélglrim%lgh

en_secur t h t .of
%Orgfgﬁgrlgga&%d ?gf% ?%kn%%@sg¥§ﬁ seco beAEP%H%Q%
2al6abezs the0 faadtl Tdrafe thusd agat.ed Tter addguey p.‘]haete 172

driver plate 168, and dri
1&@1}@1 t%ﬁguéfleidv§o trllle asrheafctoupI e%yt oentg%ege?nrelnvtero§ | e hub

portions 192 and 194. The first and second torque plates
170 and 172 are thus located straddling the driver plate
168, and are coupled to the driver plate 168 by the drive
pins 198 and 200. As the drive pins 198 and 200 are
located off-centre from the axes of rotation 146 and 148
of the rams 50, 51, and are movable along the cross-
channel 204, translation of the driver plate 168 rotates
the torque plates 170 and 172, to thereby rotate the

drums.

‘The mechanism thus operates as follows. The device 10 is
initially in the open position, where the through-bore
126 is open. When it is desired to close the bore,
hydraulic fluid is supplied to the cylinder 162 in a
region below a lower piston face (not shown) of the
piston 160, and is allowed to bleed from an area above an
upper piston face (also not shown). As the piston 160 is

captive, this causes the cylinder 162 to translate
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wad®ems13the rans 50, 51,

pins 198 and 200. As the drive pins 198 and 200 are
| ocated off-centre fromthe axes of rotation 146 and
and are novabl e al ongP¢TreB2005/004366
crosschannel 204, translati3én of the driver plate 168
rotates the torque plates 170 and 172, to thereby

apghALechDe daums,. The REchan) saoﬁl;gﬁiﬁoraﬁfr BES B 1nis

eV|ce S the op
mpoémbh@nofwmaéepﬁbeohhbamghebomaelaﬁlwsropﬁmtéwmas|t
is desired to cl.ose the bore, h%%- li,c fluid-is .
AgWpHPIredYt TPHE PengER 62 0 iL6n TEESIWSS 1L

meﬁqt eﬂahﬁ%@_ Q@Qt ShwWAh Ok 1l ke el 1 6@naARE ik pin
owed to bleed froman area above an upper piston

1980&s(absmlﬁdtdQWOWﬁrdlyAbyth@Spﬁgg@@em@®tlgnc&ﬁﬁ:@goss-
his ca st cyl.i.nder ,162 .t o tr.ans omnmar
c%@PBFﬁvgigo tﬁgenéFﬁ ﬁS&EFﬁgl8Fatﬁ8“383t%$h nnvenent
cafisthe apicst-erspanaias theadrioneb plalee ra8 sdovimwar diyst
around the shaft 90, which is recelved in the main

r@ﬁaﬁﬁépaéoélerGFFﬁﬁ tRIVe TRy direnClosre @osdéipin Fogough
1E§ 885&%%@1@9“@%@5Tkﬁeb¥gkhiee?g%]%HQWb 'nﬂdying this

crosschannel he o cent ocation of the pin
m@&eman$esfatberdespemdpﬁgteoﬂéﬁlomhﬁfpuMelﬂﬂnﬂihmaiaxes
irst rotational dlre [ rds its cl
2656t 58, CERPBIGHoTEE Lo e Bt g o the FE% ahGuend e
sh4f@ a19Buring this novenent of the driver plate 168,

the pin 198 transl ates al ong the cross-channel 204
bet ween the end 206 and the shaft 190. Slnultaneously

t he rr I |
Sﬁﬁglcﬁgfs c%ghn Zgig %ﬁgng%fggéﬁ?%g'%% a ion gp%%hl%s
eﬁgag%&@ntad&63hé cobeesphatingd rouati ahe off- centre

location of the pin 200 causes a corresponding rotation

 of the ram 50 in a second, -opposite rotational direction

towards its closed position, through its connection with
the torque plate 172. During this movement of the driver
plate, the pin 200 translates aiong the cross-channel 204
between the end 208 and the shaft 190. The ram 51 is

thus contra-rotated relative to the ram 50.

During movement of the rams 50, 51 towards their closed

positions, the guides guide the wireline into the central

location within the main bore, until the rams reach the

-~ sealed position. The rams 50, 51 are restrained against

movement beyond their closed positions by the pin 198
abutting an end of the torgue plate 172 cam track 212,
and the pin 200 abutting an end of the torque plate 170

cam track 216.

If desired, the rams 50, 51 may be locked in their open

or closed positions. The drums are locked in their
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of the ram50 in a second, -opposite rotationa

direction towards its closed position, through its
w@omeesion Wi th the torque plate 172 . Duri ngP€TiGB2005/004366

novenent of the driver plaBé, the pin 200 transl ates

alonghtpe cross-channel 204 between the end 208 and

af t The st t

ol eTad Gect B ORE Par SOR DIV Bg movonene Bt peor anao™)

1§0an5épé@w@feszlseiﬁ th@sedrgmelplane 17he ghudhsextends
guide the wireline into the central Et Wi t hi
thh@uﬁ%uEh%o@ElVEHtPFaFﬁem?éﬂsC 2ERRT tgé §|889a9es in
aﬁoéi%%ﬁéd Ibe-tapE 990 P4 ene ES%&ﬁélﬁQQtég@VDSt In a
beyond their closed positions by the pin 198
sﬂhﬂlaﬁngaahlend bhet hamg onguebpl dpeked2inafheiacrRren2,
t he

o470 bR PRcko9Tb: 1 S RSP Ph-ParkCB0o BrBhay Tng™

ab@fk@gelnghﬁhrtaee609Qu@Ip$adepmsgt|whscthetdndns
are locked in theirclosed-positions_by |locatin
theeouvhi hiepfrivast PSABANTALR aﬁaaasﬂtépé 218 P gﬁﬂﬁs in

£ h d
A BRA R 208 SR Engasa tntan ol T aned

aperture 220 in the torque plate 170. In a simlar
fashi on, rans

The<PEPORE thy P BEBE PRYCALFERal HIRE S SPRGE CEHGRF PHe™

p?@v?@ﬁé&?rﬁrgggsbﬁ hevkerque plate 172, which eXtendS
hr ough driver plate main channel 202 and engages

IR an aligned aperture 224 in the torque plate 170.

The presen |nvenE|o ogg r S r t
F BeOLHEN 3 A 0HARE QUS 1 LARLAYEERAT S

GUEFYr eV B0ST Y propose va?ges. Elrsth Oenbodlanents
c@ﬁpbh@ntnbenthenmbnémeducefarammpdnemheowemhecaﬁvemenher

of rams in_the vertical, rath

than lateral dimensions. In t e embodiment described,
this is achieved by using a circular movement of the rams
used to close a conduit. By “wrapping around” the
movement of the rams, the lateral extension of the valve

components is significantly reduced.

The reduction in lateral dimensions over conventional
ram-type BOPs varies according to operating pressure of

the BOP and diameter of the welibore.

For 3 inch diameter wellbore, a 10,000 PSI BOP would be
expected to have a maximum lateral dimension of around 30

cm, compared with 110 cm for a conventional ram-type BOP.

For 6 inch diameter wellbore, a 10,000 PSI BOP would be
expected to have a maximum lateral dimension of around
60cm, compared with 190 cm for a conventional ram-type

BOP.
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than lateral dinensions. In the enbodi ment descri bed,

this is achieved by using a circul ar novenent of the
wo 206/0518¢T t 0 cl ose a conduit. By "w appi ng arpomndB2a0b®04366

novenment of the rans, the Bateral extension of the

val ve conponents is significantly reduced. The

reduc on ra [ S o] I

e L e AL
BODP bh&cBCBfaﬂHedtgpetaESoflbbé melﬂbssethﬁor75 icme h

di aneter wel |l bore, _a_10, 000 PSI woul d_b xpecte%
CPBPRRGE WL x?ﬁﬁHPﬁa?eFaWeEFﬁ§n§Poﬁn Fnggﬁﬁﬁ N0 TEHy tvpe
gégmpared with 110 cmfor a conventional ram type BOP.

For 6 inch dianmeter well bore, a 10,000 PSI BOP woul d

be expected to have a maxi mum | ateral dinension of

nd 60c cQ ared th 1 oKL a n al

IPa t?ﬁgmnkﬁ R anot" %gg§anpﬁnkg ?hetﬁg %3&?%%%
1katesal ddmeﬁgsbnm @hcaumB@Phyaaamab aheuaypes, is

described is less than 75 cm -conpared wth around
apognfefPEs-in ah equival ent ram type BOP. In the

exanpl e shown in Figures 1 to 3, the naxinmum | atera

di mensi on, i ncl udi ng hydraulic actuators, is around
Th8em dim&hesendi aersiless ahenlé@éfthandhémﬂeedndess than

S a third e dlnen5|on th
gﬁ€ Peﬂ? EgﬁvgﬁPFGﬁ&PnFaﬁﬁ %9§e “Bop” a%ﬁls Fﬁgﬁ§€§§0nal
rgﬁetgggoggwrablllty of the apparatus, and allows it to
be | owered in, around and through platforns on the
rig. Slgnlflcantly the BOPs may be installed

This improves the manoeuvrability of the apparatus, and

allows it to be lowered in, around and through platforms

on the rig. Significantly, the BOPs may be installed
much closer to the wellhead, having positive effects on
the height available for the lubricator stack and the

tool string.

The present invention also provides apparatus of reduced
weight when compared with conventional ram-type BOPs,

which further improves manoeuvrability.

In addition, the ram assembly design is significant in
that the rams move from an open to a closed position
without changing the volume of components at well
pressure. The cylindrical cavities in which the ram
assemblies are located are at well pressure when the
apparatus is in its open position. When actuated, there
is no requirement to force piston-connecting rods into
the well volume, in contrast to the conventional ram-type

BOP. This feature of conventional BOPs means that there



i
—_
Vo

O o o B W

W W W W W N NN DN N NN NN e e e e e 2 e e
-PUJI\JP—‘O\OOO\IO\LA-PUJI\)P—“O\OOO\]O\UI-PUJNP—‘O

much cl oser to the well head, having positive effects
on the height available for the lubricator stack and
WO b@etsl7 st ri ng. The present invention al so pPOWGBe®3/004366
apparatus of reduced wei ght33when conpared wth
conventioga: ram type BOPs, which further inproves
. manoeuvrability., In L] “h e eskgn
e L e R R s
okl Psed HEsidven Wi tobdyhichaagtnfotrbe. vol ume of
conponents at well pressure. The cylindrical cavities
in which the ram assenblies are |ocated are at well
I%ﬁéﬁﬁéf%g@é‘tw@eépﬁ@bét H81ikSrbBuit8s0PEAGROSELERB. and
en actuated, there is no requirenent to ?orce
latsé obecenmeth | ogdendEoi ntbet beevetprviepugenerate enough

contrast to the conventional ram e T
CPRRIEr Bl EOhyeMETORA © BEPee B nat FHer BroTaceT:
TheRVEF8ENEal Dy Ot coRBAVWEl EtpRhesStherewhsch gagu2rement

only be achieved by significant force. 3 4 In nual,
f@tti@:@@ BOmEe ERT sCY L4PPES /| WR§ENsePERR2ERT EggaWSégﬁt

a'8V85§eiBf°Eﬁ§{2£€§r598s9985é£9£gt8p9§a€&6560§neﬁgh 6

or que, and aces a huge burden on the operator.
p¥ekanbythasht tah| ythet valedesypwephsbyt hbperpgsadoes not
requi renent 8 for | arge di ter cylinders, which
<PAEPBasESTt RESWEFGHE “9-8ntinEl 2d=BF FRbCRppiir 4Lt =T ©°
aPHLERg PRET abkh@N Ofhthemd@npr engnt shaveski ahamther
vol une swept by the rans does not 11 change, and the

hydsahlitsathaatpesschnr be nsefequiReddfétionacigarelly
t .. Thi . '
o rEa sva el EP R nbha; rRARLLEE dLAME! PhelBresent

Ors can be us itiony manual ly
dad4iget uatadpsyht apRualeynend hedsbhllécadilggatheated
resent : ' :
agparatus, the time taken to close the wellbore is

greatly reduced, improving the safety at the rig.

The reduced requirement for hydraulics reduces the need
to provide screw locking mechanisms which are typically
used in conventional ram-type BOPs to manually secure the
rams in their closed configuration after actuation by the
hydraulics. In the present design, the apparatus could
be\locked in one positibn by a simple peg and hole
arrangement in the actuating mechanism and the main body

of the BOP stack.

The manner in which the apparatus is constructed is
simple, and allows simple installation and stripping down

by removal of two plates on one side of the apparatus.

The construction of the apparatus allows convenient
location of equalisation channels and injection channels,

without conflicting with screws and fittings.



O 0 3 O i KW N

W W W W W NN NN NN NN DN N e e e e R e e s
DW=, O VW NN RAWND R, Y 0NN R W N~ O

15 design. In both manually and hydraulically actuated
16 apparatus, the tinme taken to close the wellbore is
wdaZoogosstty reduced, inproving the safety at tPET/GBI05/004366

18 19 The reduced requirenmdit for hydraulics reduces

the need 0 to provide screw | ocki ng nechani snms whi ch

are typically 1 used in conventional ramtype BOPs to
manual |y secure the 2 rans in their closed

Thenkildgnatengn dafuire o fdetrgat onthent ief Jdvadrtagdd s savdm

the present design, t apparatus could 4 be locked in
CSH¥9%5§PFi Iﬁyfgy?ﬁhgﬁgkgég and hole 5 arrangenent in
the actuating mechani smand the nmain body 6 of the BOP

stack. 7 8 The manner in which the apparatus is
Ieodier paresenits egboiddpieat ardealmasis sl ly supported

AR A A0l SULRPIG Aoun fF Bhd $1Al afd WO
pl-at es on one Side of the apparatus . he
addrsinemtt iodn thfe Wiecdppar atrupiadd aws roonvenmieeity any

| ocati on of_equalisation channels and injection . |,

G . Of WM SEMSe SRENSEIRG wi &t At omLsing
thid HeRgsgthe A icgmean Aymfdars iy MR s on the
advant ages over conventional ramtype BOPs.- In the
spoeseritinanisodifimset 1st Bt @esesms@m™l |y supported

around the entire outer surface of the rans. The
alignnent of the wireline or pipe is not done by any
aQaRpeRett oFf dhke wiaks itkenseleshand-dfilses of the upper

conpronisg%? the strength of the ranms by providing
ange dsyier SHl9h e Ls ipFoctioRy Suride Pa%e it G sy, The

aﬁi'&i Sl i e W) e ki) pddie pnefddRe pled e
locations on the wireline, reducing the likelihood of

damage or snagging of the wireline during closing.

In addition, the movement of the guiding edges against
the wireline is such that the edges move across the wire
while moving a small distance along the wireline as the
drum rotates. The force is therefore imparted over a
short range of points, rather than being a slicing effect
at a single point of the wire. This further reduces the

tendency of the wireline to snag.

The movement of the alignment drum to the closed position
provides two guiding edges for the wireline, moving in
opposite senses, which by their nature must act in
concert, as opposed to the guides in the conventional
ram-type BOP which are likely to move separately,

reducing their effectiveness.

References to wireline applications should not be taken

as limiting. The above described apparatus is suitable



and | ower edge of the cross axial bore of the drum
The alignnment is therefore at two spatially separated
wo owasons on the wireline, reducing the |ikel POIDGB205/004366
damage or snaggi ng of the W reline during closing. In
addi tion, the novenent of the guiding edges agai nst
the w ne | ‘ h d a :
£hPog UL Eh"S LopaueD, Linhabhecdgesaroke, agtaspIl,
p@se} hertli Unpipeat esildbettibing, i subhépef, opmbiidparfiedr
over a shart ran e of points,_ rather than
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2
ein% a £

3 cabieinglBfiredt 5PCa2BPAFPEVFOFRE GFIFREMWAPSaNTRESS for
4 %&LQ@fvéf%geSe{zEﬁ /apdeney ot thenw rehineehentnag.

e novenent of the alignment drumto the closed
5 sepadi aronngrevi deserwelglideng edges for the wireline,
6 novi ng in opposite senses, which by their nature nust

act in concert, as opposed to the guides in the

7  veenyept neaakicamibypeaBAPimbirekrearatki kelybeomadeetto the
8
9

Sseparately, redu0|n% their effectiveness. Refz ences
abgVRr FePFReLSHEPENELHIBRE LENHHIE G Rot e SCaREN Ods
1£bg#££8ﬂ hggg ﬁbgﬁ@eggégrlbed apparatus is suitablefor
eal'ing a con U|t around any wireline, slickline,
pi pe, drill pipe, coiled tubing, tubular, unbilical or
cable. Indeed, the apparatus has certain advant ages
for general valves, even where there is no requirenent
to seal around an internal line. Various nodifications
and i nprovenents may be nmade to the above-descri bed
enbodi nents within the scope of the invention herein
intended. AIMS - 1 . Apparatus for sealing a well bore,
the apparatus conprising a ram assenbly having a pair
of ramns



rotatably mounted in a housing, the apparatus having a
first open position in which fluid nmay pass through

wo b@omeisibore and a second cl osed position i n MIT/GB2608®04366
rans abut to seal the wellBére, wherein the apparatus
is adapted to be noved between the open and cl osed

- %ons by rotating the ranms. 2 . Apparatus as

din Caim1l wherein each ramis adapted to

2 rotate about an axis perpendicular to a | ongitudina
axis of the wellbore. 3. Appar s_as c¢lainmed. in.Caim

3 1. or 2ppParAtESwHeeiSFA ST Fnd : f&&ﬁp%@ﬁaﬁ§ﬁifﬁEﬁ%d

4 betveen. fthe open angh G0sethIROTRIRS Dypdiat aif neide
rans in opposite senses. 4 . Apparatus as claimed in |

5  any cbt@tably hauntzd viereiheush@dapfdiataiParadus having
mexi num.l at er al _di_ nensi.on of . -dMM%y as

6 cl ai ﬁe?ﬁrﬁtdoéalelﬂ POSAnerein t el%rgaxfﬁrlrlulm I'a e?;a#%

7 di TeRgirAdrS dirs wdlabRd #itl H secdpphrdiassedpad idiived in
in Caim5 , wherein the nmaxi num | ateral .dinension i.s

8 | essviHah fhcmanE A& atife ad i Al 9IE affrereLn

o  Preceqing ¢l %laqumeg el dbd e MR, O B B d t96drl Nthe
f or et 1 ons for ocating a wireline or pipeline when in

10 t he clpesehmbsilidsd SasiApparatns st at igigndde aRs)-
preceding claim further conprising alignment neans

11 for guiding a wireline or pipeline towards the centre

12 of thewaldhor edwidind®tal icImiol 1 Mhamatin &ch ram is
Apparatus as clained in Caim8, wherein the, aljgnnent

13 meansdaptedirim zeiapte ROy Giatac b RrRgrdicular to a

14 longitudinal axis of the wellbore.

15

16 3 Apparatus as claimed in Claim 1 or Claim 2 wherein

17 the rams are adapted to be moved between the open

18 and closed positions by rotating the rams in

19 opposite senses.

20 ,

21 4 Apparatus as claimed in any of Claims 1 to 3,

22 wherein the apparatus has a maximum lateral

23 dimension of 80 cm.

24

25 5 Apparatus as claimed in Claim 4, wherein the maximum

26 lateral dimension is less than 50 cm.

27

28 6 Apparatus as claimed in Claim 5, wherein the maximum

29 lateral dimension is less than 40 cm.

30

31 7 Apparatus as claimed in any preceding claim, wherein

32 the rams comprise locating formations for locating a

33 wireline or pipeline when in the closed position.

W
N
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axis of rotation of the rams. 10. Apparatus as cl ai med
in Cdaim9 , wherein the drumis keyed with one of the

WO 2006/0503d7 rot ates with said ram 11. Appar at usPEEGB2005/004366

claimed in Gdaim9 or Caindvl0, wherein the drum
conprl ses a throughbore through which the wireline or

R.Pe A28 aSn 5| kvt i iy G Al 1w 1
V\/nere| at%%déﬁ“roug% de |nes§an apertrtljbge extenljf%léther

i n a dongitdidional 1 aximsernf ndmnsefdbarel darg angetrslthe or
that the aperture d creases i.n cr%és secti

dur i RIS PR The i T 4ee p%?’%t‘ﬂ%ff@é%%;ﬁ%?@jdng

in CaidgdiloPro L @dn ddys Wherei n the throughbore is
perpendi cular to the axis of rotation of the drum 14.

Apparatus as clainmed in any of Cains 11 to 13,

n a f| r P f g vi ded
%P caﬁann ﬁs <—ji’é;rcrerle 151 gTeléﬁgérjn gﬁr%e%%%ﬁo@?he

t hr omwxﬁantlﬁnea&m)aiﬁtwsdm cd@ammki i o Gratarse 1dbéwt an
14, wher ei n a second gg)gnl ng of the throughbore is
pr oviHekF i HIO AT eIy e ¥ of Mt TIRS di anet ri cal | y opposed
fromthe 2 channel . 3 4 16. Apparatus as clainmed in
Claim 15, wherein the edge 5 formation is a second
dlr?annna@pa‘mm autoka thgd f i Babm 2dgehefeimethe drum is
t hr oughbo

L gel TRFd aF A b ert UHAS TBRCIRS 5 Tr SEQh he Bf tim

per pepgh cul ar to the axis of

11. Apparatus as claimed in Claim 9 or Claim 10, wherein
the drum comprises a throughbore through which the

wireline or pipe extends.

12. Apparatus as claimed in Claim 11, 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.

13. Apparatus as claimed in Claim 11 or Claim 12,
wherein the throughbore is perpendicular to the axis

of rotation of the drum.

14. Apparatus as claimed in any of Claims 11 to 13,
wherein a first opening of the throughbore is
provided with a channel formed outwardly from an

edge of the throughbore.

15. Apparatus as claimed in Claims 11 to 14, wherein a

second opening of the throughbore is provided with
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9 rotation. 0 1 17. Apparatus as clainmed in Caim 16,
wherein the 2 aperture extends longitudinally in the

worddslsrse’ and 3 is central in the well bore whepPCt/BB2005/004366

apparatus is in 4 its close8 position. 5 6 18.
Apparatus as. clained in any of Clains 15 to 17, 7

wherejn t qﬂgﬁj rmt 4.an i [ &sdge adapt 8
to shaénare%eevw re é}‘%%{ri %l%%ét}s%%g%p{)% at us m)ves@%je
to itchalrasled position. 0 1 19 . Apparatus as clai ned
in any preceding claim wherein 2 each ram conprises a
seal ing assenbly having one or 3 nore el astoneric

$@al spgh Rl APRATAlMS] asn A IRdL S N Wi&tdid Fhe edge
wherei'n each 6 sealing assenbly conprises an inner

seal faptten o7 &ovpand chanteant QHMRY FEIARHLY herom
opposi.n am t S ' t i rel i i

0" 21 PSR E S R A A T e e e
\Md1er @%};dﬂw c&@ail gy assesther chomin | e Ssaper tut ereseahd 2ng
adapted to seal edges of the_wel] bore against, well 3

pr essthouaty he G RYP G EH FHed P nt 1 ahr 210

wher el 1:hg i nner seal is retained on the ramby the
outer seal. 23. Apparatus for sealing a wellbore

around a wireline

17. Apparatus as claimed in Claim 16, wherein the
aperture extends longitudinally in the wellbore and
is central in the wellbore when the apparatus is in

its closed position.

18. Apparatus as claimed in any of Claims 15 to 17,
wherein the edge formation is a cutting edge adapted
to shear a wireline or pipe as the apparatus moves

to its closed position.

19. Apparatus as claimed in any preceding claim, wherein
each ram comprises a sealing assembly having one or

more elastomeric seals.

20. Apparatus as claimed in Claim 19, 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.

21. Apparatus as claimed in Claim 19 or Claim 20,
wherein the sealing assembly comprises an outer seal
adapted to seal edges of the wellbore against well

pressure.



T T T e e e
O &0 3 O i A W N = O

W oW W W RO RN NN RN
UJN»—*O\%OO\IO\UILUJNHO

or pipe being run in the wellbore, the apparatus
conprising a ram assenbly and actuati ng neans, wherein

WO b@cappar at us conprises a first position i n WTBRIVE/004366

wel | bore is open and a secéfd position in which the
wel | bore is closed, wherein the actuating neans is

ed to.cause theral senfl rqt i t
2 (%p(? rﬁ—"tu@sﬁ i on q% ?Lshsecon(yfln c%)los prgesjir{ |q{oﬂné |I:1nner
whi ciasetaﬂe lvselﬂdwlelec's <ﬁeaﬂ@l mmound the ovtret isealor
pi pe. 24. Apparatus as clainmed in Caim23, the

apparatus further conprising a pair of rams rotatably

E@untA%a Jﬁjbm&l NG MRS 8] Ryd B ARPaL AR i 5 wRdkadt Bk

be “rmove etween the open and cl osed positions by
r ot atdmgitdee beimeg 126, 1rAmiaer atalsllarel diteRRRR@ Eim

23 d 24, wh
For ISERITRLTE i Pt A r o et TR Sy i TS
POSi ke idf. t P RARIMSBS Edribiieses e G e Zdowition in

Cl ai m 25 wherein the apparatus further co i ses,
al i gniErfth e VS IFORR df hPRETW 3T |"i‘1es%?g‘:g$ 5 Yy st

the %ﬁg:_;f}? e tv@ll")@dﬂé’g{s‘* @i%éék@ rtétd on e td€cuating

rans Appar at us as aimed 1n Caim26, wherein
t he a:ieagmrem adsgrised sc@ ahuse arda@tlea;mtiwmlahe thogetate

the axis of ation of a ram 28. par at us

seal i P et I{fo‘?set WP R At U @gn%ﬁ s?%%o%gp%%os%
rans gmyveahl.e f4omacH itisd ROBIBOLS 18 T tdeound the
wel | bore is open and a second position in which the

rans wieegline olel®Bere around a wireline or pipe,
characterised in that when the

24 . Apparatus as clalmed in Clalm 23, the apparatus
further comprising a pair of rams rotatably mounted
in a housing, wherein the apparatus is adapted to be
moved between the open and closeéed positions by

rotating the rams.

25. Apparatus as claimed in Claim 23 or Claim 24,
wherein the rams comprise formations for locating a

wireline or pipe in the closed position.

26. Apparatus as claimed in Claim 24 or Claim 25 wherein
the apparatus further comprises alignment means for
guiding a wireline or pipe towards the centre of the

wellbore during rotation of the rams.

27. Apparatus as claimed in Claim 26, wherein the
alignment means is a drum adapted to rotate about

the axis of rotation of a ram.
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apparatus is in its operating orientation, the
apparatus has a nmaxi mum | ateral dinension which allows

WO Roobo5BasSs t hrough an aperture in a rig platfPeMGB2005/004366

t hrough whi ch the wel | head4¢ontrol equi pnment passes.
29. Apparatus as claimed in Caim28, wherein the
Wﬁ%!”ﬂgb%?&%ﬁ@Lfgk”§8§19ﬂg'§ lesspbhan hakf spbatheys-
maxi num [ at eral ~di mensi on of a ramtype BOP operating
on ancemprvahegtadpametef %emsbmp@eabl@qﬁmwmlénﬁlwet
pressure. pa at din_Caim29

hher PRS-k nURLFd: 618 SaLHEagron® SEFbs el fnipgond
of thpoﬁatnﬁnnhhaWBﬁah dhﬁemam@ns@élathanwbypboBGParound
operating on_ an equival ent_dianeter wel |l bore at

equi val BRAFShENE BEeB3BPe. CBRraAbpal&CMHs 18s tEPA WBEY fkhe

any °5P§%§5EE 2§St9ﬂan §“@EE§éﬂlhBeogééh%H%hbﬁte%ﬂ%

di mens Fess 1 0O Ccm . Apparatus as cl al ned
in dappeBirfushbasi a nhheimaxi detrekafledamedisiensivbn chs

| t 50, 33. t d d 32,
uhor cPALPHB i FRuREPAL BLAR HPnBRs BA" L Fea® FhARo40

.cm 34p14RPakAt UArdtgR! #hiBH tRcat¥10heClaomt281t 0 33,

mhereln the ranms are rotatably nmounted in a housing
and t Reuappanrit B3sFssadapted to be noved between the
open and cl osed positions by rotating the rans. 35.
Apparatus as clained in Caim34, wherein the rans
coopr hgpatacnmt benslébmetiodat Chgia B elheeedn phpe in
t he cl osed position,
maxgmuﬁ lateral dimension is less than half of the
maximum lateral dimension of a ram-type BOP
operating on an equivalent diameter‘wellbore at

equivalent well pressure.

30. Apparatus as claimed in Claim 29, wherein the
maximum lateral dimension is less a third of the
maximum lateral dimension of a ram-type BOP
operating on an equivalent diameter wellbore at

equivalent well pressure.

31. Apparatus as claimed in any of Claims 28 to 30,
wherein the maximum lateral dimension is less than

80 cm.

32. Apparatus as claimed in Claim 31, wherein the

maximum lateral dimension is less than 50 cm.

33. Apparatus as claimed in Claim 32, wherein the

maximum lateral dimension is less than 40 cm.
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36. Apparatus as clainmed in Caim34 or Caim 35,
wherein the apparatus further conprises alignnent

wOore@assBoT guiding a wireline or pipe towards PEEGB2005/004366

centre of the well bore duri4hg rotation of the ranmns.
37. Apparatus as clained in Caim34 or Caim 35,

m@grehg %Q%t%"QB”%@%1%%@U%n!%n§-%EU@F%Eﬁﬁgﬁ tQ 33,
rotate about the axis of rotation of a ram .

Appar ahesefior theakbng ax\ﬁemomrt@blwh@oalpﬂpmdatlmls a housing
conprisi.ng, a pair. of rans bl fr ma fir
p03|t?8§ Hewﬁpgﬁrgﬁgs g%igeope%eaﬁ V§GEEEtW§en the

posi t bpani Bndh bgbstehtepbaliﬁzls»e@l pyheoweldiber e har eund .a
wireline or pipe, characterised in that when the
apparatus is in its operating orientation, the

ggar %bgérgggs a@B%H Mimlsat e &a,‘i&rﬂ‘%‘ls' el eSS hams

paratus as claimed in Caim38, erein
t he rammpmmsprisemhonwasldns ﬂ@mata@@t@nwlaaﬂima iome pipe

or pipe i sed sition. 40. Apparatus as
clai med it ﬁ iPﬁF%8p8Fl%P8Fn139 wherei n the apparat us

further conprises alignnmentnmeans for guiding a
wireline or pipe towards the centre of the wellbore
d3¢ i ngrpetatienast cirdmegndn Flaimppdr srusladreB&i-med

in Cl%ggkégn Wﬂ%rgggg ?%u%|E%QQ%%E %18%8 gﬁ é%hent

adapt e rotate e axi s t|on
42. Ampahat&srfgulﬁeablagwarwethODe phbe apmam@bu&he
conprising a ram asse havi ng a pair qf rans,

ly
act uaFPﬁ&rﬁeﬁﬁs th@h@eggBSF% GETHAG ﬁ@té‘tfllolnsto oﬁé‘ﬁ rams
position in which fluid nmay pass through the

37. Apparatus as claimed in Claim 34 or Claim 35,
wherein the alignment means is a drum adapted to

rotate about the axis of rotation of a ram.

38. Apparatus for sealing‘a wellbore, the apparatus
comprising a pair of rams moveable from a first
position in which the wellbore is open and avsecond
position 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 lateral dimension‘of less

than 80 cm.

39. Apparatus as claimed in Claim 38, wherein the rams
comprise formations for locating a wireline or pipe

in the closed position.

40. Apparatus as claimed in Claim 38 or Claim 39,

wherein the apparatus further comprises alignment
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wel | bore and a second cl osed position in which the
rans abut to seal the well bore, wherein the rans are

wa@d@pted1to be noved fromthe first and secondPCT/GB2005/004366

positions w thout substanti4ally changi ng the vol une of
the actuating nmeans exposed to well pressure. 43.
Appar.at us_.as. ¢l ai ! .M 4 j y e
ot athB e e oS ot Py A WhEr el o pRe LR
appar@nitisr ¢ So adiaps ede 1 thdree ndveind et weanioheodpeheandms .
cl osed positions by rotating the rans. 44 . Apparatus
as clainmed in daim42 or aim43 , wherein the rans
NPriSsafOF HRtA Ons1 4 Ofed OLAt EDGiA 0O ! eWhELeOh BhEe (N
the closed position. 45. paratus as clainmed In any
of Clalihgdpenp Mdanshes e ndrie appaEedusofieEhee about
conprjises_alignpent, nea r_guiding a wireline or
pi pe Finetis® the %%%?F%g%féfh% %% [ bore during
rotation of the rans. 46. Apparatus as clained in

G ai m 45, wherein the alignnent_peans is a drum
dapt BPTEA T8¢ at @F abdtt 1He aWPS1BPT ot BRF oRPBRT S

ram 4¥omp£i@i19gwtr&aeé@@éﬁmgoamﬁ' ng BafanbassenBl Yana
having a pair of ranms rotatably nounted 1 n a housing,

t he bhowoatipy evemter bhaeiagparéfwsthapéngpesfirsh ppen
which fluid may pass throu the wellbpre an second
closéﬂoibé???oini% ﬁﬁ?cﬁf?%g W%ﬁspﬁﬁﬁt€%50§%§1%Pﬁe

vel | bpeeipyher ghd 4 hecbbew eubsprepepieiohsiadapied the

be noved between the open and cl osed positions_ by
rot at FagSt eut ahe. sa8l PhaevAdiPereconfpgaiRnghe” rams are

preSSg&§%€8€t£gl?gQMggggnfrgﬁ @héigirggeaﬂatgggond
conpri.Sing the stéeps of: ‘
- positions without substantially changing the volume

of the actuating means exposed to well pressure.

43 . Apparatus as claimed in Claim 42, wherein the rams

are rotatably mounted in a housing and, wherein the
apparatus is adapted to be moved between the open

and closed positions by rotating the rams.

44, Apparatus as claimed in Claim 42 or Claim 43,
wherein the rams comprise formations for locating a

wireline or pipe in the closed position.

45. Apparatus as claimed-in any of Claim 42 to 44,
wherein the apparatus further comprises alignment
means for guiding a wireline or pipe towards the

centre of the wellbore during rotation of the rams.

46. Apparatus as claimed in Claim 45, wherein the
alignment means is a drum adapted to rotate about

the axis of rotation of a ram.
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- Providing a blowut preventer at the rig, the
bl owout preventer conprising a pair of ranms noveabl e

wo e@aiosu3if r st position in which the well bore i BCDEBR005/004366

and a second position in wiBch the ranms seal the
wel | bore around a wireline or pipe; - Passing the

bl owout preventer through an aperture in arig

pl atformwhile the bl owout preventer is inits

aper at mgmmutemmenter dongtrad dimy a hearblmmmbly havmg
prevent er, on ressure contro

et bt oSl {1 R N TS T T o IR Sy T
the step,Qft fafdidig:a Min@fa I s t Noer 4pd a5SEsm| ¥n
froma first open position in which fluid nay pass

EMT og@mhctfhe?Md Eme I%ﬁﬁﬁ dlyeor Eroseril porte| %ﬁ&fi. A
Ich the
ot PP £8L Lopueld bone o0 Méue o

|aII’TE ereln eac rami s
r ot atssh aboud vaéma@mse,pemp@m&muttm hlow d>1mtlgg>remjenmaér is

axis of the wellbore. 51.. The net hod of C w

d ai rﬁ%%r@? Pt FP TP ar et vt Gt PR o?)% %S%d
sens%? igyrggggggﬁg any ofnd ains 48 to 51
si ng fhe ad

conpr ditional step of guiding a wireline
or pipe towards the centre of the mellbore durlng

rotatjon aof the_rans.. 53.. The nethod of
£3 1 oAgﬁe@?) r?gl%%nﬂ%u]éjdrbqt?%en% 5 e%oo sea‘lz’ gb@%nt
wel | boy e; aF pNd-18e WhéiEhddecOfipPl PEng the steps of:

- Providing a blowout preventer at the rig, the
blowout preventer comprising a pair of rams
moveable from a first positioﬁ in which the
wellbore is open and a second position in which
the rams seal the wellbore around a wireline or
pipe;

- Passing the blowout preventer through an aperture
in a rig platform while thé blowout preventer is
in its operating orientation;

- Installing the blowout preventer on the pressure

control equipment.

49. A method of sealing a wellbore, the method
comprising the step of rotatihg a pair of rams in
a ram assembly from 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.
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50

51.

52.

53.

54.

54. The nethod of any of Clains 48 to 53 conprising
the additional step of shearing a wireline or pipe
wheia@®sun i n the wel |l bore. PCT/GB2005/004366

44

The method as claimed in Claim 49 wherein each ram

is rotated about an axis'péfpendibular to a

1ongiEudinal axis of the wellbore.

The method of Claim 49 or Claim 50 wherein the

ramg are rotated in opposite senses.

The method of any of Claims 48 to 51 comprising
the additional step of guiding a wireline or pipe
towards the centre of the wellbore during rotation

of the rams.

The method of any of Claims 48 to 52 comprising
the additional step of sealing the wellbore around

a wireline or pipe.

The method of any of Claims 48 to 53 comprising
the additional step of shearing a wireline or pipe

being run in the wellbore.



