HYDRAULI C CONNECTOR CROSS REFERENCE TO RELATED
APPL|I CATI ON [ 0001] This application clainms priority to
wwzﬁo/omwi si onal Pat ent Appl i cati on No. 61/ O6GRCT/99%09/041856
entitled "Hydra-Connector”, filed on June 16, 2008,
which is herein |ncorporateq by reference inits
entirety. BACKGROUND [ 0002] 'This section is intended
to introduce the reader to various aspects of art that
may be related to v , t he present
i nvention, which arghgggéfﬁiggﬁgﬁag%r cl ai med bel ow.
Thi s dlscu55|on is believed to be hel pful in providing
the reader with background information to facilitate a
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under st ood that these statenents are to

[0084]s | TY»EPPIGRICA SRS PAGHTYSS: & P('S‘PV'%JPP@rPQA?W AFPI@@GE?”
NoA%ﬂ’Edﬂ OB e%ﬂﬂé&%@rsﬁborme'cto?ﬂ%éb%mahe 96201 Yrftch is
prof ound effect on nodern econom es and soci et es.
herein dmproeratactieys reigrgnsg $1 ésrentinglit. depend on oil and
natural gas are ubiquitous. For instance, oil and
natural gas are used for fuel in a wide variety of
Bﬂékgﬁ@gNDsuch as cars, airplanes, boats, and the
I1ke. Further, oil and natural gas are frequently used
[00@2]heathi$ ea@@rdlanntﬁgdwl it igiroduce therreadektostasious iaspegts of

arfe ey BRI art Fp Ol ™ ofeRY ichen s W& are

deeamwoaénd/esaarmasbelowmm discoddiemis baliesed o gelhélptmnm

oraRging e fRadsr ih SacH B G A Br AR O (BRI adraehean
UrEIBRSANAG of (RNVdriots BapkAls PRI EbA honi@Aic oARo8Ay o8

resource i s discovered bel ow the surface of the earth,
shauidi he wrdeiai@ogtbafubesaalaiserigrira i@ be feachindhis! lge dndonot

ARES ﬁ,glgf r’%rra‘?*{:t the resource. These systens nay be
aSI oca?ela ﬁ

onshore or offshore depending on the | ocation
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md)dbrﬁ)@bba@mm anthestetiesl |Iheeat, aesieadlahdsysrynd that deiserid on

de vari etg/ of conponents, such as various casi ngs,
oil and natural gas are ubiquitous. For'instance, oil and natural gas are used for

fuel in a wide variety of vehicles, such as cars, airplanes, boats, and the like.
Further, oil and natural gas are frequently used to heat homes during winter, to
generate electricity, and to manufacture an astonishing array of everyday
products.

[0004] In order to meet the demand for such natural resources, companies
often invest significant amounts of time and money in searching for and

extracting oil, natural gas, and other subterranean resources from the earth.
Particularly, once a desired resource is discovered below the surface of the earth,
drilling and production systems are often employed to access and extract the
resource. These systems may be located onshore or offshore depending on the
location of a desired resource. Further, such systems generally include a



val ves, fluid conduits, and the Iike, that control
drilling and/or extraction operations. Additionally,

W@ eah/oowhd head assenblies may al so i ncl ude conPpCIER1089/041856
such as an isolating nmandrel ("frac mandrel ™) and/or
fracturing tree, to facilitgte a fracturing process.

[ 0005] Connectors are enpl o?ed to attach certain types
of equi pment to wel | head housi ngs. For exanple, one or
welBESd agwﬁa%%ﬁ)u@hw&ﬁ e 1RIBLIRKYS ckPadtbl acrhe@e WeﬂM@éﬂ
preventer or a production tree to a well head
aswmbhemﬁ@vemq}udeaauvwe Mariely vh eemposeRiSt such agvariaus casings,
u

va@@?m@gg] %gﬁ&& % 2Md tI{i/'ééLlééé ﬁﬂw& ég%ﬁjﬁﬁdrllﬁ?giéh(ﬁ’/o?[e%ﬁé&ﬁ)n

opeqajioperemdditmdllystsubbmdhlheé"@assemplmmaymsotmcladeach or

ve a cqnnect or | Ly expepsi.V

CoMARBERISnSHrH Ay SN SRSy MAREED TR MBI} oRiisl OEaqtugno tree.

to CRNREENSHraBRIRT pRRSER PTI ON OF THE DRAW NGS [ 0006]

Vari ous features aspects, and advantages of the
(005} SEoArBCRAIS Iohd ey e Afach ehai ELEeEAAgERen
he foll ow ng detail description is read
waﬂéead 6ALeINg® CheexaBpepansg PhEore gonrctorns a.xﬁuoétﬁnlammoyed to

atBRLARRER A ERSASFIab] Kea BRI RBREQUIOAoithEy

Urifbrddndtély pstistigesormentong béten eexqmm:m'aoualwamn multiple tools,
ccordance with an_enbodi nent

g B R S e S3S HAIcke SubspE Ll SaABRN oA eSO

forfty dTREdd 6p @r@ﬂBt%EdJéttW @hfover DEbratdr! drea@nBrdlyidkpensive,
accordance wi th an enbodi ment of the present

timenQenfuNyAY, ArebDgy iIrragucg %@ﬁl%ﬁbs%feb/rmeéﬁctl on of
the hydraulic connector |owered onto a well head hub in
accordance with an enbodi nent of the present

BRlEWEseumm@F THE DRAVANGE s a cross-section of
he hydraulic connector showng a ring of the

[OQQﬁinecVaﬂOuSrfeatUr% lispgCtpoand pdvanipges @Héemseméwenugn will
. ¢ _

oo ABEREP IS e it FELEB i R UBRT rogy wir

refehendeaytdrtiaa bcmmpmﬂwng bgursbmmwhg:kﬂukeaﬂmeatﬁtemfrepmsent like
connectﬁ E ? cki n%gﬁﬁsml on wth the well head hub

pajty throughauiag WJ'EGF 39’11? odi nent of the present

[0(5417 en;%f%adl |£ OO@@&%&%&@# g{jﬁ? ﬂh@h%te% a rrncl)nsesralseex%rtactlon sg/stem in

accordance with an embodiment of the present invention;

[0008] FIG. 2 depicts a cross-section of a hydraulic connector separate from a

wellhead hub in accordance with an embodiment of the present invention;

[0009] FIG. 3 depicts a cross-section of the hydraulic connector lowered onto
a wellhead hub in accordance with an embodiment of the present invention;

[0010] FIG. 4 depicts a cross-section of the hydraulic connector showing a
ring of the connector in a locking position with the wellhead hub in accordance
with an embodiment of the present invention;



unl ocki ng and renoval fromthe well head hub in

accordance with an enbodi nent of the invention. [0013]
WO-R@8005689 and 7B depi ct anot her cross-section BPET/UR®09/041856

hydraul i ¢ connector of FIGS. 2-6 in accordance with an

enbodi nent of the present igvention. [0014] FIG 8

depicts a hydraulic connectdr in accordance with an

al ternate enbodi nent of the present invention; [0015]
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aulic connector of -7 on the well head hub
Segmeat: ebiheaneseoior &m%mmamﬁtwm thehwelme@gdmb in

ackERLA Uy bR B e Afsbh AdhBHER ! of 2

connéctor of FIGS.
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unlIcRitigl 4itd (@ dvial S&EQhEIv@IIENB&BUNENESCcﬁrGQME} withanambediment
ﬁ,g?sm fic enbodi ments of the present invention will be
of SIEVEHRDN- bel ow. These described enbodi ments are onI y
of the lgr esent invention. Addl tionally,

exenpl ar
[0Q13]ef f'fJF’l‘XS t/6 FIb(P Gerict apalkes erageseLlion pbinedtydy %@e
[
coRATE SR THBL Sl 0 W PR
ingmdionfi cation. It should be appreciated that in the
devel opnent of any such actual inplenentation, as in
[0Git4] eri{szw@eiepmgs arhydeailigreopnegtecin acoondarmeswith an alternate

”% erretntfﬂé ?P&Dgc f| deci sions nust be made to
agR ¢'ae fEREN BQPQ rélpem gl c goal s, such als ;
(oGEATE ARS8 ik Bray At Gess ot BeaNEHUR Ghnegtor

of FT@S her. o%@%ﬂead'%bﬁh@@b&dﬁﬁc@ﬂﬂh%ﬁ @h@@dlhﬁ#ﬁ ofteh
devel ogment effort m ght be conplex and tine

pr%‘&ﬁ%mﬁeﬁ onARd woul d neverthel ess be a routine
under t aki nglofdesncg fabrication, and manufacture for
[001fise DIS. dPds AdlowcBRItiof aHosers Toneerhevieg ihe bydramlics

cloé&B%ME@DSd %?ﬁeﬁﬁnsmgﬁﬁ?lwegaﬁ%%% 36 d%ﬂ?é“/\ﬁ'thoe{rhem bodiment

various e resent Thventi on
of ¢hd prekest ihaeritichan, " "t he, " and "said" are intended to
mean that there

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0017] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be

complex and time consuming, but would nevertheless be a routine undertaking of



are one or nore of the elenents. The terns
“conprising,” "including," and "having" are intended
W@ 01b8036mc| usi ve and nean that there may be adelCT/Us2989/041856
el enents other than the listed el enents. Mreover, the
use of "top," "bottom" "abgve," "below " and
variations of these terns is nade for conveni ence, but
does not require any particular orientation of the
de§@ﬂpfié?ﬁl%ﬁ>on [P0 hnraEiufd for exGIERbRs i naRPadi Hﬁ\ﬂhé tﬁlsf beneflt
resent technique i1 nclude a system’and net hod
0f§(d%ldt§§@§§r€0ne or nmore of the above-nentioned
chal | enges of connecting equi pnment to a well head hub.
[00%8] e x piVaen détiraducinoesiementsediaiariobs leowodimentdiof deopresent

R R e B Gt teRy B e e el ot ypre

ar@bheror rrmuﬁthf gu;e éleatetmtseaTMtdrdme P@hbhaag ” Hinbludlrgy,” and
Certaln e |nentS, t he raul 1 ¢ connector nmay.
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in a %@nera axial direction. The axial novenent of
“alpouss’e bemvpoarmyariationsad theas termadl eladadoesanyenience Heut

dob i Bk AR et Wf&hgﬁﬁﬁ* BBefiEeror into a

109 f¥is; "Feity ekpbiar 8hfpyh oS Hio PreSFROELARRLE indfyag 2

sy@txe'rr&éndi higthad ez atidiesséndugs er md‘ré bsther@tﬁﬁv@Lmémrmd( and
Iac ment) to secure the ri en a second

Chﬁi' &€984 ‘3'rkgeecﬁ"pmﬁﬂ}thélJWP@%ea@d"d%sA%%@@ﬁﬁg g gregter
def’ell%Ié\ﬁeﬂﬁ%rﬂlsél&éd“é’rHBSdlﬁweﬁﬁsCﬁB@déaéj rafiRy &ShredtH having a

di spl acenent) to secure the one or re segments.
ringeinglass Gasifloehisegpirk that engead exgasees poaithehsansting éeafures
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hy rau IC ve conpone ener a
mcﬂilhdeenmitmﬂe hydraahxsporttt’s Bnenegege HyUeamlcrpgewmle tdwmowegrrent
unl o e coEnector n ce

COEWFHOPH”FI .t'ae BV%@%‘  E0Krector 'nw%@lrycﬁm@éﬂ@@goré ?H? Agial

m&VEnTdnt & SHIsRCIMIEnehs r@lﬁ?@cﬁvét@%@br r@lb@@ﬁ@npéf thBingnhd
or nore segnents, and thén the third fluid pressuré

th%&%@kzﬁegm reagigingl engiagpmenée withtthe Weﬁh%@ﬂ ulp agd anoving
21] FIG 1 is a block diagram
thc{ E ﬁr?e%{??r%tt @ ang%os[t% ] 9

m neral extraction system 10 in

[Oﬁf@enﬂﬁgﬁﬁa%éerﬂlb&ﬁ\n%ﬁ f'i;fgpﬁwgfprégéﬁré) ?5.?ﬂ§/draullc causes a

first axial displacement to induce a first radial force (and displacement) to secure
the ring, and then a second fluid pressure (e.g., hydraulic) causes a second axial
displacement to induce a second radial force (and displacement) to secure the
one or more segments. Release of the hydraulic connector from the wellhead
may also be facilitated by applying pressure to a hydraulic port to move
components in a generally axial direction to cause disengage the ring and the
segment and unlock the connector. In certain embodiments, a third fluid
pressure (e.g., hydraulic) causes a third axial displacement to enable radial



m neral extraction system 10 can be configured to
extract various mnerals and natural resources,
wo pabelemy hydrocar bons (e.g., oil and/or nat uPCl/USH89/041856
or configured to inject substances into the earth. In
some enbodi nents, the m nergl extraction system 10 is
| and- based (e.g., a surface”system) or subsea (e.g., a
subsea systen). As illustrated, the system 10 i ncl udes
reI@a§‘@bf fiRashelar MBrPS&éMs Barl ﬂ‘%ﬁﬁlhe derPRib ilé’ss\ﬁk@céhses a
16, wherein the well 16 includes a mellhea hub
fOLlrth anal cisplecempotrte %blenmlmlea%mf WewinDe general |y
includes a large dianeter hub that is disposed at the
[0024]ni 5. dris afbledtediagiam Bt dlugatesreemingralhedid@ctian sggem 10

in BR4rb4Ee 1 sbE @ RiNert aalls PietelS i Batos  Tnefuslete
minetal eplr&ctioprgysteent!e cahate mﬂi“gu:dd t@ruidrra_egvérans minerals and
actjvities and condltlons ass wth the well 16.

d
nafi5pl ieRauSPE, NEHEMAIMICHERIDAS (FohePLANSCF RalLEBASS). or
coRfiglired.to et Bn3BACEE RS ttid @drtH. ow SHrRé BRREMEAIBShE! S

fromthe mneral deposit 14, provides for regulating
mlper@éghshr@ctm systemaDlis lEmd-kasedde avi alegrfaes system) or subsea
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coﬂl[ﬁle_dno IaudmraMaﬂpz gsﬁs t11 4 &id @welllallel yvheeélmtmeed/etl dGalscIades a
ri s tree ter atre .
welliged hoh 8AriEa iy iegh 80 T Sialiratiiys Sotstaly Goludgs a
Iarbé'@ilélﬁeﬂéaﬂg@ﬁhﬂﬁs §|39§§édﬂ§t l'h@ﬁ@ﬁﬁlhatla'ﬁ@f $ESVANbI@ JmYThe
include ot her devices that are coupled to the well head

weilpead Adb déwrewdes fritthacenteai@ntd the wehinead aaao derwelbll 6.
various conponents of the wellhead 12. For exanple, in
[0022] i | Theswekheag m@maﬂwmcludaseﬂswmemmmmm ihaé sontrol

a8l SRRRIIER (AT Rsdetbtalb WP el Po SEB! Bxdipple
the w|e=||®amé1 ¢2l g/ég?@i Iyr/] inrdudesfocailsavalvkes ahdrsgftegtanggwout@ptdwced
midetals omale naberal Jebes 4 feviden o 5801 GIng iacaue 1§ the well

16d8MH prRoVidERA R n]@(:ﬁbn ANEhErhicaRBIEHe EIRodra® drhéé\ﬁn-
12 via a crane or other supporting device.[ 0023

hote) eén e ifesieated Bmhqdﬁn@rdeﬁﬁeawelmeaé&w ldﬂﬂ'UﬂB@Wr@étsn@p”qua“y
refefred-t ag%rﬁﬁ% st\rpe\élgltye‘l%s f._Hoetréthﬂ r. a2FEh) C%'Eem{lrﬁigpécg@#h?

operati r I ns énce
casmglspdel 25 [farainee hahger 26s(edy. sphsmEadg abogdr & & cwn@bdlygera
and.val

T 9B A U R A e SR e
and devices that are used to assemble and control various components of the
wellhead 12. For example, in the illustrated embodiment, the system 10 includes
a tool 28 suspended from a drill string 30. In certain embodiments, the tool 28
includes a running tool that is lowered (e.g., run) from an offshore vessel to the
well 16 and/or the wellhead 12. In other embodiments, such as surface systems,
the tool 28 may include a device suspended over and/or lowered into the

wellhead 12 via a crane or other supporting device.



16. For exanple, the tree 22 includes a tree bore 32.

The tree bore 32 provides for conpletion and workover
wWQEewomsoisies, such as the insertion of tools (ePQl/PS100¥041856

hanger 26) into the well 16, the injection of various

chemcals into the well 16 fe.g., down-hole), and the

like. Further, mnerals extracted fromthe well 16

(e.g., oil and natural gas) may be regul ated and
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be ‘coupled to a junpér or a wiine that is tred
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o DS 158 e 22THLOSs BUoebgr 2, theufie PaRdse provides
ford(ﬁ)hhpﬂ@’floﬁrﬁﬁd RSk dVRY pfstieslupds, Qliciay #id pis¥rtidh ofabNE%e.g., the
fittings and controls to prevent oil, gas, or other

haﬂggr %G)flﬂwh@%YQ”l Hy thernjersion of yatiees @Wﬁlcaﬁfln@nthe well 16
5 P hoB B FRES Pl FRAHES by RIedHGHRIE IR 0.
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onent narmuars bsea.or, surface
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i ncl udes a tubing spool bore The t ubi ngq spool bore
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wellsl &lorihe ranifad tja the welihead ﬁ?@ﬁa/%éfﬂﬁ]ﬁﬁe @gtqedere being fouted
o BERPREY ORGP LGRS T HenR plcent BOR) o 11EF aispite
indidesl, 2(hénas apartaishe trapl2@taras aaaepawatek@vicm oEieﬁi BOFsmay
coliSh AR of AuPS Sb s e’ s eV eniduh BB, ofger fuic
fronPegi@ng 115 well retheedvienbor #n dhintdériiohal reffase v presduge or an
down-hol e, to suspend tools down-hole, to retrieve

OVERHESSWBRADHEPR. and the |ike. [0025] As will be

ﬁre0| ated, the well bore 20 may contain el evated
[ Qé) ssuestubarsnad ﬁélpyOV"f@Feaﬂ?ﬁﬁ@ Qlthefieeazt | briPicallyt @
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bof® B4 icoRhEdIs €e.gt, RMabldsURiid edraphunibaaen bdfvéen)dhe trbs biong 32
hanger or_ casi ng hanger)
and the well 16. Thus, the tubing spool bore 34 may provide access to the well
bore 20 for various completion and worker procedures. For example,
components can be run down to the wellhead 12 and disposed in the tubing
spool bore 34 to seal-off the well bore 20, to inject chemicals down-hole, to

suspend tools down-hole, to retrieve tools down-hole, and the like.

[0025] As will be appreciated, the well bore 20 may contain elevated
pressures. Accordingly, the mineral extraction system 10 employs various
mechanisms, such as seals, plugs and valves, to control and regulate the well 16.
For example, plugs and valves are employed to regulate the flow and pressures



Is typically disposed wwthin the well head 12 to secure
tubi ng and casi ng suspended in the well bore 20, and

wo o1poassitde a path for hydraulic control fl ui dPCT/US2009/041856
chem cal injections, and the like. The hanger 26
i ncludes a hanger bore 38 tbat extends through the
center of the hanger 26, and that is in fluid
comuni cation with the tubing spool bore 34 and the

of Wﬁl'dls |r‘POéﬁo@sooorle’@fa%tdhﬁﬁh@llsthoﬂbﬁé@t%@hh@ra‘i Bﬁtri’cﬁfoﬁssyg%m
and 34 may nani fest through the well head 12 if

10r drfuilirgtance, e dokirged henger a8, ttmlu@ haagemrmsmg hanger)
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or ot her equi pnent be attached to the well head
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usk@ tﬁrb@gM@qt' rhipachl ax&attidrysybreri® 1830 FeyutelTRI n_gﬂasbbl%s and
internal pressures within the well head assenbly 12 and

flowge attached conponents. To facilitate the secure
connection, the wellhead 12 or other e% i pmrent  may
[0026]0 | Diesingieresatonpf ihereel, Hecasing sped %H‘@W@m@&pom 24,

théé‘ég)gg)gjt@F(;é?/eﬁterr%“’l"érec{tﬁ%‘é?‘q@rgraul 'le'h‘ﬁ%@h? ﬁ%_wélﬂweadm

onents o connect or
waﬁakvameragmoyulaydfauhdneom&d:t@ftm cAsrdedaibiesirfudiiert tedow, the

cofiiiBte0 S RCRELS hofiteRBY o TredFin 42, B A wuHi M1,
dnﬂﬂh@”ﬁb@lé' byvafoueRgha@ttBmar Gé@lé@é o9 oflfi eIQ'u‘sﬁl !@ﬁhb%lﬂwbﬁd hub
need for an operator to manual I&o per at e

18¢ oieeledraiic caspestioatlys pacwadde Q)W@W?ﬁ%do%%emhw 2soasto
wuih@PJq‘a‘&hQ%tEPr% AlBlives %grﬁ)ﬁiﬂéf %gell@%ﬁ éf(&%rhtﬂ HBTd the

ex connec ors. ustrates a
attaclam% egmponens ofl otﬂaeIutratmﬂr@de@ureﬂfmrd”&tcaoh,etuefvveﬂimad 12 or
ead

Otﬁ‘,\‘%lselt%fﬁrg‘?n d’ﬂ&%?’SﬁHl&él&%%ﬂg%PEﬁﬂOﬁ% recesses Slj%h as grooves

around the circumference of the wellhead hub 18, to engage components of the
hydraulic connector 40. Advantageously, the hydraulic mechanism of the
hydraulic connector 40 may be activated by a hydraulic connection or a simple
ROV, thereby reducing the complexity of operation, reducing or eliminating the
need for an operator to manually operate the connection, especially in subsea
operations, and improving the safety typically involved in more complex

connectors.

[0027] FIG. 2illustrates a cross-section of the connector 40 detached from a
wellhead assembly 12, showing a first step in the installation of the connector 40
onto the wellhead hub 18. In this first step, the connector 40 is not secured to



onto the wellhead hub 18. In this first step, the
connector 40 is not secured tothe well head hub 18, but

WO 20100636%9 on top of the well head hub 18. | n thBCT/US2009/041856
illustrated enbodi nent, the connector 40 includes an
assenbly 4 1 of a pluralitygof coaxial nenbers axially
secured together with at Iegst two degrees of freedom
(e.g., axial and radial), such that both axial and

thé A@lIRdadtheph 8CRITeYestsSore B IRE WeRh&&FHES 18BN en the illustrated
connector 40 onto the wel I head hub 18. As di scussed

enMasiciment, ihexcarnesiar 49t iaglades aniassemblyA1 ata pwr@ﬂtp@fa@@ax(;m
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0 cause ngagenen
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in response to fluid pressure.
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45. In certain embodiments, the first fastener 46 may be a snap ring, a C-ring, a

lock ring, or any other suitable fastener.

[0031] The second fastener 47 is responsive to movement of the second
piston 44. Fluid pressure in the second fluid chamber 54 causes upward axial
movement of the floating piston 56 until it engages and stops at the first piston 43.
In turn, the fluid pressure in the second fluid chamber 54 causes downward axial
movement of the second piston 44. The second piston 44 includes a second
energizing taper 64, which engages a mating taper 65 on the second fastener 47
(e.g., a “fast-lock” segment). In certain embodiments, the second fastener 47



novenment of the floating piston 56 until it engages

and stops at the first piston 43. In turn, the fluid
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0 degrees relative to the axis 45) to block axial movement of the second fastener

47.

[0033] In the presently illustrated embodiment, the connector 40 includes a
bore 75 configured to receive various additional components. For example, in
one embodiment, various additional components, such as hangers, pipes, tubing,
wellhead members, other fluid conduits, or the like may be received within the
bore 75 of the connector 40.



47. [0033] In the presently illustrated enbodi nment,
the connector 40 includes a bore 75 configured to

w0 goelewivari ous additional conmponents. For exBepU82009/641856
one enbodi nent, various additional conponents, such as
hangers, pipes, tubing, vvel{ head menbers, other fluid
conduits, or the like nmay be received within the bore
75 of the connector 40.[0034] FIG 3 illustrates a
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first chamber 53 via upward movement 81 of the first piston 43. In turn, the
upward movement 81 of the first piston 43 also causes upward movement of the
stud or bolt 50, the nut 51, and the lower portion 52. As the lower portion 52
undergoes the upward movement 81, the energizing taper 62 slides along the
mating taper 63 on the first fastener 46 (e.g., ring), thereby creating a radial
biasing force and causing radial inward movement 82 of the first fastener 46 (e.g.,
ring) into the mating fastener 48 (e.g., recess). The engagement of tapers 62
and 63 also gradually guides the ring 46 into the mating recess 48. Eventually,
the lower portion 52 abuts a bottom surface 83 of the assembly 41, thereby
blocking further axial movement. At this point, the engagement between the
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applied to the second port 60 may create a pre-load on

[003‘7‘1 In addition to the pressure against the first piston 43, the expansion 85
of the second chamber 54 causes downward axial movement 87 of the second
piston 44. As the second piston 44 undergoes the downward movement 87, the
second energizing taper 64 of the second piston 44 slides along the mating taper
65 of the second fastener 47 (e.g., a “fast-lock” segment). The sliding
engagement of the tapers 64 and 65 creates a radial biasing force and causes a
radial inward movement 88 of the second fastener 47 (e.g., one or more
segments 67) into the mating fastener 49 (e.g., recess). In addition, the spring
68 biases the segment in a radial inward direction, thereby further inducing the



first piston 43, the lower portion 52, and thus the

first fastener 46 (e.g., ring). [0037] In addition to
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expansi on 85 of the second chanber 54 causes downward

axi al nmovenent 87 of the s nd piston 44. As the

second pi ston 44 under goes e downward novenent 87,

the second energi zing taper 64 of the second piston 44
radibl iARar@hRREmche s tH&ségﬁhﬁ’@ﬁt 67nf theMRatfiRF@REss 49. In this

fastener 47 (e.g., a "fast-1lock" segnment).” The sliding
mm@mln@ﬁ&m@aﬂd@ 808 Letrmnied state par sxpanded siate.,.

[ Y
i}t erieht PRty 674 Bs YT Grelgh Gke, B GHE D! e
se@m)entm6b|rﬁdnmmmating récest el®e rEvENt(@lygthe Jeeord p)storh B4 abuts a

dditi th t [ t in. di al
ooftarifie L R 2P rPey ik e Prac BB e HA g dent
Additisafly, TRY %ﬁ@ﬁ%erﬁ@ntocﬁf th8@ppEANETS ofthel Mhfnd AR eBBUDNLh the

recess 49 hi s manner, the spring 68 expands from

SeBMOBE P& GTARIES BANE 19251 O NG GRNTEET JOaTAs hisTiRE, ihe
en@ﬁ@é’rﬂ@ﬂ?@étm@@nﬁﬁé’%&erﬁe‘?s ﬂZ%n?J%%Qg etsﬁ égﬁé‘@P?Hdré( sggﬁngﬁ%gand

or nore segnents mat'i ng rec
re@ssesppﬂowdestd@d@ltmgqoofsstamureﬂfneratmﬁtwean U’[&‘ tamector 40 and

surface, 8 the. a serrb 4 1. the
g BeDRER Bdb 2. B0 o VB ESbel 8X6LBENament 87
an@fradiaPménesient 89t(7 3ciabvd BecurBineRBvibare sastérferdid7haridw® (e.g.,
segnent 67 creates a pre-load on the connector 40. At

ONEKIr NYEI SPOMartie 28 ERAFSABM: bet ween the fasteners 47
and 49 é@ ., one or nore sggrrents and recesses)

[0938]vi fiS. § depiein g asessyBeiongd die eaRIRCIYAMBEING he
dis‘ség@gﬁgﬁw% t 4 ?é?ﬂo{ Veswgldeﬁﬁé\ﬁwe'é{d%ujo% 9{’60@@4&3 with an

a e 1 Nvo h axial novenen
errntmdilrabnirmfvtlaaﬁmen%nt tn thehileiatakembediemnt viha firsteand second

t 4 t, d
radt OB Shd (o aktp otp iserthaged i ooee a8 THEERNR PEsure
ath&:i %@Qﬁ"r@bo:"f%déﬁ|h6@:aﬂalcﬁw1§l@§\ﬁ@ntln¢é§pdr%€% auid rom

he wel | head hub 18 in accordance with an enbodi nent

Presgsuf ¢y Hﬂtq) Fhﬁefﬂi‘!rﬂcn@rt 61 thggeeqndRistoEMeNeD U FRe HPWakthaxial
dlrgblr(% géncta ﬁ"yeﬁml‘itédaﬁ); SH‘:S\(V)VSQ;A'?%@&SJ ?%hé‘ Ri&P4A is no longer

response |UI pressure
engpoéd withttioe Be@mehi 64 tpetensioriindbeispdng &Beetragis dne segment
f ui.d RLESSULE 9§t8 the third
n

. 92, 1 n respaon
n e raREBRR G bR o baRiEREe Py 9 Ssbilirana e Poden
67dtdre ¢he MtegeAer an by dnﬁlﬁbcﬁmbﬁﬂ i edfidr\of $He piBeRauseal bpen
piston 44 is no Iong
a pressure release for the hydraulic applied to the third port 61. To facilitate
unlocking of the lower portion 52 and the ring 46, the lower portion 52 may be
coupled to the body 41 of the connector 40 via one or more internal springs 97.
The springs 97 bias the lower portion 52 in the generally axial direction indicated
by arrow 99. After the hydraulic pressure applied to the third port 61 moves the
piston 44, the springs 97 push the lower portion 52 in the direction indicated by
arrow 99, disengaging the ring 46 from the recess 48 of the wellhead hub 18.
The connector 40 may then be removed by moving the connector 40 in the

generally axial direction indicated by arrow 101.
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second hook 102 secured to the second pin 70. Wen
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third hydraulic port 118. However, in contrast to the embodiment described in
FIGS. 2-7, the connector 100 includes a bottom portion 120 that is manually
engaged to the wellhead 18. For example, the bottom portion 120 may include a
ring 122, such as a snap ring, a lock ring, a C-ring, etc., that is configured to
radially engage the recess 48 of the wellhead hub 18. During locking of the
connector 40, the ring 122 of the bottom portion 120 may be manually moved in
a radial direction indicated by arrow 124, so as to engage the recess 48. The
segment 110 may be moved in a radial direction via movement of the second

piston 108 through hydraulic pressure applied at the second hydraulic port 116,



an al ternate enbodi nent of the present invention. The

connector 100 has many conponents simlar to the
wepiogisent descri bed above, such as a body 102CT/HS2909/041856

104 and stud or bolt 106, a first piston 107, a second

pi ston 108, a floating pist 109, a segnent 110

having a spring 112, and so Torth. Additionally, the

connector 100 includes a first hydraulic port 114, a
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However, 1 n contras e enbodi nent describ
may lEsmanually rieyed i thscerposito glireaton alkiie ark 1 &4 whailet therihird
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manual |y noved in a radial rection indicated by
leavingifelower geortign 1128 enggage withehe avallsgad Bubife segrrent

110 may be noved in a radial direction via novenent of
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be unscrewed or ot herw se renoved fromthe | ower

poﬁkﬂpﬂe@ anqmgn@m everdbe mellheasd il d 8i (Rlack&08).r EBe connector 40
is HeNG6 @ e\é é{ﬂg 'tﬁ@%/%ﬁhéﬁ’d AL, 98/ SEJQﬁat tﬁé Inﬂﬁ"i@#&ﬁe segment 67

connec renoved while
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orPaf) 1 8 ckin Briian 406t Hie, AR FiduicPhuic on
prédt@ravirdyiragbdied td 8he fn%t ﬁ?drfaah@ 830 bIRR12D6), tr:fé:edescrlbed
process 20%r % be used for connectlon of a varletég
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2). The nector 40 js. |, owered. onto th
2085 T cARRIIR 15 Cafiecl ARl & o BT Ry ey
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on the we ea
in an axial direction (block 214) As the piston 44 moves, it engages the segment
67, causing the segment 67 to move radially and engage with the corresponding

recess 49 of the wellhead hub 18 (block 216).

[0042] FIG. 10 illustrates an embodiment of a process 300 for removing the
connector 40 coupled to the wellhead hub 18 in a locking position. With the
connector 40 is in a locked position (block 302), hydraulic pressure may be
applied to the third hydraulic port 61 (block 304). In response to the hydraulic
pressure, the second piston 44 moves in an axial direction away from the
segment 67, allowing movement of the segment 67 in a radial direction away



(bl ock 204). To lock the connector 40 with the
wel | head hub 18, hydraulic pressure may be applied to
w0 baofdsese hydraulic port 59 (bl ock 206), as deGTUR1»e2041856
above, such as through a renote control system using
hydraulic fluid. The press%(% causes the | ower portion
52 of the connector 40 to e in an axial direction
(bl ock 208) and engage the ring 46 with the wel |l head
froﬂ\%el\ﬁel(r@a@%bzf@hs TIPS B Erdchethe iRRd R 6740 Hent 0
I ocki ng position, gressure ma be applied to the
Segmﬁhm ﬁmngages:frpmt e6ecessl 4&:@ tﬁey@”heﬁwuhg& kelocking the
IS I t
coﬁﬁ&%%@ Afﬁéj tﬁ% Sb@h&fﬂ % R un%(ﬂ&%ﬁ {h%rbo(n*ﬁ ?&Eg@’rﬁ&y béS
remaued frgnt the we&lgmnsadmuﬁﬂ a by mmvmgrtael |cahhgcta|nd0 angrageial

With th 49 of | | head hub

g s SSCREIERG e 6 RS 116 ongsity 4s reimoved! e ring
4earRpduisrmttically @IS@hQ@@ﬁ'OI&Qﬂer@“hégﬂﬁ\ﬁbﬁ@ hYen&renAS IdHger
40 coupled to the | head hub 18 in a | ocking

anydwrtaubia Pregaure exertedbiordt ibe lawen rortian §2jigekesgagement with

(bl ock 302), hydraulic pressure may be
thé’%‘{egéggto the third hydraulic port 6 1 (block 304).
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unl ocki ng the connector 40. After the connector 40 is

disphsedk dtptheméhaiiaeiiaris ta gopelalbmogidigatiens. eadivatents, and
alt ralcte'g f’arl]lméf\ﬁﬂ'ﬁn Pfes gﬁ}llta Qr?crl] E%ééc‘i’l?tﬁ%gﬁ\%&tléﬁgsﬁjezlﬂeé)&%e
foltmvlmgaappendmj cclalmsem)ved the ring 46 may automatically
di sengage fromthe well head hub 18, as there is no
| onger any hydraulic pressure exerted to pull the
| ower portion 52 into engagenent with the recess 48.
[0043] Wiile the invention nmay be susceptible to
various nodifications and alternative forns, specific
enbodi nents have been shown by way of exanple in the
draw ngs and have been described in detail herein.
However, it should be understood that the invention is
not intended to be limted to the particular forns
di scl osed. Rather, the invention is to cover all
nodi fi cations, equivalents, and



alternatives falling within the spirit and scope of
the invention as defined by the foll ow ng appended
W@ LEBI6CLAI MS 1. A fluid-driven connector forP@i/n82089/041856
extraction equi pnent, conprising: a first piston
having a first axial range novenent responsive to a
first fluid pressure applied to a first fluid chanber;
a first fastener having a first radial range of
novenent responsive to the first axial range of
cnggp@gent of the first piston; a second piston having a
d axi al range of nobvenent responsive to a second
fluid pressure applied to a second fluid chanber; and
1.2 secidldfiest Eﬁﬁr‘ieéﬂé\"fbl:‘E’hlﬁerﬁ?&&%tlbﬁ%ﬁlﬁrﬁ&ﬁg&rﬁﬁrising:
novenent responsive the second axi al e of
nov @rfissitRistan Maningra fiistagal kaege b nmventant msmnalvmtm,a first

' Of nmovenment is in a
f'UW@%@ %%“%# g%tf'%riﬁi %Pﬁéethe first fastener in
t he affirstshsteadr ladavm@amstcrédiabmgemf mévenerecesgbraiveatbo the
ran%?{of movenment S ?{second axial direction to

firgs;ax ?‘fég%%fdﬂﬂﬁem%@ttcgﬁ@‘? $PSRsecond radial range of
MoV gneibng ?&%ﬁ h&vihg %Séecéﬁé aSRF %@Teaaflrﬁévéﬂhérﬁ%smwe toa
are opposite from one another. 3. ui d-driven

Se@@’ﬂﬂwﬁwﬂcﬂf egffure egphgdito %@mﬁﬂdsﬂlh@ champett@andg pi st on
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thesecdrer @iia rahge bf mevewleatrtber expands bet ween the first
pi ston and the floating piston during the first range
of axial novenment, and the second chanber expands

2. bet vm@mutdlgnmme@t&t&maaﬂd WwWHeréihegé firg aﬂllaﬁfam@e of
durln% the second range of axial novenent
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interfaces with a second energizing taper biased by

the second piston. 7. The fluid-driven connector of
3. ¢l ailRedluidridyas) Wﬁﬂ%t%@éﬁﬁm Tc 6RPPIiSY axfloating piston

separating the first fluid chamber from the second fluid chamber.

4. The fluid-driven connector of claim 3, wherein the first chamber expands
between the first piston and the floating piston during the first range of axial
movement, and the second chamber expands between the second piston and
the floating piston during the second range of axial movement.

5. The fluid-driven connector of claim 1, wherein the first fastener comprises
a ring-shaped fastener having a first taper that interfaces with a first energizing
taper biased by the first piston.



spring biasing the segnent in a radial direction. 8 A
connector for a well head, conprising: a body
W@ IpOIBINg two or nore portions, wherein the PEDUS09/041856
nore portions are novably nounted to the body and
configured to nove axially Vé' a hydraulic pressure; and
at | east one radial nenber 1radi ally noveable in
response to novenent of the two or nore portions. 9.
6. The TRaNRREENerPéorHedtdNd? claher, fizréiRenabetSrblastiier
radi al nenber conprises a ring. 10. The connector of
coglpdisas 8, segmanthaving& saconddaperdhat intatiages méligegecond
] - i £ o nove the radi al
en%é@?&%r?aﬁé&ri@%h&%{é&éwgﬁﬁor&l_ The connector of
claim8, wherein the at |east one radial nenber

co ises, a.first radial er configured to engage a
7. ec e TG fiver Sanriseias o o Fnd EGRIRAER SEOBPN LI opE 2
sphhg§ bRisthd the seignlePR st a Padial @fticBbn mermber conpri ses a

second radi al nmenber configured to engage anot her

recess of the well head. 13. The connector of claim8,

CONpyr i S j draulic ports configured
8't 0o a +®ﬂ%%%o€éﬁje¥n¥@g¢é%%g:gp%g@ nore portions via

hy d adaddycoprising tvaagphoedpdrtionsevitareimihe twd or heore portions

arB i Bbly ho e PSR B8 Esrttied BB aRE O LiaHyarauic

préssifadriocc port noves a first portion of the body such
that the at | east one radial nenber noves in response

t o ehieaghborarEattialgremnher fadially peHaabimin respongesto movement of

th& RINBE Fe?gﬂﬁhéi”‘ls' wherei n applying pressure to a
second hydraul’i ¢ port noves a second portion of the

body such that the at | east one radial nmenber noves in
response to the vegent of the .secqond portion. 16. A
9. et RO coPngpbr & TR Rbeiin bira&itdnelRbp Rigmoer
cofpmBes airmg. appl ying hydraulic pressure to a first
port of a connector; noving a first portion in a first
axial direction such that novenent of the first

10POT frh@ohALSHS oﬁaamgmﬂﬁreﬂ# trd dtlie&dt onddhdial AR
with a first recess of the
comprises a spring configured to move the radial member in a radial direction.

11.  The connector of claim 8, wherein the at least one radial member
comprises a first radial member configured to engage a recess of the wellhead.

12.  The connector of claim 11, wherein the at least one radial member
comprises a second radial member configured to engage another recess of the
wellhead.

13.  The connector of claim 8, comprising a plurality of hydraulic ports
configured to allow movement of the two or more portions via hydraulic pressure
applied to one or more of the plurality of hydraulic ports.



wel | head. 17. The nethod of claim 16, wherein the

first radial nmenber conprises a ring. 18. The net hod
W@toiekedon? 16, wherein the first portion conpriBEEUS2009/041856

first piston. 19. The nethod of claim 16, conprising

appl yi ng hydraulic pressurehéo a second port of the

connector and noving a second portion in a second

axial direction such that nmovenent of the second
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with a second recess of the ead. 20. The net

pogfmeyes afinsd porivsraithe bpdy seeivingt ikedatdpastamediadial member
| ' - nt. 2 1. The
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pressure to a third port and noving the second portion
third X|andJr t on such that ane &e

secgﬁs POPEFIBHO d‘f"@%@&h@%‘?ﬂé‘ﬂg pé?sstulﬁ% %%é@ﬁ%‘”

hydaaiialpofBABESs 4 E8EBrd SO ﬁ@ﬁ@f‘ﬂwertﬁﬁ%/%cﬁfthéhﬂ t least
yWel Ilhggd 22. SThe nmet hodr of claim , con‘prlesal negas one

ragiahenbgr fwesiin saspoaae &9 theempremaahefdhe pecomd pation.
system conprising: a wellhead assenbly; and a
connector configured to couple to the well head

16as s éninkihodtdiepeoatimgcd omnrtan:tmrfbsamllhaadhamynmtsmg‘i si ng
two _or, nore portions nore portions
ar o SRR yhBUlinuESs B iR T el SatedRlr ed” o move
axi ahdvihg/a ﬁrsh){)@ﬁﬁiﬂ |h<é ﬂn’fsﬁé)&élrcﬁrecﬂﬁﬁ s@th trRasioveftent of the
radi al nmenber radi al %lormvea e in response to

firshppsliRtheauses engagemest ofnpfist Frefialinembenwith A fW‘é‘t eeess efrthe
weﬁlﬂ@&?c“ on mneral extraction equipnent, conprising:
axially nmoving a first piston along a first axial
range of novenment in response to a first fluid

o ae PRl Bpub tenehelai e st it Hhper et o
novenent in response to the f| rst axial range of

novenent of the first pisto
18. The method of claim 16, whereln the first portion comprises a first piston.

19.  The method of claim 16, comprising applying hydraulic pressure to a
second port of the connector and moving a second portion in a second axial
direction such that movement of the second portion causes engagement of a
second radial member with a second recess of the wellhead.

20. The method of claim 19, wherein the second radial member comprising a
spring coupled to a segment.

21.  The method of claim 19, comprising applying hydraulic pressure to a third
port and moving the second portion in a third axial direction such that movement
of the second portion causes disengagement of the second radial member from
the second recess of the wellhead.



axially noving a second piston along a second axi al

range of novenent in response to a second fluid
WQEerEssue applied to a second fluid chanber; apdI/US2009/041856

radi ally noving a second fastener along a second

radi al range of novenent ig?d esponse to the second

axi al range of novenent. 257 The nethod of claim 24,

wherein axially nmoving the first piston is in a first
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first radial range of novement, axially noving the

maw@did piston is in a second axial direction to bias
the second fastener in the second radial range of
novenent, and the first and second axial directions
23ar e Aogystesn | eorhiprigingitne  anot her .

a wellhead assembly; and
a connector configured to couple to the wellhead assembly, the connector
comprising:

a body comprising two or more portions, wherein the two or more
portions are movably mounted to the body and configured to move axially via
hydraulic pressure; and

at least one radial member radially moveable in response to

movement of the two or more portions.

24. A method for connection mineral extraction equipment, comprising:

axially moving a first piston along a first axial range of movement in
response to a first fluid pressure applied to a first fluid chamber;

radially moving a first fastener along a first radial range of movement in
response to the first axial range of movement of the first piston;

axially moving a second piston along a second axial range of movement in
response to a second fluid pressure applied to a second fluid chamber; and

radially moving a second fastener along a second radial range of

movement in response to the second axial range of movement.

25.  The method of claim 24, wherein axially moving the first piston is in a first
axial direction to bias the first fastener in the first radial range of movement,
axially moving the second piston is in a second axial direction to bias the second
fastener in the second radial range of movement, and the first and second axial
directions are opposite from one another.



