SUBSEA LOCKING CONNECTOR This application claims the benefit of U.S. Provisional Application
No. 61/362,960, filed on July 9, 2010, entitled "Made-Up Flange Locking Cap," which application is
hereby incorporated herein by reference. Field of the Invention: This invention relates in general to a
connector for deploying subsea to connect to a subsea device. Background of the Invention: In subsea
drilling operations, drilling operators generally use subsea connectors to join risers or other devices to
the wellhead. Typically, these devices rely on an externally applied mechanical force to energize a
seal between the connector and the joined device. While these mechanically set seals initially hold
quite well, during the course of ope&iliiBS BAfe@CKING eSONBERAI@Ren an internal bore shared by the
devices and the subsea environment can stress or strain the seal, causing the seal to fail. In addition,
during energization, the differential pressure may cause movement of the connector relative to the
subsea device that the connector connects to. When this occurs, the seal may not set &)rgﬁerly,

allowing leakBifeaRRIGRIN SRR ABARSABH! Phid RaRiguRhARDHFRINSS BP9 €8l causing
it to fail earligh thay anteipateshriivalioatar-ofRdtilieral exighaatMAttANGRliuEsHaSUEiepEnergize

the seal may overcome this problem, but it is Impractical to continually apply an external mechanical

force to the IGORRREBIERD RRERRY fRerenter herefore, there is a need for a connector that can be used

in subsea environments that overcomes the problems sealing in subsea differential pressure
environmentseld of the Invention:

This invention relates in general to a connector deploying subsea to connect to a
subsea device.

Background of the Invention:

In subsea drilling operations, drilling operatoengrally use subsea connectors to join
risers or other devices to the wellhead. Typicalhese devices rely on an externally
applied mechanical force to energize a seal betweeoonnector and the joined device.
While these mechanically set seals initially holditel well, during the course of
operation differential pressures between an intdooee shared by the devices and the

subsea environment can stress or strain the seaing the seal to fail.

In addition, during energization, the differentf@essure may cause movement of the
connector relative to the subsea device that theexor connects to. When this occurs,
the seal may not set properly, allowing leakage ortout of the connector. This leakage
can further stress or strain the seal causingfaiteearlier than anticipated. Application
of additional external mechanical force to furtle@ergize the seal may overcome this
problem, but it is impractical to continually appyn external mechanical force to the
connector to maintain the seal.

Therefore, there is a need for a connector thatbeansed in subsea environments that

overcomes the problems sealing in subsea diffalgmtessure environments.



Summary of the Invention These and other problems are generally solved or circumvented, and
technical advantages are generally achieved, by preferred embodiments of the present invention that
provide a subsea locking cap, and a method for using the same. In accordance with an embodiment of
the present invention, a connector for connecting to a subsea device having an axis comprises an
outer body defining a cavity, and an inner body defining a bore, wherein the lower end of the inner
body resides within the cavity. The connector further comprises an engaging member coupled to the
outer body and adapted to engage a first surface of the subsea device, the engaging member being
radially moéB‘E'B@F%g ﬁﬁrg W, disengaged position and an inward, engaged position. A seal is
carried by the inner body and adapted to form a seal between the bore and the subsea device. Finally,

the connectahesmpﬁééghepm%%manmw@bug@&d&mmm@m ue@p'r@alo@dﬂagtm&ber
being operabie (0. ROAAYERTEGRATRF Prse il dne ssR AfdSS B0ChH RG oISt Hadyigad seal

against the subsea device to exert a pre-loading force on the seal. A substance pressure within the
bore energift®e8a LING GRI2RAER BRI A HOANSIREtRMERIBRNent of the present invention, an
apparatus for connecting to a subsea member comprises a body defining a bore having an axis. The
apparatus alsacoongiises wigeahaariisst bydhediaoly pféscagitignmpiseretcotipleorningetagated to a

lower rim of the Bod nd. a sealing ring coupled to the bod @rt@? .coupler ring. The sealing ring

moves alond PDSKS GG TR INE BOCHTR Foperiaessl PPEdBrTnIng & Baldiey ehBigizing the

seal. In acchatindefinitigsalbanathdrezaib doénieweofind piitsentbodgnesides withindHercamityecting to
bsea devi : - . . i dani

by cerimin & I e e e o o

has an engaglagtatettbengagplet fissthswiaee bofdihenguhsembdeiric ¢ hyagio gnneerboely Eimally, the

connector heienpAde RemREnCarPlsdintie arsrdadxbRRRaher fisReerupagRipwering

the connector toward the subsea member and inserting an end of the subsea member In e cavity.

Then the m&PFHEbNANRR FiGRIHEGIBHIBEdRRRGiRRTY tREeNgd dthip it mberkE MEsdeifedaiBsea
member. The,metaoslseBal¢eTwith-he slepr YRS IS PiRd08dMedREMSEIR SngiREe the

inner body, exerting a preload force on the seal and pressure energizing the seal throughout the life of

the connectH?. Bf QERERag¥% dha Prerareie MsaRAEREBTEAPS CsBRORER AR SHIRCS RHaratus
connects to psabredNEIRer and usRs MdifferantaliprensasaiisenrlGigpdbs sedlcéhereler a

maintaining ;gpg-lgg%{ﬁggzi%trigg oor%c % g ggg}'.’ A substance pressithin the bore energizes the seal.
In accordance with an another embodiment of thegmeinvention, an apparatus for
connecting to a subsea member comprises a bodyirtgfa bore having an axis. The
apparatus also comprises a seal carried by the. bdbdg seal comprises a coupler ring
coupled to a lower rim of the body and a sealing Goupled to the body by the coupler
ring. The sealing ring moves along the axis re¢ato the body in response to a pressure

in the bore, thereby energizing the seal.

In accordance with still another embodiment of firesent invention, a method for

connecting to a subsea device comprises providirgpranector with an outer body

defining a cavity, and an inner body defining adyavherein the lower end of the inner
body resides within the cavity. The connector Aasengaging member coupled to the
outer body and a seal carried by the inner bodgally, the connector has a pre-loading
member coupled to the outer body. The method @saprises lowering the connector
toward the subsea member and inserting an endeo$ubsea member into the cavity.

Then the method continues with the step of energihe engaging member to engage
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Brief Description of the Drawings: So that the manner in which the features, advantages, and
objects of the invention, as well as others which will become apparent, are attained and can be
understood in more detail, more particular description of the invention briefly summarized above may
be had by reference to the embodiments thereof that are illustrated in the appended drawings that
form a part of this specification. It is to be noted, however, that the drawings illustrate only certain
preferred embodiments of the invention and are therefore not to be considered limiting of the

i tion' the i ti dmit to oth ally effectj bodiments. Fj 1i
vertical seciORAURERAITE BbkeclBF I GLABEAENHEH ML Al A AP R S E S nto
vertically-orieietenadeengdigenghe inndridioep, xetirayeasprtions \vewbofsatdraate prasadienents of

a seal of the_connector, of F'egalft% %‘uFif%Jﬂ?ttﬁeiSIiP p?rt%%e%grview illustrating the connector of Figure 1.

Figure 4 is peenr%%%'{?\getb/?e% of & lower portion of the connector as shown in Figure 3, but illustrating

the guide pins and stop pin re-positioned for installation on a made-up flange that has an upper

asymmetricAThBRISRIAISURS § RIaBERENTRIRFINERS ebihR AKTEBHEMISIANAGHe BPPRIaNS is a
bottom viewghii& o8 Sohssasheb i BIHIREs a differpreiure to energize the seal, thereby

maintaining the energiziation of the seal.

Brief Description of the Drawings:

So that the manner in which the features, advastagnd objects of the
invention, as well as others which will become appsg are attained and can be
understood in more detail, more particular desiotiptof the invention briefly
summarized above may be had by reference to theodimbnts thereof that are
illustrated in the appended drawings that form # pé this specification. It is to be
noted, however, that the drawings illustrate ordytain preferred embodiments of the
invention and are therefore not to be considemmitiig of the invention's scope as the

invention may admit to other equally effective emlipzents.

Figure 1 is a vertical sectional view of a conneétoaccordance with this invention,

shown being lowered onto a vertically-oriented magdlange.

Figures 2A-2E are sectional views of alternate @ditbents of a seal of the

connector of Figure 1.
Figure 3 is a perspective view illustrating themector of Figure 1.

Figure 4 is perspective view of a lower portiontleé connector as shown in
Figure 3, but illustrating the guide pins and spap re-positioned for installation on a

made-up flange that has an upper asymmetricalgoorti
Figure 5 is a bottom view of the connector as showFigure 3.

Figure 6 is a bottom view of the connector as showFigure 4.



Figure 7 is a perspective view of the connector configured as in Figure 6, shown during a first step in
engaging a made-up flange, which involves lowering a long guide pin through one of the holes in the

made-up flange. Figure 8 is a perspective view similar to Figure 7, illustrating a second step,
which involves rotating the connector. Figure 9 is a sectional view of the connector and made-up
flange of Figure 7, illustrating a third step, which involves lowering both guide pins through holes in the
made-up flange. Figure 10 is a sectional view similar to Figure 9, illustrating a fourth step, which

involves stroking the outer body of the connector downward relative to the inner body .and stroking the
jower dogs. - FigUrBE d dSacRSTaPORIAHRY 85 FIGUFNeS SIIORERY 258 519 Sufch
involves mostywipgarirtpgshinstvareh Detai g Dgsanpéide-apdie Whiehtiovolves |dwerprgsefirigvention
will now be dﬁis eribFndt nore rf}u(l)lxeh((;:f(ﬁi]réakfftﬁlre \évitnhtﬁef%%ﬁ% to the accompanying drawings that
illustrate embOdiMEnts of tHe mvention. ThIS Inventon may be embodied in many different forms and
should not be construed as limited to the illustrated embodiments set forth herein. Rather, these
embodiments are providlé@§ sb ithat BRESEREIYSUYEEWIB T B R Bl ebaimeta, SePAM $AR: convey

the scope ofhginNKeBHRR 1B iaRe Rkitemhiethsy art. Like numbers refer to like elements throughout,
and the prime notation, if used, indicates similar elements in alternative embodiments. In the following

discussion, numerous.specific. details are set.forth rovide a thoro hunﬂerstani of the present
Fih f S X

invention. However, "B’ opViote S b sekifled in TRE 3¢ Eﬂ% SHEsERAL HvaNt ur[rs?ay’be
practiced withmitatingh s pbeiicsthgtaiehisll ditiarhatly , | oveh dmptlo sy et mesatlsrcoglbenniag drilthey unit
operation, nm&eé{éa{fp ﬁgﬁi tge like have been omitted inasmuch as such details are not considered
necessary to obtain a corplete

Figure 10 is a sectional view similar to Figureilfystrating a fourth step,
which involves stroking the outer body of the carctoe downward relative to the inner

body and stroking the lower dogs.

Figure 11 is a sectional view similar to Figure, Ilustrating a fifth step,

which involves moving upper dogs inward.

Detailed Description of the Invention:

The present invention will now be described moudlyf hereinafter with
reference to the accompanying drawings that ilistembodiments of the invention.
This invention may be embodied in many differentrfe and should not be construed as
limited to the illustrated embodiments set forthrene. Rather, these embodiments are
provided so that this disclosure will be thorougid @omplete, and will fully convey the
scope of the invention to those skilled in the arke numbers refer to like elements
throughout, and the prime notation, if used, intisasimilar elements in alternative

embodiments.

In the following discussion, numerous specific dstare set forth to provide a thorough
understanding of the present invention. Howevenijlitbe obvious to those skilled in the
art that the present invention may be practicetiaut such specific details. Additionally,
for the most part, details concerning drilling uogeration, materials, and the like have

been omitted inasmuch as such details are notdenesi necessary to obtain a complete



understanding of the present invention, and are considered to be within the skills of persons skilled in
the relevant art. Referring to Figure 1, connector assembly 11 is shown positioned over a made-up
flange, which in this example comprises a lower riser connector 13. Lower riser connector 13 is a
lower portion of a drilling riser (not shown) that normally would extend to a floating vessel at surface.
The riser has been damaged and severed from lower riser connector 13 by a cut 15 on the upper end
of the lower riser connector 13. Lower riser connector 13 has a curved surface 18 that tapers in a
downward direction to a risey flange 17 haying a.flat upper surface. Curyed surface 18 is a curved
frsto-conicNGGFRIEEANS G Ui EYSR Bl AL sch CorERABIach Moo B tofar Sviut
preventer 2h¢B0ORY, skitadpipethendlofavtiart.is shown. BOP 21 has a BOP flange 19, and riser flange
17 bolts to BOP flange 19 by a series of bolts (not shown in Figure 1). BOP 21 and lower riser

connector 13 gy & HHAG CPRE RRSRYSSL I 1inaHBIRARA LQla 9 Ssadbigyehnfie mating

flanges 17 and 19 preferably have at least two holes 25 that ot contain bolts. The bolts from holes
25 may hav/bisgrndhinexamnne seIRtspaf Kiver sighammleh (bRWeHSRIr cittReopddése, such

as allowing fuishinesdriBRsst WaERg RLBISESREIRN D RE-ATEPHABESIS IR0 RSAPR from

each other, but other circumferential spacings between holes 25 may be employed. A person skilled in

the art will UYRRSSHA FHHACRWERFISISEEARTREEN AR AP BB DNShERGEISBESHBNE? type of

connection pgiat.caonsasiohasseped¥dd srihénenepnisesicastitgl 8 seavasr dRRgrimthbelon1gith
respect to Figure 2E. Conne(':]':% ssembly 11 includes an inner bod% 27 and an oCHter. body 29,

both being dJARATAY hehLIATRABLIEY RBRIFalfyPof MY AEURLL QRS AYERbA B)iRA&s 31,

extend betwietnuppigrsooidy 29 @od edosatkeie3Batiacheftidaterarmparsenthoé inner body 27. When
energized, hydraulic cylinders 31 will stroke inner body 27 and outer body 29 relative to each other

from a contracted pogifip@ A HieNI5EARSIILBNRLIRS BB iRyl ARBHBAS IR ARV

inner body 27 in Figure 1. A person skilled in the art will understand that other devices and methods,

such as rembtelBperdbed wWepelvams, Fommmishing shebodCPhah@ difer Heaged felativdertseéach
other are copeRP BIeHARTNBIBHL RGBSR AligRr KGR MEBRFSNBIRND} restisexmotion

between inner body 27 and outer bodi/ 9 may be used, for example, inner bod\%}z and outer body 29

may compri88% SigIdIaRitCONNaFREL5JRY o AR aRIESSARM 4R L IR WiiR anchingiu3 of
?uter Eody Za-pﬁlégf mv&rgéno(;m @.ﬁmirngrfm%e31%@@@&&@@@%&!}%@@%@%@mutvvard
rom the exterior of inner body 27. Range 45 has an upward facijng shoulder 47. Upward facin
shoulder 7IHAPLEBRIRPLS LG HOTF I POBREE g ANEHFRE) | STHfEsb A SlFs Riushing
or guide mehahver difginaihobevnueteddertferoaitetitkarpetpsatiaag akbwiogshidiodiaésn thassner
diameter of cavity 43. In the example shown, the lower rim of inner bod is_still recessed within
outer body é r\%éhn olu ettpgoa)f/%ﬁllsein @éeﬁp%%raﬁgs?ﬁgﬁ? ﬁ)qls%ge%se%ggr \}3@ Moified ﬁqne{hg ulﬁtpper
end of outerdboely @@ sefeesntialisiitio geizd tnoearheido? hbexwnployrdr bédiessan, 2lledtvmeen the
extended a if] 21 35 rtionsof a ring th ecess
37 formed e e B e T L e B ove 0
with a seal 4n@hdemteeeadtiteMReleh@oskal darmesiercasedloarn fticiornestalingbagsest curved
portion 18 05@&@&‘5%6%8%{%5%@@{ AL Qe variety of configurations and materials.

Figures 2A-2D show four embodiments for seal 41. Each embodiment includes a metal body 32, such
as of steel, defining one or more recesses 42, a flange 34 for securing to inner body 27, and one or
more inner body sealRERRARS A35BTBArg SHPEY AR MRS LAEPRAIE ALK 7 S\ahaTn the ar

will understayaihidpasysitierivatiyeudobodireamisrsonie rppladdtariftingludeises| 4lorthguhyeaeasises 42

and inner body seal mbers 44, Likewise, a person.skilled in t rt wil| understand that alterpative
o mbotmon et et et o RREE oS e S Ao i B PR B RSHT v
body seal mandrebsdy!l 2NneVbedyeseabimed) bemrddlimaylaidétenil gisekeaperescadidy 2urtamets, flat
sealing surf eJike r r r ling.s " igur I eric seal
member 36,%%%;%(58(5) %?F g 5%%%@% slté]caﬁ%a%q rﬁﬁ%(fr?@ﬁ%a% m‘éog‘js}g%d/gél:n%ﬁg)l(gév?{gr% go%t{?grﬁ? éB body 32
for sealing dgdiastagty et darfadts 1narAgsioPB esieitogadad)ildyiBd-iguedit repsrsanhe lower

portion for  gyilled in the art will understand that other desicand methods, such as remotely

operated screw lifts, for moving inner body 27 ander body 29 relative to each other



metal-to-metal sealing. In Figure 2C, the entire lower portion is of the same steel material as body 32
for forming a metal-to-metal seal. In Figure 2D, seal 41 has an elastomeric layer 40 bonded to its lower
portion for forming a seal. Other variations may include an inflatable seal 41. Preferably, flange
34 loosely couples to inner body 27. As illustrated in Figure 2A, elastomeric seal member 36 defines
an annular member substantially filling the groove in the lower portion of body 32. When placed within
the groove of body 32, elastomeric seal member 36 provides a different inner diameter of body 32 than
that of body 32 without the groove, Preferably, the.inner.diameter of the c mﬁine elastomeric seal
momber 56 SO D RIS BIF OB 5 B0 ARRRISFo MG R thE 150V By, iner
body seal meotizerhédrvdelinia@amnibdalyagnapers sidpdiadiially btnygedcéssesatdphd/hanglaoely within
recesses 422J/nnr¢]9(5 889&? %egl rg mbaers §4 é)rﬁggige a qiff%ept outer diameter of body 32 than that of
body 32 without recesses 9y re%rgtﬁym EComBined outer diameter of the combined inner body
seal members 44 and body 32 is greater than the outer diameter of body 32 without recesses 42 at the

location of recesses 4N¢ANBWIry PlasehlewesnPdingabatlentisttinimeaty £53 Obier Paubscribed in
more detail belovi 3 (il S CORIRAkPRINBpTY G RATNB BHEECE 0k A2nalasiamagc seal

member 36, inlay 38, or elastomeric Ia]y_er 40, and the curved surface 18 of lower riser connector 13.

As fluid pasSEEYRFE JERMHIBG R Esion A RR/EBRMYY4n FHAMIERRS 89, YRWAKHdasiBesthe ARl fating

central passgpe &3 3aeiMPEnSIEAUAT Ay Brovelresd ekCaiaedtoriprembly, Jdicgrasvally axially
away from lower ris% cognector 3. As connector assebnbb% moves,%%oselé coupled seal 41 will
Es %

float axially AR VRSP %&‘H@I)‘?rﬁg' § 85R e%?)w 6?1“ eV, g{ﬁyﬁtﬁfm lower
riser conneasbfladgeerl fl wlitirgreaonnthentadndiinieéaraiagradnnetierckdamdecstivec stgace 18
of lower riscy, connecior 3-Innet Pady st members dmainiain Raealuih naer badw 7, phile
allowing a small'gap to develop eén the portion of body 32 axially above the upper innér body

;eal 44 anditsnmﬂemqlpﬁiﬁoﬂiheﬁsﬂsmnmln@' {Bemidlisthd mmbgaprmwdfmmaebwgygzewﬁally
e ane (UG SRR RS EIONBLE R AR IR R S e 2 S8 95 AR O e LiBsIcRanaRgT 19

In this manner, ressure within bore 39 turther sets seal 41, increasing ity to seal
during operatisaalaispasitonmheSnrarisuniay 39 nRyfdeingmeivadi Figthet ZRgages &166e6H Ih
alternative Gfm%%im?meo&%@#o‘i%f%ﬁ@ﬁ&@&%@}%#%%@ﬂe?mer 13 that does not have riser
flange 17 and thus curved surface 18 secured to it. As shown in Figure 2E, a lower riser connector 113
is a lower portion of a drilling riser_(not shown) that normally would extend to a floating vessel at
Surtace. 1n this exam BTN RL BSOS 1A S 1B orek G B D Bn SF A BOP),
the upper emgobvducied ishewpoBOR b2 bdaing BRihiaodpdtdnBBR1Rvandiseweomisestopnnector

113 have a mati enjral passage for drilling fluids and tools to.pass throu imilar to that of mating
central passiige D50 CARY DR 06t SR A L PR EonfUIEY 2 e oo
flange 119 memdtrbehtﬁsfat lseak Mto_ l@lels emGMMOtmlbbﬁSy@ﬂymcﬁamid@elshown
i Figure 2Cadfui BT RodITEn 8 FIWAAE o aG A SRHBIRS R 29 ey By g7 of 2
connector assembly. The connector assembly comprises an altetnative embodiment of connector
assembly 1m®mih@a@@@d}ldﬁﬁﬁomﬁmb@dﬁtéédﬂhécﬁtm@mﬂ@bﬁtmﬁchﬂd}ﬂ%@né\ PORdaNge
119. The copnpeterPare BRIV IRMARIOR SR th AN ERSIBRAS ARG PSR DRI L depRARIdO

connector assembly 11 of Figures 3-11. Seal 141 has a metal body 132, such as of steel, and a

retainer ringS€8L A1t YK 2835 RA AR EMARRRIYSOFRRE R Anfighrvy e ft AESFPAgRIHECan

exterior surfgcenaf JpRNIrisel SRmaRE iial beMRiRl o tbberesardefiptaenmarinaadaeesss 142,
an outer flange 148, and one or more inner bodgﬂsﬂeal membpers 144 for sealing seal 141 against inner
ﬂclﬁt%'

body 127. ASRFURLIGRe§HH SR WANHHEE Sken dAURRSHIBARIRR BN SSSHIMEMRES S e m and

include sealpb#fly withpnidieeesses: igypakinashpady sgaimaeaiRieddal dewine sarpysonoskilled in
the art will understand tha alternativgrseﬁ%godimepts contemplate and include use of elastomerics, soft

metals, andfife efqg@ﬁ Gahls 99585“ Aféibers 144. Inner body seal members 144 may
also comprise tapered sealing surfaces, flat sealing surfaces, or the like rather than curved sealing
surfaces. An elastomkxi€igest rAémberelastoinetiedsefh memtil sGchaiwBibbeaiasabsuell asa groove

in the lower pRIGN f Bedied 34 IPGREAOhANRITSHEP sraBFIH{RsS RIBLRiHgNAE? curved

surface 18. In Figure 2B, seal 41 has an inlapf38 soft metal on the lower portion for



Seal retainer ring 152 comprises a U-shaped ring defining an inner flange 154 near a lower end of seal
retainer ring 152 proximate to metal body 132. Seal retainer ring 152 couples to a lower rim of inner
body 127 by bolt 158. Interposed between seal retainer ring 152 and the lower rim of inner body 127 is
a spacing washer 156 of a thickness such that a gap 150 will exist between inner flange 154 and outer
flange 148. Preferably, gap 150 allows seal 141 of Figure 2E to float similar to seal 41 of Figures
2A-2D. Also coupled to inner body 127 is a deflection spacer 160 configured to limit the compression
of seal 141 to a redeterr?ined amount. During placement and engagement, described with respect to
connector aABSEAIBR TEW o tbtal batoh St 1 445 I AR PRRIPR R BbriresaibR 5YF5
pre-loading foaterialefle dbiodyspacier F6initsatinectataioaxiatatsepreSisjore o2 Bealebd U urbxg an
pre-loading 1g.8,predetarminesh amaunk sslacted or the paieular spolicatian, As llustatedn Figure
2E, elastomeéric SEAT Miembar T3 detnes an anhularmemper s@ostanﬁally hll?ng e groove i the
lower portiomoluidedynlisfataltiersedddd within the groove of body 132, elastomeric seal member 136
extends the axial length of body 132 over that of body 132 without the groove Similarly, inner body

seal members 144 desfaecaanylaamge e iy aniabe inmegasead fh.dien asgduithin

recesses 142, inner body seal members 144 provide a different outer diameter of body 132 than that

of body 132%th®&§@6&§é§%@2'§?fﬂ€%@a§i&I?E‘F‘?écégséﬁﬁ@@éfél«&’&&irﬁi@'bfo' Biaed®uter
diameter of ghegvemhines ipier priicreak meaypers 1ivhandiangittis ik ajesice thamday aater
diameter of b§g¥ 132.Withott recegsse 42 at the location of r@?%esses 14% . Follgwi Ialfem nt and
engagement BEIABEERRAAbMEBRIN BERLABS eSO maT Bl ks er i 183h Fhore
detail belowhadhirBialvihalistcecgtedviee tireder dty stitatmeinbedy &8sttt destonember 136
and an upper surface of BOP flapnge 119, As fluid passes thro h ting central.passage and into
o boro i Ga  RDBE 2t A Godhdans e TR Thal ok Hadae By R e S ERRCH o o
the connectgrassemBiynitseherallyeaxiallly sseal/ fnembeveeddseegonniectonchBerss shestantiebtor

assembly gl 83Bskad 259"\’/%%? i'a‘h’e&ovxﬂi]’r@%‘?é@g%@ﬁ%?% %&mﬂ%ﬁ’iﬁ%&sﬁﬁﬁp&ﬁﬂ‘m S,

inner body an move axially relative to sea an amount equal to the axial dimension of

gap 150. Asath@ift@mcmﬁ%fsgﬁﬁmﬁﬁ%u% aeiily3AvHipfrofabbaihyriser avthmdtoecessesatd41 will
remain in C%\‘é@r%ﬁb,'%wﬁﬁﬁﬁé’&"&ﬁ@fﬁi&ﬁ;@@ BRI 30ee % MR PO $Rehiperahels 144

maintain a seal with inner body 127, while allowing a small gap to develop between the portion of body
132 axially @6VEH¥ Sgpisr HRatehIansdhr1aute difiReiserlyB2 AvitheUf URCERSSSUAL tREM RIS the
small gap afgstatishes kedyda24adially inward and downward, further against lower riser connector
113 and BOP flange 119. In this manner, the fluid pressure within the bore further sets seal 141,

increasing t trength of the seal during operational use of connector gssembly 111. In this manner,
conmector aE ORI RSy BLAT o CERECE RraT BEP R PR B Ak A e Ao
using the intezloal paessutial vsithind oreal80 . betweRe ftrei g sgdatcodtigady B2o @astmpdgrkoseas a

| ; l I I £ a.[ing,
collet, o o e B R e R B Ele o, =

engaged statenewisfiguicy té\ﬁdldi@mﬁé@l@ﬂ@ﬁ@hmﬂﬂmg@m$@@é39§}%m@(ﬁ@éﬁ@@éb&;tate
configured tﬂd@?%&?ﬁr@%ﬂﬁm%ﬁﬁﬁﬁn&gmﬂa} FospavenapkoR® ankartaiANmiQsaidiRess

connector 13 and BOP 21. Lower dogs 51 may be energized from the retracted position shown in

Figure 1 to &QMREIRT cArsegadhpdskiiraRsalY i HRliroavey AHEMer isalisCerasfiny, biverAdgs 51
are energizeghhyeRMalsARsIAtet wehiele (BEVAhas eneaossmmRRdY: inttHAre S3iThalkOV may

move lower dogs 51 inward by rotating a shaft or some other tépe of mechanism in ROV interface 53,

such as suppIRETRfPERESREE 1d-a PR EMRRERIGARRAM iAWY NREMQWE), §&*er dogs

51 could be ggnieaterased sedha inwarddprsitian. EoHther makek thele cedienee et led kyiRxdraulic
fluid pressure delivered ;rom a surface vessel tp_co nectgﬁsemb 11 %ﬁan.umbilical 0 IinE(not
shown). . SUSGRS Bd) SSUETRoRh S A GEIStr g LEIFG PRERNDL TR 4h CRRLAb SEaiRes a
set of upperitiogs iddipeated @ilzowdidoivey dagadil ghptie diwsttairoeenmboelipw@titrihef Woplgr 8hgaging
member is canfigured to glternately apply a load to,of remqve a Joad, from inner,body 27. er dogs
55 may e PRy AP CR e OrGH 4 e Bo e A O e 2 T Bl TR o
the upper effilsoffeadtgad3gand ant pasiect dnodiie32 tradi@ty powitod $udher indaigsteldntertihisénward
engaging pasii in Fi r i @) ing an
RO et e 3 B e
rotating a screw mechanism. Alternately, the ROV could move upper dogs 55 inward by supplying
hydraulic fluid to move them inward. In another emlgodiment, upper dogs 55 could be energized by a
hydraulic fluid supply from a surface vessel. In yet another embodiment, upper dogs 55 could be
spring-biased to the inward position.




A long guide pin 61 extends downward from a lower edge or rim 60 of inner body 27. Long guide pin
61 is a cylindrical member in this embodiment that may have a lower entry portion 62 of smaller
diameter. Long guide pin 61 has its upper end fixed to inner body 27, such as by threads. Long guide
pin 61 extends below outer body 29 even when outer body 29 is in its lower position. A short
guide pin 63 also secures to lower rim 60 of inner body 27. Short guide pin 63 is also a cylindrical
member. It optionally may have a slightly larger diameter than long guide pin 61. Short guide pin 63

has a shorter length than Jong guide pin 63, but also protrudes below outer body 29 when quter body
20's i the PGS HES TR ST ae HINES AR 1RAAL & lap SR b, BN i i RS 9 spacer
for engagingpeaiditibedsaes 2onndtangastérafigr iang guide pin 61 has engaged the other of the

empty holes 25. In this example, the empty holes 25 are spaced 180 apart, thus guide pins 61 and 63

are 180 apagJiameARB S HigIAV e do iGROIIGINA| AR %@&%?ﬂﬁ&lﬁﬁ%ﬁ?%@é@r%l%ﬂe pins

61 and 63 are parallel to a longitudinal axis 65 of connector assembly 11. A person skilled in the art
will underst&9NIRSHBGMIRIVRY sigfioeRmMReREOMbS et idethassuiirebilnee Ahded thus curégsh pin 67

is mounted 19 gdewaegi RIS Y B9 AEURBIPOAYFGuSIOBRE GTsEX eV IWEE RarGIel to axis
65. Stop pin 67 is spaced farther from axis 65 than guide pins 61, 63 so that when guide pins 61, 63

are in flangPRBIE8 95 AR RO LERYMPIM BRI AR ISR RA BlLeeH RN SRE RN of
flanggifll Sé:&rf&é_@96n7irtr(ﬁ§ é&%\wﬁbi?é/b ,el(?d.@ﬂﬂﬁé}m@dﬁe@w” : (i uli&f@hb‘nﬂt_@pw_ aeoﬂﬁ/\lm gngméiﬁﬁn}@ﬂ 61 or it
may differ. Stop pi ay be spac ircumfereptially from hoth guide pins , as in this
example. Aﬂ)%fs&%&)" iHQH@'g?p\%/iﬂfcdﬁ%éFﬁﬁﬁH‘?Wé{ aﬁgﬁ%egeﬁgagcﬂm; y%gﬂrjrt%de stop
pin 67. An aamdll@napesed soniaector beydlai@ extaatisgpegadttigs fan dnifigrefigie ©trinté0lsf outer
body 29 and joins the cylindrical wall defiping cavity 43. St in 67 secures to a thregde in rim
0 raclally CVER NS BB AT Bo Y SEn P E A A e e b o
connecting @dnaed tomassesablgobbectaddidioh &iggu pmed@AtatldQuipeierthiyayascutbast valve block

containing v, is el WIE itianal equi nt may comprise a
running tool oﬁ%v@éeﬁrtl‘ggg%ﬁggtgrg ﬁgés?é}n}?ﬂ{/é’gnégn%%l%lpe O%%%Wﬁ ﬂﬁ ﬁ]%t.fhgn?'—%lg'ure 1, axis 71 of
riser connector 13 is oriented vertical. However, it may be tilted as shown Figures 7-8, which illustrate

a tilt of apprikinRiBHPTHSHLRMAGHERENTIRE FIGHEMEY Bl RIPRTIRY IS BRNS YL 1% & & subsea

wellhead hogtsiing &oi0asSicHHRO P12k is signastess A g uvash e arenklies lemBbtreesopnector
13 leading from flange 17 to c&lS ay be generally symmetrical or it may be asymmetrical about axis
12 b il

71. Damage AP R AEREMP RYPBeSHatH A AUAB TR WL IR AT HoGRREEL 1. The
center pointEtT@ntcBCY farefésatliateraly inapme clise cikxe nbigsais, Sedistharebeitrgizestds is
symmetrical gbout axis 71, conpector assembly 11 may be d ontq lgwer riser connector 13 with
its axis 65 g%a?lsé?gh%é&% Vv\llﬁﬁ i regzi%ggféeaé( < ‘%S re gfﬁ%}frﬁ/%%f \gr or not the upper portion
of riser connector 13 is symmetrical or asymmetrical, connector assembly 11 is oriented with its axis

65 vertical wiftR! Béihhasviereeialedisdpopneit@s PRSIERRMABIRISEF Eentetor MaRiaadydatal,
connector aKisbamaRH &SehRRBR LR ReeScHRRIMD Q@imﬁ'ﬁgﬁiﬂbﬁﬁﬁ%%mw\@ﬁmg@&

assembly 11 is only a short distance above riser connector 13. Even if lower riser connector axis 71 is

tilted slightly!SEEGODEREIGEnkaly Mptahneadal 8B RIEESHR% i)Y J8S8ittB o AVt LOMR CLor

assembly 1havige itu8Xia b e iaihoee HRIGdHIY SRS ohesEIRfsRf SEalipsadisericagagor 13

with a Symni]r?;[\reiz?abl dcilrtilozr%.at'&: %tejr‘Lgorrlelsﬁ}iiNeedt?nat)r(]ig erlt’vgimfeerstand that alternative embodiments
contemplate and include seal 141 without reces$é2sfd inner body seal members 144.
Likewise, a person skilled in the art will understathat alternative embodiments
contemplate and include use of elastomerics, sefalsy and the like, to construct inner
body seal members 144. Inner body seal membersnia also comprise tapered
sealing surfaces, flat sealing surfaces, or theerdther than curved sealing surfaces. An
elastomeric seal member 146, formed of a mateuich ss rubber, is located in a groove

in the lower portion of body 132 for sealing agams upper surface of BOP flange 119.



pins 61, 63 are spaced concentrically relative to axis 65, as shown in Figures 3 and 5. Referring to
Figure 5, the radius from guide pin 61 to axis 65 is the same as the radius from guide pin 63 to axis
65. Stop pin 67 serves as a guide in the embodiment of Figures 3 and 5 by contacting the outer
diameter of flanges 17, 19. Stop pin 67 is shown in Figure 5 about 30 degrees from long guide pin 61
and 150 degrees from short guide pin 63, but other angles are possible. Preferably, guide pins 61, 63
are substantially aligned with their respective holes 25 before lowering guide pins 61, 63 into their
respective hgles 25. Long guide pin 61 first enters one of the holes 25, then continued lowering causes
Short guide SFPLSAERSHTS o STEARES 16 LhaHA AR AL Sl e Hag o PEGLIFed for
this alignmeloineranudiofisted petdinarainiga@beomosditaté Icedipodnt L32. 1S nb sytaimatnica), ibmay not
be possible for guide pins 61, 63 to Ee aligned, th W re%1 aight into holes 25. Figyres 4 and 6
shon an a0 GARe Tt 1 Guicl B TTSS BRANLEaY oot Lo e L Beceneih st el i 15
is asymmetrice) iSataraltthédogerasiis dilinPrrforalyly, 2dngasty Rashes a58 whiitthafkineeadedtholes

64 o its 1 . e _ il ” .
ol cretart o P A SR e i M B B RS A B B rerent
threaded hol&d callawsns&d fidih Fiduens SEthatfie@ommdgissitabl béthisereguide4ihs 61563 will

not coincide iR SQRH G FRREMBY RXIS GeonRabispA S8 Ush AL PEVRSD BRI RPe &3 Will be

slightly offset from axis 65. Long guide pin 61 is at a greater distance rl to axis 65 than distance r2 of
short guide Pirs68!td4kit0es PrAdeipimmEas PRI FAMRSRERIAPmhEBIagEeatiIdpacEReR

distance as hppvRaRAAIes B5rFigid)- dHaeistAnaeir iSRS sibsIhe s anLasT BRcEa0 i RiBr63 to

axis 65 in Figure 5. The distance rl is greater than the distance from long pin 61 to axis 65 in Figure 5.
Stop pin 67 &GN eR3JPS DX ran PR RPIRG PR PRIFRIGPASE RV IIRY BT Ridhidddample,
but these anglpprssdibaiieseal 147iguiangifstiesemy fissarigprinrogtaling aosBRGRUaRSEMmSlY 11
on a tilted lower, riser conpector 13 with an asymmetrical upper portion. Connector assembly 11 has its
axis 65 orieRREYEHER '\%ﬁ’ﬂ%nbeing lowered subsea. Outer body 29 will be in its upper position

relative to inner body 27, with guide pins 61, 63 protruding below the lower end of outer body 29. Long
guide pin 6148 flldstsaiendd dichoet disterlastinmenncseatipani@s Tefinerthr octarsneomrictor

assembly 1%Nﬂﬁt9ﬁt%?i9'?ﬂﬁﬁgsﬂ1g‘alﬁdﬁ/@>ﬂ§tﬁé ISvR3GERI EHEEIY LIOURRBHIIRBIARARS thé: 19-

Short guide pin 63 will also be laterally spaced or outboard from flanges 17, 19, far out of alignment

with its resp@@RNEHH D28y (134g lariepriic SaAl BIRYBATEIGIEE ae Sotableogits Horeds kékhat the
lower end obgRpPEhEHItEHBHY B35 \RIROICIRY GleMAiosi iiiRe URREF Sakswidans-ps raer dismae 17.

The lower end of short guide pin 63 need not be at an elevation higher than severed upper end 15

(Fig. 1) becAMEW RN &S SarRR RIS AL S CE 567 SRBER MR S MBI ERESST8Ud ARG the
next step. PrgieraidryaseROMemiite s videprandera titfdrenerasiaipieacsdf @it snatatnaighswn) on

O O R e e R PR oDl SRR Yo R P PR SHE
outer diameter of the combined inner body seal nezst44 and body 132 is greater

than the outer diameter of body 132 without rece4d@ at the location of recesses 142.

Following placement and engagement of the connexdsembly, described with respect
to connector assembly 11 in more detail below, ratial seal is created between the
surface of body 132, elastomeric seal member 186aanupper surface of BOP flange
119. As fluid passes through the mating centralsage and into the bore, the fluid
pressure within the mating central passage anddne cause axial movement of the
connector assembly, generally axially away fromdowiser connector 113. As the
connector assembly moves, gap 150 allows seal @4float axially relative to the

connector assembly. That is, inner body 127 cawenaxially relative to seal body 132

an amount equal to the axial dimension of gap 1B8.the connector assembly pulls
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Referring to Figure 8, the operator then rotates connector assembly 11 about long guide pin 61. In this
example, the rotation is counterclockwise while looking down on connector assembly 11. The rotation
will be around the hole 25 receiving long guide pin 61, not around connector assembly axis 65. The
degree of rotation is the amount that is required to swing stop pin 67 around until it bumps against the
outer diameter of flanges 17 and 19. The amount of rotation will be less than 360 degrees and will
depend on the position of stop pin 67 when long guide pin 61 enters hole 25. Stop pin 67 is positioned
relative to guide pins 61, 63 so that when stop pin 67 bumps against the outer diameter of flanges 17,
19 short oo RRADHEENITDE SYEb S8 WRE ST oS HbLERBIM A DI PSS Stop pin
67 bumpingragainehflaogesi13, At BORsFartgguided pinnGi2 atigrg dneitiibins athe nadithaimeleseab. The
offset positions of guide gin ,.63.relative.to axis 65 will position connector, axis 65 offset from lower
oot conecth ARy Sol TRt eGSR CIBR SR e b
causes guide3girxially 6® oy enibrecugipeninaet inoihe saalspéétarehdledy2B T.owbsrflycopressore
assembly 11, alsa. S axis,60.0f n S H}El ' ' ith.the tilted inclination of
lower riser gg%ﬁ?(‘:ﬁgﬁ?g i}é %&rﬁ?@ct%ﬁ%sﬁs%ﬂ%%y fﬁ 0%3;281 oj\%&v@%jﬂtﬁ] %@@%@x@g %Flg?ative to
axis 71 allowgajeat low@igise) epeneatend Iaanrd\BoiBtflandgy dppeispoaieoitaiuidsuessmwitector 13.
Figure 9 shoys sedldi: ¢ RasePruienia DU Gh YRlIGRAGH A IR R EHISSE SORMRTIE et aRGYRI 70 on

lower rim 69 of outer body 29 will be engailvngf riser flangé 17 béfore seal 41 toucheés riser connector
13 (not showaarPERRMEEHOaRSEFNIY 23 IvillRtHNSeMRRRE DBERY ReSEBIP e bl M8 ha BB dy 27.
The inner digmpgtay phavissDRAYIKY at Benelwithisueniy Aighéidaeatisingigmeiaerhan pieasiipage 17,
thus bevel 70 will cause connector assembly 11 to move slightly laterally from the offset position to an
aligned posiBRINVRErEiA3%is 65 coincides with axis 71. Guide pins 61, 63 are slightly smaller than
their respective guide holes 25 to allow this lateral shifting to occur. Once axes 65, 71 are aligned, seal
41 will land on curvedrstefaog B8akntaiHegpeant lioeténdicshodmh heaviehd ggddenginm@ivel itiditate
when seal 4 roperly lan rfac S pr ch
auide pin 61780 Do DB Lhal o B Bk b 8 A PR e M0, tne
operator the@t@pﬁ@%@ﬁ}idl@r_ﬁﬁ@dﬂt@tiﬁmmhewmiﬁﬂbmf mmn@dmmbedpez@mmeﬂ
relative to inqafdoadhig rti6 s ARG RLE 310 6 IR 56! MRSl Le-Ruter

body 29 is in its lowest position relative to inner body lower dogs 51 will be located at a lower

elevation th&ARAGUERReiCsidet JNRIDIP ¢RIMRCIY. F3RE By aldn iR \WraREE R A6y 8% Ointhard by
engaging R{3y éntedacasoriefttfarabindomepdogs Slowdrbganeay Beshortdisianaedrelavethe

lower side of BOP flange 19 once in the inward positions. Then, the operator will emplo

hydraulic cylFHERFESPRHPRHRPWBAY SWHERthAS BNHRWATERES PRLHBR QYRS Eﬂﬁﬂ“iSﬁ/iPdogs 51
abut the lowgiiside. of|BQRSlangmp, Tor@patriorsyilbiesrighks wpemdagsporiadrgeascrown in
Figure 11. The |lower surfaces 57 o er dogs 55 will en upward facing shoulder 47, pushing
ommmard d DR ARIE A R DS Mg LR G BLRL Py 985 B bigitinont o
upper dogs ffatity embaftd dasmyesiothideypl dansehanjpRidadiftedadce 68¢cutiaatosvepiiong 51
react to by ing.the lqwer sides qf BOP, flange The application of the preload force farms a
gt seal bolae Sxatert o B ER Jog IR Y TR e Al R 1 o
11, but will repnéirbin sheingdspeedvie iadet BB df pesitien, hewadat twy woinjebtedahtwligh &yort (not
shown) in c ‘és@ d r ; fluid
flowing up tﬁ]&?fgﬁﬂ%ﬁi@grgﬁﬁgcéﬁ\? 1 &vvﬁ?{ﬁfués%%%mto iﬁ%e?%c%%%raé%%}\ﬂvﬁgg ﬁ%ﬁ%e
delivered toURHGabeEMediteiraiosvBdntained. As fluid flows up through lower riser connector 13 into
bore 39, the internal pressure created by the movement of the fluid may cause movement of connector
assembly 11 relative GutewejodsergoarectRisl dnAgpirscahgefng v eviihae inenlidekigrprs, 2A-2E,
seal 41 will float relative to conpector assembly 11 and moye axially such that the inner body seal
mrembors 4P AN R ASTEnE D8I BMbATS SR AEWAIRAF SR Tt CeAn Bl HSER Fiher body
29 and lowesrribeditnaniects Uppén dngagarmencthbdiuisl danti ghredghrznety38opie ssivedtergizes seal
41. It may be possible. to disconnect loyer riser flange 17 from BOP flange 19 befatre running
connector LB it RN SO SRR o Al B s R S e e
connect to BORIfkinge Id9eoipleyteyiceveiipgs 8ogmbdmmtedoydtESupdestibeticaydyel@ith

t to Fij 3 4 inst th : fRBOP f
torior st b e R R PR RIS AG e TlEREehgadg °

assembly 11 will operate to energize the seal as described above with respect to Figures 9-11. In this
embodiment, seal 141 has an axial length sufficientfo extend from a lower surface of inner body 127
to BOP flange 119. The concentric arrangement of guide pins 61, 63 shown in Figure 5 could be
employed or alternatively not used at all. While described in connection with a blowout preventer and
lower riser connector, the invention is also applicable to connecting to other types of made-up flanges
or connection points.



By the use of the present invention, a subsea device may be connected to and sealed using the
internal pressure of the device. Thus, the seal disclosed herein is energized in a manner that
overcomes the differential pressure problems of prior art connectors by using the differential pressure
to energize and maintain the seal. It is understood that the present invention may take many forms and
embodiments. Accordingly, several variations may be made in the foregoing without departing from the
spirit or scope of the invention. Having thus described the present invention by reference to certain of
its preferred emhodiments, it i,%i noted that the et%t%diments isclosed ar %iléustr%tive rather than

limiting in n&’[ﬁ?g'gﬂ(flﬂl‘?&frh'vv glf%e;é'op\%’ﬁé ,?ﬁo@iﬁ Inepak A3 QYRS are
contemplateghiRh¥ intedavegsdscROW drandade SInadpstangeizdsvive thatureves iheperesegd

invention may be employed without a corresponding usg, of the ot atures. Many such variations
and modific oo L A b LA e S A s PSRy e R i e o
review of thé%oiregaid oslesquipsimg dfyoireidicetiuahioocioventisereats dihglanivtises pprinodatectitat the
appended clai r road| i r %E‘E i invention.
Claims 1. A@&%e%%gggécgﬁﬁgcﬁﬁg %{éﬁ § g&@ﬁéﬁ%&%@ﬁng Mﬂi@f{?ﬁfgﬁﬂg}%ﬂgﬁsmg: an
outer body défiinngthes |Mpodinanhepedy desidingeLisbhe aitliersia th¢hewwyardpestieninner body
resides within the cavity;

A long guide pin 61 extends downward from a lowdge or rim 60 of inner
body 27. Long guide pin 61 is a cylindrical memlvethis embodiment that may have a
lower entry portion 62 of smaller diameter. Longdg pin 61 has its upper end fixed to
inner body 27, such as by threads. Long guidesfiextends below outer body 29 even

when outer body 29 is in its lower position.

A short guide pin 63 also secures to lower rimoé0nner body 27. Short
guide pin 63 is also a cylindrical member. It opally may have a slightly larger
diameter than long guide pin 61. Short guide [@rhés a shorter length than long guide
pin 63, but also protrudes below outer body 29 wbater body 29 is in the lower
position. Short guide pin 63 may have a taperese ndhort guide pin 63 is spaced for
engaging one of the holes 25 in flange 17 afteg lgmide pin 61 has engaged the other of
the empty holes 25. In this example, the empte$d5 are spaced 180° apart, thus
guide pins 61 and 63 are 180° apart from each o#lative to a longitudinal axis 65 of
connector assembly 11. Guide pins 61 and 63 amalg@ato a longitudinal axis 65 of
connector assembly 11. A person skilled in thewvélt understand that alternative

embodiments may not include guide pins 61 and 63.

A stop pin 67 is mounted to a lower edge or rino68uter body 29. Stop pin
67 extends downward parallel to axis 65. Stopgdins spaced farther from axis 65 than
guide pins 61, 63 so that when guide pins 61, 63raflange holes 25, the side surface of
stop pin 67 will be touching an outer diameter jporof flanges 17, 19. Stop pin 67 may
have a length that is approximately the same ag doide pin 61 or it may differ. Stop
pin 67 may be spaced circumferentially from botidguwpins 61, 63, as in this example.
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an engaging member coupled to the outer body and adapted to engage a first surface of the subsea
device, the engaging member being radially movable between an outward, disengaged position and
an inward, engaged position; a seal carried by the inner body and adapted to form a seal between
the bore and the subsea device; a pre-loading member coupled to the outer body, the pre-loading
member being operable to engage a second surface of the subsea device, facing opposite to the first
surface and urge the inner body and seal against the subsea device to exert a pre-loading force on the

l; and wh t t th b th l. 2. Th tor of
o 1. whis B SO AD HaH P TS BerADY & S By: Y AAhIGH e soal

is configuredttsppipvé7axially along the axis relative to the inner body. 3. The connector of Claim 2,
wherein the axial movement of the seal occurs in response to the substance pressure within the bore.

An annular tapered surface or bevel 70 extends upwam an inner edge of rim 70 of
outer body 29 and joins the cylindrical wall defigicavity 43. Stop pin 67 secures to a

threaded hole in rim 69 radially outward from bevel

Bracket 33 has a series of bolts 73 that extendawgp¥or connecting connector assembly
11 to additional equipment. That equipment majuithe a valve block containing valves
or a lower end of another riser. Further, the @olthl equipment may comprise a

running tool for lowering connector assembly 11doitl pipe or on a lift line.

In Figure 1, axis 71 of riser connector 13 is aeenvertical. However, it may be tilted
as shown Figures 7-8, which illustrate a tilt opapximately 4.6° from vertical. The
tilting may be a result of damage to BOP 21 or tubsea wellhead housing onto which
BOP 21 is connected. Also, curved surface 18 wklariser connector 13 leading from
flange 17 to cut 15 may be generally symmetricalt onay be asymmetrical about axis
71. Damage may have occurred, causing the portiontal5 to be asymmetrical about
axis 71. The center point at cut 15 may be oftsetrally in one direction from axis 71.
If the portion at cut 15 is symmetrical about aXis connector assembly 11 may be
lowered onto lower riser connector 13 with its agis generally aligned with riser
connector axis 71. Preferably, whether or notupper portion of riser connector 13 is
symmetrical or asymmetrical, connector assemblys Idriented with its axis 65 vertical
while being lowered onto riser connector 13. ik riser connector axis 71 is vertical,
connector axis 65 and riser connector axis 71 waalehcide with each other while
connector assembly 11 is only a short distance aliger connector 13. Even if lower
riser connector axis 71 is tilted slightly, if cl is generally symmetrical about axis 71,
it may be possible to lower connector assembly ith s axis 65 generally centered on

riser connector axis 71.

For a riser connector 13 with a symmetrical portadrcut 15 relative to axis 71, guide
pins 61, 63 are spaced concentrically relativexis 85, as shown in Figures 3 and 5.

Referring to Figure 5, the radius from guide pint6élaxis 65 is the same as the radius

12



4. The connector of Claim 3, wherein the seal comprises: a metal body having a curved lower portion;
and a flange that secures the seal to the inner body. 5. The connector of Claim 4, wherein: the curved
lower portion of the seal defines a seal member recess extending from an edge of the curved lower
portion radially inward; and an elastomeric member substantially fills the seal member recess and is
configured to variably engage the subsea device in response to axial movement of the seal. 6. The
connector of Claim 4, wherein:

from guide pin 63 to axis 65. Stop pin 67 servesa guide in the embodiment of Figures
3 and 5 by contacting the outer diameter of flanggs19. Stop pin 67 is shown in
Figure 5 about 30 degrees from long guide pin 61 Es0 degrees from short guide pin
63, but other angles are possible. Preferablyegpins 61, 63 are substantially aligned
with their respective holes 25 before lowering gupins 61, 63 into their respective
holes 25. Long guide pin 61 first enters one @ timles 25, then continued lowering
causes short guide pin 63 to enter its hole 25meSmtation of connector assembly 11
may be required for this alignment to occur.

If the portion of riser connector 13 adjacent chiisdasymmetrical, it may not be possible
for guide pins 61, 63 to be aligned then loweredight into holes 25. Figures 4 and 6
show an arrangement of guide pins 61, 63 and stop pthat may be employed if riser
connector 13 is asymmetrical relative to flangesaki. Preferably, inner body 27 has a
plurality of threaded holes 64 on its rim 60 forcwéng guide pins 61, 63. Some
individual threaded holes 64 are at different radistances from axis 65 than others. In
Figure 6, guide pins 61, 63 have been securedfferelt threaded holes 64 in rim 60
from Figure 5, so that a point equidistant betwgaide pins 61, 63 will not coincide
with connector assembly axis 65. Rather, a ceuert between guide pins 61, 63 will
be slightly offset from axis 65. Long guide pin Blat a greater distance rl to axis 65
than distance r2 of short guide pin 63 to axis &8e distance rl plus r2 between guide
pins 61, 63 is still the same distance as betwedsst25 (Fig. 1). The distance r2 is less
than the distance from short pin 63 to axis 65igufe 5. The distance rl is greater than
the distance from long pin 61 to axis 65 in Figbre Stop pin 67 is about 70 degrees
from short pin 63 and 110 degrees from long pinir6this example, but these angles
could differ.

Figure 7 illustrates a first step in installingno@ctor assembly 11 on a tilted
lower riser connector 13 with an asymmetrical uggetion. Connector assembly 11 has
its axis 65 oriented vertically while being loweredbsea. Outer body 29 will be in its
upper position relative to inner body 27, with guigins 61, 63 protruding below the
lower end of outer body 29. Long guide pin 61liistfstabbed a short distance into one

of the holes 25. When this occurs, connector alskeii will be oriented so that its axis

13



the curved lower portion defines a seal member recess extending from an edge of the curved lower
portion radially inward; and a soft metal member substantially fills the seal member recess and is
configured to variably engage the subsea device in response to axial movement of the seal. 7. The
connector of Claim 4, wherein the seal further comprises an elastomeric member bonded to an
exterior of the curved lower portion and configured to variably engage the subsea device in response
to axial movement of the seal. 8. The connector of Claim 3, wherein the seal comprises: a coupler

and downdit FURRRE I EUL bR IR GBSt er oG LB o8 B e R
sealing ring ldfeelosyriceoh of tuehioaes bodyflar@e%hé?c:mmntor afifHaien8withdtsiretipesialing ring
comprises. hole 25. Long guide pin 61 will only enter an uppertion of its hole 25 so that the

lower end of short guide pin 63 is at a higher almn than the upper flat surface of riser
flange 17. The lower end of short guide pin 63dhret be at an elevation higher than
severed upper end 15 (Fig. 1) because it will svaraund the asymmetrical portion of
lower riser connector 13 during the next step.fdPably, an ROV with a video camera
will be in assistance. A paint mark (not shown)l@mg guide pin 61 will indicate to the

ROV operator in a surface vessel when the propeauatmof penetration in hole 25 has

occurred.

Referring to Figure 8, the operator then rota@snector assembly 11 about
long guide pin 61. In this example, the rotatiorrasinterclockwise while looking down
on connector assembly 11. The rotation will bauatbthe hole 25 receiving long guide
pin 61, not around connector assembly axis 65. degeee of rotation is the amount that
is required to swing stop pin 67 around until itmips against the outer diameter of
flanges 17 and 19. The amount of rotation willdes than 360 degrees and will depend
on the position of stop pin 67 when long guide @inenters hole 25. Stop pin 67 is
positioned relative to guide pins 61, 63 so thaemvitop pin 67 bumps against the outer
diameter of flanges 17, 19, short guide pin 63 béllaligned above the other hole 25 (not
shown). Figure 8 illustrates stop pin 67 bumpiggiast flanges 17, 19, and short guide
pin 63 aligned with the other of the holes 25. TDifset positions of guide pins 61, 63
relative to axis 65 will position connector axis @fset from lower riser connector axis
71 at this point.

The operator then lowers connector assembly lichadauses guide pins 61,
63 to move downward in their respective holes Pédwering connector assembly 11 also
causes axis 65 of connector assembly 11 to tiltaigh with the tilted inclination of
lower riser connector 13. As connector assemblynb¥es downward, the offset in axis
65 relative to axis 71 allows seal 41 (Fig. 1) leac the laterally protruding upper portion
of lower riser connector 13. Figure 9 shows sé&ah4close proximity, but not yet landed

on lower riser connector 13. Bevel 70 on lower &@of outer body 29 will be engaging
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a seal member substantially filling a sealing ring recess defined by at least one surface abutting the
bore of the inner body; and wherein the seal member is configured to variably engage the inner body
in response to axial movement of the seal. 10. The apparatus of Claim 8, the sealing ring further
comprising: a seal member substantially filling a device sealing ring recess defined by at least one
surface abutting the surface of the subsea device; and wherein the seal member is configured to
variably engage the subsea device in response to axial movement of the seal. 11. The apparatus of
Claim 8, wherein; the cmg)l?r rin%defines an inner annular rzﬁrusi n extending ra gall toward the
7 | ?d -

bore; the 55&[5@?'?9199 THnBF MG ?lp%tmg%}’?ﬁéﬁ%sc% 0F SPUEBBAWEEFELRE inRBESnnular
protrusion abodye $owidir giith lod Thetfirenep srdyositiasimalesieotirtnboteydy 27. The inner diameter

of outer body 29 at bevel 70 is only slightly large diameter than riser flange 17, thus
bevel 70 will cause connector assembly 11 to mdwghtl/ laterally from the offset
position to an aligned position wherein axis 65caes with axis 71. Guide pins 61, 63
are slightly smaller than their respective guidéeb@®5 to allow this lateral shifting to
occur. Once axes 65, 71 are aligned, seal 41lavil on curved surface 18. Another
paint line (not shown) on long guide pin 61 willdinate when seal 41 has properly
landed on curved surface 18. When seal 41 haspgylanded, each guide pin 61, 63
will be slightly offset in its respective flangelb@5.

Referring to Figure 10, the operator then applies pressure to hydraulic
cylinders 31 to stroke outer body 29 downward retato inner body 27, which is now
aligned and resting on lower riser connector 13hil&/outer body 29 is in its lowest
position relative to inner body 27, lower dogs 5l e located at a lower elevation than
the lower side of BOP flange 19. The operator tbeokes lower dogs 51 inward by
engaging ROV interfaces 53. Preferably, lower dagwill be spaced a short distance

below the lower side of BOP flange 19 once in tiveard positions.

Then, the operator will employ hydraulic cylindeg% to lift outer body 29
relative to inner body 27 a short distance untido dogs 51 abut the lower side of BOP
flange 19. The operator will then stroke uppersd6§ inward as shown in Figure 11.
The lower surfaces 57 of upper dogs 55 will engageard facing shoulder 47, pushing
downward on flange 45 and inner body 27 and pullipgvard on outer body 29. The
engagement of upper dogs 55 with upward facing lsleoul7 causes a preload force to
occur that lower dogs 51 react to by engaging theef sides of BOP flange 19. The
application of the preload force forms a tight destlveen seal 41 and curved surface 18.
Guide pins 61, 63 aren't shown in Figures 10 andoiL will remain in their respective
holes 25. If needed, a sealant can be injectexugir a port (not shown) in connector
assembly 11 between curved surface 18 and theasvead seal 41. Any fluid flowing
up through lower riser connector 13 will thus flawo inner body bore 39 where it may

be delivered to the surface or otherwise contained.
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the sealing ring defines an outer annular protrusion extending radially away from the bore; and the
sealing ring outer annular protrusion inserts into the annular space between the inner annular
protrusion and the lower rim of the inner body. 12. An apparatus for connecting to a subsea member,
the apparatus comprising: a body defining a bore having an axis; a seal carried by the body; wherein
the seal comprises a coupler ring coupled to a lower rim of the body; wherein the seal further
comprises a sealing ring coupled to the body by the coupler ring; wherein the sealing ring is
moveable along the axis relatiye to the body in response to a pressure within the bore, thereb
erorqizing (18 A 185 0 oS BN A 1D QRG/GT 100 DorE 38, e inertal pressird
created by the movement of the fluid may cause mewve of connector assembly 11

relative to lower riser connector 13. As describbdve with respect to Figures 2A-2E,
seal 41 will float relative to connector assemblyahd move axially such that the inner
body seal members 44 and the elastomeric seal nnerBbe 46 will maintain the tight
seal between inner body 29 and lower riser connd@o In this manner, the fluid flow

through bore 39 pressure energizes seal 41.

It may be possible to disconnect lower riser fardiy from BOP flange 19
before running connector assembly 11 as illustratedrigure 2E. If so, connector
assembly 11 could land on and connect to BOP fldi§eemploying lower dogs 51 and
upper dogs 55 as described above with respectgords 3-11. Seal 141 then seals
against the upper surface of BOP flange 119 anckderior surface of lower riser
connector 113 as described above with respectdar&i2E. Cap assembly 11 will
operate to energize the seal as described abovergspect to Figures 9-11. In this
embodiment, seal 141 has an axial length sufficienéxtend from a lower surface of
inner body 127 to BOP flange 119. The concentmtargement of guide pins 61, 63

shown in Figure 5 could be employed or alternagivedt used at all.

While described in connection with a blowout preeerand lower riser connector, the
invention is also applicable to connecting to otflypes of made-up flanges or connection

points.

By the use of the present invention, a subsea dawviay be connected to and sealed
using the internal pressure of the device. Thusseal disclosed herein is energized in a
manner that overcomes the differential pressurblenos of prior art connectors by using
the differential pressure to energize and mairttagnseal.

It is understood that the present invention maye takany forms and embodiments.
Accordingly, several variations may be made infdregoing without departing from the

spirit or scope of the invention. Having thus déssut the present invention by reference
to certain of its preferred embodiments, it is dotkeat the embodiments disclosed are

illustrative rather than limiting in nature and tha wide range of variations,
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the coupler ring defines an inner annular protrusion extending radially toward the bore; the coupler
ring inner annular protrusion defines an annular space between the inner annular protrusion and the
lower rim of the inner body proximate to the bore; the sealing ring defines an outer annular
protrusion extending radially away from the bore; and the sealing ring outer annular protrusion
inserts into the annular space between the inner annular protrusion and the lower rim of the inner body
moveably coupling the sealing ring to the inner body. 14. The apparatus of Claim 12, wherein the
sealing ring further comprises: at least one surface abutting the bore of the body; the at least one
Surface de G BecURTiv FE o SRR O 2o SO e R 0 e Bl
inward; andandnirlastamgritanessbeosubiiantialydilling finessarting mag heceaspiddantigoued to
variably engagg ine dangr odiinaspanes @ aalmavement of the seal i, fhs apegratip of Clam
12, wherein the seaﬁ)ng r|n8 Further comprises: al [eaist 6he Surface aput Ing ﬂe subsea m mger; and
considered obvious and desirable by those skiltethe art based upon a review of the

foregoing description of preferred embodiments. gkdingly, it is appropriate that the
appended claims be construed broadly and in a mamamsistent with the scope of the
invention.
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the at least one surface defining a member sealing ring recess extending into the body of the sealing
ring from the surface abutting the subsea member; and an elastomeric member substantially filling
the device sealing ring recess and configured to variably engage the subsea member in response to
axial movement of the seal. 16. A method for connecting to a subsea device, the method comprising:
(a) providing a connector with an outer body defining a cavity; an inner body defining a bore, wherein
the lower end of the inner body resides within the cavity; an engaging member coupled to the outer
body; a sealcﬁglrr?igd by the inner body; and

1. A connector for connecting to a subsea device lggan axis, the connector
comprising:

an outer body defining a cavity;

an inner body defining a bore, wherein the lowet ehthe inner body resides
within the cavity;

an engaging member coupled to the outer body aapted to engage a first
surface of the subsea device, the engaging meméiag bradially movable
between an outward, disengaged position and arrihwagaged position;

a seal carried by the inner body and adapted to #oiseal between the bore
and the subsea device;

a pre-loading member coupled to the outer body,piteeloading member
being operable to engage a second surface of Heeawlevice, facing opposite to
the first surface and urge the inner body and against the subsea device to
exert a pre-loading force on the seal; and

wherein a substance pressure within the bore fuethergizes the seal.

2. The connector of Claim 1, wherein:

the seal couples to a lower rim of the bore ofitimer body; and

wherein the seal is configured to move axially glahe axis relative to the
inner body.

3. The connector of Claim 2, wherein the axial moveimeinthe seal occurs in
response to the substance pressure within the bore.
4. The connector of Claim 3, wherein the seal comprise
a metal body having a curved lower portion; and
a flange that secures the seal to the inner body.
5. The connector of Claim 4, wherein:

the curved lower portion of the seal defines a seaber recess extending
from an edge of the curved lower portion radiatiward; and

an elastomeric member substantially fills the se&mber recess and is
configured to variably engage the subsea devicesponse to axial movement of
the seal.
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a pre-loading member coupled to the outer body; (b) lowering the connector toward the subsea
member and inserting an end of the subsea member into the cavity; (c) energizing the engaging
member to engage the subsea member; (d) energizing the pre-loading member to engage the inner
body, exerting a preload force on the seal; and (e) pressure energizing the seal. 17. The method of
Claim 16, wherein step (c) comprises engaging a downward facing surface of the subsea device. 18.
The method of Claim 16, wherein step (d) comprises engaging an upward facing surface of the inner

body. 19. The meth f Claim 16, wherein st e) comprises:
dy 6? T?n% (c):onnector c’)fCalrr?\ 4,Sw ege?n:o prise

the curved lower portion defines a seal memberseegtending from an edge
of the curved lower portion radially inward; and

a soft metal member substantially fills the sealmber recess and is
configured to variably engage the subsea devicesponse to axial movement of
the seal.

7. The connector of Claim 4, wherein the seal furtbemprises an elastomeric
member bonded to an exterior of the curved lowetigno and configured to variably
engage the subsea device in response to axial nemteyhthe seal.

8. The connector of Claim 3, wherein the seal comprise

a coupler ring coupled to the lower rim of the inhedy; and

a sealing ring configured to move axially upward atownward relative to
the coupler ring;

wherein the coupler ring is configured to couple ffealing ring to the lower
rim of the inner body.

9. The connector of Claim 8, wherein the sealing comprises:

a seal member substantially filling a sealing riegess defined by at least one
surface abutting the bore of the inner body; and

wherein the seal member is configured to variablgage the inner body in
response to axial movement of the seal.

10.The apparatus of Claim 8, the sealing ring furttemnprising:

a seal member substantially filling a device sepling recess defined by at least
one surface abutting the surface of the subseaeteand

wherein the seal member is configured to variallgage the subsea device in
response to axial movement of the seal.

11.The apparatus of Claim 8, wherein:

the coupler ring defines an inner annular protmugrtending radially toward the
bore;
the coupler ring inner annular protrusion definesaanular space between the

inner annular protrusion and the lower rim of thiedr body proximate to the bore;
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passing a fluid from the subsea device through the bore creating a fluid pressure within the bore; and
thereby causing the connector to move axially relative to the subsea device. 20. The method of Claim
16, wherein step (e) comprises: passing a fluid from the subsea device through the bore creating a
fluid pressure within the bore; thereby moving the connector axially relative to the seal; and thereby
causing the seal to further set against the subsea device.

the sealing ring defines an outer annular protrugixtending radially away from
the bore; and
the sealing ring outer annular protrusion insers the annular space between the
inner annular protrusion and the lower rim of thear body.
12.An apparatus for connecting to a subsea membegpbaratus comprising:
a body defining a bore having an axis;
a seal carried by the body;
wherein the seal comprises a coupler ring cougexdlower rim of the body;
wherein the seal further comprises a sealing rimgpled to the body by the
coupler ring;
wherein the sealing ring is moveable along the agiative to the body in
response to a pressure within the bore, therebygiengy the seal.
13.The apparatus of Claim 12, wherein:
the coupler ring defines an inner annular protnugrtending radially toward
the bore;
the coupler ring inner annular protrusion definesanular space between the
inner annular protrusion and the lower rim of thedar body proximate to the
bore;
the sealing ring defines an outer annular protrugigtending radially away
from the bore; and
the sealing ring outer annular protrusion inser® ithe annular space
between the inner annular protrusion and the lovier of the inner body
moveably coupling the sealing ring to the inneryod
14.The apparatus of Claim 12, wherein the sealing fiiimgper comprises:
at least one surface abutting the bore of the body;
the at least one surface defining a sealing ricgse extending from an edge of
the at least one surface radially inward; and
an elastomeric member substantially filling thelisgaring recess and configured
to variably engage the inner body in response ial axovement of the seal.
15.The apparatus of Claim 12, wherein the sealing fumgper comprises:

at least one surface abutting the subsea memlzkr; an
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the at least one surface defining a member sealggrecess extending into the
body of the sealing ring from the surface abuttimg subsea member; and
an elastomeric member substantially filling the idevsealing ring recess and
configured to variably engage the subsea membegsponse to axial movement of
the seal.
16. A method for connecting to a subsea device, théogetomprising:
(a) providing a connector with an outer body defgha cavity;
an inner body defining a bore, wherein the lowet ehthe inner body resides
within the cavity;
an engaging member coupled to the outer body;
a seal carried by the inner body; and
a pre-loading member coupled to the outer body;
(b) lowering the connector toward the subsea merabérinserting an end of
the subsea member into the cavity;
(c) energizing the engaging member to engage theesumember;
(d) energizing the pre-loading member to engagerther body, exerting a
preload force on the seal; and
(e) pressure energizing the seal.
17.The method of Claim 16, wherein step (c) compresggaging a downward facing
surface of the subsea device.
18.The method of Claim 16, wherein step (d) comprax@gaging an upward facing
surface of the inner body.
19.The method of Claim 16, wherein step (e) comprises:
passing a fluid from the subsea device through ltbee creating a fluid
pressure within the bore; and
thereby causing the connector to move axially nedatb the subsea device.
20.The method of Claim 16, wherein step (e) comprises:
passing a fluid from the subsea device through ltbee creating a fluid
pressure within the bore;
thereby moving the connector axially relative te seal; and

thereby causing the seal to further set againstubsea device.
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