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 IGAFREBIERD RREGRY TRicrenge.

Field 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.



Therefore, there is a need for a connector that can be used in subsea environments that overcomes
the problems sealing in subsea differential pressure 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 flﬁH@P@d%ﬁ?@slﬁﬁe@HBHging 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 Pwsgorndreiker ieblemsrayagenpalliiciel vedsuigy eatieibiby thehinited bddgiagesdapted

to form a Seé#@g%%%&hﬁcﬂ‘?é@e%ﬂ%%é@r‘@@&lﬂ)ﬂ@&inﬂﬂ?é%ﬂ%%&ﬁ%%%&?fﬂﬁf I3Rs\AiRrg-loading

member coupled to the outer body, the pre-loading member being operable to engage a second
surface of tHie/Bs®RCHBE C@BNaNGrgeMBERhEN BISINCIRG S8l gainst the subsea device to exert a
pre-loading force on the seal. A substance pressure within the bore energizes the seal. In accordance

with an anotheicdniediceanitiokine pigsentdnventianp psappatails foheecnadiongdnresuhgas
a bore having an axis. T

member comprises gTaod. definin I-é% aratus alsa comprises.a seal
Carried by tib B A IEVIES P YIE RO AH SORIBHRRS €0 290 TSR GAYIOF A% Al e o
sealing ring loody kefitorth ea Hmmhe by ibecoo theloriry . et o d@htmghdnly mesidssalatignthieeasayitylative to
the body in ﬁ%§§%%%‘fué$ﬁrpfﬁﬁﬁ&ec'8rﬁ ?iﬁé’é eaﬁ“&ﬁ‘ﬁ%@ﬁgeﬁ%ﬂ& NESERHE BEEr i still
another embodiment of the present invention, a method t0r connecting to a subsea device comprises
providing a edanislotovithgayeudefiridsudteis nef v sybsaitiedetienenpadindemeimyer begigvherein

the lower end gt the m&?@%&aﬂeﬁsa/wt'aﬂ'@tmdza\ﬁi@/e@o%eaﬁa&%wdhaﬁ FRFAGAING Jeenber

coupled to the outer body and a seal carried by the inner body. Finally, the connector has a

pre-loading ReSHIBBr A spRIdcaRes ¥ tRe dyNTheosearPigsbie daiptia<e Rlbeinean deohakctor
toward the syseRemepRel aBdidaseringign wadehiefissArRemoss 4aiA dhe &avsy- ddipiedne

method continues with the ste? of energizing the engaging member to engage
to the outer body, the pre-loading member beingalpe to engage a second surface of
the subsea device and urge the inner body andageaist the subsea device to exert a

pre-loading force on the seal. A substance pressiihin 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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the subsea member. The method concludes with the steps of energizing the pre-loading member to
engage the inner body, exerting a preload force on the seal and pressure energizing the seal
throughout the life of the connector. An advantage of a preferred embodiment of the present invention
is that the apparatus connects to a subsea member and uses a differential pressure to energize the
seal, thereby maintaining the energiziation of the seal. 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 und tood mor etail, more particular description
of the mventln AR LR o o U e BB TAGE, YATPBR & 6 IR R ORIt thx
are illustratademtie apm@medmvlmmnmdgrmmn&rgcﬁ tblefepm:lﬂmaﬂm deid tanblepretxtye
however, that the drawm $ |II ?Hate %nl eﬁrtﬂn %erred embodiments of the invention and are
therefore not 16 BE ¢ &rec he mven iOn's scope as the invention may admit to other
equally effective embodlments. Figure 1 is a vertical sectional view of a connector in accordance with

this inventioANsAdvANIsSR Ploavereteried anBatiRRNLAE HISINIARRENOMaISgEAt therRRPBEAIYS 2F are
sectional views i et 8abodiarpts aha 5885 Hircrarnacier of figuied tRioses Sdwfeby

P g thonsr o mton 1 o Soar
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 4 is perspective view of a 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
asymmetrical portion. Figure 5 is a bottom view of the connector as shown in Figure 3. Figure 6 is a
bottom view of the connector as shown in Figure 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 a seco d step, which involves rotatin thhe I%nnector.

to Fi 7, illustrati
Figure 9is a sectiondl I‘gllé%ﬁ gg ?ﬁ:ac&l‘?ﬁui%‘%ﬁn%d’ \%‘%{d% JBETI E@%qtﬂag%e;iﬂﬁswa f%“é?t rd step,

which mvolvﬂmkmwelung@atlﬁrgulstemllnsdhgaggfgrwiaammmﬁwdlemplﬁaoues loweFilyyze [bAds a
sectional view. |m|Iar ho FlgHre 9 |I LE]II’EHI gaf af Hrth stg ch involves stroking the outer body of
the connectdr Jovmward rIative 10 the inAer Bo y NG o d the lower dogs.

Figure 8 is a perspective view similar to Figureilldstrating a second step,

which involves rotating the connector.

Figure 9 is a sectional view of the connector aratle-up flange of Figure 7,
illustrating a third step, which involves loweridgpth guide pins through holes in the

made-up flange.

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



Figure 11 is a sectional view similar to Figure 10, illustrating a fifth step, which involves moving upper
dogs inward. Detailed Description of the Invention: The present invention will now be described
more fully hereinafter with reference to the accompanying drawings that illustrate embodiments of the
invention. This invention 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 provided so that
this disclosure will be thorough and complete, and will fully convey the scope of the invention to those

skilled in the art. Like numbers refer to like elements throughayt, and the prime.notation, if used,
ndicates siHTAEBERONE 1 ARE PAFoE LrDTHhETYh AETIRGAS Ca-aibh AN S epecitic
details are gedrkuitts tekikavideteethealevagh amderstanding of the present invention. However, it will be
obvious to those skilled in the art that the present invention may be practiced without such specific

details. AddiigRalivges 1BRO3 BaFn IS SRRBRN 0 GBS NI eRSSACR.ARRIE R R the like

have been omitted inasmuch as’such details are not considered necessary to obtain a'complete
understandingiehtifetbie SXAMRIRABBIP HES 8rlOYEN SiBRF PRI witio eh S XKiIROBNBEIRDAS &killed in

the relevantarh ReBHIREHDF 10 WrfihgCREEEHOE gﬁ%ﬁmt%ﬂﬂ%ﬂg%repém@ﬂw@ﬂ@d@mew

flange, which in this example comprises a lower riser connector 13. Lower riser connector 13'is a

lower portioM&SEERHRNG AR (i HREIATIRASTHHARRPRRESRL ERI IO YSIoARRIGPEESA Sk Ldrface.

The riser hagybgendemagedangmavenadolefe lower fisereomnetmr Lawyraiset oriretier uper end
of the lower riser connggtor JFB. Loweklgiser connectogg?)B has#_g%%rved surfaj%?lS that tapers in a

downward di&Aor Y& rRisTaRngE PRAhRRIG M4 CONBEMEEHRR CRARY {angeeYs e Ared
frusto-conicghsuffpeesurfade. tids@sanpiéadevid issec oh@pectanichinsarfatseon top of a blowout
preventer 21 (BOP), the upper end of which is shown. BOP 21 has a BOP flange 19, and riser flange

17 bolts to BOP flangg, §90y.a 58S Q. aPlisdrobshausra FiaulntinPQR Sbapdionsidissr

connector 13 have a mating central passage 23 for drilling fluids and tools to pass through. The mating

flanges 17 adid (BSfthiéranippelend 1eb¥hitd FoRWH thBQIAst 2 #eiinflsnes the dkdif®m holes
25 may havehaan1PiBBet BOPIABARMA U arig Bl GRRTIARATHAuANeIh e pRAse. Such
uid lin n

as allowing fl es to pass through. In this example, holes 25 are sPaced 180 degrees apart from

each other, BUE HME SIRQIRAENRGRIST dPbHGDBIAERHORRREAG 6 ) BE GRS YeirSnaner eRiskilled in
the art will uigdesstantdnghlowne isglisnaags 17 and BERE kawdaallessativelydleapstheittype of
connection point. Conne_ct%r ssenp]bly 1ﬂ. c]an thﬁnlconne t usirLg a seal as d(?scri eld below with
respect to F pobgontain bolts. The’bolts from holes 25 rmaye been removed, or holes 25 may

have originally been left open for another purpaagh as allowing fluid lines to pass

through. In this example, holes 25 are spaceddEtfiees apart from each other, but

other circumferential spacings between holes 25 begmployed. A person skilled in

the art will understand that lower riser conned8rand BOP 21 could alternatively be

another type of connection point. Connector as$erb can then connect using a seal

as described below with respect to Figure 2E.

Connector assembly 11 includes an inner body 2i7aanouter body 29, both
being cylindrical, tubular members. A plurality bfting devices, such as hydraulic
cylinders 31, extend between outer body 29 andcheklet 33 attached to an upper end of
inner body 27. When energized, hydraulic cylindgtswill stroke inner body 27 and
outer body 29 relative to each other from a comd@@osition to an extended position.
Outer body 29 is in its upper position relativeinaer body 27 in Figure 1. A person
skilled in the art will understand that other degcand methods, such as remotely

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



Connector assembly 11 includes an inner body 27 and an outer body 29, both being cylindrical, tubular
members. A plurality of lifting devices, such as hydraulic cylinders 31, extend between outer body 29
and a bracket 33 attached to an upper end of inner body 27. When energized, hydraulic cylinders 31
will stroke inner body 27 and outer body 29 relative to each other from a contracted position to an
extended position. Outer body 29 is in its upper position relative to inner body 27 in Figure 1. A person
skilled in the art will understand that other devices and methods, such as remotely operated screw lifts,

i ventofIe RRNIRP A A0 (RSTUEAOD:Likife OO bt SHIBBR) 39 Al GOl bocy 29

may be useehdtioexmtyeni imasrbiootyy277amedoodes hiootyy22onhayyseu pfisceasimg ke imier bodyner
body 27 ha 3 !e?r\{vdeéltﬁg%m th Ir%%at%% witﬂiréa Cs‘?‘ﬁ’i%ﬁs i?f outer body 29. The lower portion of inner
body 27 includes a flange %%yt at exyeno@?aalaﬁly SUAWatd from the exterior of inner body 27. Range
45 has an upward facing shoulder 47. Upward facing shoulder 47 may be beveled as illustrated in

Figure 1 or, alternatiVBRealaskzonRas @aver Datis ihasr eeatrbmbR BRI A &) Beeh&@sted to the
outer diamegey oflange,i% fabRisiNG RIRRSI RIS diARRIRLRE RRYINS Athan EReRYaMAlR-sown, the

lower rim of inner body 27 is still recessed within outer body 29 when outer body 29 is in its u%fer
ial

position. A sQHB’"rWéH'ES’é? WeRYIRTIBH S ANRES Wé(r?gnd':d? PBW@@J%'@I%RW@&Q
mOVek:nentQ]'JﬂiW' lﬁﬂb afadiﬁgltgﬁ@?d@s@ﬁ'%@/*b%%@@élé‘@%%xmfm&?Qgr%tfﬁh@ﬁchﬂéﬁﬁ@ﬁgélﬁ@% g
member 35 may be g portion of a ring that engages a recess 37 formed in the exterior of inner body
27 or 1t mad BZGHA) SOURER, A BUSTHED BLASF AEIPRG AR, AU 5L % D B 2P ETowor
end. Seal 4bhigengeuyéor Ishddgarting foe seadingiageitsiaitydd.portibe 280hpwehoser dannector
13. Seal 41 may be a variety pf configurations and materials. Figure. -2D show four embodiments
for soun 41, I ot B Pl S Be A ey T 2o e iRy ey S R
recesses 42iadlgeyegddifionsesistiog toamber [35dmadn EadancgyeT raocedhnetebdmdg el rewasers 44

¢ i 4 = ) ST ) :
emhodiments 1o 8 AR HELBRRNE o1 e e B o B I R
Likewise, a [rirsetedKinsitionthe Siepvinembersiantalidiearapnetider g Hozlitesty esméansisse3dnd

include use @f glagtPssicst S8 @ﬁ%r%%[i%‘?’ittﬂ%H%BWQOdy seal members 44. Inner

body seal members 44 may also comprise taper sealing surfaces, flat sealing surfaces, or the like

rather than curved sealing surfaces In Figure 2A, an elastomeric seal member 36, formed of a
atorial uch o5 rubBPEL TOEAEL 1S DU 10 UGS BT PER B3Fr Shines Bbhr

curved surfaess EBclmveid lva@Bp se@indfb hasaingndapaidS tadamrntionetal gfidhedoiser pontieicttar
metal-to-mefal sealing..In Figure 2C, the entire lpwer portion is of the same steel material as body 32
for forming A fhecain thalaada e Ao Lal AOhS P o o s 4D SHMABHS s lower
gorltion fcl)r f@mbngiansetﬂ.f@tlwavaﬁatiﬁashraymmdmnmammmmiiel Swal 1 32, suclﬂasferbbtyeflafnge

4 loosely ¢ 2S {0 | i ated in FI t [ emhe ines
an annular g%ﬁﬁﬁegr %l[%r;%ntla é?%?r%%ﬁg%?égﬂ%ﬂ{ﬁ?@%gﬁﬁg [;ggilc%g% : \’/\ﬁ?@n 6p'?§6c§§ within

the groove GHWVIBQ[ @I@@Yoﬁﬁ@iiﬁ@éﬁbﬁﬁ@rﬁ’éé%ﬁﬁb@égmréﬁﬂﬁm@@aﬁetdﬁ oFBERly 32 than
that of body g4 uithoh s BTRRVEn fERiErPh A S iBRS HiamsIFhohib e Sambinsttelasiomeiifeseal

member 36 and body 32 is less than that of body 32 at that location without the groove. Similarly, inner
body seal mdabélsMQEtifRCaARBTaf trRAHIBREE ASStA SERIRNEINAY - rddkeudseq 2. R Rkited within

recesses 42ninRerROANIISEAHEISERE At Aferda 2 AR Wehmater sHdasbiutithas dat of

body 32 without recesses 42. Preferably, the combined outer diameter of the combined inner body

seal memb& QR RTHGoRPEINEGeafliAHAR 18 olROREIMBR RADOEFR INGAMS Eréfesi¥eA2 at the

location of reeggseseftdiembers 44 may also comprise taper gesiifiaces, flat sealing surfaces, or

the like rather than curved sealing surfaces.

In Figure 2A, an elastomeric seal member 36, farrmea material such as
rubber, is located in a groove in the lower portadrbody 32 for sealing against curved

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



Following placement and engagement of connector assembly 11, described in more detail below, an
initial seal is created between the curved surface of body 32, elastomeric seal member 36, inlay 38, or
elastomeric layer 40, and the curved surface 18 of lower riser connector 13. As fluid passes through
mating central passage 23 and into bore 39, the fluid pressure within mating central passage 23 and
bore 39 cause axial movement of connector assembly 11, generally axially away from lower riser
connector 13. As connector assembly 11 moves, loosely coupled seal 41 will float axially relative to
connector assembly 11. As connector assembly 11 pulls axially away. from lower riser connector 13,
seal 41 will PRI S towBr O Echhiectly 3 RIE RORIPRLITaBh 15 oT1STe IR
connector 1mdmenial kedpcdal3ndmbimsdgraintaial-acsaadtalithaim Eiduody2ZY,, sdaleddllbasngra small
gap to devel etween the portion of bod Sf axially above the upper inngr,body seal 44 and inner
oty 27 THE R e A Rt o R AR R el i oS e
against lowencigde eanindatablE3saat£Lrved surface 18 of lower riser connector 13. In this manner, the
fluid pressure within bore 39 further sets seal 41, increasing the ability to seal during operational use of

connector assembly bleRp{BIYINGaRGY 1a fdgues 2ouinesaisinhenban Akarnativecambestirent of seal
41 for connecting to lower riser connector 13 that does not have riser flange 17 and thus curved

surface 18 setufdBFOTEAS SFMBTRGISDECHNER I Bt cPUSIaa il EIb S of a

drilling riser grst\aawimdhateerprtivwer iBoeriean tawnBaapnawennahat gHtaee ondbeE e3@mple,
lower riser connector.llSQELounts on top of a.blowouéﬁreventﬁéglﬂ BO g_(),)the per end of which is

shown. BOP RS OHIRS BB MEHGEL TS, BOWIES 12 A RS E ERMELHhS ‘?%5 VAP
central passagyfae drifivaflthdsgrodvie oy édepalsly thineliphiaimiitar tof tinet odmisiting etatatreaizsage 23
and central bore 39 of BOP_ 21 and lowey.riser conpector 13 of Eigure. 1. BOP flange.119 preferably
s at lonst 110 FORLTES Al o L Bone B e i e ol S OIS e
illustrated egroosiene S ofl &ityurie2€, boskyabe4ll venpessiatdmieimenbladynidlsfra sobattbally

bly. The ISES: Ar ' ' t mbly 11
Paving 2 ce L e R A LB e O e ShFRRTe o Frspe
connector ags@iffblgmngdten, disaisiendlehodize? b destrisddithe| 32 Wit e pertassesndetor
assembly 1bpiiEIgHIESiReL LomBRld LINRF BiltRERe P H3 anatinAs %o'ﬂ?eéeﬁp%érfﬁ}é}geﬂing 152.

Metal body 132 has an inner diameter surface configured to fit flush against an exterior surface of
lower riser IMh&QSY BE3iv@eRishdPasihaseHérttiAdsierediikBre Wibess g aessesn‘Gur iéhge
148, and onp 4tIHR'6F varesbeslyseal members 144 for sealing seal 141 against inner body 127. A
person skilled in the art will understand that alternative embodiments contemplate and include seal
141 without recesses 142 and inner.body seal members 144. Li ise, a person skilled in the art will
understand VLD HIGHHACS BHLGATh e SaTEH A AREC TR (2 G BHSOhLAG SO Hltate
and the like pel@onstrusitiainged o \cssibohbethesnithe e oy daldy3abelasiddenaysaizio

comprise (aperh PN ATARES, Tasealingcyalanesocuibr o lardnan sury s ssaliog:

surfaces. An elastomeric seal mém of a material suc er, Is located in a groove

in the lower guTTIEAIOf bady%ﬁlf:& paasieg ﬂigaugﬁl amtipp eatupiriaagef Bomddntie bore, 3Seﬁl'.¢etai.ner
ring 152 comprisgr-addraRArh iR RfRELAR JReLHaN9E daid "R aloWenRid R ReAL R BINer ring

152 proximate to metal body 132. Sealretainer ring 152 couples to a lower rim of inner body 127 by
bolt 158. InteANHSSEPHAREAL K] tet SRRETANY BEIRMY: AWRYIOWBY A SEhfeNPEEaIPL ABis o Spacing

washer 156 Qfri Baiglna§8etHBlY that meeesla8ouiipisupriwegminpaidiangg A andioutes flange
148. Preferably, gap 150 allows seal 141 of Figure 2E to float similar to seal 41 of Figures 2A-2D. Also
coupled to ifRBPBEHY 2555081 dlectith SPMIET ARG S MR BNAYIHARe9%Eh BFSkal 141 to

a predetermipedeuteurs, BuangplRreraaRiang eogeatmakierereibasthnéhiseIrahty eoneactor
assembly 11 in_ more detail below, seal 141 is placed under axial compression by a pre-loading force,
deflection sSHLRL AR IAMRRE H5EH CORIFELh drisJBIF bPRER TEIRSTn G HBastag gt Wil
predeterminied enbadyt 32|entak: fal thenopasiculall agapicatidepelmetween the portion of body 32
axially above the upper inner body seal 44 andritwoely 27. The fluid pressure then
fills the small gap and pushes body 32 radiallyamivand further against lower riser

connector 13 and curved surface 18 of lower risanector 13. In this manner, the fluid

7



As illustrated in Figure 2E, elastomeric seal member 136 defines an annular member substantially
filling the groove in the lower portion of body 132. When placed 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 define annular members substantially filling recesses
142. When placed within recesses 142, inner body seal members 144 provide a different outer
diameter of body 132 than that of body 132 without recesses 142 at the location of recesses 142.
Preferably, the combined outer diameter of the combined inner body seal members 144 and body 132
s greater (BIFHRU G AANRAE: P U eSS e e o 31 (R Bkalforr 67 iR 142
Following pleperagohantsengagemestb obitize chinettor assembly, described with respect to connector
assembly 11 in more detail below, an initial seal is created between the surface of body 132,

elastomeric gepl Mamheh 136@ggramePRAERICA AR AR HaBke LimhdumiLid BRSRes Yyqyph the

mating central passage and into the bore, the fluid pressure within the mating central passage and the

bore cause SRIHIGABNBRIMSITtHERICHHEIREICA SR HIBlyd RBREIYISKiAIRNaRdy oK lavseryived
connector 14¢hAS:(e SeRNRHATS LMY 9 ifitd Slkalioniasspabidip rlaguasalliptive to

the connector assembly. That is, inner body 127 can move axially relative to seal body 132 an amount

equal to theRSEARSheiBHner Bey 180! AROWR) dbah Sarspaeridisy BOfsCai M ipaYSPeRt Bwer riser
COﬂnet;?t((ij 1§§n{§@§.| 1ﬁlm§|b$@iﬁ@'@,illw&értﬁ§%wﬁbﬂﬁé&% E&ﬁruﬁ@ilbﬁcﬁf éf|l|§ B@Q\/B@Brﬂzﬁr@ﬁﬁaﬂ-lg
Inner body seal members 144 maintain a seal with inner body 127, while allowing a sm ap to
develop bet\Jv%JelgB[Qg 6H?oHQﬂe(5 1°§2N§5'5 II? SHOVWDthEY iﬁn%¢€o%ﬁ@§aifa4 ‘Eﬁ)ﬁr]r &r body
127. The flughpriessareiskerdiisdbe s s igapesan thptiahesehady g2 fordiallinmfiaicds and dowlsward,
further against lower, riser connector 113 and BOP flan 19. In.this manner, the fluig pr within
the bore fortier St Lo el S AL CAnS Eo Pa A A Rl cretF o Bpecton
assembly 121. andhisweanser, conreattorlssséfriblyrd 11 rB&Rrsteal 1© o sefbsatayriers Bl drstibhga@ bore
without an S i rgﬁ[?l“ Ehin: . rring again to Figure
1, outer bo@@%@%&gﬁg@@ g%%?‘%‘ﬁ%%%m at fﬁnégé/ e a%@?}glﬁa/noﬁ' Lf/{l/%erg ogs 51 or alternately
segments of a ring, a collet, or some other device. In the illustrated embodiment, the lower engaging

member hashain@Alsiied RmBorhER L& 19N Hhna SERlLASIRMA PRJIBEPRRNGE2/05Ad a

disengaged giatreewnfigesembnNoTindibirrritieCsseeap RivedddEoansnoaracanpoiraan: off of the
lower riser connector 13 and BOP 21. Lower dogs 51 may.be energized from the retractedﬁosition

0 ,

shown in Fi§IR ¢ aASHAAPY el aawg&sﬁ%ﬁ dAdwiP T A ERTERt R OMEN A5RTs SRRIRHIR lower
dogs 51 arelaidetgideB O dlaegeteperatad scamaetdR @3etinblysigngesals, ROV enertazesS3s The
ROV may move lgwer,dogs 51 inward by rotating a shaft o other of mechanism in ROV
interface 530 RTEPA0 L D e L e B IS RO mertace 53, Atemately,
lower dogs 51 could be spring-biased to the inward position. Furthermore, they could be controlled by

hydraulic fluReptd<Subagialinaiad e a3rred nssebptghbafialier 458chly Metahhasdvidhbdical or
line (not shqyyd)an innElUERLReRY 48rfise BBRMJUHRPES RIHAGHASTEN BRIHEH st fhie SfaayRe.

comprises a set of upper dogs 55 located above lower dogs 51. In the illustrated embodiment, the

upper engaditRy RERNSEEGE ddrfigtetrtdaf¥rhate BIsp SIS HREA A" §OF SiReReS8 ottir G MABF body

27. Upper dfgsded 1may atig oatebr beosedments sy s64, radiatelisiir sssaprefheiafaviceaddppgr dogs
55 are located at the upper end of cavit%i43 and will mmﬁslféom the ret}rrgjted osition shown in Figure

1 to the inw PRSI hoLhiBRTSABWHTHS HigURE At WhidEr dapd HYG BT RRPUREBY an
ROV engagumhwmiglaié iateriackid® se& 1 4ntertaceto? cesypcamiopirise cbdeyice dhatanoxas apper dogs

cupplying hySTHEN 1 (5 RO RO e el SR Rt e Wt e
energized byanteydpsatiécahddrstipgdy dsmmobaastacecyiess sofisy etz thiedrikemtsodonsintctpperdogs 55
could be Sp%%ipigégldr%?emgé@'\”i‘ﬂpoﬁtti’%?' body seal membersnial/ also comprise tapered
sealing surfaces, flat sealing surfaces, or theerddther 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.



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 long guide pin 63, but alsq protrudes below outer hody 29 when outer body
20 i in the 16N SUARRNBAGHPGURATTBIFSS hdy HERed NS DS eh R iRa LT 63 spaced
for engagingowe ehthefrsides 2baindiarigg 132 firsxiongewittthpoupllB2s Seghgeditier othgr16dthe
empty holes 25. |n this example, the. empty hole re.s 180 apart. thus guide pins 61 and 63
are 160 apaiDHRIRsebeA KNG sy d R R B e S b S 8ol e
61 and 63 ara@ad&deind héologitrdinalohxie 6 afdyoh?é cipacEnganasipel 1155 pé s dnctikbed suttie art

ill understang. tha_altegnati iments: include guidenins 61 and A stop pin 67
s mounted L1 ol Sxo o SO UmECt et Rah A sh OGP R S0 P teratnf AR e
65. Stop pinléP iglkgyse st dhriddr aloMiauie 86 titaflqpiiceiacsieal 43 s fHauiaserAydide pRP61, 63
are in f'ang%éﬁ’@’édzt%_ ﬁ'iﬁe?iﬁs)c/ﬁﬁfﬁé?‘?soé HORRIbA Pt BIBRHIGIRKIAD RSt HABRIBFHAN Of

flanges 17, 19. Stop pin 67 may have a length that is approximately the same as long guide pin 61 or it
may differ. SopeFnle rﬁa@w%@éw&?&mimwwmtg@r@e%wﬂmsepa&eﬁ,ﬁﬂh@d
example. A pgfseaspabedonsimactorihsssiartiand iRahiernatusernbadimenis mayeaohkdvde stop

pin 67. An annular tapered surface or bevel 70 extends upward from an inner ed%e of rim 70Q of outer

body 29 andSM<HERGRTRNEMAIRIEARRY IR IRIFEs SETF ERAE9" L8O IS dMRrdAR AKEYe in rim
69 radially atéwiprdJepm loe\wlal Q. ArackriBgroasaifryies akhalsiredtha exbeélepwartoiothe

connecting connector aSﬁembI 11 to additional equipment. That equipment may include a valve block
containing \)%mglﬁ) raa%wgfmé?])éf of another riser. Further, the additional equipment may comprise a
running tool for lowering connector assembly 11 on drill pipe or on a lift line. In Figure 1, axis 71 of
riser conneddér illBsdadnied-igiic AEHelesi@matimspalentitediel datngs Rguees il mavhelustrate

a tilt of approximateha GifiREMEYrvENR fHErlgvgé‘??Bﬁi Bfrﬁéb(l}l pbolampas, i KQAR ki & subsea

wellhead housing onto which BOP 21 is connected. Also, curved surface 18 of lower riser connector

13 leading fEBRPHERILPANOLEd: ERAIANBECGERRIrAISBYRISANES dhat M) IRnakyRintedicdiBRbout axis
71. Damage;eanavesr Beeky eh GansiiotHaegpesian Sihatiihade R/IGSEAMEEIcEEADOLL danel. The

center point at cut 15 may be offset laterally in one direction from axis 71. If the portion at cut 15 is

symmetricaPRR SNE MR sHRSIBP UL HIBRO B tRa5 5 1PRGB PERRANNEI Rierestfredih 13 with
it? axis 65 gm&ﬂaoﬁlig@gdmmuiaﬁlxgrmpaﬁm&ai?iﬁér&mﬂamﬁtewfo?nbm;@uegttma uﬁaﬁbtportion
of riser connector 13 is symmetrical or mmetrical, connector assem 1 is oriented wijth its axis
05 varicol VIR om0 BT L2 oL AD S8 £ A AP
connector agis&Sdiach ¢iserafoieectonlsixisd’ ihnarulbo dis ettlenwithiertC laathbodyhl8 Zongetuer
assembly 11 is only a short. distance gboye.riser connector Even if lower riser connector axis 71 is
ot shoni LS B R e e o B e Bectar

assembly 11 with its axis 65 generally centered on riser connector axis 71. _
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

9



For a riser connector 13 with a symmetrical portion at cut 15 relative to axis 71, guide 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 holes 25. Long guide
pin 61 it SHEHL SRS, B GRE SHSTh S LB Ll To B LB BB PR Enter s
hole 25. Somiseratatiorcibcanseator BSFe fidatyd 1 beay Ihaae it chfonthissaliganmeaintaioccsedf the
portion of riser,connector 1 jacent cut 15 is asymmetrical. it may not be possible for guide pins 61,
53 10 be alihba TS rad Goa Al SR s KRR RS R & HoB T e
pins 61, 63 aRd stopllyialdaW thtitengppbe iangslbgely i$ealet £bandcioodyd 12 asyrhméthid ginesatike to

fange axs o TAErHYC AP OEN 21 S DEN o EAHEA BPISS SASIRHEY R securing

guide pins 3. Some individtal threa are at difterent radial distances from axis 65 than

others. In Figa@éns! Quige ihHes eanmaciklBantlfaln diancRiiliidit thasaeedin®RgGIessHTS0 from
Figure 5, so,ihal P ROIBL RAKIHIRIARERELUE P IAVIRTR RIS Bkt J,E"j(ﬂ' SOhEOSREIOgUNIE GRERRIAAI

assembly axis 65. Rather, a center point between guide pins 61, 63 will be slightly offset from axis 65.
Long guide BRe ! ROANSGRIAEFRMPANAE H tdaiiSe B anae BEENcaseatoH §URY piRB 3QPaxis 65.

The distancghgiiss iehfivieaRgHia IarcO hithdit Sl HiR sRERIIRRRC RS ReiMaeprASsES (Fig.

1). The distance r2 is less than the distance from short pin 63 to axis 65 in Figure 5. The distance rl is
greater than'HRRReER SHom long pin 61 to axis 65 in Figure 5. Stop pin 67 is about 70 degrees from
short pin 63 and 110 degrees from long pin 61 in this example, but these angles could differ.

Figure 7 illustrates a Raftestay indasidilirggoenkcartesbohbRO11asmeal téteghlging misebeorinaictor 13

o : g . . : : . Hil
being lowerd P Pe e A T B S T afsihebalfedts 268 n SUARek e e
pins 61, 63 ptoaiudewceeldivthiteilvwisatiedoeonadin eodWrgr lenaggoe ensimiaar iBdf arsengaaed short
distance int%t‘a'ﬂa-eﬁﬁﬁ&dﬂé’&eﬁa%IWMH@&P%Q%BR}‘P%@%@%@%@@'}’%"é{”bf‘%%ﬁﬁﬁgéﬁ%%‘?éhat its

axis 65 is spaced laterally or outboard from flanges 17, 19. Short quide pin 63 will alSo be laterally

spaced or oG@WAHISFbR FRRIgEIPT aoNRECH dF38igRM chtlitnaxsraspeanie roe 28, bHiguide pin
61 will only giey afsEPRENRBEIGN P8 igiirie@P 32 thatdar lowsyspag obe hareayisRIPibHR? ihat a

higher elevation than the upper flat surface of riser flange 17. The lower end of short guide pin 63 need

not be at an"BIERHEIPARIHER SRAVRFEWB iRl THVELFEShReSIGR EhANVEh§'aHERd the
asymmetricahgortion af lgweesiaaiptonngeter dshd usnaiteedmeyBieR. RigistalpepitdONMible a video

operator in A AR AT HE ot ORSeHCOATIAYF PR SB98 DAY
rotating a shaft or some other type of mechanisRQ@V interface 53, such as supplying
fluid pressure to a piston located within ROV ifaee 53. Alternately, lower dogs 51
could be spring-biased to the inward position. tfi@nmore, they could be controlled by
hydraulic fluid pressure delivered from a surfaessel to connector assembly 11 via an

umbilical or line (not shown).

Outer body 29 also has an upper engaging memiagy ith this example,
comprises a set of upper dogs 55 located aboverlalwgs 51. In the illustrated
embodiment, the upper engaging member is configtoeadternately apply a load to or
remove a load from inner body 27. Upper dogs 5% al@rnately be segments of a ring,
a collet, or some other device. Upper dogs 59auated at the upper end of cavity 43

and will move from the retracted position shownFigure 1 to the inward engaging
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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 gURRFIRNG IR ATeHTEd AbcVRRAE SRR HORSIERER LHARIFN K 3/ IERHE siop pin
67 bumpingagR0at flaegesd BO1IRAN isienfaguide piap atipacdovite thetothevey thpeokisyds. The
offset Posga MhaH I Mtatg 8 XLl vE-ianiee™ BRI BN AR S atcadam ower
riser connector axis t This point. € operator then fowers connector assembly 11,"which
causes guidebping@tl, BB sopptyweglbyanaalid fluttidd respedtivewmialds 26. droileringncoodicutot,

assembly 14815 Sksce:2uin G5l snangolel AsseRACHAbADd Al Wiidoe Yeddpelpaton o

lower riser c 3. As connector assem oves dow offset In axis 65 relative to
axis 71 allowstsxtherEpbolimentadpnendrgalibrouddieginirradier tioe ibiNaarosit@onnector 13.
Figure 9 shows seal 41 in close proximity, but not yet landed on lower riser connector 13. Bevel 70 on

lower rim 69 of outer Ragk? e ierepgasingisaidlangard fleetose seapé lotouehes asefimsnector
13 (not shown in Figure 9&. Outer hody 29 will ti& be in the er position relative to inner body 27.
The inner iERiEkeY of (AREHBAKE BB SHSVBEYI L bl CRGHIIS G P A P G e 17,
thus bevel 710wél eatigepoaivre s LASsRNGH U Ehietenoveakiplptlyitaslr dihs fienaphe osise figesdition to an
aligned position whereig_axis 65 coincides with axis 71.. iéje ins 61, 63 are slightly smaller than
their respecwvr}eegép h%ﬁg t%sah vt/H ﬁ%\%‘te?&n%ﬂﬂhg% '8)§ceunr(?§)]p|§é) Vé’x%uf 5!,31 yagr?gffgeﬂed, seal
41 will land ohenmdae sooiic2@d & iAnistiargapusitien(not shown) on long guide pin 61 will indicate
when seal 41 has properly landed on curved surface 18. When seal 41 has properly landed, each

guide pin 61, 63 will e glghtly AlSliN &3 HSEAEMGEM99dWR AosannBEBIHP T Finsr 10, the

operator then applies fluid pressure to hydraulic cylinders 31 to stroke outer body 29 downward

relative to irHEPBIRIY £3 WhidiGs hWIRmRel BIsnREtind loRRBINe MREMNGYRnBcRIFnEY g8 outer

blody 29 isrirdi'@\sﬂ@n;sﬁﬂﬁm%&wﬂ@fgg(tgg?t@inrllghgﬁ@u% Lsmai @gﬁ&%w&:r@riqgate@sﬁg ;@d@a\égrb
elevation than the lower side o e . e operator then strokes lower og Inwar Y
roaging RN e PAeass, BSOLVER P I BN b NORAEE R Shad helabs AR the

lower side op&RdHlagi®ABaizepntbe manttbpesititiperesk ndher, goilensiraBy iwikgxoptbjor

hydraulic cylinders 31 to lift quter hody 29 relative fq inner body 27 ort distance, until lgwer dogs 51
bt the oW B THRGIRS, i JEir W SRR R D 1ar 0B Th T 6 A o
Figure 11. Tthe lemptyshidbee257 ¢f tipiseexkiypl5 tvill emyédgdn@dwanel $pcicedshsfdepd, pushing

downward ﬂ\&j’vél‘t%ﬁwé%i‘%q}ﬁ‘%%raﬂ%%éze gggrpﬂwnseﬁ%waa;& 8%%989@1%%’rTJ?%%@gé’f%?“e“t of

upper dogs upward facing's causes a preload force to octur that lower dogs 51

react to by ARPAGIeIg RS SOVl sitles 63 BGPrias ¢ Q!dr Ae appEaon bnmmgn@%amﬁ% ®drms a
tight seal betyger-rsabalang Furyed RUHERS A 8 iAie S PiB%SdnEHhars SRR OWR L FigHERR & O and

11, but will remain in their respéctive holes 25. If needed, a sealant can be injected through a port (not
shown) in cERMRRITNE8EEMBK/MOL et A WdR/BIS G R20183and the area around seal 41. Any fluid
flowing up through lower riser connector 13 will thus flow into inner body bore 39 where it may be
delivered to the surfasestuppieviss cuaiasdo Addlwit tays oprihtB@hdowedyiger compesiior 13 into
bore 39, the internal pressure created he mov, t of the fluid may cause movement of connector
aosembly 16 1A T AL PRI TS 8 CRSUHNS SBOv B LDO SRt ot
seal 41 will fioate glias/eliooSosm drad ndssegutie Pinartil rasrefaxigdyheleh 2batlb sidasulbady stal

members 4 I fl IS 3 il maiptal ight s inner body
29 and Iowé%%yaegr?nae@t%ﬁg f[éﬁfﬁﬁbs@rﬁa@r?r%foﬁg] %g?(ij %ﬁﬁﬁéﬁ?gjﬁ%Q %?éggﬁﬁg%gées seal
41, It mbg\seplesitiichatdseppnexnmeaiady thesiaeasiduidspPBOR fatigead didtire $teming
connector agge@plidy s Uhisteal et duierehiy st BRMREIEEICBENL rbanldaampr and
connect to BOP flange 119 employing lower dogs'51 and uppér dogs 55 as described above with
respect to Figures 3-11. Seal 141 then seals against the upper surface of BOP flange 119 and an
exterior surface of lower riser connector 113 as described above with respect to Figure 2E. Cap
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 sufficientto 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 varjations may be made, in the foregoing without departing from the spirit or scope
of the invenfoRCTIVIR RGeS LR AL Uk TS SIAD e P SRR AU DB S RA S e
embodimentsofi [gméwd that the embodiments disclosed are illustrative rather than limiting in nature
and that a wide range of variations, modifications, changes, and substitutions are contemplated in the

foregoing dig¢logH{E1 AN B 0"REAARARFGRRAPE ISALHES @bHRErPAFSHNGMLERHOS MAYAREgMPloyed

without a corresponding use of the other features. Many such variations and madifications may be

considered 8486 PO AN ASEFRINED Y SyBnslinad i thdelini savby 4 oS @ PeRilR R OFBfITRPgding

description ¢f Rreier @@ IRMPARBE MR ARFBIANGY #bis Aepeprriate that the appended claims be
construed broadly and in a manner consistent with the scope of the invention. Claims The invention

claimed is: . .
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



1. A connector for connecting to a subsea device having an axis, the connector comprising: 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 and configured to
engage a shoulder of the subsea device, the engaging member being configured to move radially
between a radially withdrawn position disengaged from the subsea device and radially advanced

position engaging the subsea device; a seal carried by the inner body and configured to form a
seal between the inner hody and the sg ea deV|ce a pre- Efadm member. cg&gled to the outer
body, the predBhaigERMbRIDRIG CanfiaPel R REE LA RIS AP RHR SR &) Figures

pre-loading Bhnembér belngmaoﬁgglrmbtowtmvdlambadiy hreﬂaag'aﬂmdlallgp/vmdm BOSIONIN

disengaged from t gda/ and a adlall adva e the |n er bodg and urging
: B RRSLER R
g forcé on sea

the seal agalr'%lft%e &issea ewgeet%Se)Eg a Or?/\/‘iﬁerel e seal

is configure®3o gt forhike pogEg i ngsallplmsﬁrﬁéeraalﬂimpﬂm/\ﬁﬁg i3 ang Islnbetaotle.llg.aTgeed

connector of, claig i, wherein 06,5 58URIGSHE IR BRHDS ot of e et dgslRRd
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



wherein the seal is configured to move axially along the axis relative to the inner body 3. The
connector of claim 2. wherein the seal is configured to move axially in response to the pressure of the
fluid flowing through the bore 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 includes a recess; and

65 is spaced laterally or outboard from flanges 119, Short guide pin 63 will also be
laterally spaced or outboard from flanges 17, &49,0ut of alignment with its respective
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 at®n 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 prop@&uatof 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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an elastorneric member is seated in the recess and is configured to engage the subsea device. 6. The
connector of claim 4, wherein: the curved lower portion includes a recess; and a soft metal member is
seated in the recess and is configured to engage the subsea device 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 engage the subsea device.

riser flange 17 before seal 41 touches riser caond@ (not shown in Figure 9). Outer
body 29 will still be in the upper position relaivo inner body 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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8. The connector of claim 3, further comprising: a coupler ring coupled to the lower rim of the inner
body and a sealing ring configured to move axially upward and downward relative to th coupler
ring; wherein the coupler ring is configured to couple the sealing ring to the lower rim ol the inner
body. 9. The connector of claim 8, wherein the sealing ring includes a recess; and wherein a seal
member seated in the recess is configured to engage the inner body. 10. The apparatus of claim 8,
wherein the sealing ring includes a recess; and wherein a seal member is seated in the recess is

configured tg engage the subsea . . .
g As ﬂ%ICP%OWS up through lower riser connector to bore 39, the internal pressure

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,

16



device. 11. The apparatus of claim 8, wherein: the coupler ring defines an inner annular protrusion
extending radially toward the bore; the inner annular protrusion of the coupler ring 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 outer annular protrusion of the scaling ring inserts into the annular space between
the inner annular protrusion and the lower rim of the inner body.

modifications, changes, and substitutions are coplEted in the foregoing disclosure
and, in some instances, some features of the pgres@amtion may be employed without
a corresponding use of the other features. Manly gagations and modifications may be
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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12. A method for connecting to a subsea device, the method comprising, (a) providing a connector
including: an outer body defining a cavity; an inner body defining a bore, wherein a lower end of the
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;

Claims

The invention claimed is:

1. A connector for connecting to a subsea device having an axis, the connector comprising:
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 and configured to engage a shoulder
of the subsea device, the engaging member being configured to move radially between a
radially withdrawn position disengaged from the subsea device and radially advanced
position engaging the subsea device;

a seal carried by the inner body and configured to form a seal between the inner
body and the subsea device;

a pre-loading member coupled to the outer body, the pre-loading member being
configured to engage a shoulder of the inner body, the pre-loading member being configured
to move radially between a radially withdrawn position disengaged from the inner body and a
radially advanced position engaging the inner body and urging the seal against the subsea
device to exert a pre-loading force on the seal; and

wherein the seal is configured to be further energized by a pressure of a fluid flowing
through the bore.

2. The connector of claim 1, wherein:
the seal couples to a lower rim of the bore of the inner body; and

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

3. The connector of claim 2, wherein the seal is configured to move axially in response to the
pressure of the fluid flowing through the bore.

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 includes a recess; and

an elastomeric member is seated in the recess and is configured to engage the
subsea device.

6. The connector of claim 4, wherein:

18



(b) lowering the connector toward the subsea device and inserting an upper end of the subsea device
into the cavity; (e) energizing the engaging member to engage the subsea device; (d) energizing the
pre-loading member to engage the inner body; (e) exerting a preload force in the seal during (d); and
(f) pressure energizing the seal with a fluid flowing through the bore; wherein step (f) comprises:

passing a fluid freedhesdlsea geitien iodeh shedees araating a fluid pressure within the bore; and

a soft metal member is seated in the recess and is configured to engage the subsea
device.

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 engage the subsea
device.

8. The connector of claim 3, further comprising:
a coupler ring coupled to the lower rim of the inner body; and

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

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

9. The connector of claim 8, wherein the sealing ring includes a recess; and

wherein a seal member seated in the recess is configured to engage the inner body.

10. The apparatus of claim 8, wherein the sealing ring includes a recess; and

wherein a seal member is seated in the recess is configured to engage the subsea
device.

11. The apparatus of claim 8, wherein:

the coupler ring defines an inner annular protrusion extending radially toward the
bore;

the inner annular protrusion of the coupler ring 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 outer annular protrusion of the scaling ring inserts into the annular space
between the inner annular protrusion and the lower rim of the inner body.

12. A method for connecting to a subsea device, the method comprising:

(a) providing a connector including:
an outer body defining a cavity;
an inner body defining a bore, wherein a lower end of the 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;
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causing the connector to move axially relative the subsea device in response to the fluid pressure
within the bore. 13. The method of claim 12, wherein step (c) comprises engaging a downward facing
surface of the subsea device, 14. The method of claim 12, wherein step (d) comprises engaging an
upward facing surface of the inner body. 15. The method of claim 12, wherein step (f) comprises:

passing a fluid fremdnersidsracervictotngt the ysarealiog antluitatessarappthisribethore;
moving theLonnea eaxalitselrtive,g:the seal; and causing the seal to further set against the subsea

device.
(c) energizing the engaging member to engage the subsea device;
(d) energizing the pre-loading member to engage the inner body;
(e) exerting a preload force in the seal during (d); and
(f) pressure energizing the seal with a fluid flowing through the bore;

wherein step (f) comprises:

passing a fluid from the subsea device through the bore creating a fluid pressure
within the bore; and

causing the connector to move axially relative to the subsea device in response to
the fluid pressure within the bore.

13. The method of claim 12, wherein step (c) comprises engaging a downward facing
surface of the subsea device.

14. The method of claim 12, wherein step (d) comprises engaging an upward facing surface
of the inner body.

15. The method of claim 12, wherein step (f) comprises:

passing a fluid from the subsea device through the bore creating a fluid pressure
within the bore;

moving the connector axially relative to the seal; and

causing the seal to further set against the subsea device.
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