TI TLE: SUBSEA CONNECTOR BACKGROUND Rel ated Applications The present
application clains benefit of priority to U S. Provisional Application No.
61/ 155, 2280entvmwbrmd " Subsea Connector,” which was fil ed PEehiS2@5/023009, t he
di scl osure of which is hereby incorporated by reference in its entirety.
Field of the D sclosure [0001] The present disclosure generally relates a
subsea connector that includes an adjustnent ring that nay be used to

change the positional relationshi et n.a spool body and a connector of

a connector assenbly. The EHSHEéSEEQ%%§%§H£¥E§5H§$ rel ati onship may be used
to vary the preload force applied to the subsea connector when secured to a
wel | head nenber. One enbodinent is a subsea connector assenbly conprising a

spool body rotatably connected to C avi ng correspondi ng | ocki ng
profiles. The |ocking profile may Egé“gﬁgﬁg(é@h@]ock profile. Description of

the Related Art [0002] Connectors of various types are used to connect
equi pment to subsea wel | heads. A RelateshApplieatiomsconnect or used for
production is a connector used to attach a spool body to the well head.
Vel | heads diticgnesne apploatioiedlaning beaefgt afngtanrdy po df.S1 @rovienat dyppbinationpNoof
wel | head profile is a H4 wel |l head. Al though the H4 well head is comon,
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of reasons, including variances in manufacturing tol erances. Variances in

e, iR PR b aneR s cggRten of {hecomnecto aseerbly can
Field of the Disclosure

[0001] The present disclosure generally relates a subsea connector that includes an

adjustment ring that may be used to change the positional relationship between a spool body and

a connector of a connector assembly. The change in the positional relationship may be used to

vary the preload force applied to the subsea connector when secured to a wellhead member. One

embodiment is a subsea connector assembly comprising a spool body rotatably connected to a

connector having corresponding locking profiles. The locking profile may be a breech lock

profile.

Description of the Related Art

[0002] Connectors of various types are used to connect equipment to subsea wellheads.

A common type of connector used for production is a connector used to attach a spool body to

the wellhead. Wellheads often are provided with a standard profile. One common type of

wellhead profile is a H4 wellhead. Although the H4 wellhead is common, connectors may

connect up differently to each H4 wellhead due to a number of reasons, including variances in

manufacturing tolerances. Variances in the dimension tolerances of each component of the



| ocki ng means of the connector and the | ocking profile of the well head.

[ 0003] Another potential problemexists in providing the proper angul ar

al i gnnentwbebwamwmebhe subsea connector and the wel | head PCAUSeMamRs3at i gnnent
may be necessary if clean connections are to be nade w thout damage to the
conponents as they are |owered into engagenent with one another. Further,
the m sal i gnnment of conponents may cause the assenbly to not be
appropriately secured ta the | | head. M sal i gnnent. | so arise due to
the mERRRECGryS YRR Cothiet R s HICGHEET ol oyl {16 ORe gt L g PeaeR o
force is often desired on the conponents of the subsea connector when it is
secur decking mhgnswéthaesmdeator angtthe lskingmpeine of theiwelthised.appr opri ate stress.
The m salignnent of the connector with respect to the well head nay cause a
decr ease i nodsie Atoehedabtéaiat eroblcinh exists bisie proviting aho rpropdd eanpaiun edignaenor
adj ustment of prior subsea connectors to achieve a desired preload force
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[ 0004] Figure 12 shows a prior subsea connector 300 thalt uses a tonnector

340 tq cur t ubi.ng 00l.,310 t |l head. The conpnector 340 i,s.
secur S8 DR A Y S maBE RsbiP e 16 e S gt o AROBRE E Pl g
nuts 306. The coﬂnector 340Q. and t ubi ng . spool glo are assenbl ed together to
f or m &nesAEL with gae appshss- Anethst e Risplignapaeal eAMRTSIRENAYHBNF A BTSCERENN) |
A |l ock sleeve 350 actuated by a | ock piston 360 is used to engage the | ock
pr of i Itenof bat dpprowiatdie actuwid to the olkeadi Adis@lEmcenhmay ainoesiso dug #pthic mednndies an
unl ock piston 370 and a secondary unl ock piston 380 to nove the | ock sl eeve
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The positional rel ationship between the tubing spool 310 and t he connector
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the appropriate stress. The misalignment of the connector with respect to the wellhead may
cause a decrease in the preload force on the subsea connector. The connection or adjustment of
prior subsea connectors to achieve a desired preload force can take a significant amount of time,
for example in excess of 10 hours.

[0004] Figure 12 shows a prior subsea connector 300 that uses a connector 340 to secure
a tubing spool 310 to a wellhead. The connector 340 is secured to the tubing spool 310 using a
number of preloaded bolts 305 and nuts 306. The connector 340 and tubing spool 310 are
assembled together to form a connector assembly 300 and then landed on the wellhead (not
shown). A lock sleeve 350 actuated by a lock piston 360 is used to engage the lock profile of the
wellhead with a lock ring 365. The connector 340 includes an unlock piston 370 and a
secondary unlock piston 380 to move the lock sleeve 350 allowing the lock ring 365 to release
from the wellhead lock profile. The positional relationship between the tubing spool 310 and the
connector 340 of the connector assembly 300 is secured in place by the preloaded bolts 305 and

nuts 306. The connector assembly 300 may then be landed on the wellhead with the lock ring



nuts 306. The connector assenbly 300 may then be | anded on the well head
with the lock ring365 in alignnment with a | ocking profile of the well head.
D nensi orwochsv@mse bui | dup of the conponents and/ or vaPCafUSens/023321 he
wel | head may cause the misalignnent of the lock ring 365 with the | ocking
profile resulting in a connection to the well head that may be tighter or

| ooser than expected. This may lead to a | ower preload force being exerted

on th onn Ct or S 300 t an desir Th ositional i on
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many bolts connecting the connector 340 to the tubing spool 310. ThIS

r eadj wempergntoand/prevasigfinesc tnothe 3vblhgartimep sauscisbelynigdignmant dfethe lockrignhioand
difficult process requiring nmultiple readjustnents of each bolt as well as
mul ti plieh thedockirg prodils rantingiis aodunacdtionns the owrllihduel thel mhedd tighter lor idwer
proper alignnment and thus, the proper preload of the connection assenbly is
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pr ovi de a subsea connéctor that may be easi | a jUSte to account for
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desirab rovi BEeS ‘connec provi de |sm
easily a st the preload force on the connector assenbly when it is
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subsea connector that can rapldly di sconnected froma well head nenber. It
woul d rexstjwbeséntadd] the tconqmctori i andsiposkbodyodHecaobe hlangtbyn eud daffichie ppeasper
angul ar alignnent when secured to a well head nenber. [0006] The present

di scl esdifieng Smditipeetresdjiamentsr eOnt4ed, bok ad Wwelhsis rradtigiengedonge@iohechisd of ,
one or nore of the issues set forth above. SUMMARY [ 0007] One enbodi nent of

the subREAnLABRERLA th&SRANRIYurt @ﬂé‘ﬂ%ﬁe@al@ﬁ%kt Qﬁfjt}ﬁus,eme proper preload of the
connection assembly is achieved.

[0005] In light of the foregoing, it would be desirable to provide a subsea connector that
may be easily adjusted to account for tolerance buildup and/or variances in the wellhead. It
would also be desirable to provide a subsea connector that may provide a mechanism to easily
adjust the preload force on the connector assembly when it is secured to a wellhead member. It
would be further desirable to provide a subsea connector that can rapidly disconnected from a
wellhead member. It would be desirable to provide a subsea connector that ensures the proper
angular alignment when secured to a wellhead member.

[0006] The present disclosure is directed to overcoming, or at least reducing the effects
of, one or more of the issues set forth above.

SUMMARY

[0007] One embodiment of the subsea connector assembly includes a spool body, an

adjustment ring, and a connector. The adjustment ring selectively connects the spool body to the

connector to form a connector assembly that may be selectively secured to a wellhead member.



adjustnent ring, and a connector. The adjustnment ring selectively connects
t he spool body to the connector to forma connector assenbly that may be
selectivewp20099d t 0 a wel | head nenber. As woul d be appceaisaties2izg7 one of
ordinary skill in the art, the preload force on the system when secured to
the wel | head nmenber may be affected due to tol erance variances for each
part or due to variances in the profile of the well head nenber. The
adj ust rent ri ng of t subse nnec be rot to nove

connectol OWfl bﬁﬁ%%fg&@ by PR KR %@dg} o ﬁ%ﬁ‘p@ﬁﬁvgg efict e ﬂt@rﬁémﬁ%wa%
force on the systemto a desired anount. As a change in the position of the
connestorredyio the pedlbeast membetpay po effedied 9u6v\ﬁ0| tplegdnga yarianses facach part of dehe
connector with respect to the well head, it nay be used to account for

machi no Rgridnebeinaihe psofAndf tharvelthbad memlbaadrlfd)erd@@tmktemﬂghe“ thoneet @mnagsenbl y
is locked onto the well head nenber. The connector assenbly may be

repeatedl ye Whthg K@%&\Feofﬂet &ﬁn@&&l head tRubes thet §Rohdbis ttér%%pe‘fl&nﬂlgﬁs@tﬂ% ed,

and the “connector assenbly rel ocked to he wel | head nmenber until the desire

pr el O?)?eloé)c{ f;o?ce' 3 ﬁlChlygte%ldto TH 51re %1 u%p céﬁn?%h n t%% m851 iof 'of nIRYE t he

conne s 1 n’respec e Sp ncrea5|ng e pr el oad
force en Iocked t oget 008] One Odl nt of t he subsea connector
i ncl udgl EsBErbdP t%agpegqt)é&tw&eﬂgﬁn%ﬁhﬁe atien gf’ thec epseton MithoroppRcinte, the

connector assenbly. The spool body is connected to the connector via an
adj ustwedlhtad,iihgpay e ancd spagedent foo siachinimg totesanxdj asd namtthe ipradodslefones whemabl e
between a contracted position and an expanded position. The adjustnent ring

may behd edrikcedr bgemidbBNgdotird s kid welllehd thitenteen Mde tohndttdrinssa@sle ehayt e t he
spool body. Since the spool body rests on the well head nenber when the

conneGl o ARSEIBLREd! Forh MAGHIIRAILRENYG! THReR sﬂfﬁé’ﬂ? ‘%fn %L RN AR éd?mEé’t@r

posi tion of 'the connector changes the position of e connector wt
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rotation of the adjustment ring may move the connector upwards in respect to the spool body
thus, increasing the preload force when locked together.

[0008] One embodiment of the subsea connector includes a spool body selectively
connected to a connector to form a connector assembly. The spool body is connected to the
connector via an adjustment ring in an expanded position, the adjustment ring being movable
between a contracted position and an expanded position. The adjustment ring may be rotated to
change the position of the connector with respect to the spool body. Since the spool body rests
on the wellhead member when the connector assembly is landed on the wellhead member, the
change in the position of the connector changes the position of the connector with respect to the
wellhead member. The connector includes an internal cavity and at least one external opening in
communication with the internal cavity. A piston is positioned within the internal cavity and is

movable between an unlocked position and a locked position. The subsea connector includes a

locking member that is movable through the at least one external opening through the connector.



comruni cation with the internal cavity. A piston is positioned within the
internal cavity and is novabl e between an unl ocked position and a | ocked
posi ti on.wohelm9bsea connector includes a | ocki ng nmenberPCrhEskoins23sevabl e

t hrough the at | east one external opening through the connector. A split
lock ring is |located adjacent to the | ocking nmenber. The novenent of the
piston to its | ocked position causes the | ocking nenber to nove inward

t owar ds head and a framt he i nt ernal caV|t The novenent
of thé P@E\lﬁeﬂbﬂﬂ%% i P@G@??tttm%olﬁéklg&ﬂﬁnﬁ%ﬂ JBERASTIBUELE RSB 15 | ock
ring to engage a |l ocking profile of a wellhead menber. The adjustnment ring
may bdogked grosidionrrianesstthe lgrkstaomember to pigere unbvardkiewaplssi wieBheadomembyr ik
prel oad force on the subsea connector when the piston is noved to the

| ockedwagdidn it inaekil rgvithe Tho rveeinont @sthe tduking meabwvethtdugadhereidexternkD009)]
The subsea connector may include an upper hydraulic port in conmunication
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rel eased t roug t he upper hydraulicC port to nove the connector plston
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econm suc ic or
woul d be appre ted by one of ordi nary Skl|| havj beneflt of this
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may be used to expand the adjustnent ring for placenent around the spool
body a&nunacheassseibdeto aeciheadmagnmberhe adj ustment ring in a contracted

position before the spool body is selectively connected to the connector to

form a connedorThasaesehlcynnctive negrieddes arnggRIAl dratiypdrein' @heasdalition with
connected to the adjustnent ring, for exanple the spreader assenbly may be
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methods may be used to actuate the connector piston, such as hydraulic or mechanical means, as
would be appreciated by one of ordinary skill having the benefit of this disclosure.

[0010] The subsea connector may include spreader assembly that may be used to expand
the adjustment ring for placement around the spool body and then selectively retain the
adjustment ring in a contracted position before the spool body is selectively connected to the
connector to form a connector assembly. The spreader assembly may be releasably connected to
the adjustment ring, for example the spreader assembly may be connected to the adjustment ring
by a removable fastener. The subsea connector may also include a release piston positioned
below the connector piston positioned within the cavity of the connector. The connector may
include a lower port in communication with the internal cavity at the lower surface of the release
piston. Pressure may be applied to the lower port to actuate the release piston and move the

connector piston from its locked position to its unlocked position.



include a |l ower port in comunication wwth the internal cavity at the | ower
surface of the rel ease piston. Pressure nay be applied to the |ower port to
actuat e twe 208/®oxe pi ston and nove the connector pistomrCrrusaionssocked
position to its unlocked position.[0011] The subsea connector nmay include a
renmovabl e corrosion ring positioned above the adjustnent ring to protect
the adjustnent ring and adjustnment ring interfaces fromdebris. The subsea
connect or n@% iaﬁ%ud an anti-rotation, device %Egt revents the r&tﬁéion of
the spool BYAY WiNCHUPELFOBICHY A% Bhifet {TROVaRireC o808 4 EPRYEANGE 2hEYE
include a gasket positioned between the interface between the spool body
and t Hee agibsthmeatring i @rotegtaba 21 usieent mive dindeast usiragnt bengaingasfagesd from debris.
installing a subsea connector to a well head nmenber including |anding a
spool Thedybeatcongcct@nm@cinoludand anglreatomdedte tdf pislemn ther fotagioh fob theaspool
contracted position to an expanded position. The adjustnent ring being
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spool body to the connector when in the expanded position. The nethod

furt herolaghiudes Laodiode i Spadlodhady seapnpgtedohfet he connector on a
wel | head Trenber "and” nmoving a glstonymn A e Rs*CBISAEE or from an unl ocked
position to a | ocked position. The myvenent of the piston noves a | ockjng
menber of t#d2lc SHiFeRadiment apryabsed aleﬂ@émfﬁgstﬁL% R 1SWbSSR cPpRECipE|t ﬁé%eél%ﬁ%clrmer
The net hod includes determ ning the anount of pressure applied to nove the
pi st omanaber ecludink kddingsi sppelrbodyi@ntord ewlicetgr aterefsiasing an adjustimenpries amen
applied to nove the piston to the | ocked position was |ess than a

pr edetcehtiadd@bpaaitunnt a@fexpiried positiod hEhaddjusthivanting b&igg RElyctivikncdidestod af ed
to nmove the spool body wth respect to the connector. After rotating the
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to the Ilhga nmenber . e process of unlocCking the piston, rotating the
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wellhead member and moving a piston within the connector from an unlocked position to a
locked position. The movement of the piston moves a locking member of the connector to
engage a locking profile of the wellhead member. The method includes determining the amount
of pressure applied to move the piston to the locked position and unlocking the piston if the
pressure applied to move the piston to the locked position was less than a predetermined amount
of pressure. The adjustment ring may then be rotated to move the spool body with respect to the
connector. After rotating the adjustment ring, the piston may be relocked securing the connector
assembly to the wellhead member. The process of unlocking the piston, rotating the adjustment
ring, and relocking the piston may be repeated until the connector assembly is connected to the
wellhead member having a desired preload force on the connector assembly.
[0013] One embodiment of a subsea connector assembly includes a connector having a
central bore with an upper locking profile. The upper locking profile is adapted to engage a

corresponding profile on a spool body. The spool body may be inserted into the central bore of



wel | head nmenber having a desired preload force on the connector assenbly.

[ 0013] One enbodi nent of a subsea connector assenbly includes a connector
havi ng a wenorelvvtsere wit h an upper | ocking profile. Thecuasesioloesszi ng
profile is adapted to engage a corresponding profile on a spool body. The
spool body may be inserted into the central bore ofthe connector and
rotated so that the profiles engage each ot her | ocking the spool body to
the connector, to forma copnector assenbly that nmay be | anded qnto a

wel | heBRISRIRBIRF ndFeisg sRdBHigR PFRSf %s%gag¥|66@k9%r lshive Prapoo! ogu4pt to
engage a Iocki%% profile of the well head nmenber to selectively secure the
connecvorecistentory & gonteetonescheay thes ey be Tanded ouite ngwvelihshd |regmipdr. t hlec
connector and spool body nay provide that the spool body is inserted into
t he ceonegterindtda drskingdnaingihars addpesnt @tdn@age dheckapnpeditcosf ths sedtihbyd may
include a key that may be inserted into a keyway to prevent further

rot at iQinik thNeIceRAD LAY M EondcBRP&SIcnitly kh18hL QRNBGIOMeRBEET ThEGo |
body has been secured to the connector to hake up the connector assenbly.

The s b Logl nknner | ocki raofile | central  bore of
the shonebaayrRhokai WEARM HARZmRELE Bl shod ey IERERR B Gho

body. The | ocking profiles of the connector and the spool body may be a
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shows a partial cross-section view of one enbodi nent of a subsea connector
assentbeyinpdrteld iatos pdolywepdy powint iforledt abdve of borspeck bedy PD1SkpaEt gurtlee 2
shows a partial cross-section view of the spool body | anded onto the
connegbaticctdrOFkd thdispoil ebody HaeVileeR spafitd @b tIey OGBreSOE td @ukéi MRl camfector

adj ustnment ring selectively securing the spool body to the connector to
form tag'é%nﬁﬂ')psﬁe %Bm%tdWm%)Sﬁl%Hﬁkﬁn inner locking profile in a central bore of the spool
body to engage additional equipment or another portion of a spool body. The locking profiles of
the connector and the spool body may be a breech lock profile.
BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Figure 1 shows a partial cross-section view of one embodiment of a subsea
connector assembly with a spool body positioned above a connector.
[0015] Figure 2 shows a partial cross-section view of the spool body landed onto the
connector.
[0016] Figure 3 shows a partial cross-section view of an adjustment ring selectively
securing the spool body to the connector to form the subsea connector assembly.
[0017] Figure 4 shows a partial cross-section view of the connector assembly landed on a
wellhead member.

[0018] Figure 5 shows a partial cross-section view of the locking piston that has partially

moved to its locked piston to selectively secure the connector assembly to the wellhead member.



[0017] Figure 4 shows a partial cross-section view of the connector
assenbly | anded on a wel |l head nenber. [0018] Figure 5 shows a parti al

cr oss- secwpanmwiezgvof the | ocking piston that has parti @CruSaowees3ed its

| ocked piston to selectively secure the connector assenbly to the wel | head
menber.[ 0019] Figure 6 shows a partial cross-section view of the | ocking

pi ston noved to its | ocked position securing the connector assenbly to the
wel | head nenber . . 00%§ Figure 7 shows a parti al r?s -section view of the
connect or A%ﬂé%lmﬁléme RSt PSR FOSHRTIRBAG HATEET 19AkinG BISRBPEEol Kover
over the adjustnment ring. [0021] Figure 8 shows a cross-section view of one
enmbodileake positian sesnriag thercoaseatensisyernsdy éxthewed icarbmamber-t o a wel | head
menber. [0022] Figure 9 shows a cross-section view of one enbodi nent of a
connect or aes@nHigurbdwhogsa paetiz assspegionnvieelo€thid semhyctseadsemblyt@naccted
wel | head nmenber. [0023] Figure 10 shows a cross-section view one enbodi nent

of a 34BR&AIMHRANERHPEr R7E AMBHYsiON cdv Bl ENRaddIRARES rind he Subsea connect or
assenbly including an anti-rotation device that prevents rotation of the

connector w r€ t 1o the spoal body. 2&% Fi 11 sh
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Figure 12 shows a prior art subsea connector that uses preloaded bolts to
connectleethel s rsaredie ayvaliesd@emBonect or to form a subsea connect or
assenbly. [0026] Figure 13 shows a cutaway perspective view of one

enbodi ment [@R2]a Fegnadchows tlvaessragtidnevies @d one cobadiswnt af & powiccloo dyscmblya
wel I 'head menber. [0027] Figure 14 shows a cross-section view of one
enbodihaing aatlcascqistoe sdledtiveRadecured to a wellhead member.

[0023] Figure 10 shows a cross-section view one embodiment of a subsea connector
assembly on a wellhead member, the subsea connector assembly including an anti-rotation
device that prevents rotation of the connector with respect to the spool body.

[0024] Figure 11 shows a top cross-section view of the subsea connector embodiment of
Figure 10.

[0025] Figure 12 shows a prior art subsea connector that uses preloaded bolts to connect
the spool body to the connector to form a subsea connector assembly.

[0026] Figure 13 shows a cutaway perspective view of one embodiment of a connector
that may be used to connect a spool body to a wellhead member.

[0027] Figure 14 shows a cross-section view of one embodiment of a connector that
includes a breech lock profile that may be used to connect a spool body to a wellhead member.

[0028] Figure 15 shows a perspective view of a split lock ring that may be used to secure
a connector to a wellhead member.

[0029] Figure 16 shows a side cross-section view of a portion of the split lock ring of

Figure 15.



i ncludes a breech lock profile that may be used to connect a spool body to
a wel |l head nenber. [0028] Figure 15 shows a perspective view of a split

| ock ri ngwohato/oye9be used to secure a connector to a weCrrusadonessber .

[ 0029] Figure 16 shows a side cross-section view of a portion of the split
| ock ring of Figure 15.[0030] Figure 17 shows a perspective view of one
enbodi nent of an inner spool body that ~may be connected to a connector
havi ng a breech | ock file. 0031 ure 18 shows a cross-secti i ew
of an i nnetGodiEwsdy PAYS & Te ot R0 FROPRERRIL By TRGATNG! RO%F each
| ock profile to forma connector assenbly. [0032] Figure 19 shows a cutaway

expl odedd nperbspesneaied tojacsgno¢cterriavagzoiceanripcloprodiie. i nner spool body, a

connector, and a wel |l head nmenber. [0033] Figure 20 shows a parti al
Cross-sectHmnuvﬂémMefMﬁs&pﬂob brogysezaamedéwe doft an anw@nspeot dodw thix amabrieech
|l ock profile to create a connector assenbly secured to a wellhead menber.

[ 0034]cokh @80 2 c@)nﬁ&%a@m@ raocfréacﬁqgéld BN BW61Pf a BhrReioHa{seEBly. M1 NY
connected to a spool bo y. [0035] Figure 22 shows a cross- sectlon view of a

spool Dbody d@g% n%‘ll G gowggocu A a ”I%'&%d é)gltsgec%vg Q}g@ne%% Bhe mer?dl\g’\%a h a%ld

menber . ure WS a N view o anded
on a mellhead ngnber prior to tgg justnent ring being engaged mnth t he
68 heg

connediist 5P apsogigdorpandsy I yp cross-section view of a

spr eader assenbly connected to the adjustnent ring.
[0033] Figure 20 shows a partial cross-section view of a spool body connected to a

connector with a breech lock profile to create a connector assembly secured to a wellhead
member.

[0034] Figure 21 shows a cross-section view of an adjustment ring connected to a spool
body.

[0035] Figure 22 shows a cross-section view of a spool body being lowered into
engagement with a connector on a wellhead member.

[0036] Figure 23 shows a cross-section view of a spool body landed on a wellhead
member prior to the adjustment ring being engaged with the connector.

[0037] Figure 24 shows a close-up cross-section view of a spreader assembly connected
to the adjustment ring.

[0038] Figure 25 shows a close-up cross-section view of a spreader assembly
disconnected from the adjustment ring.

[0039] Figure 26 shows a cross-section view of an adjustment arm connected to a
stabilizer assembly prior to engagement with the adjustment ring.

[0040] Figure 27 shows a cross-section view of the adjustment arm selectively engaged

with a stabilizer assembly connected to the adjustment ring.



[ 0038] Figure 25 shows a cl ose-up cross-section view of a spreader assenbly
di sconnected fromthe adjustnent ring. [0039] Figure 26 shows a

Cr oss- secwpanwivergof an adj ust ment arm connected to a gCahisképeessaszsenbl y
prior to engagenent with the adjustnment ring. [0040] Figure 27 shows a
cross-section view of the adjustnent arm sel ectively engaged wth a
stabilizer assenbly connected to the adjustnent ring.[0041] Figures 28A-28D
show a cross-section vjew depicting the rotation of the adjustnent ring
with respedt®flo tl%ewﬁﬁé%fﬁrS.hO[Wo@421%&?@6@8&@%@@@% HORIGE O 4R on
view of the use of an anti-rotation device inserted into a keyway w thin

t he codivemant ring withagsneet todhaednsactof. t he connector with respect to the
spool body. [0043] Figures 30A-30C show an enbodi nent of spreader assenbly
connect ed t{@4An Fagljiress2920Brshoy. a 0684 ddctibn giswesf Bt As3 dbBas hntivrdthtors pevdeder
assenbly retaining the adjustnment ring in a retracted position. [0045]

Fi gur g8seiédintd & &ng‘gﬁ% HTRRUMRE010h RerhaRithiACSF @S 2EMRI0r GAMNRE &AL 0 an

t
adj ust ment ring. 6] Figures 33A-33B show an enbodi nent of a stabilizer
assenp| n justment arm [0047] Figures 34A-34B show an enbodi nent of
an amﬁﬁ%/%p toglf(?an devi ce and correspondi ng keyway in the connector. [0048]

Fi gure 35 shows an enhodi nent. of a test stu and | ockdown nechani smt hat
g [0043] F?gures 30A-30C show an embodimentnopf spreader assembly connected to an

adjustment ring.

[0044] Figures 31A-31B show the spreader assembly retaining the adjustment ring in a
retracted position.

[0045] Figures 32A-32C show an embodiment of a stabilizer assembly connected to an
adjustment ring.

[0046] Figures 33A-33B show an embodiment of a stabilizer assembly and adjustment
arm.

[0047] Figures 34A-34B show an embodiment of an anti-rotation device and
corresponding keyway in the connector.

[0048] Figure 35 shows an embodiment of a test stump and lockdown mechanism that
may be used to determine the amount of pressure required to lock down the connector with a
desired preload force.

[0049] Figure 36A is a top cross-sectional view of one embodiment of a locking
mechanism used to lock the piston to the spool body.

[0050] Figure 36B is a side cross-sectional view of one embodiment of a locking

mechanism used to lock the piston to the spool body.
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may be used to determ ne the amobunt of pressure required to |l ock down the
connector with a desired preload force. [0049] Figure 36Ais a top

cr oss- secwpanal09vicew of one enbodi nent of a | ocki ng neclramitsponsess21 o | ock
the piston to the spool body. [0050] Figure 36B is a side cross-sectional
vi ew of one enbodi nent of a | ocking mechanismused to | ock the piston to

t he spool body.[0051] Figure 37 is a side perspective view of one

enbodi nent of an.inner spool body that.includes slpots for access of.a

unl ocki ng I¥GE! rl\Etl%‘““? {7 r'aéts %%e@%/ﬂcfl‘t’e Ve Y ?fﬂgo"g@@%‘?ﬁ@. IHP%@?PT P?‘&Jr e
38 is a side view of an enbodinent of a split |ocking ring segnent adapted
to be thastinchedes @logy/foaacagss et undodkengeleyer[to o8BIt thic gphitdogdong sing sednaats/i ew on
one enbodi nent of an unl ocking | ever that may be used to retract split

| ocki ng ri n@ssiedtignt $8fig oside ngageimndmbudiher ofielsphicacking ribg kegrhdhd 2ddptdd gur e
4 0is a cross-section view of a spool body |anded on a wel |l head nmenber

W th q@b@gyggkgggkn%gk@kﬁ%qgggyor that uses a collet to secure the
connector to the spool body. [0055] Wile the disclosure is susceptible to

various nodificatiaon nd alternative f i fi i have been
noun by Todllsye 2k 8050300 4 SR K. bAbMBmcAPSCLL L BIREILIFMS REVE
her ei n. wever, it shoul.d be understood that the di | osure i s not

i nt endigef togetsact splifi lpglang gng pegnpsats frem cagagesicrsWH 8 Yol mpabHer , t he
intention is to cover all nodifications, equivalents and alternatives
falling w tles# thagure g0ris & card-sscispeviaw adef speetibady kahdcdagpe rvaditicad aiember
Description of Illustrative Enbodi ments [0056] Il lustrative enbodi nents are
descr iviagdarbghissdimsnttdfayoih@dr the veey @ledtd daci@e the connector to the spool body.
[0055] While the disclosure is susceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example in the drawings and will be described
in detail herein. However, it should be understood that the disclosure is not intended to be
limited to the particular forms disclosed. Rather, the intention is to cover all modifications,

equivalents and alternatives falling within the spirit and scope as defined by the appended

claims.

Description of Illustrative Embodiments
[0056] Illustrative embodiments are described below as they might be employed in a
subsea connector. In the interest of clarity, not all features of an actual implementation are
described in this specification. It will of course be appreciated that in the development of any
such actual embodiment, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and business-related
constraints, which will vary from one implementation to another. Moreover, it will be

appreciated that such a development effort might be complex and time-consuming, but would

11



subsea connector. In the interest of clarity, not all features of an actual
i npl enentation are described in this specification. It wll of course be
appr eci atwo 20tvam9ion t he devel opnment of any such actual ecbaszemnei32nuner ous
i npl enent ati on-specific decisions nust be nmade to achi eve the devel opers
specific goals, such as conpliance wth systemrel ated and busi ness-rel ated
constraints, which wll vary fromone inplenentation to another. Moreover,

it will b eciated t a_deve ment eff.ort mght. be conplex and
time- @Sﬁeﬁwﬁﬁg%e UG TRERE ot BES SeCRTROHTIGR Uit garer%her‘anef heke of
ordinary skill in the art having the benefit of this disclosure. [0057]

Fur t héhis displesers. and advant ages of the vari ous embodiments will becomne
apparent from consideration of the follow ng description and draw ngs.

[ 0058] Fi gyees7)l Fehthwsaspe@atiid advaatagssefste vadsus\anthwdohemneilebbodicaphrcaf a
subsea connector 200 with a spool body 10 positioned above a connector 40.

A Spr%ﬁﬂ@Emﬁﬁﬁ%ﬂ%h%f%@ﬂ%ﬁb@ﬁﬁf&ﬁ&ﬁnﬁﬁ%ﬁhﬁﬁwﬁﬁ adjustment ring 20 in a
contracted state agalnst t he "'spool” body 10. T%e spreader assenbly 30 may be

used to spr @ggcus L 1 RE, ?J ust et L4 0989 for @0 Ceg_%%dl ae& O%S pool

body 10 as i N el OwW. e spoo nto the
connector 40 with a nos of the sp oI body 10 Iandlng on a splr% | ock
ring ésnl%ﬁcmtfr?é)oc‘%%éét"%ﬂ @ ydd Pé)ﬁlél\%e A q:fengémgctOI[ﬁ%sé] sprepdet anpBeboi0 40

includes an internal cavity 45 with a plurality of wi ndows or external
openi nglscizly whiioh anradjusimand mmgriciat 4 opntudicteld stdte againgirthalspediody 145, Thithe
nunber and configuration of external openings 42 is shown for illustrative
pur pospreaddt! Agsanitly GOuhdl beussdrtdb 8prcatl tapart tHehaljrhénttringf 20 foe pliicsmkmsatoends
woul d be appreciated by one of ordinary skill in the art. A |ocking nenber

60, WHLCEhoIRYoRE1 Pad @SKIsHG HUWtaill BolROS Tht QPSH thay 6 iSTRHAL Entb ARUEANEAE:

40 with a nose 11 of the spool body 10 landing on a split lock ring 65 of the connector 40 as
shown in Figure 2.

[0059] The connector 40 includes an internal cavity 45 with a plurality of windows or
external openings 42, which are in communication with the internal cavity 45. The number and
configuration of external openings 42 is shown for illustrative purposes only and could be varied
within the spirit of the disclosure as would be appreciated by one of ordinary skill in the art. A
locking member 60, which may be a locking dog, is positioned to be movable though the
external opening 42. The internal surface 61 of locking member 60 may be tapered and
positioned to engage a tapered surface 51 of a movable piston 50 located within the internal
cavity 45 of the connector 40. The interfaces of the internal cavity 45 and the piston 50 may
include various seals 52 adapted to hold pressure above and/or below the piston 50 within the
internal cavity 45. The configuration and type of the seals shown is for illustrative purposes only
and may be varied as would be apparent to one of ordinary skill in the art having the benefit of

this disclosure. As will be discussed in more detail below, the movement of the piston 50 causes
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external opening 42. The internal surface 6 1 of |ocking nenber 60 may be
tapered and positioned to engage a tapered surface 5 1 of a novabl e piston
50 | ocat edtowntomiomebhe i nternal cavity 45 of the connect ®CTAB2010/025327
interfaces of the internal cavity 45 and the piston 50 may include various
seal s 52 adapted to hold pressure above and/or bel ow the piston 50 within
t he internal cavity 45. The configuration and type of the seals shown is

for il]Justrative oses onl nd ma be .appar en

e ofhoRik Ryl oD B A amirel ity cylbebBembenr) tipeh i ERRESra °

w || be discussed in nore detail below, the nmovenent of the piston 50

caus egnihewap dlointic ieiatrat catytds amgeging awakideck vna Ot shad ingdideh edeackiegpefilsgo
(shown in Figures 4-7) and away fromthe internal cavity 45 engaging a

spl it deoclersphiglo6b ring @t maychapaiiched o€ kisngn psldulde 486  tHhBwappbitiohadkha i ng
65 may be positioned to rest on a shoul der 43 of the |ower portion of the
connechfecft-40[ 0060] Figure 2 shows the spool body 10 | anded onto the
connector 40 with the adjustnent ring 20 held in the retained position by

the spreadsies Sl W INE: SBHECHSH, OSEIRLY B ' SEhESIG VR o IRect ed

to the adj rrng 0 expan ‘once
it is renmoved fromthe connector assenbly 00 The sp re er assenbly 30 may
be corffBetept singy 4} ﬁtelasmn%artetatna d{nogitigy; ttyst Plh@ssze ¥ o0 ebbgnprerdsr

threaded fastener may connect the two parts together, as would be
appr ecssnddy BY isovetectivelp cdinegtog te khid ddjustmenteingr30, arltdpablnwrs ¢impadatistoentt e 30
spreader assenbly 30 the adjustnent ring 20 expands with threads 2 1 on the

adj ustigregpandionge 20s egagidrieom e ddnheadisasderhbl§R00herheapradéadssdibly Boangby
sel ectively connecting the spool body 10 and the connector 40 to forma

CONNEGHLALNASFEIMY YartR ASinS RO ddju é s‘ﬁhgﬁtrrﬁlg320 [fQP@;Ja]mﬂ;é 9UARSdcdstencd rhe%z show

an enbodi nent of the spreader assembly 30 sel’ectivel'y connected to
ad] UStcggrgletct {hqulo paits %Sge %Qvaws] WOlllC!,: b3 %pei\rec?fgtéd b§ %ﬁe %9 t)rL(jhnary rslqllrnll HR a%? l%%ln be a

removal of the spreader assembly 30 the adjustment ring 20 expands with threads 21 on the
adjustment ring 20 engaging the threads 41 on the connector 40, thereby selectively connecting
the spool body 10 and the connector 40 to form a connector assembly 200 as shown in Figure 3.
[0061] Figures 30A — 31B show an embodiment of the spreader assembly 30 selectively
connected to the adjustment ring 20. As shown in Figure 30A, the adjustment ring 20 may be a
split ring and the spreader assembly 30 may retain the adjustment ring 30 in an expanded or
spread position to permit placement of the adjustment ring 20 on the spool body 10. The spread
assembly 30 may include two arms 31 pivotally connected to a pivot arm 32. The spreader
assembly 30 may include a mechanism 33 that is used to pivot the spreader assembly arms 31
between an expanded position, as shown in Figure 30A, and a retracted position, as shown in
Figure 31A. The configuration of the spread assembly 30 is shown for illustrative purposes only
and various mechanisms may be used to selectively retain the adjustment ring 20 in the expanded

and retracted positions as needed as would be appreciated by one of ordinary skill in the art. The
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split ring and the spreader assenbly 30 may retain the adjustnent ring 30
in an expanded or spread position to permt placenent of the adjustnent
ring 20 omotzhw/®pwol body 10. The spread assenbly 30 napCirrustmd®2i3ap arns 3
1 pivotally connected to a pivot arm 32. The spreader assenbly 30 may

i nclude a nmechanism 33 that is used to pivot the spreader assenbly arns 3 1
bet ween an expanded position, as shown in Figure 30A, and a retracted
position, as shawn in Figure The configura n of th read senbl y
D0°T s SBHB rombly P W@n&%wﬁ@ 8¢ aaﬁrtylea PHng 2b Po aSemersiis achid "o
used to selectively retain the adjustnent ring 20 in the expanded and

r et r ashewn poEigur -aBigneed¥dskoyvsibeakdupencappne e apeabcisy totee soobbaelynkl y
skill in the art. Thespreader assenbly 30 may be connected to the

adj ustane ndtainedth RO chytratddgiveitiahlbe thagirenier as3émaly Xhown in Fi gure 30B.

Fi gure 30C shows the adjustment ring 20 connected to the spool body 10 and

retained i ngdehie FEARE A& H%Sbéﬂrﬁetoplésk'ﬁﬁ)l? WO@aﬁﬁdiedaé%n@%Moﬁger §DQG2]

Figure 4 shows the connector assenbly 200 l7an ed onto a shoul der 82 of a

| d
bt E/vggg%gﬁ\efg%glgﬁp 80O 8B o el ngfrqsr%%%ﬁd 335”%‘% %‘&WGT?‘:E d%§1 | e
t 200 t
80, THhedyd K %e%rpi@g%g%ﬁ&eﬁ%ﬁga@g%@tr@sﬁgﬁﬁe%@w SECACODNSHAT Of f

or interference fit between the spool body 10 and the well head nenber 80
when tabemhhpd00 odyurtd to thelvaglthedd orentbioe 80e The gasken@orbey bB@reldadsddyneseg or
assenbly 200 is not |locked to the well head nenber 80 until the piston 50 of

the cadaged @ pAideSa PRNEGT 6 @Atdrv@ice ATt HeoedeBtthP @pddlitady WOt dtidntht Reclihedder nal
cavity 45 of the connector 40. Figure 5 shows the piston 50 noved partly

t58war dSerhite dooGked tlli@%édo'l ¥Bd5 UDNist BAdedoh %%ﬁh@a‘df ﬁl@&ﬁer58@ Ofpct é’tﬁm@étélt on
engages the tapered surfacte 6 1 of he | ocki ng nmenb . The omnmard
rsrg?llep%lrslst gﬁ)fhf itZQ(g ISé}OO%tl keg 90 lésvrt]e eetlci1 é(p gntq‘atﬂbplsto%OSanr}qhé Qoennaec or 918
moved to a lower or locked position within the internal cavity 45 of the connector 40. Figure 5
shows the piston 50 moved partly towards the locked position such that a tapered surface 51 of
the piston 50 engages the tapered surface 61 of the locking member 60. The downward
movement of the piston 50 pushes the locking member 60 and the adjacent split lock ring 65
inwards away from the internal cavity 45 towards the wellhead member 80 with the locking
profile 66 engaging a lock profile 81 of the wellhead member 80 as shown in Figures 5-7.
[0063] Figure 6 shows the piston 50 in the fully locked position against a bottom member
46 of the connector 40. The amount of preload force exerted on the connector assembly 200
may be determined by measuring the amount of pressure or force required to move the piston 50
to the fully locked position within the internal cavity 45. The preload force can be determined
by using a strain gauge to determine the preload force exerted on each of the components of the

connector assembly 200 when the connector assembly 200 is locked to a test stump. Once the

strain gauge indicates the desire preload force has been achieved, the peak amount of force or
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inwards away fromthe internal cavity 45 towards the wel |l head nenber 80
with the | ocking profile 66 engaging a |ock profile 8 1 of the well head
menber 80wWa0BMMOWE9i N Fi gures 5-7. [0063] Figure 6 showeCThisS2@iose27 50 in
the fully | ocked position against a bottom nenber 46 of the connector 40.
The anmount of preload force exerted on the connector assenbly 200 may be
determ ned by neasuring the anount of pressure or force required to ane
the piston 50 to the fully | ocked position wi.thin the |nternal caV|t :
The pPETSSHG TPOFES Bamons BroPEron ietepekish RO, Firkpr rtged taddet as Hhine
the preload force exerted on each of the conponents of the connector
assentapdagoneghesart pecsswaractosee sswaab|lgck2 downscdnpekter assgmilyt 899 veith rifpe
Once the strain gauge indicates the desire preload force has been achi eved,
t he pelakirainfuiobd ébrcé ovher laukpd @s 8 WetlheRDmemeer inahetiekl. tMenygfhatong varidnioes

| ocked position can be neasured and set as the standard necessary pressure

or forgeik %Gth'E@&' tb10@kc oYM R %%B%nt%?%ﬁ@%ﬂne@%@ A nfbly I2@0 9es) s@ci el oad
force when | ocked to a mellhead menber in the field. Manufacturing

vari an 1??1]2816:lioad e o}int tt%ge N &dn s%grngll f(gf wh&? ”R?n ntl?%ed tge[hg e“l%%}l(f) r

assenb ial" " prero Exert e onnect

assenbly 200 en |n|t|aII | ocked to the well head nenbe The adj ustnent
ring JOFTRRSHT d’jﬁ} adirymept 508 d?QsCOO{l figurasioa rPrREdRY AT SRPIH 168 %?mttﬁé‘dlﬂ% 0% ed
force to lock the connector assenblg and thus adjust the preload, than the
pr el oadpdreddbtcs toflo¢khtheponoectenidssenblyoambtius radjusf GBGuFloAd, thive tlteompkmém S
may vary within the acceptable tol erances, the machining variances can

bui | d baps of the @bl Absédcdnectaggr egate to affect the overal | al i gnnent of the
connector assenbly 200. For exanple, the variances in manufacturing on a

whol e may GRugly ')?s R &rfRfn€n rﬁ%b%@@r %ﬁﬂleﬁfeoéccgﬁéﬁg%bér%gg’s ttﬁé‘tmdcﬁm'n%ose

when | anded and | ocked onto a wel ad nenber alternatively t

SUbsea\?aﬁgI{]c%chtag "ouff Sl%rbor com 1ne 1 tltljee ag‘grte:géght S rafI”ec theh%{flergff EI\lgnrnent of the

connector assembly 200. For example, the variances in manufacturing on a whole may combine
to create a subsea connector assembly 200 that is loose when landed and locked onto a wellhead
member 80 or alternatively the subsea connector assembly 200 may be a tighter fit than expected
due to misalignment between the locking means of the connector assembly 200 and the locking
profile 81 of the wellhead member 80. These variances may affect the preload force on the
connector assembly 200 when locked to the wellhead member 80. The amount of preload force
exerted on the connector assembly 200 may be determined by monitoring the peak pressure or
force required to move the piston 50 to the locked position. The adjustment ring 20 of the
present disclosure provides a means to easily move the spool body 10 in relation to the connector
40 to compensate for variances in the connector assembly 200 due to tolerance buildup from the
individual components. The positional relationship between the spool body 10 and the connector

40 can be varied to ensure a desire preload force is applied to the connector assembly 200.

15



due to m salignnment between the | ocking means of the connector assenbly 200
and the locking profile 8 1 of the well head nenber 80. These variances nay
af fect thwopnslmoab9f orce on the connector assenbly 200 whemsbaokes$21o the
wel | head nenber 80. The anount of preload force exerted on the connector
assenbly 200 may be determined by nonitoring the peak pressure or force
required to nove the piston 50 to the | ocked position. The adjustnent ring
20 of the prese di scl osure prqvides a neans to geasj nove t he spool body
10 in reol alfly 16 PRESOANCRERRI AP 15 OBRFfea EmP gl s S, Bhcbe
connector assenbly 200 due to tolerance buildup fromthe individual
conpomegited . to The uprssiarjuatesked psitipn asdhithenbibe wdpitndne rieg 28 mbpdy re@tednid & he
connector 40 can be varied to ensure a desire preload force is applied to

t he cetntsiwrdi@ssenblyc 200stheGHg T® mandicadea prodilpidipaaido engidear wohthect or
assenbly 200, the piston 50 may be noved to the upper or unl ocked position

and t hen thigscadd HohBnt a&jiuﬁ_ﬁleﬁprigEZO b cfiRtrafiRekidd) BhClRaloN FahdhaBGAN-
The adjustnent ring 20 may include a profile adapted to engage a tool th

d
may be. u to rotate th | U nt ki 20 1 it her dir ion. -Th
o ar Tt f mofe” BsBuhfn e 30 Tk e DRl B bRabisa ol Bhse
threads 4 1 %f t he ?2paector-40 changigg t he ositiog of the spool body 10
wi th Pesigarofithe spaol beARdOrwith Agspeeta tah SAECIR 4osT G SRANRF IR PPEERR Y1t o
these two conponents affects that anount of force required to nove the

pi st omePOcitto thése tivockewopeoys aiferis dat amonef afercconmenidde mewethbipysta0d0 to t he
wel | head nenber 80. After rotating the adjustnent ring 20 a specified
amountthe fazke®pasinbe sefRingUAE todhn&toraask@hbil/i 200, tot the vpélticad nkdhteargobeA ey ed
back to the | ocked position. The peak anount of force or pressure required
Lo MDY6rliRe 1R RhAAmof GAN 289U TRARHE Ak Lol ShEIE NGt NRiaddie T OPer
prel oad force hés been achieved. It not, the process ﬁhy be repeated until

the d%%sltornego pcrarei\lb%arglozfeoc{ Gk © @& nlocﬁ(veﬁdposition. The peak amount of force or pressure

at

required to move the piston 50 can again be measured to determine whether the proper preload
force has been achieved. If not, the process may be repeated until the desired preload force is
achieved.

[0066] A corrosion ring 100 may be positioned over the adjustment ring 20 once the
proper preload force has been achieved as shown in Figure 7. The corrosion ring may be
comprised of various materials may be used as would be appreciated by one or ordinary skill in
the art having the benefit of this disclosure. The corrosion ring 100 helps to protect the
interfaces between the adjustment ring 20, the connector 40, and the spool body 10. The
configuration of the corrosion ring 100 is for illustrative purposes and may be varied within the
spirit and scope of the disclosure.

[0067] Figure 8 shows a cross-section view of one embodiment of the connector
assembly 200 selectively secured to a wellhead member 80. The left half of the figure illustrates

the piston 50 in the upper or unlocked position so that the connector assembly 200 is resting on
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[ 0066] A corrosion ring 100 may be positioned over the adjustnent ring 20
once the proper preload force has been achieved as shown in Figure 7. The
corrosi orwoing/aymeobe conpri sed of various material s mapChasesed2337 woul d
be appreciated by one or ordinary skill in the art having the benefit of
this disclosure. The corrosion ring 100 helps to protect the interfaces
between the adjustnent ring 20, the connector 40, and the spool body 10.

The configuration of the corrosion r| 100 is for ustrative pur.poses
and ma§e BEIRRRAmRmRgr o By Boksepice 19 @@@5@3 g% Sy abb St broBlse
Figure 8 shows a cross-section view of one enbodi ment of the connector
assemsf yhogditdetkeing velip nobeugagihgt e dodkeplofiéad] wé trewclioead Thembasf&0. hBhd  of
the figure illustrates the piston 50 in the upper or unlocked position so

t hat tripht dalfiné clicofigwas Skudalages 200 pistonr HBinoned anthbdowed drhieakkdnposiiein SOuridt i s
not secured to the well head nenber 80. The | ocking profile 66 of the split

| ock rth@&bn@l@ctid’ﬁ a@@émlﬁ? Q@G't@ %e’%&lﬂe@& Ko PTRE Wb®n®al Bbvdnteit WelHhRAGh ﬁ@ﬂﬁ’ser
80. The right half of "the figure illustrates the piston 50 noved to the

el | ndS 0% SREREANEP 08 HhBint 8t RAC B o BERE! et B Iing ng

menber ve t | ock ring 65 to engage and | ock to the | ocking
proflmgﬁge ﬂFﬂ@ﬂ&Eﬁiﬁﬁg@eﬁ%%ber 80. [0068] Figure 9 shows a
cross-section view of one enbodi nent of the connector assenbly 200

sel ecti vel J00os8ic diigute t © showel d veerd-spinevic80 of Tine kebodihehf off the heonhpgor e
illustrates the piston 50 in the upper or unlocked position so that the

conneebkembis Sekdlycti0l scsurc@sd 4 AglIbchdtrhembe|Johaand [ofe HhiE bf 8@, fidaud illustrarted
secured to the well head nenber. The connector assenbly 200 includes a

D RS R P AET

ring QI?G Welllrlle%td nei\enrggeql éb? bu!1 18 no? secured to the wellhead member. The connector assembly
200 includes a release piston 110 located in the internal cavity adjacent to the bottom member 46
of the connector 40. The locking profile 66 of the split lock ring 65 in not engaging the lock
profile 81 of the wellhead member 80. The right half of the figure illustrates the piston 50
moved to the lower or locked position against the release piston 110 securing the connection
assembly 200 to the wellhead 80. The downward movement of the piston 50 has forced the
locking member 60 to move the split lock ring 65 to engage and lock to the locking profile 81 of
the wellhead member 80. In the event of a leak affecting the movement of the piston 50,
pressure may be applied to the internal cavity 45 through a lower hydraulic port to apply a
pressure to the release piston 110 moving the release piston 110 upwards to move the piston 50
to its upper or unlocked position. The connector assembly 200 may also include a rod 70

connected to the piston 50 that may be used to mechanically move the piston 50 between the

locked and unlocked positions.
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profile 8 1 of the well head nmenber 80. The right half of the figure
illustrates the piston 50 noved to the I ower or | ocked position against the
rel ease pweton/@if9securi ng the connection assenbly 200PCo/ush@omeiskhead 80.
The downward novenent of the piston 50 has forced the | ocking nenber 60 to
nove the split lock ring 65 to engage and |l ock to the | ocking profile 81 of
the wel | head nenber In the event of a |leak affecting the novenent of

80.
t he piston 50 .essyre, may be applied.to the internal cavity 45 thr h a
| ower hydr éﬁlﬂ@lc%rb%ﬂr? Lf{)éh% # GrO&SPCHER ?@@ﬁ@%@%ﬁ’é@ piret ﬁtoii‘?fef?%? ng
the rel ease piston 110 upwards to nove the piston 50 to its upper or
unl ockél lpatsidtamon wetthead mendet 8P, Hissemhesorngnembly 210smcludbiguete anti-rejationD
connected to the piston 50 that may be used to nechanically nove the piston

50 betderiea 956 hieat pesiked ratatdon of the kpoblbody t1Davith {e@iedio the goiiresctd 46hdis aati-
cross-section view of one enbodi nent of a connector assenbly 200 | anded on

a wel libach TBARCOS B0 1 Nchiafe ALorASSETI thaPOkabBCh HALAGA AR i AL | on

device 95 that prevents rotation of the spool body 10 with respect to the

conneqhay 1§01 INS ANLES! BF LN ASYLES, RS o3 KR AGGHESE Ll conneet or

40 that €ngages a recess spool boady onfiguration of

the anti-rotation device 95 is r illustrativ ur poses d coul d be

var i edpemaleé Withinethe piFit ﬁncgmpg e%%s dbiP{OcSWé’ aaiwf%gw@%ataﬁﬁy anfb%t1 ordinary
appreci ated by one of ordinary skill in the art. The left half of Figure 10
shows skitleingbeadc {ldbe lefs balfriof Yignoo 10 siedthe wonimgtor pstenibdy 20@ thnded pinebupabt head
menber 80. The piston 50 is in the upper or unlocked position and the

| ocki Rgcuredrieethe Glihasd meinbengBIThe pRSNSTY istin kieCppei BHuBbcdigositiaa andakd ng
profile 81 of the well head nenber 80. The right half of Figure 10 shows the

5 Do 6 L ca e SR £y LI hosatubBEnl o ran
m)Venev&;]etllh(e)a]:d ;[ntc]ref\lbgl; §d.o?h65 Plglrlltahsalf%ofv lﬁgurte hl% slh(O)\():vié i‘d{]e(:"pirsTt%Iq%‘(a)rrnoG\pedp(i'jo%vrrlli fhd iItthI%al
cavity 45 to the locked position against a release piston 110 adjacent to a lower member 46 of
the connector 40. The movement of the piston 50 has moved the locking member 60 pushing the
split lock ring 65 into engagement of the lock profile 81 of the wellhead member 80. Figure 11
shows a top cross-section view of the connector assembly 200 with the anti-rotation device 95.
[0070] Figure 13 shows a cutaway perspective view of another embodiment of a
connector 440 that may be used to connect a spool body 410 (shown in Figure 17) to a wellhead
480 (shown in Figure 19). The connector 440 includes a plurality of split lock rings 465 that are
moved inwards by a locking member 460 to engage a locking profile 481 (shown in Figure 19)
of the wellhead member 480. The connector 440 includes pistons 450, 495 that move the
locking member 460 between the locked and unlocked positions. The connector 440 includes a
breech lock profile 415 as shown in Figures 13 and 14 for engagement of a corresponding profile

of an inner spool body 410. The breech lock profile 415 provides the proper angular alignment

of the inner spool body 410 when the inner spool body engages the connector 440. The inner
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split lock ring 65 into engagenent of the lock profile 8 1 of the well head
menber 80. Figure 11 shows a top cross-section view of the connector
assenbl y WOQow/mbeebhe anti-rotation device 95. [0070] Fipguns2ai8/02330ns a
cut away perspective view of another enbodi ment of a connector 440 that may
be used to connect a spool body 410 (shown in Figure 17) to a well head 480
(shown in Figure 19). The connector 440 includes a plurality of split |ock
rings 465 that are ved inwards by a | ocking, menber 460 t nga .

| ocki 1EOYLOFY a0y §Hﬁmgilﬁt°|ﬁﬁfg&¥1’éle‘i‘§5 144 a0ty forigaes e dorking e
connector 440 includes pistons 450, 495 that nove the | ocking nenber 460
bet weerofilad 1§ de ko amprhngeipoesseribiyo siheiratgg praflcs orgidesttbe inhgospaet bodies!
breech | ock profile 415 as shown in Figures 13 and 14 for engagenent of a
cor r espdrdhmgtgprddditd doraf a aonricotoe assspbdy mbedsapAlP thahlike prieegblohdekbglt add | e
415 provides the proper angul ar alignnment of the inner spool body 410 when

the | NREF.sERRY aPARYMERIATRS cbifiRcHPANEThAS inthle aTRE tithnﬁlraf BRQhsdp@EMntbld may
be inserted into the connector 440 and rotated to éngage the breech | ocking

profile 415 tao_for connect or el v.. The mating pr,afiles enables the
Pner X587 tauy et AAREESA beBPS Aot Jorar wed! i Bob B dREr ¥ T o
rapidly than the prior preloaded bolt and nut fastening arrangenent. The
conneéPBW“%%§49ﬂvaﬁ@ﬂﬁﬁ&”&dg@y that nmay be inserted into a keyway to
prevent the undesired rotation of the inner spool body 410 with respect to
t he connectl@11440gwkehd swtly dww erpetmiEdimEro®T 2]spki Igok usg 465 that meg bsheed one

enbodi nent of a split lock ring 465 that nay be used to secure a connector

assenhd yeduge a corhdchgadsdmtihes a4Bdihedd encifdlei 480.0TKe Kplitdlodld bing MGE UAEEIR a
plurality of teeth 466 that are adapted to mate with a | ocking profile 481

(SO 48 R TR ROR R e
the wellhead member 480.

[0072] Figure 17 shows a perspective view of an inner spool body 410 that may be
connected to a connector 440 having a breech lock profile 415. The inner spool body 410
includes an outer locking profile 416 that is adapted to engage the breech lock profile 415 when
inserted into the connector 440 and rotated into a locked position. Figure 18 shows a cross-
section view of the inner spool body 410 that is adapted to engage a connector 440 having a
breech lock profile 415. The inner spool body 410 includes an inner locking profile 417 that
may be a breech lock profile to engage other wellhead equipment such as another spool body.

[0073] Figures 37 and 38 show another embodiment of an inner spool body 510 and split
lock ring 565. The inner spool body 510 includes a plurality of windows or openings 515
through which the segments of the split lock ring 565 may engage a locking profile of the
wellhead member. The split lock ring 565 includes teeth 566 adapted to engage the locking

profile of the wellhead member. The openings 515 of the inner spool body 510 include a slot

520 that permits an unlocking lever 525, shown in Figure 39, to access the split lock ring
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connected to a connector 440 having a breech |lock profile 415. The inner
spool body 410 includes an outer locking profile 416 that is adapted to
engage t hwoknmadheebock profile 415 when inserted into treTas002327 440 and
rotated into a | ocked position. Figure 18 shows a crosssection view of the
i nner spool body 410 that is adapted to engage a connector 440 having a
breech | ock profile 415. The inner spool body 410 i ncludes an inner |ocking
profile 417 breech | oc e to en e ot her wel | head

equi pﬁ&%i‘fler%%%? R oumat EIB%éFngﬁH?% of b Wamf‘egg'g?n AedOBSUERwW Sifot her
enbodi ment of an inner spool body 510 and split lock ring 565. The inner
spool tipstsd e1053thef theamleckpigulestt 130 sfshepaddovengage teenpongsd G 1Bermitiog dhe

whi ch the segnents of the split |Iock ring 565 nay engage a | ocking profile
of t hanWwekingdactrseihebe uidietospiradt thoghit 1éakgscpmbnts 365 dides tHedetlind pafidclapt ed
to engage the locking profile of the well head nenber. The openings 515 of
the i npeycBRAgImdmasly. 510 include a slot 520 that permts an unlocking |ever
525, shown in Figure 39, to access the split |lock ringsegnments 565. The
split lock g.se t e ve 567 .on 1 0 The

t apered endwggj %%&”ﬁg S%ﬁ?”ocakli)erg@;})e?gveegxlgﬁ%% 9% Of tR%I Wtegﬁeearﬁiglglelzlg? h%gbgrt 1(%)ove
567 permtting the unlocking |lever 525 to be used to retract the spllt | ock
segnefPENasEy 4%Po?ﬁdt flﬁe innsE RpoR) by P-e Figrurg HQ shpwyy Heatiaheptierectipnvizd] off gur e
19 shows a perspective expl oded view of the well head nenber 480, the
connecpesl badp 418mdnnénted tonide coparstoriyidyto4o0m aFjogueworR&sehblns Hlep@nnmi:qbr
cross-section view of a spool body 410 connected to the connector 440 to

f or m aseaibiethobeasnaddl ynd [eked aNBeadlbeadiaRabdl Y3hasthodenpliatdedimndbs
| ocked to a wel | head nenber 480 with the split lock ring 465 engagi ng the

oy R B, e e

body 4%‘ Qhe 1nterface ?Cée% the wellhead member 480 and the spool body 410. The connector
assembly may include a release rod 470 as a secondary mechanism to release the connector
assembly from the wellhead member 480.

[0075] Figure 21 shows a cross-section view of an adjustment ring 20 connected to a
spool body 10. The adjustment ring 20 includes threads 21 that are adapted to engage
corresponding threads 41 (shown in Figure 22) of a connector 40. A spreader assembly 30
retains the adjustment ring 20 in a contracted position so that the adjustment ring 20 does not
damage its threads 21 or the threads 41 of the connector 40 as it is landed onto the wellhead
member.

[0076] Figure 22 shows the spool body 10 being lowered onto the wellhead member 80
with a connector 40 already positioned on the wellhead member. A gasket 90 may be positioned
on top of the wellhead member 80 to provide a seal between the spool body 10 and the wellhead

member 80 when landed. The left half of Figure 22 shows the piston 50 in the upper or unlocked

position such that the tapered surface 51 of the piston is above the tapered portion 61 of the
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assenbly may include a release rod 470 as a secondary nechanismto rel ease
the connector assenbly fromthe well head nenber 480. [0075] Figure 2 1
shows a cwogstgmershon vi ew of an adjustnment ring 20 conRETISAVHH23B2EPO0
body 10. The adjustnent ring 20 includes threads 2 1 that are adapted to
engage corresponding threads 4 1 (shown in Figure 22) of a connector 40. A
spreader assenbly 30 retains the adjustment ring 20 in a contracted

position.so th t e adj .ust nent 20 do damage .its .thr s 21 or
the t if 0 ha TS Bty hadSuds BOFle PR padE K JOTmER s dfendol
menber . [0076LmFlgure 22 shows the spool body 10 bein g | owered onto the
wel | heagagedhd eckag papfile & chshmweltllaﬁadwreberréédﬁhp@lghth helFignret Peshamis Ithee ad
menber. A gasket 90 may be positioned on top of the wellhead nenber 80 to

provi ghésten Sean theloweeor ldvked positiobeshh that tedapdied pedtioh esd dofinepatoBH0 wWhaen
| anded. The left half of Figure 22 shows the piston 50 in the upper or

unl ockgd, BORIvi S Eﬁ@?ﬁ%ﬁﬁeﬁlgﬁeﬁeé%ﬁ& SYréage @cﬂmgfmérﬁeerpw t@&hih tl?éJOVe

the tapered portion 6 ocki'ng menber 60. his position,

| ocki [ ofi I|t I.n d i ng

or of | 1EgHEbialit pEinfL el sBhel R TR G #ﬂg%géa%le@g&%(f’t”ﬁhe

the piston 50 in the | ower ed positiaq uch that the ta d portion
5 1 oﬁng%nﬁ%?g ewe%@sp%%al ag%ﬁa&%%ﬁ@ Rérerd m&a@}@hog@ﬁ%ﬁ% 1
of the I ocking nenber 60 pushing the |ocking profile 65 into engagenent

wi t h toienbesc® wpams of ipaenligl sudicet lekingl kelzaisms mybich 8day Tielp émgugenthe of
the tapered portion 5 1 of the piston 50 with the tapered portion 6 1 of

the | ackidargal@indukingtst the e@inestoA4P a&oal the et hEddasemba®i dig toeibRabins NFigokd ch
may help to prevent the accidental unlocking of the connector 40 fromthe

Y\gln::lgd gk he We[ﬁg%]gb’(gy l@la\ﬁ'dpdi @ﬁ 't@@elll?éﬁgqgﬁ?%%di)lmﬁ ggenﬁaréaggpﬁssgﬂgbﬂl 3P
still retaining the adapter ring 20 in the contracted position so that the threads 21 of the adapter
ring 20 do not engage the threads 41 of the connector 40.

[0077] Figure 24 is a close-up cross-section view of the spreader assembly 30 retaining
the adjustment ring 20 in a contracted position such that the threads 21 of the adjustment ring 20
do not engage the threads 41 of the connector 40. The spreader assembly 30 may be selectively
connected to the adjustment ring 20 by a threaded fastener 31. Figure 24 shows a locking,
thread, or mating profile 12 of the spool body engaging a locking, thread, or mating profile 22 of
the adjustment ring 20.

[0078] Figure 25 shows a close-up cross-section view of the spreader assembly 30
disconnected from the adjustment ring 20 allowing the adjustment ring 20 to expand and engage
the threads 41 of the connector 40. The expansion of the adjustment ring 20 creates a gap

between the thread 22 of the adjustment ring 20 and the thread 12 of the spool body 10, which

permits the rotational adjustment of the adjustment ring 20 as detailed herein.
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still retaining the adapter ring 20 in the contracted position so that the
threads 2 1 of the adapter ring 20 do not engage the threads 4 1 of the
connect orwoQo10/®@%%] Figure 24 is a close-up cross-sect ipom/us2@woed321 he
spreader assenbly 30 retaining the adjustnent ring 20 in a contracted
position such that the threads 2 1 of the adjustnent ring 20 do not engage
the threads 4 1 of the connector 40. The spreader assenbly 30 may be

sel ectively con ecte t he ustment rin a.threaded f ener
Fi gure 24 3¥d%s g“rri-‘)gﬁu %WS t ﬁlr%éédp CESHeR PR 1P B%} yliypmght %‘Wel@dh%}lm%dy

engagi ng a locking, thread, or mating profile 22 of the adjustment ring 20.
[ 0078]beRisgdite cngigs hodgotte thesdliuspment ging: 3& c fThendirisewens erm H@Ospry igdude a
assenbly 30 disconnected fromthe adjustnment ring 20 allow ng the

adj ustpagnision 13J tR& ik adgx@iatodnaagt ergager prudilé DB aads adjultnadnt tihg 20 0RoRkRdrpr
40. The expansion of the adjustment ring 20 creates a gap between the

t hr eaqp224;@fintcheaddil 3¢ tnfﬁ%née §éléwiv ? c%'ﬂﬁectt&?tot el stdeRridgeo §§9QQhreQ@&V 10,

which permts the rotatidnal adjusfnent of the adjustnent ring 20

detall 079 i 26 shows a cl ose-up cross-section V|em10f an
us#ﬁngFarn1 %% PﬁLFﬁﬁggﬁﬁe used t o engage and rotate the adjustnent

rlng 20. The adj ust nment arngj i ncl ude a trusion 131 t. IS

adapt ed t o [(¥Haddsuey eta=éD 1“8#6? heem%lowftt%f‘ea BytostiEpg 2P v rfepect to
Further, the adjustnment arm 130 may be sel ectively connected to the

adj usttlmen@nnebt@g 490 W¥hik thhrpastoe$0f @et ehern I8 Figges AR iFiiyuthe ualpck¢dd080]
Figures 28A-28D illustrate the rotation of the adjustnent ring 20 with

I espegsition,t the agjasnent ofim 480 cAbd esciihe r@hettbd aQsthrat rish 0o dvEdgwh eise
28A-28D) is in the unlocked position, the adjustnment arm 130 can be used to

rotat ohit&@dod STHEEr%Iatl"ohﬂﬂ% BtwicBn %V&réiaﬁwl to'??h&g(%]ﬂﬁﬁﬁeﬁtr r11€§320 T&ﬂle thrheads

rel ati onshi p between the r eads 1 of the adjustnent ring
thr eaqlsl of the connector 40 illustrate that the adjustment ring 20 has been rotated to move down the

connector 40. The movement of the adjustment ring 20 changes the positional relationship
between the spool body 10 and the connector 40 illustrated by the changing relationship between
the thread profile 12 of the spool body 10 and the thread profile 22 of the adjustment ring 20
(Compare FIGS. 28A to 28C). This change in positional relationship increases the amount of
force or pressure required to move the piston (not shown in Figures 28A-28D) to the lower or
locked position. Thus, the rotation of the adjustment ring 20 can increase the preload force
exerted on the connector assembly until a predetermined preload force is obtained. Figure 28D
shows the adjustment arm 130 removed from the adjustment ring 20.

[0081] Figure 29A illustrates an anti-rotation device 150 that may be inserted into a
keyway 44 in the connector 40 to prevent rotation between the connector 40 and the spool body
10. Figure 29B shows the anti-rotation device 150 inserted into the keyway 44 of the connector

40.
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4 1 of the connector 40 illustrate that the adjustnent ring 20 has been
rotated to nove down the connector 40. The novenent of the adjustnent ring
20 changewotzhw/qexpti onal rel ati onshi p between the spoolpChamgo002:2d t he
connector 40 illustrated by the changing rel ati onship between the thread
profile 12 of the spool body 10 and the thread profile 22 of the adjustnent
ring 20 (Conpare FIGS. 28A to 28C3 This change in positional relationship
i ncreases the anpunt of fqrce.or e re to nD e the on (not
shown in Fily ?esAsz(@%uﬁ%eﬁ) %PBG t“héegla P 6%“%%&?%0%@?% T ap Y?hemay
rotation of the adjustnment ring 20 can increase the preload force exerted
on t hécavahértasrin dksedibstinennting 26, whisHenasr bd meplitpring, omdn fespaaleil stagbtoabaed.
Fi gure 28D shows the adjustnment arm 130 renoved fromthe adjustnment ring
20. [ Q@Bilipndd guriec JHAI bbiyd0y aidsheamanbe usal &i toddin diey hdjasthet tihgt2Onmaya be
inserted into a keyway 44 in the connector 40 to prevent rotation between
the coppeskQl sl and hbgp &Hqghybﬂﬂ%aégemfkﬁﬂ&foﬁ%ﬁw%ﬁ&%ﬁ15&%béntfn&9&ﬁ€'On

device 150 inserted into the kéyway 44 of the connector 40.[00
d bov 3
pe- us i pe ety PRIHEE bty gttoﬁtth%&’éwﬁmﬁ%ﬂﬂﬁ% DOl ST

expanded state to be posj tloned on_t he spool y 10, and then nay be used
to ret@hnbe FNNSEFd LR tsntdipstmgntodng A0 o Belarrtair @e agjustracniding 2G4 Helts BOSFT body
10 has been | anded on a well head nenber. Once the spreader assenbly 30 has
been roeivntaton fs showinhie Faglires32ved2Cr iThg spbilizar swsabblyi A8y anshoemih Figuo3dty be
connected to the adjustnent ring 20 to help retain the adjustnent ring 20

i n itsnddr GPRIde Qrplefliat bOthrasgzhsharen 14 Ntd-putietheIddrBACof Tpturslighifl thaded
assenbly 140, as shown in Figure 33A, may include a plurality of through

bor es fés‘télne}sotol%@&ﬁb thd RDiliAF %éstehﬂ%%f’éfo @ the &H Rdthbdt ﬁﬁ% i(hr&f'ilgg?lst‘}&'ﬁ{ shpIf to

secure the stabilizer assenb to the djustne ring An adj ust nent

arm 1:%1(1)ay be selectively connected to the stabilizer assembly 140 as shown in Figure 33B. The

adjustment arm 130 may be used to rotate the adjustment ring 20, which is secured to the
stabilizer assembly 140. The configuration of the stabilizer assembly 140 and pattern of through
bores 141 is for illustrative purposes only and may be varied within the spirit of the present
disclosure as would be appreciated by one of ordinary skill in the art.

[0083] Figure 34A shows an embodiment of an anti-rotation device 150 that may be
inserted into a keyway 44 of the connector 40, as shown in Figure 34B, to prevent rotation of the
connector 40 with respect to the spool body 10. The keyway 44 may include a tapered portion
44A, as shown in Figure 34B that drives the anti-rotation device 150 upwards towards the spool
body 10 to preload the interface between the spool body 10 and the anti-rotation device 150.
The orientation and number of keyways and corresponding anti-rotation devices could be varied
within the spirit of the present disclosure as would be appreciated by one of ordinary skill in the

art.
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may be sel ectively connected to the stabilizer assenbly 140 as shown in
Figure 33B. The adjustnment arm 130 may be used to rotate the adjustnent
ring 20, wibi2etv/i9s268ecured to the stabilizer assenbly 14@CTNiseoi0ons32yur ati on
of the stabilizer assenbly 140 and pattern of through bores 141 is for
illustrative purposes only and may be varied within the spirit of the
present disclosure as woul d be appreciated by one of ordinary skill in the
art. [0083] Figure 34A shows an. enbodi t of an anti-rotation device 150
Fhat fmy bUBHOLIERR SPiBe ek SR At Orht HemSGIoeBP A 8 BhiRae 1
Figure 34B, to prevent rotation of the connector 40 with respect to the
spool apestystunp 5%9.@0 jetpmaipe Al graquiit of puaseurg or dprse eetlupied tto dorkahapistan Shown in
Figure 34B that drives the anti-rotation device 150 upwards towards the
spool thotbekddpogti@r & eadlt 4 lkdesiradt gelioad €oroelonaka colre cwp asdentbddy Skbinaguigthe
anti-rotation device 150. The orientation and nunber of keyways and

correspgnel AQGdafhhcab @t atd prRIFABMLLRLTXERM Gn BR M HAY WHchNE I hB&dSBithd fesPf |
the present disclosure as woul d be appreciated by one of ordinary skill in

h [0 ' h di f I h
my beiveea (orBhEe PR IR o8 BrRR IR TR el RRIAT Rh R P REERR e ™

force required to Jock the piston 50 in the | ocked position tqQ exert a
desi r @t épdaatheotoeléedoamw- cd%lﬁ%eiwt% meghauigmn 160 g ruspd, t@i@@%@erwltwahsed

to nmeasure the preload force exerted on the assenbly when it is |locked to
t he t eslatignshippb&Been eppesishady IPaangetherpistans@ Thisrveidlgredmitithe arstuni0 tf be
pressure required to |l ock the piston 50 on the |ocked position. A | ocking

mec hanosdd H6Anitbusdis@cing @hd 10ek rinp &5peshidgenad 10ckIpadfilons tepchistumgensd. hehs pool
body 10 and the piston 50. This will permt the piston 50 to be | ocked down

thus causi ANl AdbsieNEe Breldf BRERGE& HABVhACRISHHBIE i9T0dkBE tb @R (3F UNP

580. The s r§|n gauges w | | "neasure the prel oad force egerted when t he

assentgl[eﬁlﬂ 3 Sd.ofg Ei'\rgcréa%e ﬁ]eeprtefeogzi force, the piston 50 is unlocked and the adjustment ring 20
will be rotated and the piston 50 will be relocked. This will be repeated until the strain gauges
measure the desired preload force. Once the desired preload force is achieved the amount of
pressure required to move the piston 50 to the locked position is noted. This is the minimum
amount of force that should be applied in the field to lock the piston and achieve the desired
preload force on the connector assembly. Figures 36A and 36B show cross-sectional views an
embodiment of the locking mechanism 160 that may be used to lock the positional relationship
between the piston 50 and the spool body 10 while testing to determine the requisite pressure
needed to achieve the desired preload force.

[0085] Figure 40 shows the cross-section of an embodiment of a subsea connector that

includes a collet 260 used to secure a connector 40 to a spool body 10 and to secure the
connector 40 and spool body 10 assembly to a wellhead member 80. Figure 40 illustrates the

connector assembly lowered and secured to the wellhead member 80. As discussed above, a

gasket 90 may be positioned on top of the wellhead member 80 to provide a seal between the
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stunp 580. To increase the preload force, the piston 50 is unlocked and the
adjustnent ring 20 will be rotated and the piston 50 will be rel ocked. This
wi |l be rwpeatoadoasati| the strain gauges neasure the degcras2@oebssad force.
Once the desired preload force is achieved the amount of pressure required
to nmove the piston 50 to the | ocked position is noted. This is the m ninmum
anount of force that should be applied in the field to I ock the pi ston and

achi eve t desire d forc op.the con tor, assenbly. res 36A
ond semanterbesd i et B0 dhutPReR: VR B QoBdet ‘?‘Tg afi sm
160 that may be used to | ock the ositional relationship between the piston
50 andctupieddpedisciadaycrilocking peftles?q aigthe gold 260 e ereaeh thorleguing proéilpBkeSur e
needed to achieve the desired preload force. [0085] Figure 40 shows the

cr oss-tkestilionadaficralier §0b Ohicroetitt intludesabggrr paiile26Hrhat kaidapted lteidegaga tihol | et
260 used to secure a connector 40 to a spool body 10 and to secure the

conneghRidA0 APASPOPLF l&fédé’djés‘?m@t%st%@i()’ hQ ds et he %@taﬂ%‘%@% tHO adﬁétﬁiéh@ 40

illustrates the connector asSsenbly l'owered and secured to the well

menber v ket, 9 [ ne t t he
ol | haitd 20uBe P BEHES FEo BOR Bre AR o ulYnRE 3P s Pk R&‘y
mellhead menber 80, A piston 50 within the connector 40 actuated to
cause 4 1%dkio IDSERI e ﬁfiblﬁtm%lt pfcthgprelgad doice o atzeoe%e&eegg&‘ge hePIMEERY ng
profile 8 1 of the wellhead nenber 80. The collet includes an upper profile
265 t hasenibdy soapired ta the evetlheps mproberiileads or a profile 2 1 of the

adj ustnent ring 20. As discussed in detail above, the adjustnent ring 20
may be rot gés6 tAltHNaRgeridirecniasiinen have bdea showaemt esdibedd thb iiesEestis t 0
t he spool body 10 so as to permit the adjustnent of the preload force that
s exaiol selifien ahilGyif BNEALGIo0SS Bk dIPsRAGHEA Rt DR WEiREID, TRARET
80. [0086] Although various enbodi nents have been shown and descri bed, the

I nventble%Bparent to one skilled in the art.
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not so limted and will be understood to include all such nodifications and
variations as woul d be apparent to one skilled in the art. WHAT IS CLAI MED
IS: 1. Awobkssemanect or, conprising: an adjustnent ri rgTasadio®essed to
novably connect to a spool body, wherein the adjustnent ring is novable

bet ween a contracted position and an expanded positioned; a connector, the
connector having an internal cavity and at | east one external opening in

connunica%%§£1§%ﬁh1§ﬂ§6"pernal cavity, wherein the adjustment ring in the
expanded t A igured to selectively connect the spool body to
the connector; a piston positioned within the internal cavity of the
connedt or, 4 bubspd eanpactbeicagpi®ngbl e bet ween an unl ocked position and a

| ocked position; at |east one | ocking nenber, the at | east one | ocking

menber novahladjustmicnt gihg chefi@ired ®asdvabhecaxtanaalspapdoingviaicihiee connect or
body between an unl ocked position and a | ocked position; a split lock ring

adj acent the afjudiR@strif8 nlRekicMYtWRABontYINRES Fosttiddah dxg@asdedone | ocking
menber is configured to nove the split lock ring to engage a | ocki ng

profile of a W?Hhﬂ%ﬁd menber; wherein a portion of the piston is configured
to nove the I%é&lng renmber to its | ocked position as the piston noves from
its unl ocked position to its Iocked-posiIion; and wherein the adjustnent
ring i s coRfSOguie: the cBBNGCH dpviRe g IVgmy %%twag a2t fea¥ o8 cxiRenat oprmans §r
relative to the spool body.

communication with the internal cavity, wherein the adjustment ring in the expanded

position is configured to selectively connect the spool body to the connector;

a piston positioned within the internal cavity of the connector, the piston being movable
between an unlocked position and a locked position;

at least one locking member, the at least one locking member movable through the at
least one external opening in the connector body between an unlocked position and a
locked position;

a split lock ring adjacent the at least one locking member, wherein the at least one
locking member is configured to move the split lock ring to engage a locking profile
of a wellhead member;

wherein a portion of the piston is configured to move the locking member to its locked
position as the piston moves from its unlocked position to its locked position; and

wherein the adjustment ring is configured to be rotated to vary the position of the
connector relative to the spool body.

2. The subsea connector of claim 1, further configured so that the rotation of the adjustment
ring while the piston is in the unlocked position varies a preload force on the subsea connector

when the piston is moved to the locked position.
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2. The subsea connector of claim1, further configured so that the rotation
of the adjustnent ring while the piston is in the unl ocked position varies
a prel cadwbaroa9ms9t he subsea connector when the pistonPC3/useme?233e7 t he
| ocked position.3. The subsea connector of claim1l, further conprising a
spreader assenbly that selectively retains the adjustnment ring in the
contracted position. 4. The subsea connector of claim3, wherein the
spreader assenb is rel easably connected to the adjustne in 5. The
subs eg‘- conﬁ[ietsafvsyeafomear%ﬁ?%%#t ﬁ‘é‘g%mfisé‘i%spéeaﬁ@ %Ség@%i té‘t‘tc? lepB1Y i oned
bel ow the piston within the cavity of the connector. 6. The subsea
connedceteins dfc asljentmes ringhp tled gontraetcd ppsitiee pi ston is configured to be
actuated to nove the piston fromthe | ocked position to the unl ocked
posi tidon. TheEheses gbswator ofinkath Or whéreil the Bpréadek ussendiy 16 oeipasabliyngnaccted
renovabl e corrosion ring positioned above the adjustnment ring. 8. The
subseg, aRMYARGHAENtfneCl @i m 1, further conprising an anti-rotation device
that substantially prevents the rotation of the spool body with respect to
the cannect@r.. 9. Th conn r of claim furt her c I Sing a
gasket post ko BATRIR 8RR e R Lo R e oM Foa B R T e
wel | head nenper, 10., Ige subsea connector of claiml1l, wherein the piston is
adapt @eHWVERINEFayityiat g Prgectiechani cal |y noved bet ween the unl ocked and
| ocked positions. 11. A nmethod of installing a subsea connector to a
menber6, t hdhestibssd cowmgtor of algim Sawbiénip the spderst pistaayis opnftguactiorhearstioted an
adj ustnent ring being selectively connected to the spool body;

to move the piston from the locked position to the unlocked position.

7. The subsea connector of claim 1, further comprising a removable corrosion ring
positioned above the adjustment ring.
8. The subsea connector of claim 1, further comprising an anti-rotation device that
substantially prevents the rotation of the spool body with respect to the connector.
9. The subsea connector of claim 1, further comprising a gasket positioned between an
interface between the spool body and the wellhead member.
10.  The subsea connector of claim 1, wherein the piston is adapted to be hydraulically or
mechanically moved between the unlocked and locked positions.
11. A method of installing a subsea connector to a member, the method comprising;:
landing a spool body onto a connector, an adjustment ring being selectively connected to
the spool body;
releasing the adjustment ring from a contracted position selectively connecting the spool
body to the connector to form a connector assembly;

landing the connector assembly on a member comprising a locking profile;
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rel easing the adjustnent ring froma contracted position selectively
connecting the spool body to the connector to forma connector assenbly;

| andi ng twe 20mvespor assenbly on a nmenber conprising aPcoaiseeng/opssefil e;
nmoving a piston within the connector from an unl ocked position to a | ocked
position, wherein the novenent of the piston noves a | ocking nenber of the
connector to engage the locking profile of the nenber; determ ning the

amount of pressure. applied to nmove the piston tp the | ocked posit.on;

unl ocki ng PR &P YithiR @w&ggﬁ?ﬁ%ﬁp vafpoted %Wé)nttﬁé"lﬁﬁ‘g@ﬁcPHSWBH’t he

| ocked position was | ess than a desired anmbunt of pressure; rotating the
adj ust nent ri wherew thewwvementgyidlad piblodynanics h lecksgemember afflec eowneeiettor ; and
rel ocking the piston. 12. The method of claim 11 further conprising

repeat edl y untmaké thg lodkenppstitnef thotmtribeg t he adj ustment ring, and | ocking
the piston until the pressure required to nove the piston is approximtely

the desiredcpmmiite @F RIBREM Resstd-apph&d FBhERALObistdnab Mhelibc WS Ritlont he
desi red amount of pressure has been previously determ ned to provide a

desired prelpadtQhSsisOn if Mg A0S Sapgils G Rl thd Pistoh 13 %h‘%ﬁga(eﬁ%%g‘ﬁ%% Was
assenbly, conpr|§|ng. a spodol %ody, connector;“an adjustment tring

sel ectively conn&pting-the spool . body to the connector to forma connector
assenbl y, whele hap fACERd psmBhet REYY Sray be rotated to change the position

of the connector with respect to the spool body.
rotating the adjustment ring to move the spool body with respect to the connector; and

relocking the piston.
12.  The method of claim 11 further comprising repeatedly unlocking the piston, rotating the
adjustment ring, and locking the piston until the pressure required to move the piston is
approximately the desired amount of pressure.
13.  The method of claim 11 wherein the desired amount of pressure has been previously
determined to provide a desired preload force on the subsea connector.
14. A subsea connector assembly, comprising:

a spool body;

a connector;

an adjustment ring selectively connecting the spool body to the connector to form a
connector assembly, wherein the adjustment ring may be rotated to change the position of the
connector with respect to the spool body.
15.  The subsea connector assembly of claim 14, wherein the connector is configured to that a
change in position of the connector with respect to the spool body varies a preload force on the
connector assembly when the connector assembly is secured to a wellhead member.

16. A subsea connector assembly comprising:
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15. The subsea connector assenbly of claim 14, wherein the connector is
configured to that a change in position of the connector with respect to

t he spoolwbadw/osgepes a prel oad force on the connector assaisbéig/oedsen t he
connector assenbly is secured to a well head nenber. 16. A subsea connect or
assenbly conprising:a connector having a central bore, the connector having
an upper |locking profile on the central bore and a Iocking nmeans adapted to
engage a |l ockin roflle of ead menber; and a s body havj ng a
central  borEONEAIIHBIN ASGaY KRG SARGUPBR K] WP f%?mg@r%%‘ﬁ

engage the upper | ocking proflle of t he connector, wherein the spool body
may becnterl doeckngi & Inpking Msanesrtapted thengage o leckingpriofils) of aseelihcad niembspaol body
to the central bore. 17. The subsea connector assenbly of claim 16, wherein
t he upper laopkoligdphatinka canttaltboe:, did ool melyihagingran\vucte leckigsprofid angul ar
orientation of the spool body when inserted into the central bore of the

conneglted gdsenglﬁ@th% gﬁ%oaﬁﬁ@ﬁ&ﬁ“@é oﬁﬁ@ @(’Hﬂe&fto? fwlﬁtlr@ih MlSHoWNEIS ayf e upper

| ocki ng prof | e is a breech lock profil . The subsea connéctor assenbly

of cl a gLt a keyway in

he c hsdtglth BB RITRN & BReByiGteqt *he"ﬁ l%go%ly sgéﬁlﬂfe%%ﬁt e

central bore of the connector. 20, The suqﬁea connect or asse f claim

16, wHér ei ihetubsea fennactos grsmbly eldaigpHo Whsey thepeidaskiag pr %ﬁn Beki ng

profile. 2 1. A subsea connector conprising: a connector having a set of

col | etoufer hapkeng [frovide aglesirademgnlal obentatjon dighesdobbodyi whar insdrtediintg they upper

| ocki ng nmeans and a | ower | ocking neans, wherein the | ower |ocking neans is
central bore of the connector.

18.  The subsea connector assembly of claim 16 wherein the upper locking profile is a breech
lock profile.
19.  The subsea connector assembly of claim 16 further comprising a key that may be inserted

into a keyway in the connector to prevent rotation of the spool body secured within the central
bore of the connector.

20.  The subsea connector assembly of claim 16, wherein the central bore of the spool body
includes an inner locking profile.

21. A subsea connector comprising:

a connector having a set of collet fingers forming a central bore, the collet fingers
having an upper locking means and a lower locking means, wherein the lower locking means is
adapted to engage a locking profile of a wellhead member;

an adjustment ring configured to be selectively connected to outer thread profile, the
adjustment ring having a locking means to engage the upper locking means of the connector to

selectively connect the spool body to the connector to form a connector assembly, wherein the
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adapted to engage a |l ocking profile of a well head nenber; an adj ustnent
ring configured to be selectively connected to outer thread profile, the
adj ust mrerwororg9bmei ng a | ocki ng means to engage the uppemr/useckiontp2neans of
the connector to selectively connect the spool body to the connector to
forma connector assenbly, wherein theadjustnent ring nmay be rotated to
change the position of the connector with respect to the spool body. 22.
The sulsea connector of claim?2l, wherein t change in. position of the
connedtBR T Fing Ederorkdinehdgsdic &&Pw/%tjﬁﬁ%@%e PEMGRACPETILR herPPPRE
connector assenbly when the connector assenbly is secured to the well head
menberbod?3. A subsea connector conprising: an adjustment ring configured to
be novably connected to a spool body, wherein the adjustnent ring is
novabl2e. betThesnbsza comiccae b€ dlapn il f wikdteiaribe eiangx papudétbnpdshd comngctar wahnect or
having a set of collet fingers and an internal cavity, wherein the

adj ust-BRRE: b kRGpbBl §J4§ V@XPANFRILARATSIE 0AMhd SorhOQth SUERBlYhRBhEES kY
connect the spool body to the connector; a piston posifioned within the

i nt ernal vity of . the co ct ar he pi ston bei ng novabl e between an
un|oc@%ﬁ“%%%#?%%ﬁe%ﬁﬁ%s“FQQ%%H%%%E%Eion, wherein in the | ocked position a
portiqn of the piston engages.the collet wherein a portion of the collet
fingers: sectf¥§ct HRANEHANEUERIFSIRG a wel | head menber; and wherein the
adjustnent ring may be rotated to vary the position of the connector
relative to the aspdpistnindying 2dnfigiiied drermeetadly amnedted ta 2goolbetye ivhercire
rotation of the adjustnment ring while the piston is
the adjustment ring is movable between a contracted position and an expanded position;
a connector having a set of collet fingers and an internal cavity, wherein the adjustment
ring in the expanded position is configured to selectively connect the spool body to the
connector;
a piston positioned within the internal cavity of the connector, the piston being movable
between an unlocked position and a locked position, wherein in the locked position a portion of
the piston engages the collet wherein a portion of the collet fingers secures the connector to a
wellhead member; and
wherein the adjustment ring may be rotated to vary the position of the connector relative
to the spool body.
24.  The connector of claim 23, wherein the rotation of the adjustment ring while the piston is
in the unlocked position varies a preload force on the subsea connector when the piston is moved
to the locked position.

25.  The connector of claim 1, wherein the adjustment ring is capable of being rotated using

an adjustment arm.
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in the unl ocked position varies a preload force on the subsea connector
when the piston is noved to the | ocked position. 25. The connector of claim
1, wher eiwotzhm/m@djcast ment ring i s capabl e of bei ng rot aret/usgomng23sn7

adj ustnent arm 26. The connector of claim1, further conprising a
stabilizer assenbly connected to the adjustnent ring to help retain the
adjustnent ring in a desired orientation. 27. The connector of claim11,

wherein the menber is chosen.froma test stunp and a wel | head nenber.
2%. el"he connector of cnurn 1, further comprising a stagi?lzer assembly connected to the

adjustment ring to help retain the adjustment ring in a desired orientation.

27.  The connector of claim 11, wherein the member is chosen from a test stump and a

wellhead member.
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