ROTATI NG LOCK RI NG BOTTOM TENDON CONNECTOR FI ELD OF
THE I NVENTION This invention relates in general to
securing a shaft of a buoyant structure to a subsea
anchor piling, and in particular to a bottom connector
for connecting a tendon of a tension leg platformto a
receptacle on the sea floor. BACKGROUND OF THE

I NVENTION I n certain types of offshore drilling and
hydr ocar bon production, a shaft extends downward from
a buoyant structure and |latches into a receptacle on
an ROTATING LOCKIRING BOA TOM TENDONCONNECTORI
to the shaft, which is transmtted to the anchor
piling. This technique is used for connecting the
bottom of a tendon of a tension leg platformto a

Iqﬁgﬁqﬁp@ﬁ%ﬁ?ﬂgy@fﬁﬁqat the sea floor. This nethod is
al so use or anchoring a riser tower. For
conveni ence, these connectors will be referred to

her ei n. as .bottom tendon connect pr et her._used. to
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connectors have used a fairly_lengthy receptacle at
tespom legplatforgp fo a repeptagieen thgsed eer) ower end of the
tendon has a latch nmenber that inserts into the
receptacle and | atches to the receptacle by axia
BAGKGRAAVREOF THEIJNYBNION t he connector is inserted
until the latch nenber is below the receptacle |oad
interface, then lifted. In another type, the |atch
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then |ifted. To disenga he. connector, is inserte
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fully lowered in the receptacle. These prior art
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connector for operation. S0, In these prior 4
towanRacioay&ierchghase @biineatord Widl banefrred nalh@tintak dottan towdon
is fixe el ative to the connector body or housi to
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buS%ﬁ@ﬁhﬁﬁgg only tension after the connection is nade

up. In rare circunstances, however, due to wave notion
or other factors, the tendon may drop downward
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is inserted until the latch member is below the receptacle load interface, then lifted. In

another type, the latch member is partially inserted past the load interface, then lifted.
To disengage, the connector is inserted deeper into the receptacle and lifted. Another
type involves rotating the connector when the connector is fully lowered in the
receptacle. These prior art connectors typically require a long receptacle and significant

vertical motion or rotation of the entire connector for operation.



SUMVARY OF THE | NVENTI ON The connector assenbly of
this invention has a receptacle with an annul ar
| ocking profile that is divided into segnents by a
plurality of axially extending slots. The connector
has a housing or body that inserts into and | ocks in
the receptacle. The housing has an outer surface wth
at | east one lug that slides into engagenent with one
of the slots to prevent rotation of the housing
relative to the receptacle. Alock ring is carried by
Altsdilén tessprivg asttdniasorathoshiafiat terldwerendiof thedendan is fized
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housing is Iomered into the receptacle. In this

enbodi nent, split ring is nounted around the body
lﬂﬁﬁﬂﬁﬁg(ﬁﬁgﬁg Pﬂ@@”ﬁo the body. The other end of

the split ring floats and is secured to the |ock ring.

The split ring is contracted fromits natural state as
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connected to a tendon or a Tiser tower ¢ nponent. The
shaft is nnunted to an inner body that preferably has
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passage in the inner body. The di stance between the
flange and_the shaoul der allows the shaft t
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floating end to move a rotational increment, which in turn shifts the lock ring to the
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a side

el evational and sectional view of a bottomtendon

connector being inserted into a receptacle, the tendon

connector and receptacl e being constructed in

accordance with this invention. FIG 2 is a sectional

vi ew of the housing of the tendon connector of FIG 1,

taken along the line 2-2 of FIG 1. FIG 3 is a

sectional view of the housing simlar to FIG 2, but

al so showi ng the housing stabbed into the receptacle,
indtallatibe hosigort. A t]hempkit tihg) pashessheleve therenepticleaegrirents, dodkpands

oSi ti Fl G onal view of part of the
angé‘ﬁﬁt@%%ﬁrlo grbéﬁléﬁ’ttgﬁf%’ﬁ%fh‘@ﬁ 19 ng st abbed t oget her

but prior to | ocking and taken along the line 4-4 of

FIG 3. FIG 5 is a sectional view of the connector

Theicapegtor inglydesn stmft thefrextemdswpiyard lsad isseRrnactaddo adengoa gr a
ris%rotowgle ccln?p%lﬁgrﬂ 'Pl?esghtahqpmounted to an inner body that preferably has a
passage that allows the shaft to slide axially relative to the inner body. A flange on the
lower portion of the shaft is located below the inner body to provide a limit for upward
movement of the shaft relative to the inner body when tension is applied to the shaft.
The shaft has a downward facing shoulder above the tubular body to provide a limit for
downward movement of the shaft relative to the inner body. The axial distance between
the flange and the downward facing shoulder is greater than the length of the passage in
the inner body. The distance between the flange and the shoulder allows the shaft to
move downward relative to the inner body and the receptacle in the event tension in the

shaft momentarily ceases.

The housing surrounds the inner body and the shaft. A flex joint assembly joins the
inner body to the housing to enable the shaft and the inner body to incline relative to the

housing.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational and sectional view of a bottom tendon connector being
inserted into a receptacle, the tendon connector and receptacle being constructed in

accordance with this invention.

FIG. 2 is a sectional view of the housing of the tendon connector of FIG. 1, taken along

the line 2-2 of FIG. 1.

FIG. 3 is a sectional view of the housing similar to FIG. 2, but also showing the housing



FIG 6 is atop viewof a portion of a cap ring of the
connector, and show ng the actuator armin a rel eased
position. FIG 7 is a sectional view of the connector
and receptacle in the | ocked position and taken al ong
the line 7-7 of FIG 5. FIG 8 is a sectional view of
the connector of FIG 1, shown stabbed into the
receptacle and the shaft under tension. FIG 9 is a
sectional viewsimlar to FIG 8, but show ng the
shaft in the absence of tension. FIG 10 is a view
stabbéti inar the eecEptéele,Dut beforethoWick ging hes been daived tvethe locked
tilted. FIG 11 is sectional view of an alternate
POgHPRdi nent of a connector, shown before stabbing into
the receptacle. FIG 12 is an enl arged side
el evati onal view of a portion of the connector of FIG
FIG14 isstreoliongl wiewifipart of thg cpuriegior prd reaentsels afics being stabbed

togre?l{:e(f2 B{ltap%{o? to locking and taken along the line 4-4 of FIG. 3.

FIG. 5 is a sectional view of the connector similar to FIG. 3, but showing the lock ring

rotated to the locked position.

FIG. 6 is a top view of a portion of a cap ring of the connector, and showing the

actuator arm in a released position.

FIG. 7 is a sectional view of the connector and receptacle in the locked position and

taken along the line 7-7 of FIG. 5.

FIG. 8 is a sectional view of the connector of FIG. 1, shown stabbed into the receptacle

and the shaft under tension.

FIG. 9 is a sectional view similar to FIG. 8, but showing the shaft in the absence of

tension.
FIG. 10 is a view similar to FIG. 9, but showing the tendon shaft tilted.

FIG. 11 is sectional view of an alternate embodiment of a connector, shown before

stabbing into the receptacle.

FIG. 12 is an enlarged side elevational view of a portion of the connector of FIG. 11,

showing a split ring prior to entry into the receptacle



FIG 13 is a schematic top view of the split ring
enpl oyed with the enbodinent of FIG 11, shown
detached fromthe connector of FIG 11 and in the
natural, expanded condition. FIG 14 is a schematic
top view of the split ring of FIG 13, shown in a
contracted position. FIG 15 is a top view of the |ock
ring of the connector of FIG 11, shown renoved from
t he connector and showing the split ring in dotted
lines and in a natural condition. FIG 16 is a top

FIGL MNisCa‘ schélﬁaticotofi viewnef thé split fing &mplogediwith twi entpotiiveent of FIG.
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co;l,gmognd shown in partially inserted into the
receptacle. FIG 18 is a fragnentary side el evati onal
view of a portion of the connector of FIG 17, show ng
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positienconnector fully inserted and | ocked in the
receptacle. FIG 20 is a partial sectional view of the
housi ng of the connector of FIG 11, taken along the

FIG. 12isZ00p Qied offth€lock Zng of the connector of FIG. 11, shown removed from

the connector and showing the split ring in dotted lines and in a natural condition.

FIG. 16 is a top view of the lock ring of FIG. 15, and showing the split ring in dotted

lines in a contracted position.

FIG. 17 is a sectional view of the connector of FIG. 11, and shown in partially inserted

into the receptacle.

FIG. 18 is a fragmentary side elevational view of a portion of the connector of FIG. 17,

showing the split ring in a contracted position.

FIG. 19 is a sectional view of the connector of FIG. 11, showing the connector fully

inserted and locked in the receptacle.

FIG. 20 is a partial sectional view of the housing of the connector of FIG. 11, taken
along the line 20-20 of FIG. 12.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, subsea connector assembly 11 includes a receptacle 13 located at

the sea floor and facing upward. Receptacle 13 is a cylindrical member welded or



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to

FIG 1, subsea connector assenbly 11 includes a

receptacle 13 located at the sea floor and facing

upward. Receptacle 13 is a cylindrical nmenber wel ded

or otherw se secured to a piling 14 that is enbedded

in the sea floor. Receptacle 13 has a cylindrical bore

15 with a plurality of receptacle segnents 17 spaced

circunferentially around the inside surface of bore

15. Each receptacle segnent 17 has a grooved | ocki ng
othéraiselseculé toarpiksl dhthiat is embeddel én 18 s%ﬂoc\tBR@beﬁfadlei 18 has a

cxlpiired PAFa il FRerp, flrﬁ@p%f%?s%%m%aﬁ e ity

arbhd theindk §m‘f£ceb>?5§rell§ E BielcReSREITEN thas Aéro%'if@d locking
circunferentially spaced apart from each other
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R@Eﬂﬁctlh eegh&nmlﬂmrebﬁd:tynfareﬁuﬂdl dpheed apart frodi ek bther by vertical
recept acl t hen machi ni vertical acl
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segnents 17. Preferably, each receptacle slot 21 has
the sane wi dth as each recePtacIe segnment 17, as

Receptacle segmeentsi 1Y maxche formedhby first maphiniol aneylengroaved geofie 19

is
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recoptaeletsiats 21 sa@gsyehd prbﬁlekle Ideﬂnqmreoéljtzicdae segmibais 1§. Boafeodbly, each
and at t sa i nner, er as L.

rodpt et das s game vl 4 B rrrenar 8 St gy in

F1&33 R Sedépiaaie dloR Dt hasa gremart Kkl u@‘%ﬂl thhe gt P&T prBfilé 19fin this
receptacl e 13. Subsea connector | so includes a

enthediment, rpsyliingrip theloweaportion efrqagh rasepfagle pegment bf below profile
19%%9&%%%{1{%1&1%1 (e e?élaﬂféfér L&6&5R45CI e 13 having
mat I°"ng ant-rotation erenents 1o prevent rotation of
housing 25 in receptacle 13. Various elenents m ght be

enpl oyed. In_ thig.exa e,. housi 5 S enera
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lodatsdRer tho @ gﬁﬁ?@n& @fﬁ:@éptﬁ:l@& an anti-rotation el enment.

There may be as many |ugs 27 as receptacle slots 21,

and each lug 27 has a width that is slightly |less than
S bl 30 SRR RE SR sl 2P (ot o35 F
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sl ofts, 29 sho .al so | E 2. ous
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are fabricated sep aratelé and secured to the
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277 H‘&Eﬁ@él@ kibts ilu ga%h ‘f'@"’iﬂléfg Q v&x@fhrfﬁ% ¥ 9'1"&55‘ tHad the width

recesses Into t outer surface to form USI ng slots
of 2&h receptacle slot 21 so that it can slide into one of the receptacle slots 21. Lugs 27

are circumferentially separated from each other by housing slots 29, as shown also in
FIG. 2. Each housing slot 29 has the same width as each lug 27 and as each receptacle

segment 17. In the preferred embodiment, lugs 27 are fabricated separately and secured
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Preferably, at |east one or nore of the lugs 27 has an

extended pointed end 31 that will help orient and

gui de housing 25 as it is being inserted into

receptacle 13. Points 31 rotate housing 25 slightly,

if necessary, to align housing lugs 27 with receptacle

slots 21. Lugs 27 have snooth outer surfaces with no

| ocki ng or grooved profile required. Lugs 27 |ocate

within receptacle slots 21 to prevent rotation of

housi ng 25. Al though, there are as many lugs 27 as
toticapérantfacesdfhb8sizd 25 By fdienas of ecldad. Aﬂrbmdt'ema hIgs 26rbyld be

one, | ug woul d serve to prevent rotation of si ng
fopmed %méﬁwlﬂ@rwm infQ,thg ppfer qurtage gbﬁ% bR $ipts 3833 i's

rotatably carried in an annul ar recess 34 of housing

25. Lock ring 33 also has a plurality of lock ring
Prefstabiy atleas oneermoreafithegugs 3t nsvaa ¢xignddd poentﬁﬁbmdeﬂ that will
he& hgne%Q c&g{mﬁ'{ﬁ %km'gtﬁ agritolg K@ g I sgrgéd 1Sto]rgc %tacf P#uﬁfsl

ng segmen ar at ed
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cesses 37 haye the sane dths as lock rin
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Lugd @9 16chte Wik rdceprdcls SRIENTS pRiventdOftibR 6ERIBRL 5. Although,
segnments 17 nust be slightly narrower than In the

there ame@anadugsﬂgta@ummagh snis? k indhe prgfaied iembpgligment, only one
h its recesses 37
lu%gfgpga h%V&grgm'ﬁ§ﬁ§3§%ﬁ 2§1ots 29. Each | ock
ring segnent 35 is | ocated above and in vertica
| i.gnnme h one f the housi ugs.27. In this
R Fato Hibt i AoplsBontia, s el Sich i af i Tecess 34

of he&sting 25 |L%cll ﬁn B0 Wb Rds ﬂ)—b adity’df I‘M:li #ing$dgHRNBB8 each having a
using lugs 27 and | ock ring

receptacl e se nents 17.
gr@@gd@mfde gsmm? theragn;te) natewish g@@w Er@ﬁke 19| ofreceptacle rsmlent
173L{>él{ 111'1?# e %ﬁtst_’;? lare s@s?cﬁja{eh Pym &6 l6tl{e lo%’k3 n‘flg Qe&?ses 37.
rotated afi 1 ncrenent omits |nsta tlon osition o
rinfg| r&S:ssek 38 haveStht sarae widtheab lpdsiitg sgmehtodh and atelsghtlb
and 7., Wen r | i.de
nafogq b ety Fofd- L |6R iR e T Al repdec
se@NERY ETRINkt BYi sliBhily RaxRebr ﬂ{aﬁfh‘l kifRSrelkfse@or R GHERAECHRItion
segnents 17. Once lock ring 33 is in the_| ocke

shpws in FISh 1. logktiag A3 iig apwsitien vad iisurqestes dpwaitigalty digned with

hoﬁﬁﬁﬁgﬁ)%cj96 Ak 19@1&3&%&; ent $45is $RGRY %HE\';EI angfm Lasikal rah,@,ﬂment
segnent's 3 and rec Fe segnents 17. Housi ng
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reds o brtad TS B a el RN pi et et 7 o ind s 27
anf Qsektrin@rie@héms 34 Qils 51N it rbptabReMS2 BIFDEM ilNbigates this
receptacle 13. FIG 1 illustrates two upward
Poﬁﬂéﬁrudlng arms 39, although only one would suffice.
Each arm 39 conprises a pin that is joined to the
upper side of lock ring 33 and protrudes upward above
Loebuis A3 c@bbe totatedrsinercenept fom ats duspallatio pakitidnsofSéGEr band 3

sin abov 33 to r n_|lock Ll
o R oA RS T P08 Gl Bl Sl v
sli@x4 el 8egrdts DUGRE difRtion Riitil4deshidp 198 @AgaeMe@Svitl\siob &
protrudes through aperture 43 and is able to nove from

prejHies Lhef rggepislersegments 371 @ngerlackginget3 is Ayjthe lopkeg gosition,
position of FIG 6, lock ring 33 (FIG 1) isinits
rel eased or installation pogition. In this position, °
arm 39 abuts one end of elongated aperture 43. A
renot e operated vehicle (ROV) can be enployed to nove

~arm 39 until it abuts the opposite end of el ongated
aperture 43. In that position, which is not shown,
lock ring 33 will be inits |ocked position. If

desired, lock ring 33 may al so have a circular pin
hol e (not shown) that will align with a circular pin
hole 45 in cap ring 41 only when lock ring 33 is in



Referring to FIG 8, housing 25 is carried by a shaft
51 which is secured to the I ower end of a tendon (not
shown) or a conponent of a riser tower. Shaft 51
extends slidably through a passage 53 in an inner
body 55. Shaft 51 has an external flange 57 on its
| ower end. Flange 57 is illustrated as being an
i ntegral nenber, but it could be separate and
connected to shaft 51 by various neans. Flange 57 has
a larger outer dianeter than passage 53, allow ng
housifg 26 bannopbs pulled upsaaf frorh tedeptatle 18 baceust ofitheledgagemen of
ody 55. Shaft 51 alsq has a stop shoulder 59 | ocated
lo sqgﬁﬁeﬁsgééairﬂsspta a‘isr%qm%glfm%gg hggan&mi bergrared
beBhRTBE Bk chSRRmRASTAGEsiRSIugh DY WithirBdehfaclRQWitd 2. _shaft 51
can nove downward. The di stance fromflange 57 to stop
shoul der 59 is greater than the axial Iength of inner
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outer body. A conventional flex nenber 67 extends

apprérada m iiesnei Aperaisd xekicleROV) sar e gploppdie masersan 38 pntil it
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logkodrgy 33 wilbimt in itathodked posiien. 51 is in an upper position,
as shown in FIG 8, and in the | ower position shown in
FIG 10. The |l ower position would rarely occur, if at

If @dsired, NEGAUEE3 T MAP b8 have QFcRk bin Hobh(nonéhalwny that will align
mai nt ai ned on shaft 51. In operatijon,

to secure

withoeisadaspimhole #h i eapamgiid ronbovhetcleck Hag 33 1sdp thpdogked; he

c ‘i R . C
polffish 34 bR BHBRR) b P SR BB bin tole SR PG hold fidock
ring@8rtasaurd loghrihg ik irsthb bngkedpositionon shaft 51, which

woul d be attached to a tendon or the |ike. Housing 25

will stab into receptacle 13, and poi nted extensions
AsFhowh lalso G FIES. RGiHd 170 gap ritgS4 PHasiadovniv@eeftiag skoutde@td in this

21. Downward npvenent will cease when cap rin ) )
empdimeat Shavidert dstssion Hudiba ereopscleds wiiiiguring 25 i
A e B R Rt
aligmetdi with grokved prgfilkd@nent s 35 engage groove profiles 19

of receptacle segnment 17. At this point, arm39 wl|

be |l ocated at the opposite end of el ongated aperture
Redsrihg @FIG 8] halmgn Siisicdrtiéd bpa shdfies Iopkich issecurad td the fower

insert a retainer pin through pin hole 45 to ret iq
engl gk« tepley(ngtshopn) ppa F%mngqfsq HSCHIPW fti5d extspls slidably

connector 11 has been connected, tension will pull

shaft 51 upward until its fgange 57 bears against the -

| ower end of inner body 55. The tension in shaft 51

passes frominner body 55 to housing 25 and to

receptacle 14. In the event of a loss in tension, such

as due to extrene waves or current, shaft 51 is free

to nove downward until its stop shoul der 59 engages

the upper end of inner body 55 as illustrated in FIGS.

9 and 10.



In a second enbodinent, lock ring 33 (FIG 1) is
automatically shifted into a | ocked position in
response to the downward novenent of connector 11
(FIG 1) into receptacle 13 rather than using arm 39
and an ROV. Referring to FIG 11, connector housing 69
has a circunferential groove 71. A split ring 73 is
carried in groove 71. Split ring 73 has a natura
state or condition, such as shown in FIG 11, wherein
it is slightly larger in outer dianmeter than housing
thfoRgh Sphsshge 3G arInnied bﬁd}nii Shifit 51 dad an dxeerhallflayge Eressed
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formed in housing 69 so as to allowrod 79 to nove
with floating end 77 toward fixed end 75. Rod 79
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segnents 101. '



In the operation of the enbodi ment of FIGS. 11-20,
prior to entering receptacle 99, lock ring 85 will be
in a pre-entry position with its segnents 83 spaced
above housing slots 93. In the pre-entry position,
l ock ring segnents 83 would interfere with receptacle
segnents 101, and housing 69 would not be able to
fully seat in receptacle 99. In the pre-entry position
of FIG 12, split ring 73 is in its natural, expanded
condition wth floating end 77 spaced a maxi mum
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Clainse W claim 1. A subsea connector assenbly,
conprising: a receptacle having a bore containing an
annul ar | ocking profile divided into segnents by a
plurality of axially extending slots; a housing that
inserts into in the receptacle; the housing and the
receptacle having nmating anti-rotation elenents to
prevent rotation of the housing relative to the
receptacle; a lock ring carried by the housing and
havi ng an outer surface with an annul ar | ocking
7906 sowrefitiduo dieatingénd Fefgnmotanday tiergwitht Rlod 179 egfends through

axially extending slots; .and the | ock ring havi a
any am%aie%/i 4psBe 8@ &17919. 3 @Hé? brmed ML QBERATEE 25 fo ARE PEAR to
méve Wity ﬁ{)atting 2hdl Y7 v A8 fkd bhd 152 ROH 90 xRhdd lpvaeaept acl e
to enable The housing to be inserted into the

engagsapnhwite a ladkeingddk I thisgpxpablegloel ring b liscafmiqshabpyesplit ring
i.nstallatioen [ 14 I e i 4 ) '
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is bthesydteadinetructed the same as in the first embodiment. Lock ring 81 has lock ring

segments 83, each of which has a grooved profile on the exterior. Lock ring segments

83 are separated by lock ring slots 85.

The distance that floating end 77 moves from the natural state to the contracted state is
preferably approximately the same width as one of the lock ring segments 83. As
illustrated in FIGS. 15 and 16, rod 79 locates in a vertical groove 89 formed in the inner
diameter of lock ring 81. As floating end 77 moves toward fixed end 75, rod 79 will
rotate lock ring 81 the width of one segment 83. When expanding back out to the
natural state of FIG. 15, split ring 73 will rotate lock ring 81 back to the position shown
in FIG. 15.

Referring again to FIG. 12, housing 69 has at least one housing lug 91 in the same
manner as the first embodiment. In the preferred embodiment, there are a plurality of
housing lugs 91, each separated by a housing slot 93 that is the same width as one of the
lock ring segments 83. As shown in FIG. 7, the connector has a flex joint 95 that

supports a shaft 97 in the same manner as in the first embodiment.

Receptacle 99 is constructed the same as in the first embodiment, having a plurality of
receptacle segments 101, each separated from another by a receptacle slot, such as slot
21 (FIG. 1). The outer diameter of split ring 73 is greater than the inner diameter of
receptacle 99 at receptacle segments 101 and equal or less than the inner diameter of

receptacle 99 below receptacle segments 101.
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2. The assenbly according to claim1, further
conprising: an armextending fromthe lock ring for
rotationally noving the lock ring. 3. The assenbly
according to claim1, wherein the assenbly further
conprises: a retainer ring secured to the housing
above the lock ring, the retainer ring having an
el ongated hol e forned therein; and an arm protruding
upward fromthe lock ring through the el ongated hole
for rotationally noving the lock ring. 4. The
In &&&qﬁtﬂth | iyn atthe reﬁibbdirﬁeﬁt of H:G& 11-20hstoe knertéringwiectpiactef 99, lock
.each slot in the receptacle is substantially equal t
ringife WilEHN B Presefiry Rostiion Hithiifs FHRNBEL ataa?-l v Hoing slots
933B SR BleVenfG pBEIHLR odilrifg REMerts 85 WouliEint RPN HIS tlehtadle
stop shoulder in the bore of the receptacle; the sto
segrhenis s andkhonging$9i wouddinef beablstto pullynssat inirengpiaeledfeln the

BRSSP ST B v

floateeaids® spaced a maximum distance from fixed end 75.

As split ring 73 contacts the upper ends of receptacle segments 101, as shown in FIG.
17, it will contract. The contraction causes floating end 77 to move closer to fixed end
75, as shown in FIG. 18. Rod 79 will move lock ring 81 rotationally from the pre-entry
position of FIG. 12 to the installation position of FIG. 18. In the installation position,
lock ring segments 83 now are located above housing segments 93. Lock ring slots 85
will now be aligned with receptacle segments 101 to enable housing 69 to slide to the

fully seated position in receptacle 99.

Referring to FIG. 19, as housing 69 moves downward, split ring 73 will pass below
receptacle segments 101 to an area larger in diameter than its outer diameter while in
the natural expanded state. This clearance allows split ring 73 to spring outward.
Floating end 77 will move away from fixed end 75 to the position shown in FIG. 12.
This movement causes lock ring 81 to rotate to the locked position shown in FIG. 12.
While rotating, the profiles on lock ring segments 83 will slide into meshing
engagement with the profiles on receptacle segments 101. Housing 69 will now be

locked to receptacle 99.

To disengage housing 69 from receptacle 99, the user would employ an ROV to stroke
arm 39 (FIG. 1), which would move lock ring 81 back to the released position. Arm 39
is not shown in the second embodiment but would be the same as in the first

embodiment.

12 °



6. The assenbly according to claim1, further

conprising a shaft nounted to the housing and

extendi ng upward fromthe receptacle, the shaft being

axially novable relative to the housing between upper

and | ower positions. 7. The assenbly according to

claim1, further conprising: a split ring nounted

around t he housing and having a natural outer dianeter

that is greater than an inner dianeter of the

receptacle at the segnents of the receptacle, causing
The ligveafibn hasLsilg‘ilﬂ'ldaﬁt zﬁbﬁﬁtﬁ?&t Théwetepitdebe mlpy havercongiderably Iless

t he segnments o e rece cle; e natura

axigh ekthhar s afthgcause frgre Ag ™ Aty RYO¥T ‘Eﬁi laichine noffign of
th&bnhBAGH asindTR b8bwahe %@pté&&%@hﬁg bfofilERRAha fliVit BEWaN to

the segnents of the receptacle, causing the split rlng
latelineplpeenBhewnancatprsie auiaklymeovied drom sreingieHationtesispn tlocked

pos. ??ﬁ" R%}lfﬂgﬂlfi %ﬁﬂc O(ggﬁag% gﬁ;‘l éﬁc? rg* bord rﬁg}t t}ﬁé R%lgl?g

mdviefi@nt &ouis Iaatontahealb)oﬂihas ewinkeetor ajfovxtshiawmmard mm'ramganc afithes
cre of .the | ock
shithuithot s rornedbe | afqﬁidnec%awamﬂﬁ L GG 145h Op it split
ring causes an increnent of rotation of the |ock ring
to the | ocked position. 8. A subsea connector

Whidsstherirvgntiesy hag besroshions imoplydyaef its formes:itishould be apparent to
thoé?rglg c}éfg glntge ar@ﬂ{a?ﬁ%?lﬁog %{) ﬂn{ t%a bﬁﬁg Wide lbtlé)tﬁ)‘%aﬂbﬁé Jlllgnges

I'h a sea recep t avin
withoutdephing fbaf ihaacbpeywf de ihvanéion. vval | surface;
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a plurality of receptacle segnents spaced
circunferentially around the inner wall surface of the
receptacle, each of the receptacle segnents being
separated from adj acent ones of the receptacle
segnents by axially extending receptacle slots, each
of the receptacle segnents having an i nward-facing
| ocking profile; a shaft for connection to the buoyant
structure; a housing carried by the shaft, the housing
having a cylindrical outer surface that inserts the
Claimie; a flex joint assenbly joining the shaft to the
housing to enable the shaft to incline relative to the
vthg;ing; t he housing and the receptacl e having mating
1" r ot ation el ements to prevent rotation of the
housing relative to the receptacle; a lock ring
nounted to the outer surface of the housing, the |ock
1. A sylysaaonrRgtos apiemblyl CePBAng:ock ring segnents spaced
C! T SHOIBLE R HaGink Y HRIQHRMiRS o Al 'lﬁ&eﬂlinr%gp%ﬁle Avidddinto

ock ring segnefits of the ring separat e
from adj acgmmintsinesplofalitshef dxadly exfendingelptent s by
axi ally .extendi ng .| ock .rin | pts, each of the |ock
ri nﬁ@éﬂﬁ%hﬁaglnﬁg&’llﬂt@ i thed 2facing | ocki ng
pr ofthd ISusidB@nd HR rk@placleinagin Muting adti-rotAsdradéférntOl prevent
position erein the lock ring segnents are axially
al i gned wetetionofdhe keusipedelpdvestodhesreeeptacitapl e t he

housi : oy [ 3

(i ng Ok il UGG it i pink B BRICPR e W ah Al
i nst al | alockimgposfilt idondeddnta segroemsiby a pluralisy ofraallsi extending
lock rin e ants slide into mati ng engagenent with
t he rece%?%%%% segnents. 9. The assenbly according to

cl aithe 18ck Fikld hdveg AOINBHIlRiolPosifion dheiefXthe Bekinfeatsiydey ldck

fromthe |ock ring for rotationally noving the |qgc .
ring. ring Verticallygalign with the slots o% theyreceptaclegto enable 'Slelfxousmg

to be inserted into the receptacle, the lock ring being rotatable from the
installation position to a locked position wherein the segments of the

lock ring engage the segments of the receptacle.

2. The assembly according to claim 1, further comprising: an arm extending from the

lock ring for rotationally moving the lock ring.

3. The assembly according to claim 1, wherein the assembly further comprises:
a retainer ring secured to the housing above the lock ring, the retainer ring
having an elongated hole formed therein; and
an arm protruding upward from the lock ring through the elongated hole for

rotationally moving the lock ring.
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10. The assenbly according to claim$8, further
conprising: a retainer ring secured to the housing
over the lock ring, the retainer ring having an
el ongated hole forned therein; and an arm protruding
upward fromthe |lock ring through the el ongated hole
for nmoving the lock ring rotationally. 11. The
assenbly according to claim8, further conprising: a
split ring nounted around the housing and having a
natural outer diameter that is greater than an inner
4.dha ﬁ@bﬁbllﬁfccél’dﬁlgrt& ebﬁtﬁ a;:WHeralh thchﬁidslegfmnh slobin théweceptacle is
receptacle using the split ri to contract when
subﬁ@tsaay Feual rch@ dif qE pachyRamen i recepfacien
receptacle; the natural outer dianeter of the split
ring being no greater than an inner dianeter of the
5.Tbe emmbl}’@cpfml@dlt@t?blry 1b@rtbey comprisiegnent s of the
recep) acl |ng to expand when
di sén 1§um§9$§h? gﬂ%g%? mE P the receptacle; and
(ﬁn e tbensiop) §h(§iuhf3r Beihg ‘posliﬂlcmgd l&es;tu}g ima¢rtian béthethoudifgewhen the
ousi ng and the her to e lock ri.ng,.so0 f.hat t
cont r act iSeHMBHS ‘i’tﬁé g’ﬁ}(' Wg‘%“é‘{f&’é‘gﬂgﬁl} a?‘?i@f"%‘?félrw lﬁbtpe
rotation s@fmdddeot tRE feckptide.t © the installation
position, and the expansion of the split ring causes
an increment of rotation of the lock ring to the
. AV I Mm
6. gﬂg ]as%grtnﬁgff c%%rrgrrlll’git% %%bm Tﬁﬁnﬁésc%ﬂibh&n@ %%951? 3dndeq t&ﬂh@
housing and extending upward from the receptacle, the shaft being axially movable

relative to the housing between upper and lower positions.

7. The assembly according to claim 1, further comprising:

a split ring mounted around the housing and having a natural outer diameter that
is greater than an inner diameter of the receptacle at the segments of the
receptacle, causing the split ring to contract when the split ring contacts
the segments of the receptacle;

the natural outer diameter of the split ring being no greater than an inner
diameter of the receptacle immediately below the segments of the
receptacle, causing the split ring to expand when disengaging from the
segments of the receptacle; and

one end of the split ring being attached to the housing and the other to the lock
ring, so that the contraction of the split ring causes an increment of
rotation of the lock ring to the installation position, and the expansion of
the split ring causes an increment of rotation of the lock ring to the

locked position.

15



a stop shoulder in the inner wall surface of the
receptacle; the stop shoul der being positioned to stop
insertion of the housing when the |lock ring segnents
become circunferentially aligned with the receptacle
segnents. 13. The assenbly according to claim8,
wherein the shaft is axially novable relative to the
housi ng between upper and | ower positions. 14. The
assenbly according to claima8, wherein the
anti-rotation elenments conprise at |east one |ug on

8. tAhanbeest conn&turfasembdy for hecHosing b bgoyantistaicture astpasieg:of

the receptacle slots, 15. The enbl rding, t

cl ai%fF%PPac aF ¥cHriRgiop %}fng ‘id%‘é‘i’é‘ 3 ?f?é ﬂ?? ‘Ef%&’f“g’d

| over endha{iaf afdHkidl Bide aélﬂleh%g ah'iﬂrfér HallGRARR! W th said
one of the receptacle slot. . The assenbly

acc gridumalitytod receplaphe Seggnds %ﬁaﬁedt Jirsuyfraentially gsund g igner wall
| ower en@ux%ce%f Hﬁ—:r}g 623 r?%F @?cfhlo?%e rﬁ&lppa!cfaet g%gﬁts ﬂsc.]mg &parated

subsea connector ass anc I'ng a~buoyan
st ruct ur droncadjpentsomney of ﬁhe recpfatlia (ségnaxﬂﬂm aadaltyjextmdmg

AR IR MR W (NI,
locking profile;

a shaft for connection to the buoyant structure;

a housing carried by the shaft, the housing having a cylindrical outer surface that
inserts the bore;

a flex joint assembly joining the shaft to the housing to enable the shaft to
incline relative to the housing;

the housing and the receptacle having mating anti-rotation elements to prevent
rotation of the housing relative to the receptacle;

a lock ring mounted to the outer surface of the housing, the lock ring having a
plurality of lock ring segments spaced circumferentially around the lock
ring, each of the lock ring segments of the lock ring being separated from
adjacent ones of the lock ring segments by axially extending lock ring
slots, each of the lock ring segments having an outward-facing locking
profile; and

the lock ring having an installation position wherein the lock ring segments are
axially aligned with the receptacle slots to enable the housing to be
inserted into the receptacle, the lock ring being rotatable relative to the
housing from the installation position to a locked position wherein the
lock ring segments slide into mating engagement with the receptacle

segments.
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a shaft for connection to a |lower end of the buoyant
structure; an inner body having a passage into which a
| oner portion of the shaft slidingly extends; a
housi ng surroundi ng the shaft; a flex joint assenbly
joining the inner body to the housing to enable the
shaft and the inner body to incline relative to the
housi ng; a | ock nenber carried by the housing for
| ocking the housing in the axial bore of the
receptacle; a flange on the |Iower portion of the shaft
9. Mahssemblma@ﬁdlghe klaith Bhrtheneiimpbity: doarpr exyéndimgaipward
for upwar d nD ement og he shaft relative to the
fr‘?nﬁ é‘ﬁatt%‘ﬁ yBloving t %%Fk‘é‘ﬂgto the shaft; and a
domnmard faC|ng shoul der on the shaft above the inner
body to provide a limt for downward novenent of the
10s ¢ assemblatacqarding te plaim ffarthess@ipprising: axi al di st ance

Bgit \rl%{grgﬁmepﬁné L2049 5l hoﬁgng VAR et ﬁﬁé,'we DA giﬁé having

an elongated hole formed therein; and
an arm protruding upward from the lock ring through the elongated hole for

moving the lock ring rotationally.

11. The assembly according to claim 8, further comprising:

a split ring mounted around the housing and having a natural outer diameter that
is greater than an inner diameter of the receptacle at the segments of the
receptacle, causing the split ring to contract when the split ring contacts
the segments of the receptacle;

the natural outer diameter of the split ring being no greater than an inner
diameter of the receptacle immediately below the segments of the
receptacle, causing the split ring to expand when disengaging from the
segments of the receptacle; and

one end of the split ring being attached to the housing and the other to the lock
ring, so that the contraction of the split ring causes an increment of
rotation of the lock ring to the installation position, and the expansion of
the split ring causes an increment of rotation of the lock ring to the

locked position.

12. The assembly according to claim 8, further comprising:
a stop shoulder in the inner wall surface of the receptacle;
the stop shoulder being positioned to stop insertion of the housing when the lock
ring segments become circumferentially aligned with the receptacle

segments.
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greater than an axial length of the passage in the

i nner body so as to allow the shaft to nove downward

relative to the inner body and the receptacle in the

event tension on the shaft ceases. 18. A connector

assenbly, conprising: an outer nmenber having a bore

containing an annul ar | ocking profile divided into

segnents by a plurality of axially extending slots; an

i nner nmenber that inserts into the outer nenber; a

lock ring carried by the inner nenber and having an
130The hsseblfyaceording lto alaumlmhaém Itigecdhinfi gs guialfyi thevablewekade to

ipto,segments b urality of axially extending
th%F?}tSén qieﬂ’t—’:eqnd‘@l?grﬁnﬁgo #YO% unl ocked position
wherein the segnents of the lock ring axially align

with the slots of the outer nenber to enable the inner
l4nEhe assemblypecdrding te eldim Bt whereia tha andirrofation glements comprse at

le{s't nge g\g pH % Rhdls %‘Lc% Jf rtl?er%otug?l léﬂ)i thlgfsg Pfﬂ?ﬁf + fég t?cilés]‘%lots.

osition erel gnments o
engage the segnents of the outer menber; a split ring

nted around .t he inne er and havi ng, a.natura

150 hesSemal e eding e 01@91& gfﬁ}ﬁéﬁm SHA At 175t AP HAS & frpgisy
loRér dnldgoPslliihg ﬂﬁrm% {ntéhligntRnd REARAH DnObf the @ec&ﬁﬁﬁé slot.
menber, causing the split ring to contract en the

split ring contacts the segnents of the outer nenber;

1 6tg ‘ri‘g% ?sglrn‘r{{;l%gﬁ&g%ﬁg 1 ST S S ndin ttﬁkeshﬁﬁ cbfngﬁéég o} 1&9‘”%{&(1 RPa

nner “dianmet er of
tendoned b dloefing plaiférnt he segnents of the outer nenber,
causing the split ring to expand when novi ng past the
segnents of the outer nenber; and

17. A subsea connector assembly for anchoring a buoyant structure, comprising:

a receptacle adapted to be secured to a piling embedded in a sea floor, the
receptacle having an axial bore and an open upper end;

a shaft for connection to a lower end of the buoyant structure;

an inner body having a passage into which a lower portion of the shaft slidingly
extends;

a housing surrounding the shaft;

a flex joint assembly joining the inner body to the housing to enable the shaft
and the inner body to incline relative to the housing;

a lock member carried by the housing for locking the housing in the axial bore
of the receptacle;

a flange on the lower portion of the shaft that is located below the inner body to
provide a limit for upward movement of the shaft relative to the inner
body when tension is applied to the shaft; and

a downward facing shoulder on the shaft above the inner body to provide a limit
for downward movement of the shaft relative to the inner body, the axial

distance between the flange and the downward facing shoulder being
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one end of the split ring being attached to the inner
menber and the other to the lock ring, so that the
contraction of the split ring causes an increnent of
rotation of the lock ring to the unl ocked position,
and the expansion of the split ring causes an
increment of rotation of the lock ring to the | ocked
position. 19. A nethod of connecting a subsea shaft
of a buoyant structure to a receptacle secured to a
sea floor, the receptacle having a bore, the shaft

bei ng coyhetdrdithnlaw adial lenthj ofithd passaga ircthe ieet bodysows itmg

that inserts jnto_.the bore, th t hod conpri.si,ng: . (a
provi din @hgw t%%%ﬁé? Moy AP WV Hi SRR o i WReT g Hagd &)
the receptRplable ih IR e@&g%&fon: ke SanReadek] e being

divided into segnents by a plurality of axially
extending slots; (b) providing a lock ring with an

oyt er f V| .an_annul ar | ocking profile
H%#V% é%yfﬁ%%%gggﬁgn?ggﬁ' a plurality of axially
ext anduteg neiibeshavapda bart nontaigirghaa anoulkr lockigg profildwivided

housi ng; .(c) aligning the segnents of the |ock ring
with the &P SeEmeRe RAEPHETLY Pl S IRGRERIOgt ne

housih Bhel HembeP@abiattsGhtotheodt&iGRBhiRg! e; then (d)
rotating the lock ring relative to the housing and the

r ec@gecketing eavied otk inngr mewber and having aneutes ptthen
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conpr i seextendieg tlotsy t he housing no farther into the
s FEERTE RN T IR A
t he recepkny 8lign with the slots of the outer member to enable the inner
member to be inserted into the outer member, the lock ring being
rotatable from the unlocked position to a locked position wherein the
segments of the lock ring engage the segments of the outer member;

a split ring mounted around the inner member and having a natural outer
diameter that is greater than an inner diameter of the outer member at the
segments of the outer member, causing the split ring to contract when the
split ring contacts the segments of the outer member;

the natural outer diameter of the split ring being no greater than an inner
diameter of the outer member immediately past the segments of the outer
member, causing the split ring to expand when moving past the segments
of the outer member; and '

one end of the split ring being attached to the inner member and the other to the
lock ring, so that the contraction of the split ring causes an increment of
rotation of the lock ring to the unlocked position, and the expansion of
the split ring causes an increment of rotation of the lock ring to the

locked position.



21. The nethod according to claim19, further
conprising: after step (d), applying tension to the
shaft; and if the tension ceases as a results of wave
or currents, allowi ng the shaft to nove downward in
the receptacle relative to the housing. 22. The nethod
according to claim 19, further conprising: nounting a
split ring around the housing that has a natural outer
diameter that is greater than an inner dianmeter of the
receptacle at the segnents of the receptacle and no
greater than an inner dianeter of the receptacle
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connector housing that inserts into the bore, the method comprising:

(a) providing an annular locking profile in the bore of the receptacle, the annular
locking profile being divided into segments by a plurality of axially
extending slots;

(b) providing a lock ring with an outer surface having an annular locking profile
divided into segments by a plurality of axially extending slots, and
mounting the lock ring on the housing;

(c) aligning the segments of the lock ring with the slots of the housing and
inserting the housing into the bore of the receptacle; then

(d) rotating the lock ring relative to the housing and the receptacle to a locking
position with the segments of the lock ring engaging the segments of the

receptacle.

20. The method according to claim 19, wherein step (c) comprises inserting the housing
no farther into the receptacle than the point at which the segments of the lock ring

circumferentially align with the segments of the receptacle.

21. The method according to claim 19, further comprising:
after step (d), applying tension to the shaft; and
if the tension ceases as a results of wave or currents, allowing the shaft to move

downward in the receptacle relative to the housing.
22. The method according to claim 19, further comprising:

mounting a split ring around the housing that has a natural outer diameter that is

greater than an inner diameter of the receptacle at the segments of the

20



aligning the segnents of the lock ring with the slots
of the housing in step (c) conprises contracting the
split ring as it contacts the segnments of the
receptacle; and rotating the lock ring relative to the
housi ng and the receptacle to a | ocking position in
step (d) conprises expanding the split ring as it
noves bel ow the segnments of the receptacle.

receptacle and no greater than an inner diameter of the receptacle
immediately below the segments of the receptacle;

attaching one end of the split ring to the housing and the other to the lock ring;
and wherein

aligning the segments of the lock ring with the slots of the housing in step (c)
comprises contracting the split ring as it contacts the segments of the
receptacle; and

rotating the lock ring relative to the housing and the receptacle to a locking
position in step (d) comprises expanding the split ring as it moves below

the segments of the receptacle.
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