ROTATI NG LOCK RI NG BOTTOM TENDON CONNECTOR Fi el d of
the Invention 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
Invention In certain types of offshore drilling and
hydr GEaT ATING' BOCK RING BOI'EOM TENDONCONNBETORf r om
a buoyant structure and |latches into a receptacle on
an anchor piling at the sea floor. Tension is applied
to the shaft, which is transmtted to the anchor
piling. This technique is used for connecting the

Field 6fuhe dhventiodndon of a tension leg platformto a
receptacle nounted at the sea floor. This nmethod is

al so, .used f.or chorin riser. tower 0
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herei n as bqitomtendon connectors whether used to |
a swessdanghar dniing randeig Pastigilarotonp bettpmsegnnegigp for ggnnecting a
ot her buoyant structure. In the past, bottomtendon
tendomefct tensormizg elatfea ta afredeptagld anthe ksa flemept acl e at
the sea floor. The shaft at the | ower end of the
tendon has a latch nenber that inserts into the
receptacle and | atches to the receptacle by axia
pQsitiopipg. In one type, the connector is inserted
Eﬂﬁﬁﬂﬂwﬂ£3£&5ﬂgﬁﬂﬁﬂﬁber is bel ow the receptacle |oad
interface, then lifted. In another type, the |atch

MenbRr cdrfaird @fpek fl HfdhBEE BEiRFhgP@st hidMScarbORGrodiicBod, o€ Shaft
then lifted. To disengage, the connector is inserted
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I nvol ves rotating t nnect or when

anchor piling at the sea floor. Tension is applied to the shaft, which is transmitted to
the anchor piling. This technique is used for connecting the bottom of a tendon of a
tension leg platform to a receptacle mounted at the sea floor. This method is also
used for anchoring a riser tower. For convenience, these connectors will be referred
to herein as bottom tendon connectors whether used to anchor a tension leg
platform, a riser tower, or other buoyant structure.

In the past, bottom tendon connectors have used a fairly lengthy receptacle at
the sea floor. The shaft at the lower end of the tendon has a latch member that
inserts into the receptacle and latches to the receptacle by axial positioning. In one
type, the connector 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
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connector is fully lowered in the receptacle. These
prior art connectors typically require a |ong
receptacle and significant vertical notion or rotation
of the entire connector for operation. Al so, in these
prior art connectors, the shaft at the | ower end of

the tendon is fixed relative to the connector body or
rdeeptacle gardo liftbd.c hAnbthes t@iet aslobs Mycatingl thg Edidectshaitien the
will experience only tension after the connection is
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notion or other factors, the tendon nmay drop downward
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gﬁgvisions far all ow ng downward novenent of the
caMseter ff 0PI ent of a nomentary | oss of tension in
the shaft. If the shaft noves downward, it may .
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assenbly of this invention has a receptacle with an
fiaethrelaive té thelkdongeqiordfodly @r hbading ®© which dieid attarthed.s Blgnmallysthe
by a plurality of axially extending slots. The
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with an annular |ocking profile divided into segnents
typgs aopmallyafle mpt bave proyisigusetor sblgiving dpynwardrmevementiof the

ring has an installation position wherein its segnents
shair ini thalegntaifi agmowientary huss of Itertsionoin thhshaféc dpthecthefttmoves

enabl e the housing to be inserted into the receptacle.
ddWi@ward, it may disengage.

Summary of the Invention

The connector assembly of this invention has a receptacle with an annular
locking profile that is divided into segments by a plurality of axially extending slots.
The connector has a housing or body that inserts into and locks in the receptacle.
The housing has an outer surface with at least one lug that slides into engagement
with one of the slots to prevent rotation of the housing relative to the receptacle.

A lock ring is carried by the housing and has an outer surface with an annular
locking profile divided into segments by a plurality of axially extending slots. The
lock ring has an installation position wherein its segments vertically align with the

slots of the receptacle to enable the housing to be inserted into the receptacle. The



lock ring is then rotated fromthe installation

position to a | ocked position wherein the segnents of

the lock ring engage the segnents of the receptacle.

In a second enbodi nent, the lock ring automatically

rotates fromthe installation to the | ocked position

as the housing is lowered into the receptacle. In
lothirhgasipeai rotitdd, framstht iidistallakign ipdsitionié @ dockied positioh &vherein

body and has one end fixed to the body. The other end
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ring. The split ring is contracted fromits natural
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The connector includes a shaft that extends upward and
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The shaft is mounted to an inner body that preferably
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body. The axial distance between the flange and the
lodmdmpaaitednf aci ng shoul der is greater than the |l ength
of the passage in the inner body. The distance
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preferably has a passage that allows the shaft to slide axially relat_lve 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.



ceases. 3 The housing surrounds the inner body and the
shaft. Aflex joint assenbly 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 Figure 1 is a side elevational and
sectional view of a bottomtendon connector being
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receptacle being constructed in accordance with this
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of the tendon connector of Figure 1, taken along the

reiiing 02-2 ofSiFi gure 1. Figure 3 is a sectional view of
ANE RO HEOYS B i | ar to Figure 2, but also show ng the

housi ng stabbed into the receptacle, but before the

| ock ring has been noved to the | ocked position.

Figure 4 is a sectional view of part of the connector

and receptacle after being stabbed together but prior

et Desex D Dk gSong the line 4-4 of Figure 3.

Figure 5 is a sectional view of the connector simlar

to Figure 3, but showing the lock ring rotated to the

| ockEigumodi tsi amsiddietpyatonl i anda s¢ationali ewvofof aa pottoimotendon

of a cap ring of the connector, and show ng the
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sectional view of the connector and receptacle in the
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Figure 2 is a sectional view of the housing of the tendon connector of Figure
1, taken along the line 2-2 of Figure 1.

Figure 3 is a sectional view of the housing similar to Figure 2, but also
showing the housing stabbed into the receptacle, but before the lock ring has been
moved to the locked position.

VFigure 4 is a sectional view of part of the connector and receptacle after
being stabbed together but prior to locking and taken along the line 4-4 of Figure 3.

Figure 5 is a sectional view of the connector similar to Figure 3, but showing
the lock ring rotated to the locked position.

Figure 6 is a top view of a portion of a cap ring of the connector, and
showing the actuator arm in a released position.

Figure 7 is a sectional view of the connector and receptacle in the locked

position and taken along the line 7-7 of Figure 5.



4 Figure 8 is a sectional view of the connector of
Figure 1, shown stabbed into the receptacle and the
shaft under tension. Figure 9 is a sectional view
simlar to Figure 8, but showi ng the shaft in the
absence of tension. Figure 10 is a viewsimlar to
Figure 9, but showi ng the tendon shaft tilted. Figure

11 ﬁgﬁx‘éq&t is %%&tldﬁa?\?{e@f ofdRe 8drREALEFRROLI shBWh s@bbéd into
conne tor shown before stabbing into the receptacle.
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e connector of Figure 11, showing a

split, prio entr othe acl e re
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with the enbodinent of Flgure 11, shown detached from
abs¢ree@btamei®nor of Figure 11 and in the natural,

expanded condition. Figure 14 is a schematic top view

of tHiguedliis a viewgsiofilaFtogtigere 3 busthowing the sendon whafhtittedy

position. Figure 15 is a top view of the lock ring of
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connector and show ng the split ring in dotted |ines

sh@?ﬂtﬂﬁﬁ)r?staﬁﬁhgﬁrﬁbt gdikdpn. Figure 16 is a top view

ng o ure 15, and showing the split
rin |n tted nes, cont r act ed
17" et A el aﬁ%fﬂeefmon@oxlﬁgvc £ Blylots e iffcter
and shovvn in partially inserted into the receptacle.

of Figure 11, showing a split ring prior to entry into t e receptacle

Figure 13 is a schematic top view of the split ring employed with the
embodiment of Figure 11, shown detached from the connector of Figure 11 and in
the natural, expanded condition.

Figure 14 is a schematic top view of the split ring of Figure 13, shown in a
contracted position.

Figure 15 is a top view of the lock ring of the connector of Figure 11, shown
removed from the connector and showing the split ring in dotted lines and in a
natural condition.

Figure 16 is a top view of the lock ring of Figure 15, and showing the split
ring in dotted lines in a contracted position.

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

Figure 18 is a fragmentary side elevational view of a portion of the connector

of Figure 17, showing the split ring in a contracted position.
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Figure 18 is a fragnentary side el evational view of a
portion of the connector of Figure 17, showi ng the
split ring in a contracted position. 5 Figure 19 is a
sectional view of the connector of Figure 11, show ng
the connector fully inserted and | ocked in the
receptacle. Figure 20 is a partial sectional view of

t he Figusd 19 ivh sebigorab witec bdtheotorriegior ®f Fiduretldk8howing the
along the line 20- -20 of Figure 12. Detailed

cde6bt Rilllly AhseRbd hAC1JCRMERIthORecERhQEr i Ng to Figure 1,
subsea connector assenbly 11 includes a receptacle 13
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ured tq a.piling .14 that js enbedded in the sea

1ﬁI?%Y‘}P.afjonﬁgléeelﬂ%a@'égqgéﬁ%madcyI indrical bore 15 with a

plurality of receptacle segnents 17 spaced

circunferentially around the inside surface of bore

15. Each receptacle segnment 17 has a grooved | ocking
ofile 19 formed on it. Profile 19 may vary and in
ailed Deserfntioncefithe Iweentiono paral | el grooves, as
illustrated in Figure 4, the grooves being
perpendi cul ar to the axis of bore 15. Receptacle
segnkefesing o Figure ¢) subsed @haedtordskemislpad daclagpara rebepadle 13
each other by vertical receptacle slots 21 that are
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I.0i u rno . prhofhle. let e
RS o PR LRl 0N S e oSO sc0 oo
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REPBPFRd RS der TRt 16 1ats 8 ALY ofFeconicls sreamnys 17
each receptacle slot 21 has the sane width as each
sppecdepit@nierestighp ground the inside surface of bore 15. Each receptacle

segment 17 has a grooved locking profile 19 formed on it. Profile 19 may vary and
in this example comprises two parallel grooves, as illustrated in Figure 4, the
grooves being perpendiéular to the axis of bore 15.I Receptacle segments 17 afe
circumferentially spaced apart from each other by vertical receptacle slots 21 that
are smooth recesses formed in the sidewall of bore 15.

Receptacle segments 17 may be formed by first machining annular grooved
profile 19 completely around the inner diameter of receptacle 13, then machining
vertical receptacle slots 21 across the profile to define receptacle segments 17.
Preferably, each receptacle slot 21 has the same width as each receptacle segment
17, as illustrated in Figure 3. Each receptacle slot 21 has a greater axial length than

grooved profile 19 in this embodiment, resulting in the lower portion of each



17, as illustrated in Figure 3. Each receptacle slot
21 has a greater axial length than grooved profile 19
in this enbodinent, resulting in the | ower portion of
each 6 receptacle segnent 17 below profile 19 being
snooth and at the sane inner diameter as bore 15. An
annul ar stop shoulder 23 is |ocated in bore 15. Stop
reséisttidlel edgnient i abelow pofiky 1 ik srBodtbaad edthe eane inher diameter
upper end of receptacle 13. Subsea connector 11 al so
ad Byt ysges a body or housing 25 that inserts into bore
15 of receptacle 13. Housing 25 and receptacle 13

havi a%{ll off'thotid é’ ?sr]loc&]eg'ﬂ?% 2 19 RlopV&Bhider 23 faces
0 ots e 13. rious

rotation I'ng I i receptac

el ement s m gh be enpl oyed..In this exanple, housing
g 80 5 166G nge recyER it PRI 1S ur T ace. w th at

| east one lug 27 forned thereon to serve as an )

ant | Sukseacomnscter dhelse inciudes @ bodipr beusing Anhat ingerés into bore

as receptacle slots 21, and each lug 27 has a width

15 lofitreceptac il §ht Hyudigs 25t dmainrdchptacle dit3h hafing andting ant-rotation
receptacle slot 21 so that it can slide into one of
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mpy, g ap manypgs Beas meaptaclp plothAbrandigagh fugc 24 bassa wadty that is
the outer surface to form housing slots 29.
slightly desalthan, thawidthadteadneeceptactoskot 81 so Itkatlitem side frate oan of
extended pointed end 31 that wll help orient and
the WeddptabRUSItH 31 23.ugs 27 tard Girdi@ifB@niidlBesdpachtddfrom each other by

receptacl e

housing slots 29, as shown also in Figure 2. Each housing slot 29 has the same
width as eachv lug 27 and as each receptacle segment 17. In the preferred
embodiment, lugs 27 are fabricated separately and secured to the outer surface of
housing 25 by fasteners or welding. Alternately, lugs 27 could be formed by
machining recesses into the outer surface to form housing slots 29.

Preferably, at least one or more of the lugs 27 has an extended pointed end
31 that will help orient and guide 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 smooth outer surfaces with no locking or grooved

profile required. Lugs 27 locate within receptacle slots 21 to prevent rotation of

housing 25. Although, there are as many lugs 27 as receptacle slots 21 in the



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

| ocking or grooved profile required. Lugs 27 |ocate

within receptacle slots 21 to prevent rotation of

housi ng 25. Al though, there are as many |ugs 27 as
prefeR teattodintdnd! énly bné Mug DB wolldseieto pRveaitirodiior bt housing

only one lug 27 would serve to prevent rotation of
ofiousing 25. Referring still to Figure 1, a solid |ock

ring 33 is rotatably carried in an annular recess 34
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formed thereon to mgte with grogved rofile 19 .
gl Frose ot CHQIUAPETS. Lotk rieny St iBh esplymliby gf ook ring

separated fromeach other by lock ring recesses 37.
segmeRtsrisy gachehaving8 geqovied \pwofilscfornett therepnte raate|vggk grooved
ring segnments 35 and are slightly narrower than
profileel$t afakeeptdchit segient 17UgkockAing seghentsi3bgirs sqparatddsfr@h each
and receptacle segnents 17 nust be slightly narrower

oth&asy 1oBk HAL rede8le837€d .00k ringStdsteatI7THUVB OIS SanR WIS lock
in Figure 1, lock ring 33 1s in a position wth its
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.vertical i gnment. with on t he. hausi | ugs 27. .|
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receptacle 13. Housing slots 27 will _slide over _. .
releasedr deytellation pesition shown iy Bights 1. desk ong 3his ingdiestiongvith
segnents 35 will slide into receptacle slots 21
itsHiegesses 37 vdrticallyr aligasd mhthshquemigtsiain 29.| &akh tackgir@egamnt 35
be rotated an increnent fromits installation position
is Qcateki dbav€ and irdvetical tadigAmeMCWRH 0RO ST thedlibusingWigd 7. In this

Figures 5 and 7. Wen rotated, |ock
position, housing 25 can be fully inserted into receptacle 13. Housing slots 27 will
slide over receptacle segments 17. Hpusing lugs 27 and lock ring segments 35 will
slide into receptacle slots 21. Figure 3 illustrates this position.

Lock ring 33 can be rotated an increment from its installation position of
Figures 1 and 3 to a locked position shown in Figures 5 and 7. When rotated, lock
ring segments 35 will slide a few degrees in one direction until meshing into
engagement with grooved profiles 19 of receptacle segments 17. Once lock ring 33
is in the locked position, housing 25 cannot be pulled upward from receptacle 13
because of the engagement of lock ring segments 35 and receptacle segments 17.

Housing 25 cannot be rotated because of the engagement of housing lugs 27 with

receptacle slots 21.



ring segnents 35 will slide a few degrees in one
direction until nmeshing into engagenent w th grooved
profiles 19 of receptacle segnents 17. Once | ock ring
33 is in the | ocked position, housing 25 cannot be
pul | ed upward fromreceptacle 13 because of the
engagenent of lock ring segnents 35 and receptacle

segn¥atisusl aevicésbiﬂﬂl%%(I e &lplybdab rfoeatd dbekt eielg h3SC 83 isiee Bdcked
t he engagenent of ou5|ng lugs 27 with receptacle
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protrudes upward above housing 25. In this exanple, a
ahoarp holising 23. ils thiscuemale, @ dapubig]l Rosestsddo Hogsikg 25rabove
33 to retain lock ring 33. As shown in Figure 6, a

lockiking @3 telremapaloek ring G3. ASslewireimdBigtuer 6 wgdureslp efonpged $lot
for each arm 39. Arm 39 protrudes through aperture 43
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other end. "I'n the position of Figure 6, lock ring
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posi tion, S one en
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end of elongated aperture 43. In t hat position, which
pasiionotrng AP aputs pae kG phejonted anertyee 434 Arempigpeented vehicle
position. If desired, lock ring 33 may al so have a
(ROV ceandre quaploywal to rﬁm&tarmhﬁm)tilﬁirwuts the loppeditegnd wf tlongated
circular pin hole 45 in cap ring 41 only when | ock
apettife 433 InSthhtpdshfn, which is not shown, lock ring 33 will be in its locked
position.

If desired, lock ring 33 may also have a circular pin hole (not shown) that
will align with a circular pin hole 45 in cap ring 41 only when lock ring 33 is in the
locked position. A pin (not shown) may be inserted through pin hole 45 and the pin
hole in lock ring 33 to secure lock ring 33 in the locked position.

As shown also in Figures 4 and 7, cap ring 41 has a downward facing
shoulder 47 in this embodiment. Shoulder 47 abuts stop shoulder 23 in receptacle
13 when housing 25 is fully inserted. When fully inserted, lock ring segments 35
will be circumferentially aligned with grooved profile 19.

Referring to Figure 8, housing 25 is carried by a shaft 51 which is secured to

the lower end of a tendon (not shown) or a component of a riser tower. Shaft 51



| ocked position. A pin (not shown) nmay be inserted

t hrough pin hole 45 and the pin hole in lock ring 33
to secure lock ring 33 in the | ocked position. As
shown also in Figures 4 and 7, cap ring 41 has a
downward facing shoulder 47 in this enbodi nent.

Shoul der 47 abuts stop shoulder 23 in receptacle 13

eBiRdy Sastsly fistodSh & padshigd 53 in@einhetbo N SHakt! 91 has an external
inserted, lock ring segnents 35 wll be
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Shaft 51 9 extends slidably through a passage 53 i
lagger jontee diagpeisr &80 Pajraes 5 relloxdng feriendpipgped o 519?3%52?0 be
on its lower end. Flange 57 is illustrated as being an
transmatiechto insabbedy Bhit Shaft 5d calsalhasea sopashaulden p¥ located above

connected to shaft 51 by various neans. Flange 57 has
infler baly)ss. Swpahouldantd kas 4 hager pliasagethad pashgo$8,thus limits
tensi on i nposed on shaft 51 to be transmitted to

h(%vo RR'ShBP8Y capmosBablimward! BR didanc PR BlaAROsT 8edtoPShoulder

ocated above inner body 55. Stop shoul der 59 has a

rge er. . 4l .
4 Rl AR 1 RORRASFRAD pdsBiiR 33,05 do 1B Bhived
57 to _stop shoulder. 59 j.s greater than.t axi al
arp gy 08 TR PGBt AU i RS S imet Doy 35 i rpeptacte 13
limted anount of axial novenment of shaft 51 relative
Figarej hakawshengesy egdrctiag apregdiody £3. withj shakt & 1gndisgippermost
flange 57 contacting inner body 55, with shaft 51 in
pasitionu Figure® 8 tand 6showatp shHoglder §9 @omactinkths bppersendpf inner
shoul der 59 contacting the upper end of inner body
bodly: 55Mxith sEARE1 ibits loWekhbstlpowioADSt position. A bearing
61 is secured to the I ower end of inner body 53.

Bear}x%ar@r]g BPSs Rcured to the lower end of inner body 53. Bearing 61 has a

partially spherical outer _surface for engaging a mgting central hole 63 in a
centralizer 65. Centralizer 65 is a conical or bowl-shaped member that has a greater
diameter on its upper end than lower end. The upper end of centralizer 65 is secured
to housing 25, which may also be considered to be an outer body. A conventional
flex member 67 extends between housing 25 and inner body 55. Flex member 67
allows shaft 51 to incline relative to the axis of receptacle 13, as shown in Figure 10.
The inclination is possible both while shaft 51 is in an upper position, as shown in
Figure 8, and in the lower position shown in Figure 10. The lower position would
rarely occur, if at all, because tension is normally continually maintained on shaft

51.
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partially spherical outer surface for engaging a
mating central hole 63 in a centralizer 65.
Centralizer 65 is a conical or bow -shaped nenber that
has a greater dianeter on its upper end than | ower
end. The upper end of centralizer 65 is secured to
housi ng 25, which nay al so be considered to be an

out el dpeelition toCRBie Wohfdvadr 11 kiexXopBeatbefotdids Rk emgs3 to the
bet ween housing 25 and inner body 55. Flex nmenber 67

inShl ¥ SRl shdwh 8n E(f)g%qé Iﬂﬁwﬁé% %ck\ﬁihgt RohBs 3%verRblly align

receptacle 13, as s Fi gure The inclination

i ossi bl e thowhile shaft 51 s, in.an e .
wiiB 2RERER 1065, 281 U et BhdodelsThoybel o B fg 51, which

position shown in Figure 10. The | qwer, position woul d
Wil deyptigehedrio  tendan gf the e Haine Sac BhAtH g Fefgptagle 13,

continually maintained on shaft 51. 10 In operation,
andopeistedr extensiome ci lowill 1guideh bouging degsr 27 dntat wseptacly slothgl.

33 to the installation position shown in Figure 1,
Duhewerdl rackentiend gvil egigentisen3Gapweng stoaldey 4@ Icogtactswidphshoulder

housi ng lugs 27. The operator then | owers housing 25

2308s SRR iPhiguidischy. PRSI bPerRRr WdnddifRAsdsaneR OENEWXUhohEe arm
the Iike. Housing 25 will stab into receptacle 13,

SO AL 33 T5AARhet iy 0Ly QRO oo
ceas en cap.ring shoylder . 47 contactgs st houl .der
o8 39" dTBsp el HERAPLd o At PR B8R ARG MI{ Fe focated S the

di spenses an ROV to engage arm 39 and rotate | ock
onppsits o8l of elhngatedprartire 43 dram [that shewn jin Figuse bentle gperator
engage groove profiles 19 of receptacle segnment 17.
md#yt thehiimseqiai ratainea pin tB®ugh Ipin bale K6 ¢atetain dockt riveg 3oippbs lacked
end of elongated aperture 43 fromthat shown in Figure

poBitiohhe operator may then insert a retainer pin
through pin hole 45 to retain lock ring 33 in the

| 0CkAlen bottom connector 11 has been connected, tension will pull shaft 51
upward until its ﬂangg 57 bears against the lower end of inner body 55. The tension
in shaft 51 passes from inner body 55 to housing 25 and to receptacle 14. In the
event of a loss in tension, such as due to extreme waves or current, shaft 51 is free to
move downward until its stop shoulder 59 engages the upper end of inner body 55 as
illustrated in Figures 9 and 10.

In a second embodiment, lock ring 33 (Figure 1) is automatically shifted into
a locked position in response to the downward movement of connector 11 (Figure 1)
into receptacle 13 rather than using arm 39 and an ROV. Referring to Figure 11,
connector housing 69 has a circumferential groove 71. A split ring 73 is carried in

groove 71. Split ring 73 has a natural state or condition, such as shown in Figure 11,
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position. When bottom connector 11 has been connected,
tension wll pull shaft 51 wupward until its flange 57
bears agai nst 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

|l oss in tension, such as due to extrene waves or
whblehERtis sHBBfly 1&ked i blitef disnetérothen dRWSMAIEY. UBDIt rihg I3 is
stop shoul der 59 engages the upper end of inner body

“gﬁﬁggbbk$B?ﬁﬁﬁﬁﬁagﬁﬁgwggg%%ﬁﬂe%19”d 10. In a second

I ment Igure 1) is automatically

shi fted int a |l ocked,posi ti indespo t he
dounBEFEHL B FS o wadie 1 et ¥ RRIAR) 1) Jy eured 1o
receptacle 13 rather than using arm.,39 d . ROV.

hoysing, 69 (et dFyindicated schematically dp Tgys ﬁﬁg @rgltrfgzﬁ g3 hasa
circunferential groove 71. Asplit ring 73 is carried

flpatingeand N7 ghat mo@p When sphitgring37 hissontragied frem itstrgtusalmondition
condition, such as shown in Figure 11, 11 wherein it

sHowrsin Bightey13. aAgaanibe seer &y cohmparhg Figunesn! hand il 4gwbéh split
Split ring 73 is <contractible to be fully recessed

ri%b@ 118 cHLRAUS cohtradRefiSAtineNGdt 77 Fill WM FvelcboseP B Fiked AQ 75 as
has a fixed end 75 that is secured to housing 69

. (Ei q. i ndi-¢ s i | | ; irecti
ot a0 158 S SRTRL ARV 1 s OGO geion
split rin e racted fromits natural condition

asslﬁg}mes} W“%f‘gg?‘?;eﬁl As can be seen by conparing
Figures 13 and 14, when split ring 73 is caused to
cont Refstring feoBigurry L 3nkixedzend 7 cap\he fixadstor hqusing & én many
end 75 as indicated by the arrow in Figure 14.

diffferemt wags amblis sEown fiesd by apin d6 dtat extahdsdhetveexdni fored ead 75tand
noves toward fixed end 75.

a portion of housing 69. A rod 79 is shown fixed to floating end 77 for movement

therewith. Rod 79 extends through an elongated aperture 80 (Fig. 20) that is formed
in housing 69 50 as to allow rod 79 to move with floating end 77 toward fixed end
75. Rod 79 extends upward into engagement with a lock ring 81. In this example,
lock ring 81 is carried above split ring 73 in a groove and separated from split ring
73 by a portion of housing 69. Lock ring 81 is otherwise constructed 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 Figures 15 and 16, rod 79 locates in a vertical groove

12



Referring to Figure 12, fixed end 75 can be fixed to
housing 69 in many different ways and i s shown fixed
by a pin 76 that extends between fixed end 75 and a
portion of housing 69. Arod 79 is shown fixed to
floating end 77 for novenent therewth. Rod 79
extends through an el ongated aperture 80 (Fig. 20)

89 Fotinell Sn ey ek dibmelrOWS 100y rfify S0 AsS floatiad badv/7 atbvéd tdvaard
nove with floating end 77 toward fixed end 75. Rod 79

ﬁgﬁ grﬂgz%#gpg@w%@a@m Bt o SR o @Bk sEdht®B. When

ock ring 81 is carried above split

ring 73 in a greaove and. sepanat ed fr spl | [ 3
eigphding bpe oft 8 BF SRR B8RP EIRGE 1 SPeahe 73 Wil galiock
.constructed the sape as in t first enbodi nent. Lock
rnpgﬁbL tﬁéléeﬂ’%ttwnrﬁhﬁ‘@'né’églgé‘m ESS, each of which has a
grooved profile on the exterior. Lock ring segnents 83
ar e Beforms: amirbte Figute 13, hgusing 69 hagst leppieonsi hpusingdug 91 in
that floating end 77 noves fromthe natural state to
the Beme anheroast thel fedtatbodingnt e e thebpryfeapd embodmteankt, \theédeare a
same width as one of the lock ring segnents 83. As

plutdiies bf Bb®Shd MgkidAUERS depadfdl BsPa HobSing 31dt ABa¢heSisi the Bame

vertical groove 12 89 formed i'n the inner dianeter of
. BT . . .
s bt 10 i sORRP S 5125 B g PO oot has
one.segnent 83. Wen xpandi ng back out to.the .
it 5 Tt swencse s o2 1 Bl Sl o 5 b h bl Epbodiment
lock ring 81 back to the position shown in Figure 15.
Ref eRegentgcleg? is qopstrugied thesamerps a;the fiss embhodipent chaying a
one housing lug 91 in the sane manner as the first
plerdhiodbfresceptatla sepments dléy eastl sepiatidnfeorn, anpther by ar receptacle
plurality of housing lugs 91, each separated by a
SISO Hsdhng sshtat] @ Bs. tihatThie Dutdh Qlifddter 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.

In the operation of the embodiment of Figures 11-20, prior to entering
receptacle 99, lock ring 85 will be in a pre-entry position with its segments 83
spaced above housing slots 93. In the pre-entry position, lock ring segments 83
would interfere with receptacle segments 101, and housing 69 would not be able to
fully seat in receptacle 99. In the pre-entry position of Figure 12, split ring 73 is in
its natural, expanded condition with floating end 77 spaced a maximum distance
from fixed end 75.

As split ring 73 contacts the upper ends of receptacle segments 101, as

shown in Figure 17, it will contract. The contraction causes floating end 77 to move
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wi dth as one of the lock ring segnents 83. As shown in
Figure 7, the connector has a flex joint 95 that
supports a shaft 97 in the same nanner as in the first
enbodi nent. Receptacle 99 is constructed the sane as
in the first enbodi nent, having a plurality of
receptacl e segnents 101, each separated from anot her

c1bdér Ao TRRB RMACIE asShetvn 18UGBuRSI S| Rod219 (il gnove) lockiéng 81
outer dianmeter of split ring 73 is greater than the

ro&agi?ﬁ{il}?g equa refe?%ggsagaﬁ lof ﬁ?g?né‘tlzrts g@i:%%ll%uéﬁgﬂﬁ%ﬁ of

an t I nner laneter o

rec cle 9 el ow recep e se t$,101.
FigErR, 18P Bk cPhexRrRS 31 PO% e Tocellf qhgre
entering receptacl|e 99 | ock rjing 85 wi be in a
hqysiggessempntsodi-t ilenekyiing slotss 83wl RPY 3 all@&&cwﬂa@s%acle
housing slots 93. In the pre-entry position, |lock ring
segmgnte 104 t@8nablphoubingnoiof ide tovithehtully @eqt@épb%n@egh@mmacle
101, and housing 69 would not be able to fully seat
99.n receptacle 99. In the pre-entry position of Figure
12, split ring 73 is in its natural, expanded

CONGRfE R Wo tHgiide OB, 128 hoB8iHg 69 rﬁ@@e%ecﬂ)vaaml g 73 will
di st ance fron1f|xed end 75 As split ring 7 con acts

pals% %E%va ?eceﬁt?gg.sgémr ﬁtﬁ elQ)tl . ac?‘eeg%% &Od}am gr tlﬁa'ﬂo\w outer

gure con ontrac on cause
float| 77 to nove, 13 cl er to fixed end
1%‘1%6% g\ﬁrnét%l expapdefosiate | }fo‘i}%arﬁlt?él@ ™ éplsﬁrmg 0

rotati onal ly fromthe pre-entry position of Figure 12
spriog ohevards £ ﬁlaltlag ienth 7geillimeys aray frogufixediemd F5nfotthe position

installation position, lock ring segnents 83 now are
shbwaahetigabol2e Thizusbnemar gieses do&3 ring Bdktor rotage $b dhes I®ked

will now be aligned with receptacle segnents 101 to

poﬁ%??'tslﬁgﬁﬁllﬂﬁh 'Fggél(r:cg g% ;gwgﬂlé ffating, tHRGrbfilel YnI6&k B segments 83
will slide into meshing engagement with the profiles on receptacle segments 101.
Housjng 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 (Figure 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.

The invention has significant advantages. The receptacle may have
considerably less axial length than in the prior art because there is no need to lower
the latching portion of the connector assembly below the receptacle locking profile

and then pull it upward to latch in place. The connector is quickly moved from an

installation position to a locked position with the assistance of an ROV. In the
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99. Referring to Figure 19, as housing 69 noves
downward, split ring 73 wll pass bel ow receptacle
segnents 101 to an area larger in diameter than its
outer dianmeter while in the natural expanded state.
This clearance allows split ring 73 to spring
outward. Floating end 77 will nove away from fi xed end

seéénd embbENRAS ithé ki BioRerhentFd@uFsCat@matidally. MDiweB&iHector
causes lock ring 81 to rotate to the |ocked position

alﬁ%%%&rﬂwﬁ& HHVembat %f‘éﬁﬂe{/aﬁflft %slﬁ‘fo'(‘i‘p Eoledsite RE Hitd GRcRhhism in

k ring segnents e I nto neshing

engagepgent with the profiles on receptacle segnments
ﬂﬁﬁ%?g°£§ﬁ§9§%n%§“mﬁll now be | ocked to receptacle 99.
To di sengage housing 69 fromreceptacl e 99, the user
woul ﬁ%h%}ﬂVSHUWS beSnSPBRAN A G50 OFilty fpransy )it should be

whi ch woul d move | ock ring 81 back to the rel eased
appersit tothosArskiled insthacurt Blabwinisi rott dvelimeted byt énBegepiiie to

but would be the sane as in the first enbodi nent. The
variovie olidngss Withogidgparfing foin the yeopleadelse invéigionecept acl e

may have considerably less axial length than in the

prior art because there is no need to | ower the

| at ching portion of the connector assenbly bel ow the

receptacle locking profile and then pull it upward to

| atch in place. The connector is quickly noved from an

installation position to a | ocked position with the

assi stance of an ROV. In the 14 second enbodi nent,

t he | ocki ng novenent occurs autonmatically. The

connector allows downward novenent of the shaft

wi t hout releasing the latch mechanismin the event of

| oss of tension.
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Wil e the invention has been shown in only two of its
fornms, it should be apparent to those skilled in the
art that it is not solimted but is susceptible to
vari ous changes w thout departing fromthe scope of
the invention. 15 Cains 1. A subsea connector
assenbly, conprising: a receptacle having a bore
Ctimlsai ni ng an annul ar | ocking profile divided into
segnents by a plurality of axially extending slots; a

1.hausbea dohiRdetdris@inibly, ddhiprisihgt he receptacle; the
housi ng and the receptacle having mating anti-rotation

el e tgae éﬁr%re]r (tl:'lﬁgx 88 aff bnddis 1§9§ﬁé Pﬂ)ﬂi(ﬁhl@fdeﬁqnto

to Cep g carrie ousli ng
and urf th an annul ar | ocking
SEEFGPTS) adlﬁwagk@'d&it H’tgsSkH?/’ a plurality of

axi ally extending sIots and the lock ring having an
i nst ahpusnghaiipssTisiieia infhertersptacis segnents of the | ock
ring vertically align wwth the slots of the receptacle
t o ethalhbuesingendibeséaeptatie hawingimaingtasti-rotation elements to
receptacle, the lock ring being rotatable fromthe

preéit 2btheér OMNthe ROSInd RMutive t@tHeqedepthcgsi tion wherein
the segnents of the lock ring engage the segnents of

t he f RCRRH Eﬁled%&r O Bo RS |Hévﬁl%ca?irdi’1'té}gu1tf9ce%ﬁ'l Eﬁ 1,

urt er co risi an arm extend| ng fromthe | ock

£ rot noVvi N ri
orpulB s bR e R o3 ey bt engiofe
further conpri ses:
slots; and
the lock ring having an installation position wherein the segments of the lock
ring vertically align with the slots of the receptacle to enable the housing 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
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a retainer ring secured to the housing above the | ock
ring, the retainer ring having an el ongated hole
formed therein; and 16 an arm protrudi ng upward from
the lock ring through the el ongated hole for
rotationally noving the lock ring. 4. The assenbly
according to claiml1, wherein the width of each sl ot
i Nt Aearnd pRGRUREGwasd foRShalck aingYhi@gpia theteforighred Woll for
of each segnment in the receptacle. 5. The assenbly
' e further conprising: a stop
n@%ﬁﬁ%@%?ﬁyﬁ%fﬁ%ﬁ%%?%@bf the receptacle; the stop
shoul der being positioned to stop insertion of the
housi ng when the segnents of the |ock ring becone

cifcunferential |y aligned with the segnents of. the
Ay EE%{&S%L acgordiglgdo %w@em@aedwﬁﬁ‘ Qisagh spinghe
further conprising a shaft nounted to the housing and
regsqteciel isrrybsipnizally eqrarte theewiddrefagh segmert én theaeaepiseleng
axially novable relative to the housi ng between upper
and | ower positions. 7. The assenbly according to
claim1, further conprising: a split ring nounted

5. aTRM AR BE deestdinpto REmNA Y er Bopfisthgl outer di aneter
that is greater than an inner dianeter of the

rece I . . receptacle, causing

t he %%@ﬁfﬁ?@%eégggwﬁﬁ%? r%g{r?p%he split ring

contacts the .segnents.of the receptacle;, t.he natyra

out e e&f"&ﬁgf’%‘fiﬂo l‘i}%"sétkﬂ“ue{‘ 19 SR I5ETRY Oﬁé‘”‘eg}?"é‘é?‘érw ke

- an inner. dianeter of the receptacle imed ately bel ow
segm@ng@é theosk gng bp@mee@gﬁm—f@qegt}ally aligned with the segments of the

receptacle.

6. The assembly according to claim 1, further comprising a shaft mounted to the
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,
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17 causing the split ring to expand when di sengagi ng
fromthe segnents 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 increnment of rotation of the
lock ring to the installation position, and the
caRspghd §plit eihg tdexpal wheh idigngaitpeBomiihe $dpaic@fRITthef
rotation of the lock ring to the | ocked position. 8. A
reetfisgé sm@nnector assenbly for anchoring a buoyant
structure, conprising: a receptacle for securing to a
pili e ded...n a,se I [ | e Vi-ng
o R SRR Pad o8 LR PO RSE G R

pjurality of receptacle segments spaced .
10&4‘ F@&ﬁ"éﬁ%‘ﬁ{‘? eAntgpcton,ofthe K ringfanses ag incrementof gotgtion of
the receptacle, each of the receptacle segnments being
the derkrrinectd the inatallatifnapasittonparsksthe £xpansionef dist wlil B@ng causes an
segnents by axially extending receptacle slots, each
inofentcheof retatiph af the 1selgrimgtosthl docked pesitiomwar d- f aci ng
| 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

S.Ezgfjsg}'asr?g c%hr?e)étd.r %'Fée%h}tﬁ;z for 'm{;}?or{ngiarl}dég?ﬁtlgﬁu Eoﬁlgri%igﬁ

0 enab sha Ine relatrv
t he housi ng; .t he housi ng.and the receptacle havin
mt | DECSRIEAIE FRoCEr TN BRI eritegded e sl qRe Bt i
the housing relative to the receptacle; a lock ring
hayingraneaxial Yoredelingd by as inreavallsprfagee housi ng, the | ock
ring having
a plurality of receptacle segments spaced circumferentially around the inner
wall surface of the receptacle, each of the receptacle segments being separated from
adjacent ones of the receptacle segments by axially extending receptacle slots, each
of the receptacle segments having an inward-facing 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
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a plurality of lock ring segnents spaced
circunferentially around the lock ring, each 18 of
the lock ring segnents of the | ock ring being
separated from adj acent ones of the |lock ring
segnents by axially extending |lock ring slots, each of
the lock ring segnents having an outward-facing

of 196 KooRGirpf sefinkAts of i Ibélerih®bking bépardt@fro@ adfhcent ones of the

installation position wherein the |lock ring segnents
I
gk Spf Sty By wnaey f%"e%@né E’?‘éf?‘ FUG e § B Focking
rece tacle eln ot a able relatlve to
SRR g e Bt Ry At b pdtos. ton to a
| ock d p si,tion wherein the lock r segnents sl i de
' nt othe ?ngé l@ﬁg@%ﬁ%ﬁﬁaﬂmqmwnr qin 49 leck apgargments
9. The assenbly according to claim S8, further
are anjatly eligepd \mﬁg therreesptastatiloty tmm@kdhﬁ howsinge hegoseriei iigfo
for rotationally noving the lock ring. 10. The
thaseaseptakle, the dovkdiinppbding rdtathble Selativertohley hasingrfrantigs a
retainer ring secured to the housing over the | ock

mgﬂanguont PRitloal8l Iarl@dkea ipBSitioR Whkrsh AR 16dkANIPdBthehRlsfde into
d therein; and an arm protrudi ng upward fromthe

k I hole for noving the
m%@%’(el{ré ggnélgtvg% %%yﬁk%%ggﬁ?%gs assenbly according to
claim@8, further conprising: a split ring nounted

around the housing and having a natural outer dianeter
that is greater than an inner dianeter of the

9.r Eeepssembly ageording te elpwr®, Surgirer eorprigng:

an arm extending upward from the lock ring for rotationally moving the lock

ring.

IQ. The assembly according to claim 8, further comprising: |

a retainer ring secured to the housing over 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

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
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receptacle, causing the split ring to contract when
the split ring contacts the segnents of the
receptacle; the natural outer dianeter of the split
ring being no greater than an inner dianeter of the
receptacle i medi ately bel ow the segnents of the
receptacle, causing the split ring to expand when

redé a1 aghdifg fheeplit My GavrBAdtSviRh thdéplit Fiagepitask e and
one end of the split ring being attached to the

“%ggﬁgqgﬂﬁngc%ﬁg%’ther to the lock ring, so that the

ontraction e split ring causes an increnent of
rotation of he. |l ock ri.ng t.o.the .installation .

pos: e GePal qute e o et g il B Frefififhon junge
an increnent of rotatiaon_of the |ock ri to the
dipgete ot {hssracPBRle imgnediagely £’§{§’§‘fﬂ5‘P A A of tﬂa rqcgpiaelg; m
8, further conprising: a stop shoulder in the inner
cansing thasplitvag of expand mder disaugaging firem shargeenisnisiof dre
bei ng positioned to stop insertion of the housing when
retdjraclé; @08 ring segnments becone circunferentially
aligned with the receptacle segnents. 13. The

assegrl ndRF R PlidHng Beit b Alti0H3d WWRMBUSInE BRd R IHer S the
axially novabl e relative to the housing between upper

logIF gpéh%éﬁﬁ%qge: Jéoltnirt]rggtaon dtne g—;ﬁﬁ rREEIRs Yn %&%ﬁ%t%gr rtlgté%n of

e antl -Totation el enents comnp

at least one |lug on the outer surface of. the.hausin
thE Ikt to S ingidartih RTHioRe RS ERRATSOP Y L1e SPHT S cfigs an
_assenbly accordi ng to claim 14, wherein said at |east
ingyigment ef Ttasion of thsdeekaring ke lasked PeFitigfui di ng t he | ug

into alignment with said one of the receptacle slot.
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.

13. The assembly according to claim 8, wherein the shaft is axially movable relative

to the housing between upper and lower positions.

14. The assembly according to claim 8, wherein the anti-rotation elements comprise
at least one lug on the outer surface of the housing and at least one of the receptacle

slots.
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16. The assenbly according to claim8, wherein the
shaft conprises a lower end of a tendon of a floating
platform 17. A subsea connector assenbly for
anchoring a buoyant structure, conprising: a
receptacle adapted to be secured to a piling enbedded
in a sea floor, the receptacle having an axial bore

1S NEhedksORBIY 2dPding@odlai 19hahérefnaiCanescbadRghes &tapered
| oner end of the buoyant structure; an inner body

log‘%gk?{ﬂ@fcglgpgﬁ%‘% ligg;{ngon%)gg;n?x{;nﬁ“}itﬁ?’é@fd di@ rotfitlié”reé’ér?ta{cﬁt-eslot.

ousi ng surroundi ng the

shaft; a flex joint assenbly joining the inner body to
t he housing to enable the shaft and the inner body to
incline relative, to the housing; a | ock nenber carried

14y TheyasserabiyiafePtite tp Gk fg VRS §L#§°‘?fﬁpfﬂ§‘?§ agpeend of
bore of the receptacle; a flange on the | ower portion

a tehdomef & fladtingtiatforis | ocat ed bel ow the i nner body to
provide a limt for upward novenent of the shaft
relative to the inner body when tension is applied to
the shaft; and a downward faci ng shoul der on the shaft

12bR\EbdeR BohttRidr BEscRMY fdr Qnﬂ{d?i\ﬁ;lgcﬁ%lﬁgfaﬂti sthubtufe Comprising:
downward novement of the shaft relative to the inner

body, & a8 aaéd)t%cﬂigﬁeggglﬁg@% mﬁﬂggpngaég(ﬁa;g%asgyggsﬂj Bhe

downwar acin erng great
Bl bR o ol 5, SREEEGS ! At et body 5o as te
it Rg% shg(i)’td or 2gnqlez:tri]oen troeacke)\evtera e(::rlldeofi tﬂe {)Lrl]oeyaﬁ'y set?&ct&rg;nSi on on

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 th¢ 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 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 being greater than an
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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 inner nenber that
inserts into the outer nenber; a lock ring carried by
the i nner nmenber and having an outer surface with an

aislnendh of the lpasigg@inotht et bydyosasi toatlowaldishalisto yove

plurality of axially extending slots; the lock ring

d(?ﬁie/\i/al(}g réthi%QHé‘ﬁﬂePRﬁiytdn_ @hé"fé_%éﬁﬁéle I @e SR sFOonn the

ock ring axially align wth the slots of the
t nber to enable the inner nenber to be
ﬂ§ﬁ§§%?g§ into the outer menber, the |lock ring being
rotatable fromthe unl ocked position to a |ocked
position wherein the segnents of the |lock ring engage
the segnents of the outer nenber; a split ring
1 & oty sorrector gsrethblh eomprisingirenber and havi ng a nat ur al
outer dianeter that is greater than an inner dianeter
of tdreowertraembariaeingat bdré eortaigingransannofar tdekingutrefile divided
menber, causing the split ring to contract when the

infoPdelziehts b aGsHMafitl SF axidIf xGMARpPotef the outer nmenber;
the natural outer dianmeter of the split ring being no

gr ea%lleig{léel{l‘géhlgé} thithderts Hhed ﬁ&g?ﬁ{lﬁﬁ?&- outer member

I e past ‘the segne e oUter menber, 22

Caus] 00 AE Pl b O SXBENG IS TR0 ARl W an
annular locking profile divided into segments by a plurality of axially extending
slots;

the -lock ring having an unlocked position wherein the segments of the lock
ring axially align 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,
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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 unlocked position,
and the expansion of the split ring causes an
increment of rotation of the lock ring to the | ocked
cagimk ithodplit fiflg thexpahll dthen inipest thoge@nitbsthe shrt t  of
a buoyant structure to a receptacle secured to a sea
mbmBer: and N€ receptacl e having a bore, the shaft being
connécted by a flex joint to a connector housing that

inserts i r :
or ot ong e kR ok Brink a5 iR bR nd e gpher o
the rece cle, the ann lLar |.ockin of|Ie bei n
Mgk, gt B RO Asplifane 4B ippgmept offotaion
extending slots &n providing a lock ring with an
ofghe lcksingftethe wém ¢ pesitiemmod die expersioyof tgﬁ aplitiring causes
divided into segnents by a plurality of axially
areintengnnef wtativs of eredockoting tonthe ldcked paxitiorr.i ng on t he
housi ng; (c) aligning the segnents of the |ock ring

with the slots of the housing and inserting the
housing into the bore of the receptacle then (d)

19.9A ?ﬁe{tlgc% 5&%1141&?1%{; a sEgseB shét fbﬁ(ﬂf hﬁnﬁﬁ.ﬁ‘é {dWreld a(t,lg e
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wherein step (c) conprises |nsert|n t he hou5|ng no
flpsjoiniée a pornscion Boysitibabiapatsintrthe h@rep@P mrethad Gompaising:

the segnents of the lock ring circunferentially align

wi t h(a) hevelimmenamubdr 1edkéng profijstindhebore 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;

(¢) 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.
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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, allowing the shaft to nove downward in
the receptacle relative to the housing. 22. The nethod
according to claim 19, further conprising: nounting a

26.pThé methdd assording té Hlainh 09.Siigeiniadp (Bpcondprivas lisedting hieer
diameter that is greater than an inner dianeter of
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eater than an 1 nner aneter of the receptacle
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the other to the lock ring; and wherein aligning the
segnents of the lock ring with the slots of the
housing in step (c) conprises contracting the split
2}JT@pm@ﬂmda@@mﬁagﬂsdam@Tgéyﬁbﬁﬂwnuﬁmﬂﬁé recept acl e;

and rotating the lock ring relative to the housing
and afteg stepCBpipplying tedsion toicishaft; gndsi tion in step (d)
conpri ses expanding the split ring as it noves bel ow
the FeRRAiSn &ast R I REBRIAWSe ofburrents, 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
receptacle and no greater than an inner diameter of the receptacle immediately
belpw 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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