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1 SUBSEA WELLHEAD CONNECTORS ‘This invention relates generally to 22374
i nprovenents in subsea well head connectors. In the drilling and/or

produci ng of an offshore well, it is necessary to connect and di sconnect
various 5 wel | head nenbers a substantial distance beneath the water

surface. For exanple, as the well is dridled, the | ower end of a bl owout
preventer stack nust be connected to and then di sconnected fromthe upper
end of a well head nmenber attached to a well casing at the ocean floor, and

the 20/l over end of a riser nyghgnbRRAHRRADY cORNREPORSL €d to the upper end

of the stack. In conpleting the welT, the Tower end of a subsea Christnas
t ee nmust be connected to the upper end of the subsea well head nenber. I n

fthesedand ot her casefsl, _tlgﬁscdjmﬁiromd ldtrest Jyis m]}gf}%_h&hng 15 prel ?)aded
in order to cqntain | ressure under,.condi tions .0 i gh structura

loadi ng. In og‘g&’?fﬁ' mc#’tguﬁﬂef &K %ﬁ&o&r}e%toqxﬁt fingers are
carried about the | ower Isndhef drtid Lipwe anddihqarbduineg dhrapi obfsinore
between a fir 0 istd ' ' 1 t hel 6%&? e free
to nove past giefllaéng?oltné ?%edét%g\geyf%r?; of 1‘(F:dretg.lé‘g{v\l;er&]'i'e\;\é/e"fcf'Leag e e?l,%as t he
upper wel | Rea¥eddisad membegs &) subst-antdalo drFandakencalh Eheoatre:

wel | head menbehrfaeé.a SEFeN@xdplld,0sd the weltiid diil XwH | €ied S1&hek he

Ve NS O el 1 B st B, Al s S | @4 ind | e
shoul ders on therf dhdsgeomfected |fowar thel ippet @b od arwelithédd menbet
fingers are t%ﬁﬁ:ra%%eﬁo ttczh%t v}E‘i‘ieré%'Ein%I a@ethséq%%e%q{ Sfloor, and the
' 10 lower end of a riser must subsequently be connected to
the upper end of the stack. - In completing the well, the
lower end of a subéea Christmas tree must be connected to
the upper end of the subsea wellhead member. In these
and other cases, the connector must be capable of being

L/.

15 preloaded in order to contain fluid pressure under
conditions of high structural loading.

In one type of subsea wellhead connector,
collet fingers are carried about the lower end of the
upper wellhead member for pivoting between a first

20 position in which shoulders on their lower ends are free
to move past a flange on the upper end of the lower
wellhead member, as the upper wellhead member is lowered

\_ into end-to-end relation with the lower wellhead member,

and a second position in



of the collet fingers slidably over shoul ders on the flanges urges .
oppositely facing sealing surfaces on the ends of the well head nenbers into
ti ght engagenent with one another in order to preload the connection. The
collet fingers are noved into their second, |ocking positions by neans of a
camring having a cam surface whixh slides downwardly over foll ower
surfaces about the collet fingers. Myre particularly, the camring is so

d by th ' f t i bl d I d’-
about tHEh LS FhRqehRHTaSEES A5 Wie oed o At ot 2&%@82#%&?%%&%%%29?% |
carri ed gve hbenppth aeishiomddereertieo kowenusildehofatcheatflrlange WiEn the
I'lh ' ' .
order toierorRE weiifledd plabgRiotMERe pAR ATMITA, e RARMIRELTS (o

move outoRr Sheerfdagweenefnithie tinweshouedithesd membignmgandf omhethewer

vel | hgftdcaﬁ@@rfinb@fe a?ét tngeeeh%/sog Eﬁa@aamdb:egrﬂarﬁzo[)ﬁf tmeét éﬁbm&sd o
upwar dl y to, engage, ap Qut war e i ng shoul.der..about the upper ends o

t he coll%% ??ﬁg%gglgg gé“?ﬁ‘ﬁoéﬂﬁéegay“8%F5g$5ﬁﬁﬁﬁﬁﬁﬁmﬁn<§hﬁ;fﬁﬁ%ﬁﬁﬂ|y to

di sconneaxgey pppositealyl fagioghesealing cfunfEdemdonrotinecends ddigshkavi ng

mul ti pl | : re apunts el s I : a Skid t the
upper m&%ﬁgﬁ%mmﬁ%gfgr grnggi arkltl%?riot\?}n@é 1 nt_r(ljtt' aﬁgggutgfngf iﬂgc%{eﬁgti%
engagene®Xder t¥o npFelpnrd thekrapngeséeBs about the upper end of the |ower

wel | head nenbeke &6IEePatih§ukar h¥e hBOHOSKItRO tHRAS WeRdHYSM ddkingd OCKi Ny
position_by. nmpans of a camring having:a gamsurface.thereabout sl idable
over1ﬂﬂE?%&£T§%§fg¥e§e583u9ft%e?@ﬂb§%3§i q"*ﬂﬁt%e??mf?ﬁfggﬁﬁewgﬁg,

ext endi békidesl dewnwardiye oveniafellower surfiacesd atmithetbancoidgtand a

[Lenge HBMet e |RSEL FRELPhataRlyl bl CUDUARE LI SERVD LSS
retraction of extendible and retractable actuators arranged
about the cam ring and a flénge on the lower end of the a
skirt which is carried by the upper wellhead member to
surround the actuators. fWhén the wéllhead membets_are to be
disconnected, the actuators are extended in order to lift
the cam ring to permit the shoulder on the collet fingers to
move out from engagement with the shoulder_on the flange of
the lower wellhead membe:._ More'particﬁlérly, the cam ring
continues to move upwardly to'ehgagé an'outwardly éxtending
shoulder ahout the upper ends of the collet fingers so as to
positively swing their lower ends outwardly to disconnecting
position. | ' '

In another type of wellhead connector, dogs having N
multiple locking teeth are mounted on a lower flange of a
skirt about the upper wellhead member for radial movement
into and out of locking engagement with multiple locking
grooves about the upper end of the lower wellhead member.

More particularly, the locking dogs are moved into locking'
position by means c¢f a cam ring having a cam surface

thereabout slidable over follower surfaces about the dogs.
Still further, fluid-operated, extendible and retractable
actuators are connected to the cam ring and a flange about
the lower end of a skirt sufrdunding the cam ring and the
actuvators, so that, upon retraction of the actuators, the



3 camring is lowered to force the | ocking dogs intb Ibcking'eﬁgagenent
with | ower well head nenbers, and, upon extension, the camring is raised to
permt the | ocking dogs to be noved out of | ocking engagenent. The

| ocking 5 teeth and grooves are tapered so as to be slidable over one
another in order to nove the ends of the well head nenbers into tight

engagenent and thus preload the connection. Qur U S. Patent No. 4,496,172

disch2§es still 1-0 another well head connector of this general type which
I s am i nprove t h v I_b fQr sed t herein.
Mor e partlculgg rg%ﬁréglg?ﬁggggb%ne??%% %ﬂerﬁ§5%§g§f2$§§§ Q§ ar nmenber

atlapted to belRf Pgdeﬁﬁagﬁ@eﬂﬁpyﬂtbndomrawﬁlrlhea@mm.l himij. Iﬁxmenber

and a second gykehaiofgetle 2daPFIg qsb%a%%&e%e% d of a
second wel | heqd nenber so that it ﬁ%épc | owered t remnth |nto en o-end

relati on whi cACERetP; P& MOYRE S1tne king engagement-ar ﬁ@ﬁbéPQE&H?@
first | ockbngteethyveandt bene&bsuhraOtapér@aes&eeend:d el lsAri da e lovdv i Ng

second | ockin r her eabau The ¢ ectar f ther i ncludes a "C'
shaped | ock rlgﬁ% % %%r?i'eE i sPr§ﬁ5 §’8c8‘ﬁ’3fel %’E’f T3 r}'g‘ll'eeac‘flrri ed by
t he upper nenpembeys na&paltlghtemqageugmthandbumse@mlmmmhqoosmlons in

which the 25 -saneReibfcth muy be noved past the upper end of the |ower
menber for disposal opposite and spaced fromthe second grooves, when such

menbers are noved into OHE- UoSan&atent: Non, 4aﬁ§50éﬂ?r§@ﬁﬁiQ§9§tﬁﬁ*kl|n
whi ch thewdi r ahohdrs eeqnﬁehaebbnaeetb& ogc lehlie Riypll &rhildie ifd I st

and 30 second_grooves, §b§ g eth have tapered surfaces
t her eon mhlchaﬁrémgFPagﬂﬁ oVXFrt F&d & GVFa %Fﬁk M urge the
ends _on the tekpressednthereint.o t Molre pag-agem&ahrl\yl,t Itmmlaﬂ:ﬁéter as the

split 'OCki“gcahHQcEB¥EEOEBrSQQErQckigsEo%thRQr %@%ﬁ%xp%ﬁéﬂégﬁ to be
mounted on the upper end of a first subsea wellhead
15 member and a second tubular member adapted to be
suspended from the lower end of a second wellhead member
so that it'may be lowered therewith into end-to-end
relation which the first tubular member, the'first
tubular member having first locking grooves thereabout
20 and the second tubular member having second locking
' grooves thereabout. The connector further includes a
"C" shaped lock ring having first and second locking
teeth which are carried by the upper member for radial
movement together between expanded positions in which the
— 25 second teeth may be moved past the upper end of the lower
member for disposal opposite and spaced from the second
grooves, when such members are moved into end-to-end
relation, and contracted positions in which the first and
second teeth are in locking engagement with the first and
30 second grooves, respectively. The teeth have tapered
surfaces thereon which are slidable over tapered surfaces
of the grooves to urge the ends on the tubular members
into tight engagement with one another as the split
locking ring moves to contracted position, and a cam ring
35 is arranged about the lock ring for movement between a
first position in which the lock ring is expanded and a
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35 is arranged about the lock ring for movement*bet ween & first pésition in

which the lock ring is expanded and a second position in which the cam.
ring is slidable over follower neans on the lock ring to wedge it into
contracted position. More particularly, extendi ble and retractable

actuators are arranged about the cam rfing, and neans are provi ded for
connecting the opposite ends of the actuators to the upper tubular nenber

and the camring for noving the camring between its upper and | ower w
positions. In one enpodi ment qf, the above descriped cppnector, the | ockg~

0. ooy RRERT RATHAARI Lbatiidh e, Fam et 1ok o SLEASTRCAVE oxpandsd,
supports tfiedlower ingans) on stie rsdclpasing oto wedge hit cimtoing is slidable ¢
over the1}%ﬂé¥%¥té§3 S{{%égmalopk_rlng to nove it to contracted position

as the camTIng nove ront I1ts first to its second position. Mire
particularly, a dog ' = i ' i it between -~
the ends of the lock ring in order to spread themapart, as th# camring
moves into its first position, and thus force the teeth out t he grooves
in the event they have a tendency to stick to the |ocking gyooves. In

anot her " enbodi nent of the connector, the lock ring assunes/its contracted
position when unstressed, and the camring expands the | g€k ring and hol ds

it expanded as the camring noves to its first position/ The | ower portions
of the ends of the split lock ring are tapered upwardly and i nwardly, and

t he upper portions of the dog are correspondingly tapéred for sliding
thereover so as to wedge the ends of the |ock ring art as the camring

o




Is raised during retraction of the lock ring. Mire particu- larly, the dog
is so |ocated on the camring that its tapered surfaces do not engage those
on the ends of the locking ring until the camring has noved upwardly and
away fromthe fol |l ower neans about t l ock ring, so that the lock ring is
free to nove radially outwardly, and thus withdrawits teeth fromthe
grooves about the | ower well head nenber, as the ends of the lock ring are

first=spread aparﬂioréf %ﬁié@f&%ﬁﬂrsgﬂé{iﬁib% {aﬂ ‘éia%fta% e fa%afédlgs

f orm\g.steep angle In e ver mponen
spr eadi ng tmaremnsrawed helbgat bthet nemcamsu.ngn&q@w aa:re cereeided for

necessarily é@dxﬂé‘ctn@ the BEBEEJ. én‘imndsf cIf‘et}?é‘gJaéthétSE@ k@WtHe@pper

hori zontal conponent force may not be e enough to
spread the éﬁﬁ?%ﬁrtﬁémpﬁﬁgaq§1?ﬂﬁeﬁ?moFlPﬁs§ %v@ﬂY%Bﬁ | FHPYLBE a
cbnnect or ofbédsmeéypﬁwhﬁppernahaela&etepaaitmoad U.S. Patent No. 4,496,172

wherein this 5 COﬂPr&}i‘&S gm ogt ﬁ? @ﬁg aBng""GS%‘é&-Ebe@tStc%ﬁx%é %R

connector is of such cons m Ni mum
capabl e of Pk dripgt H@Me@e #e%essﬁayd@é mseeremme%ﬁas U@rsqw@s%k

ring. Mre paid,) chkhed! ¥o éhpaaaeaentsupp&rtts OlfhéLOc&BOYhﬂQS ith sy@éehrst

wel | head conneclor co a first tybul adapted to nount ed
on the upperP¥HiF ’tﬂnan%‘ gub"s"ﬂ%\ M?héédw a°‘§%¥:oﬁ etd"tﬂ}l Sfenber
~adapted to bﬁempﬂndﬂdefmekthi:ngomr mene dft &osw&ﬁmap@eitbeﬁdas
nmenber for Q%elégﬁrkgggsﬁgqagtéklnto gng }gte@g |rs ékﬁg %6§k£hr5t

~tubul ar nenbér; sSard aV|ng a f
grooves theMﬁabbupaahdcebadlyecemﬁQQHmwumtménberﬂh§n¢@marseeomwt§ndsﬁ

locking grooM@ss 1Rd 68PPHE between the ends of the lock ring in order to
spread them apart, as fhe cam ring moves into its first
position, and thus force the teeth out of the groovés in the
event they have a tendency to stick to the locking grooves.
In another embodiment of the connector, the lock ring
assumes its coﬁtracted position vhen unstressed, and the cam
ring expands the lock ring and holds it expanded as the cam
'ring moves to its first position.

The lower portions of the ends of the split lock ring
are tapered upwardly and inwardly, and the upper portions of
the dog are correspondingly tapered for sliding thereover so

- as to wedge the ends of the lock ring apart as the cam ring
is raised during retraction of the lock ring. More particu-
— larly, the dcg is so located on the cam ring that its
tapered surfaces do not engage those on the ends of the
locking ring until the cam ring has moved upwardly and away
from the follower means about the lock ring, so that the
lock ring is free to move radially outwardly, and thus
withdraw its teeth from the grooves about the lower wellhead
member, as the ends of the lock ring are first spread apart.

If the tapered surfaces on the ends of the lock ring
form a steep angle in order to maximize the vertical
compecnent for spreading the ends, the height of the cam ring
and overall connectcr is necessarily large. On the other
hand, if the angle is shallow, the herizontal component of
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circunferentially spaced apart Iocklhg segnents ‘each havi ng

second sets of |ocking teeth which are carried by the second

tubul ar nenber for radial novenent between expanded positions in which the

first set

of teeth may be noved past the end of the first 25 tubular

nmenber for disposal opposite and space@bfron1the first grooves, when said

second nenber

| ocki ng e

respective y,

8§eﬂgt?o&Q8 ﬁ%&sﬁo@”ﬁ g% %ﬁbﬁﬁﬁftéo PQ%QQV

one ‘se avi tape suri aces

is lowered into end-to-end relation with the first menber,

and contracted positions in which the flrst and second sets of teeth aifé

e in

t her eon mheéﬂSaPﬁ §h¢d§bn§-ovehnt99§¢§§ Qﬁr#hééslvvepﬁéogoﬁﬁe§ﬁbndlng set

of grooves f@vﬂaﬂeat bsnﬁaeﬁoef ofatﬁenegper ShbwhOihi 8k engagement with one
anot her as 35

kin nove to contracted position, 7. a cam -
ring arranﬁgﬁrﬁﬁﬁﬂFlPﬁﬁdlHc§rn§a§$BFeHPs fof98x 4P W89 tgéFmEen afirst”’

posi ti om |eombr6hleaeneedlnbﬁgbaemauesahﬂewhetbung1asgeantthbo nove to

expanded p

i Poabre cuabheREBealh As°BERCHBIBELAARAR HARY (T BaGoe BBl

ted position,
means i nclwihigusdoheightr and Uyttnepah&erpﬁgprowldxngnthenfpzaeal|y

v dl Y DRe¥EERakDCt8 dprahacthacenlis! BekLAG 8BKPRIRGANT Naving Surfaces

t hereon 10

pOSItIOﬂ

| dabl e ove

surfaces on the en of the %qents in order to
spread sai d segnent sMapgr Pagkdcubariyy . ﬁpﬁhBFSﬁﬁPﬁelﬂgép

fromtie gppevedesaa bliBseanwellBehd &Bﬁﬁdctbenbbhprie&ﬁgd toits first

18R t he segnents

and means 0, 1RYi 0g, 339 GANLEL"SaREbAR e Bt nbRnt QR O

the upper end of a first subsea wellhead member,
a second. tubular member adapted to be suspended

_from the lower end of a second subsea wellhead member for

15
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lowering therewith into end-to-end relation with the
first tubular member,

- said first tubular member having a first set of
locking grooves thereabout and said second tubular member
having a second set of locking grooves thereabout,

circumferentially-spaeed apart locking segments
each having first and second sets of loeking teeth which
are carried by the second tubular member for radial
movement between expanded positidns in which the first
set of teeth may be moved past the end of the first
tubular member for disposal opposite and spaced from the
first grooves, when said second member is lowered into
end-to-end relation with the first member, and contracted
positions in which the first and second sets of teeth are
in locking engagement with the first and second sets of
grooves, respectively, _ :

at least one set of sald teeth hav1ng tapered
surfaces thereon which are slidable over tapered surfaces
of the corresponding set of grooves to urge the ends of
said members into tight engagement with one another as
the locking segments move to contracted position,

v
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In a subsea wel | head connector in accordance with the'present‘?nvéﬁti6n t he
spreadi ng necessary to release the teeth of the segnents fromthe grooves
is distributed over the several segnments such that the 20 spreading
surfaces on the ends of the |ocking segnments nay be inclined at a
relatively steep angle with respect to th&fhorizontal in order to provide
the necessary spreading force without increasing the height of the | ocking
means~and thus the overall connector. 25 Preferably, the

surfaegs on the dogs ar r i niti.al h ts
apar {d’qﬁt arelati vgl y s%ov%@t%%%ﬁé&w%%é%@réq%? é‘g?ﬁ#igﬁaﬁ%‘rq?gont al
conponent of AT &xipl mevenant, hetween 1a A ixstlipesitien %Imovﬂnﬂb theoves

and the tendergin f@ing i 3GHd | 1dcH End) Sahfsits ¥E hOEE 86 xpehabavel y

rapid rate, and t.hus with a relatively |Iow conponent of force, when {hey

ate unstuck, FEFHACIHS rﬁrﬁ?@ﬁrﬁ?%’f?‘hﬂﬁb“f%&% 3] Fipgiis

position afd tsflddakde rayerdihmtlockingmerharstl atd \weddeetiby fhte nore

accel erat ed n@gﬁté$£ " Séﬂé%é&”pose’ t he dogs and ends of the | ocking
nclu effl r RO%UF

segnents nay i faces which are initially 8 slidable over
one anot her at a rel ati weansgcludigia dagsh caopieed hy the camtring, and

second sur f ac Qb forf URPMIAY | thvld I8P 15 Qieln e AL Al 2

relatively | arge angle wth respect” to one ) éi ically, in
the preferred qentushacking Sasmenkshiand hasping FHFAFes cGhereen which
extends radi alshidable tdwer aarfiddesiivh ife difid idBitialIdaprentorigd on its

Che T ocki ng. 15750 Sbukbd B edBiE apant and (i TRRY dp Shti.

U the teeth on the segments from the grooves, as the cam
ring is moved from‘its second to its first position, and

means for moving said cam ring between said

15 positions.

In a subsea wellhead connector in accordance
with the present invention the spreading necessary to
release the teeth of the segments from the grooves is
distributed over the several segments such that the

20 spreading surfaces on the ends of the locking segments
may be inclined at a relatively steep angle with respect
to the horizontal in order to provide the necessary
spreading force without increasing the height of the
locking means and thus the overall connector.

-/ 25 Preferably, the surfaces on the dogs are so
arranged as to initially spread the segments apart at a
relatively slow rate, and thus with a relatively high
horizontal component of force, as the teeth are initially
disengaged from the grooves and the tendency for them to

30 stick is greatest, and then at a relatively rapid rate,
and thus with a relatively low component of force, when
they are unstuck, so that the cam ring continues to move
“toward its first position and the locking segments are
moved radially outwardly at a more accelerated rate.

35 For this purpose, the dogs and ends of the locking
segments may include first surfaces which are initially
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~generally conically shaped surfaces thereon for * engaglng S|h1larly tapered

second su

rfaces on the ends of the segnents above the upwardly tapered

surfaces thereon. It was found in the connector of U S. Patent 15 No.

4,496, 172,

their end
wer e undu

supra, that the portions of_the tubular nenbers internediate
s and the first grooves in h teeth on the | ock ring engaged
|y stressed, and, in any case, stressed considerably nore than

ot her portions internedi ate adjacent grooves as the 20 tapered surfaces.

g1 { §&blle SbYEEL B}iérﬁhﬂﬂﬁéroétt?e 818¢ saly”ﬁgagi 1@6' oad the¢

t he | ocki
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d%ﬁﬁ%CFG?P?ﬁtaEEOFBQnHErﬁﬂFﬁlth@@diﬁ?@ﬂnﬂoﬂurﬁﬂéeSIﬂbﬂcand
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preferablyaﬁésgubbeqaéntiycemddaybélaoeﬂﬂahsraﬁaﬁﬁebaﬁtaa addi tional groove

t her eabout

di sposabl
end isgr
teeth, 30
t he sane
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act uat or
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f its en t he adj acent 8roove I n which a tooth
ér%ﬂafﬁ%? ¥hiaﬁgFt?Bﬁ fW%FE FefBerti heePRRaRBPERERd groove an
éMore épecufzheam.y,tmn pnetpﬁesei-heaeaﬁdl flraseghtea adj acent

st ead sse subst anti al
SR Ladac gy QU A TaoRa Pibs B ER RLER SR ERP 0 I
er%ﬁ%ﬁﬂkwfﬁﬁ?ﬂrﬁhefcGherpnef%mdeUaanﬂhelfusstaseﬂfeqbsdlnent of
| £ BeRed CORNLES ObpBasite éfééédﬁBPQeM§£&1ﬁ §§§ﬂg i nvention,

ovided wth a SeCondar

h
Retea PLEk "detFalen v, bs RIS paf chhe NbOCKDGD 172, |1 may

f ound Htthatsedments Laand an mwfgeaméaatoﬁhmeapiﬁlnsvmgdsbbaﬁdrel ease

t he | ocki
act uat or
whi ch hav

15

o c of this exa
i d%?@%ggg?§|%ﬁéﬁ?&I?Yff%ﬁg d?%%r?ﬁnf 1218 anﬂgﬂﬁgparts
E;%iikﬁmlztg@nere@rsecond surfaces on the ends of the
segments above the ‘upwardly tapered surfaces thereon.

It was found in the connector of U.S. Patent

No. 4,496,172, supra, that the portions of the tubular

. members intermediate their ends and the first grooves in

20

25

30

35

which teeth on the lock ring engaged were unduly -
stressed, and, in any case, stressed considerably more
than other portions intermediate adjacent grooves as the
tapered surfaces of the locking teeth slide over those of
the grooves in order to preload the connector.

In accordance with a feature of certain
embodiments of subsea wellhead comnnector in accordance
with this invention, the first and preferably also the
second tubular member each has an additional groove
thereabout intermediate its end and the adjacent groove
in which a tooth is disposable so that the portion of the
member intermediate said groove and end is free to flex,
as are the portions thereof intermediate adjacent teeth,
and thus not overstressed but instead stressed to
substantially the same extent as the other portions
intermediate adjacent teeth.

In accordance with a feature of the preferred
and illustrated embodiment of subsea wellhead connector
in accordance with the present invention,. the actuator
for the cam ring is provided with a secondary release
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t he

system

be
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what ever reason. Al so, the actuator itself may faﬁl'due,.fdr'exéhplé, to
| eakage between their pistons and cylinders. It has therefore been
proposed to provide 10 these prior art actuators with secondary rel ease
systens in which a secondary piston is arranged to nove the primary piston
of the actuator in the event of either or“oth of the above noted.

ci rcunst ances. I n one such connector, the actuator includes a primary

pi ston 15 seal ably reciprocable within the upper tubular nenber to forma

firstpressur gyehanher aipwhd tooriibttors GONGE YafirdidhSeanad! v, g1 i dabl e

wi thin the uppér tubul ar nenber beneath the prinmary piston to forma second

pressure chanfAtendah 4442 Giktonsitaitpy heyifepnd Fhak e AgHI3EOr he
SUPPl Y 1y gl e o e e A e T g te 1 1ot and
suppl yi ng hydrauli.c fluid to ventin r ic flui r the first an
second chanbe}?F]?ﬁ'ga?%%’sr'ecqa%r%ccﬁrg’%%%ﬁt{m’ﬁ YRS t the cam
ring, duribg examgplegpdite iamtuatomaldy aptmarovizte suffbeientyi hifftingo t he
third chamber gehien, rendd Qﬁg% r | NG, t i

venting it therefr otr‘rglbteof}réeetsulr n I{egos%/g'slﬁesfnﬁ'lolr}%or ma é.?#éér at 1 %ﬂ&ﬁgfv\%{/er,
in order to nvhateven mrearamyht dilahe the eatratandtsekt may ofaihl |

connector, thquescFdialekaiipiled to T idide PYetwibn Y ir piktess angsul t,
may tend to cock .and t hus blnqéynthln t he second tubul ar_nenber. , Al so,

its pressure (& Yfr ar & jhag thergfaore hean Rroppsed iYRAEBFYEE®n and
it is slidabl ¢hess pedr st actuatioddaritlp edontdpr reldsse ayestemis ch

LR P D Gkl S hedihalh, AN sl i OO 1
.thq\BreferredprimarY piston of the actuator in the event of either or
both of the above noted circumstances. In one such
connector, the actuator includes a primary piston
15 sealably reciprocable within the upper tubular member to
form a first pressure chamber above it, and a secondary
piston sealably slidable within the upper tubular member
beneath the primary piston to form a second pressure
chamber beneath the pistons and a third chamber beneath
20 the secondary piston. More particularly, means are
provided for selectively supplying hydraulic fluid to and
‘venting hydraulic fluid from the first and second
chambers, so as to reciprocate the main piston and thus
- the cam ring, during normal operation, as well as means
Y 25 for supplying it to the third chamber when there is need
for releasing the locking parts, or venting it therefrom
to return the system to normal operation. However, in
order to minimize the height of the actuator, and thus
the overall connector, the secondary piston is relatively
30 short, and as a result, may tend to cock and thus bind
within the second tubular member. Also, its pressure
résponsive area is limited to that of the primary piston
and it is“slidable over seal surfaces of the upper
tubular member over which the primary piston slides, and
35 thus over areas which are subjected to wear and/or damage
during normal operation.
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enbodi ment of the present invention the actuatdr ‘for the*camrting has a
primary piston on the camring whose outer circunferential surface is

seal ably slidable within the 5 inner circunferential surface of the second
tubul ar nenber to forma first pressure chanber and which has a first
surface thereon arranged within the f§@st chanber to urge the primary

pi ston and thus the camring to its second position, i.e. in which it
wedges the | ocking 10 segnments into contracted position, in response to the

supply of pressure o_1h Lrst ch : T uat or al so |ncHgﬁ
a secondary piston &%oée ?écg{é?gcﬁfg%gﬁbgé? gﬁ??§5§gﬁs seal ably slldable
wi t hi n t hembedbment ubtl therprbsenbeinvenhsopr ther gcpustor foar ®hech 15 has *

an annul aganegiAgahas! ¥ ﬁﬂﬁl&b&eﬂs&&ﬁe&naﬂhén&s& £ihgUitheseNbuglersur f ace
of the pri ¥ﬁ%ﬂ I ston, and sitely tacing_c¢ircunferential. surface of

t he secorfdt %FeﬂﬁﬁﬁérsFBf?S?niﬁ §866ﬂ31¥rg%&ﬂFBlﬁhHﬁﬁgﬁnbgpﬁeen it and *

a thimrgl chanéerchbeoenférehtidppsareadeast the s@cofdi tabulairst on. The
' end _surface n_t he._secon hamber and the

d has a f thi
o mary ARARBRECHGPgT & BiESh pESsiER «Chabes, rBaRTRE B3R R cn arc
arranged ﬁmrbtnsuhﬁaceltueréanbarrangaﬂrwlphlnlthéafiystnehambere provi ded

| - | Ly h ' le b
exhaust ot r k9% BREYpEImBETBHLEOh| £hd Lhul"Eng! i £9A3°EE HRE P T 10
ring to s%?@oéécﬁﬁélbbentléne-ointﬂhiéheétlV€¢¥e§uﬁbﬁylﬁpké§9re fluid to

Sﬁl ?m 1di rseglhéﬁEQr 1nﬂ6' £68nbPhBHeAX éﬁitfdnf I 9 pakPohbeStoatHesecond
chanpers,

posi tion,$ f% ggIBE?F§EF?V§ﬁﬁb?ytﬁr ?gr?gu?gengggSIt%@@ong'cL;L;ér,

whi |l e belmgtuatansabdofinaiadéd aiseconddryhpidtohawhese buterder to nov
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the ring SO Nov ressufe su |ed
chanber. second tubular member below the primary plston and which

15 has an annular leg sealably slidable between an inner
circumferential surface of the primary piston and an =
oppositely facing circumferential surface of the second
tubular member to form a second pressure chamber between
it and a third chamber beneath its upper end and the’

20 primary piston. The secondary piston has a first end
surface within the second chamber and the primary and
secondary pistons have second end surfaces thereon which
are arranged within the third chamber. More
particularly, means are provided to selectiveiy supply

25 pressure fluid to the first chamber while being exhausted s
from the second and third chambers, in order to move said
cam ring to said second position, or to selectively
supply pressure fluid to said third chamber, while being
exhausted from said first and second chambers, in order

30 to move said cam ring to the opposite, i.e. first
position, or to selectively éupply pressure fluid to said
second chamber, while being exhausted from said first and
third chamber, in order to move said secondary piston and
thus the ring to the first position in the event the ring

35 is not so moved by fluid pressure supplied to the third
chamber. | '
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Si nce the height of the leg of the secondary piston®i$ not linited*to’the
space within the upper tubular nenber beneath the primary piston, it may be
of sufficient height to prevent the secondary piston from5 cocking w thout
i ncreasing the overall height of the connector. Furthernore, the first
pressure responsive surface on the second&ly pi ston has a | arger pressure
responsi ve surface than the second surface of the primary piston so that it
is capable of raising the camring with 10 greater force than the primary

pistom.vith the same sowedlud WAl it the 1d0'dr Rld I GldLey the

second piston has a pressure responsive surface Wt ch iS sea y
over a surf ac®iskomdssadnd iatdiask to dhenspagentwishdn e IBRRE pri mary

sur }‘ ace on ]E h%uhﬁla&{ hﬂ&\melﬂoib'ar@aﬂtﬁ It‘Hé’ (is]jkbiltn%rys%téiﬁin,i ti@%:tldyelﬁe gs¢ t he
T dable over SHERIEHFR et b Rravart i SRROAT® I 1M ston. A
preferred 8nbedickdimy ofithdmwted nordddsiady 2the v IO hediygiec off deiee Wit h
t he present i i il q%lﬁ crihed I eto e .
acconpanyi ng \régl\?l\nter?g:'sanw: n V\Iﬂll ch: q??’g 1 t{i‘ge ﬁ\#eér{-t ipceﬁesrs?e}get i%ensé%gh/sl XV of a
portion of theudfiaces onethe secondamt @istion hasi iy kargeds prgssure ubul ar

member and | opespbrEaNE R A itk e Recthd A | PPigat e

| ower tubul ar rnpenber for connectjion therewth, and wt amTing, raised
to withdraw t R&StONiSY atndt 4 Sapahle ohHardsdinsdhe Gap JlnhHithey

are able 10 ngreatewn\Tdrde/ tHalitHd Hritharyl Pietoraidith e Isums t ubul ar
{TEBBF;r Eia?rberéolk}%'g% ;f#g\%l% lpr%ﬁt?%r@ .g. %(orbeu'[pau aJ.%ll'l%r}: |Yn'g tq'Ie tsheecgrPcP er
W piston has a pressure responsive surface which is
sealably slidable over a surface in the second chamber
beneath that over which the primary surface on the
15 primary piston is slidable, so that it as well as the
sealing surfaces on the telescoping leg of the secondary
system are slidable over new surfaces not subject to wear
due to the primary piston.

A preferred embodiment of subsea wellhead

20 connector in accordance with the present invention will
now be described with reference to the accompanying
drawings, in which:

Fig. 1 is a vertical sectional view of a
portion of the subsea wellhead connector, including the

N 25 upper tubular member and locking segments carried thereby
as they are lowered onto the lower tubular member for
connection therewith, and with the cam ring raised to
withdraw the locking segments to their expanded positions
so that they are able to move downwardly about the

30 grooves about the lower tubular member:"

Fig. 2 is a view similar to Fig. 1, but upon
landing of the upper tubular member upon the lower member
and lowering of the cam ring to contract the locking
segments into locking engagement with the teeth about

35 both members and preload the connection between them;



and | owering of the camring to contract the |ockihg segments 1°ntd | ocki ng
engagenent with the teeth about 35 both nenbers and prel oad the connection
bet ween t hem 12 Fig. 2Ais an enlarged detailed view of the circled
portion of Fig. 2 indicated by "2A"; Figs. 3 and 4 are horizontal

sectional views of the connector, as defn al ong broken lines 3--3 and 4--4
5 of Figs. 1 and 2, respectively;. Fig. 5 is an enlarged view of the inner
side of the connector and showi ng the spreader dogs in the |ower %ﬂ
posi tion they occupy lapjve tQ..t 0 Js ng :Lackien egnent s @fen
-the connector is in ?%@'I%%kg %85?ﬁ9§%8§9 éfgg#i%sa%&eg;hfig?g 6A, 6B, 6C,
6D and 6E eirxcled| pertionl efvFiags af inflacakedr byi Y@Alf# t he connector v

simlar to Fig. 5, .bpigshowi gat heaplr R8¢eLofedl 3BEtiBRaENVIeRs bie
adj acent | ockin gnent s upon rajsin r eader ogs to spread and

se ( of the s d
mﬁthdraM/th%elﬁgRPﬁ thgnEﬁt§ePPoﬁFPﬁg:P68E§H 5g§PFi A=df apAg4=2% o the
unl ockegl pesirigss ofahéig2, lrespgctivetya further enl arged, perspective
view of the end of ope of _the | ocki dogs.. .showgng,th f t her eon
whi ch are engaged bygfﬁé ép%8a88r9838593§ ?58Q58Fe§88r§8§§%'gﬁggrggsed to
unl ock t hetbencennectofFi gnd8shewingetbpespreaderedogs anspheadewesog, as
seen fromthe inner end and one side thereof; Fig. 9 is a view of the outer
end of the -—30—s—a—top—view—o re—spreader—dog Fig. 11
is a view of the inner end of the spreader dog; a4




and-Fig. 12 is a side view of the spreader dog. Wth reference now to the
details of the above described draw ngs, the overall connector, which is
indicated in its entirety by reference character 10, is shown to conprise a
Iomer\hubular menber 11 adapted to be nounted on the upper end of a | ower
wel | head nenber, and an upper t ubul ar yPgnber 12 adapted to be suspended
fromthe | ower end of an upper wel |l head nenber 13 for end-to-end connection
to the | ower well head menber. The |ower . tubul ar nmber be connected to

or fexm an PREEGASP QY oPCEURY | FelatiBesitey the wﬁqﬁ§cé§ IR/ s (not
shown) rnay heckdngt wbcjmfnsslsp&mii ngheasdortheg¢tdy nia wehl ﬁ]rmeloi:’hedupper

t ubul ar be cI to the I ower end of the upper
TeTBEE 1 koA BN Fig e 1 eI e

wel | head Be a owdut preventer stack during drilling of
the well, or theFllewer 6dnd 68, HGubERaWhr6Bt Ave smadlewr ised leheviawsplaf i on

and product kR St oélaaeoweléhe cbnnebwer SLeintar P8 tﬂl@er 4 ubyj,ar
menber is adgpted to be owered w it onto the | dwer henmber. As

previously & QUI"PHedtheeagﬂrﬁ?dFﬁe qdagsul apd nﬁﬁ‘ﬁer%“‘?% ﬁl“'O\ﬁ'!fedaWJPﬁePBCkl ng
grooves t helleakany bagmegtpr nfpdze&-m:rrﬁ;:e:ﬁ/a:ﬂe)oé@mdeetdmogﬁ tbesppaad

I d f ci I X d
carried by PAd uIEERaR, phe PREAEAP6LanREKL "B Y NS SRedRPRTE PR oves
14 are fornef Ebout 2t ke GppeﬂnﬁmthﬂﬂtﬂﬂﬁﬂtﬁﬂﬂstQﬁnﬁkg nknber and | ocki ng
grooves 15 are f9539d7a@§“atfﬁ%éﬁ@FreSQQrgédth e\t %%ﬂf#gﬂﬁieﬁm@?eﬁhef

Al t hough the 8rooves are shown to be of l e, the

di fferent pPBHi PE oBRJOE; theadocking daasor o YﬁQﬁnﬁﬂFcﬁP%aiﬁeFu%hPﬁF°"
menber needwhfthbarthengaged Ay A dpreadas| Jogesasi bRE, spreadeledogs

tuh\/ﬁr ”E”QEL raised to unlock the connector;

Fig. 8 is a perspective view of a spreader dog, as seen
from the inner end and one side thereof;

Fig. 9 is a view of the outer end of the spreader dog;

Fig., 10 is a top view of the spreader dog;

Fig. 11 is a view of the inner end of the spreader dog;
and

Fig. 12 is a side view of the spreader dog.

With reference now to the details of the above
described drawings, the overall connector, which is
indicated in its entirety by reference character 10, is
shown to comprise a lower tubular member 11 adapted to be
mounted on the upper end cf a icwer wellhead member, and an
upper tubular member 12 adapted to be suspended from the
lower end of an upper wellhead member 13 for end-to-end
connection to the lower wellhead member. The lower tubular
member may be connected to or form an integral part of a
wellhead housing in which casing hangers (nct shown) may be
mounted for suspending casing within a well bore. The upper
tubular member is shown to be clamped to the lower end of
the upper wellhead member, which may be a blowout preventer
stack during drilling of the well, or the lower end of a
subsea Christmas tree during the completion and production
stage cf the well. 1In either event, the upper tubular



I s adapted to be | ocked to the | ower tubular menber by nmeans of | ocking
segnents 16 which are carried by the upper tubular nenber in
circunferentially spaced relation and which have upper and | ower | ocking
teeth 17 and 18, respec- tively, about their inner sides adapted to be
noved between the expanded position bF Fig. 1 wherein the teeth are
retracted to permt the upper nenber to be raised fromor |lowered into

end-t o-end agenmen he Iomer and the.contracted | pocking. .
posi ti ond"% 5‘?’% S‘ %&8{3 ttPhe’e g%f h]"i“fe’é?é wr‘iggoc’ﬁ nd"e?tg %n'eng,-
wth grodm&&tuhemhhnhe | ower teeth 18 are in locking engagenent\Mttt "
| ocki ng groov t S oglke 0 Fﬂg% Skirt - »
20 is suspend #ﬁﬁimégf%g% @gignygéheégcteéktggg gkbhqa or disp osal
about an®*Miged drhlt—:iammﬁtany BFeﬁ’t"FﬁetﬁﬁH@P *bﬁvmbetofhh%aﬁo" L"
shaped f lrestgai vl exé.emjﬁgl nm@d,lhy fdrpmﬂlie | enRerengided heoppper skirt to =

t the lo th t -end di al
movonent BEHIAFTHE 3o Ebh: ARACER MO kAT s PERBREEAs (ERol® 1 he
| ocki ng. t@@tdrlched)hecamkedgbyeqrmttspm tthbuglao'ouwnberthé t uMolrer
menber s R AN S dakeRg 0k 6hvate1 il bIRbIrp R %t[anﬁhﬂ ppds the

| ocki ng Segnments nove to contfacCted positions, so as to end

of t h&NGh g theularefehperlypwhtEbary Pﬁf"olpF@fH-tngerWﬁﬁttlﬁl\n aret he
upper endo¥mddicaboner thebulcwerreahar ofanchd huﬁpet—eltwiltﬂe wémpest or. Mre

e | oner it 18 hEebvBanhrk) Shemrcd e heothe; s o b hner aa
downwar ditheynmey almei ohvwdidifereot griodiide aleond)y, aisi fact;| yheapambeérsur f ace
3;3)p2POtJLbL‘J1]§rLbQ’Q%ber |sé)'% omere%ﬂg{tl#%%@?o%\ggdltﬁ Ig%u?nie{lngeramagge;s ?3 u
forma seal As also previously described, the,upper tubular member

is adapted to be locked to the lower tubular member by-means

of locking segments. 16 which are carried by the upper

tubular member in circumferentially spaced relation and

‘which have upper and lower locking teeth 17 and 18, respec-

tively, about their inner sides adapted to be moved between

the expanded position of Fig. 1 wherein the teeth are

retracted to permit the upper member to be raised from or

lowered into end-to-end engagement with the lower member,

and the contracted locking positibns of Fig. 2 wherein the

upper teeth 17 are in locking engagement with grooves 15 and

the lower teeth 18 are in locking engagement with locking

grooves 14 to hold the members in locked position. Thus, a s

skirt 20 is suspended from a flange 19 of the upper tubular .

member for disposal about and extension downwardly £from the

upper tubular member, anéd an "L" shaped flange 21 extends

inwardly from the lower end of the upper skirt to support

the lower ends of the locking segments on its upper end for

radial movement between their contracted and expanded

positions. |

As shown, the locking teeth of the locking segments and

the grooves in the tubular members have tapered surfaces

which are slidable over one another, as the locking segments

move to contracted positions, sc as to pull the lower end of




therewith. The | ocking segnents are adapted to be ndved fromtheir expanded
to their contracted positions by neans of a camring 24 having cam surfaces
.25 and 26 on its inner side disposed about and slidable over follower
surfééﬁs 25A and 26A about the | ocking segnents, and fromtheir contracted
to their expanded positions by neans cﬁfipreader dogs 28 extending inwardly
fromthe camring between the ends of adjacent |ocking segnents. Mre

arti.cul arl PR V. o] [ r E € HYMY
Bosi ti.on of YEIhHIO .to the %ﬁrﬁg@g%fi fgr?ng?a%%@y Zﬂgﬁ s_eggirhlasur f ace%m?notr ce
t he | ocki ng ?égﬁeﬁﬁ$iqﬂﬁﬁﬂl?ngoQQmﬂth}?RQFt Bhg;aﬁnﬁﬁﬂﬁﬂkwséPQ,tDB§n

r1 ai tsihng of t pgeCosdr ithe Ebgmeu(}e,rn?sindtx@tﬁ pﬁrlﬂcg;la’erip, tiaefp@ﬁibnteﬂmb bhg-

: e spreader dogs_spread and retrac, ockin ments,.as they _nove
v a1y i+ AR ASBE PROf 8 #egds tish 41 ASIERY chie LERER R BE

| beki ng segnéhes upperwi tutsrbawn hemberhbagr Govesutert serfakel 22 neapered
whereby the HBRRbakdBY! 3nnBRila R TPVES | 81 0afhg Ol LOWMIGary

ul ar menber. shown,

position with respect™tao the | ower tu each spreader

dog 28 conpr FRBEX§dpsHriacHhiZd) ahowhrhe 1 woPer 8nd eft &hes hexer athyough
i nwar dl y fr othéhaowerertubulba©f méfiBe € 3Malsi rtgme@%péfs'chgmhrf QRSTAYEF i

f , d ' h head .31 t ' f th in. . The d '
munted on « Fovesdar BRs8, 588" 1Bk Sl LAY Berdinr 136 o8 tPnERES HRAD n
for threadedtbereeithon to the camring. Wen the bolt is fully made up
g uh phe cam i Ndzne! $oER:ALISASALNR: 828 LBaRE & dd) fod&fCEraHl PRELLON

32A of the head and bearS on~an end surface e recess
head agai nst ®¥Randadeftoefkheir  genbrackad pesitdons oy Beange 9f @ agamnst

the i nner sigdengf 2uhdavitly neamegiefhsesROds d epd bRt A dW! eAndd isidde

end of the Rﬁfsposed about and slidable over follower surfaces 25A and
' 26A about the locking segments, and from their contracted to
their expanded positions by means of sprecader dogs 28
extending inwardly from the cam ring between the ends of
adjacent locking segments. More particularly, upon downward
movement of the cam ring from the upper position of Fig. 1
to the lower position of Fig. 2, its cam surfaces force the
locking segments inwardly to locking positions, and
conversely, upon raising of the cam ring from the position
of Fig. 2 to the position of Fig. 1, the spreader dogs
spread and retract the locking segments, as they move
upwardly with the cam ring, to a position in which the lower

\/ teeth of the locking segments are withdrawn from the grooves

in the tubular members, whereby the upper tubular member may
be moved into or out of locking position with respect to the
lower tubular member.

As shown, each spreader dog 28 comprises a pin 30 which
is connected to and extends radially inwardly from the inner
side of the cam ring near its lower follower surface, and
which has a head 31 on the inner end of the pin. The dog is
mounted on the cam ring by a beclt 32 which extends through
the head and pin for threaded connection to the cam ring.
When the bolt is fully made up with the cam ring, its
enlarged outer end is received in a recessed portion 32A of



to prevent the bolt from backing off. As shown, the head 31 conprises a
partial disk having its Iower end 35 and sides 36 cut off for purposes
which will be apparent fromthe description to follow, and the renaining
ueber peri phery of the inner side ﬂ%>the head is contoured to provide it
with a conically shaped outwardly Cing surface 37. Surfaces on the pin
and head are arranged to engage surfaces forned on the ends of the adjacent

Locki N9 $REMRALE MY WeafS BRSEnSRAM ddkfdde I3 bRCle fadldll Yo d'sp_osed

surfaces, 38 whi ch extend upwardly fromt ower en ockr ng Vo
segnent s Sﬂ-dathél hepdepgadngt thigyliangn ende Qfedhe cP%'hea%rt:hea*P“tahd ‘

surfaceserf Wi gﬂhlexberm AGaBhstY t&:reoraﬁxlf@rswm@ceﬁ%hg paclaﬂgigvﬁ vwhtph
respect to ia ne s rov cess or in | C e
out&ardl?egyFBﬁﬁlngR%ﬂ& Eﬁﬂés T% ylﬁngg §q41 i the P18 sed
upmardlytmnphthatcahnrbngtbétwmemadhanguhfﬁﬁ t he segnents Mor e
particularly, \khghgwhS aHPUR LS $17EaS rﬁgegt tﬁb AR £ Oﬁaégﬁo form

surface 39 which extends outwardly fro toits upper
a gener atF§ dBHEZamng simipapd uﬁﬁ€F5e§& sut REf efe¥s Dy3Reses gaich or
engagenmewil by behappayet ﬂﬁaﬁrt&brhwatﬁibuﬂbﬁfEbhfadlaﬁ,tm%dﬁﬁﬁbnbveS

di t I th t.h |t are
(Tatt encianiredfclbPar Dok ffiexyt e, e hinddf £1BC o st miadi 280" as (o
|n|t|aII9°%h@%g@dth9Ipﬂnyxdbsutfuceb 38qmnnd&ikmdshapedheukﬂﬁkﬂﬂg
segment sfa@png NeusFadd N7 s '9J£€a%ea$“gnt acgiga J agaRt 1(,e‘;_;;ment S

apart as the ring continues to rise he sur of these Si es of the pin

thus pr o¥FERRIeH itQ tPRE2GHr S faFesor Eermedi 99 ather gadsorefothsl
conponenid jéceht i ioéiiﬁ@t isegniehts) twialdhy, twaﬂswe Ehewhi gh f—fr% apl
bet ween the. teeth [ QOVES. i ght en has_bdeh
br oken, Jr’h%l |E§$"§ab‘¥a§és\%’? W faces %ﬁ/e"l?h?la %ﬁﬁﬁﬁgwﬂﬁt"a\ﬁﬁt 1N t he
skewed sfrémcthe4Dowart kads of the locking segments at a relatively
small angle with respect to the vertical, and surfaces 39
which extend inwardly from the surfaces 38 at an angle with
respect to a radial plane so as to provide recessed portions
in which the outwardly extending flat sides of the head may
move as the pin is raised upwardly with the cam ring between
the ends of the segments. More particularly, there is a
beveled surface 40 at the upper end of such surface 39 which
extends outwardly from its lower to its upper end to form 2
generally corically shaped upper end of the recess posi-
tioned for engagement by the conical upper surface 37 of the
head as- the head moves upwardly with the pin. ' More particu- \/
larly, the sides 42 of the bolt are flattened and extend at
a small angle with respect to the vertical so as to
initially engage the tapered surfaces 38 on the ends of the
locking segments, as the cam ring is lifted, and thus spread
~adjacent segments apart as the ring continues to rise.

The surfaces of these sides of the pin thus provides an
initial spreading force having a large horizontal component
which is effective in initially breaking the tight contact
between the teeth and 1locking groovés. When this tight
engagement has been brcken, the conical surface 37 on the
head move intc engagement with the skewed surfaces 40 on the
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17. ends of the Iocklng segnents so as to conti nue to spread tttle $&gménts
apart and retract them but at a greater rate due to the larger angle of
engagenent between them This occurs, of course, as the pin noves upwardly
between 5 the sides of the | ocking segneqL? above the tapered surfaces.
Just prior to this nore rapid w thdrawal t he | ocki ng segnents, the cam
ring is noved upwardly to a position in which the cam surfaces thereon are
rai sed. above the follower surfaces on the Iocking segnent's, 10 thereby

per miyit i ng t heeh@s kbﬂgtﬁégﬂsakiniyosQEm%EEdﬁé akof Rontd ?ah%hft%t %‘?

accordance with a featur e’illdstrate inment o

i nvention, and-3§ Bedpe ﬁﬁmﬁp?ﬁttﬁédeﬁP§F§SB vhem.obutlgt 2A91§aéﬁﬁbve 50
is formed abouraté Ghe tppthet Lhvhar aRGRer ofcbngagembeht Bativednd tiesh.t he

adj acent groov, an_up tooth _op, the.l ocking segnents is adapted
to be rece|veCJI@Ié’;'\%d&g&‘ggﬁbvg’%l %ong?OrﬂﬁdgaﬁoBfntH@VFgmBP%Fﬁgéwa
i nt er nedi at® i theuppdescnf the lhckiugasegmentsoabove Whechapeb@uer tooth

20 18 on the |ggKE egne, | pigd b us
descri bed, these g?ggées eﬁgﬁr ﬁrﬁgﬁ %?tF%gg ﬁ?gghehﬁggurgihgéﬁééﬁsOE%tmeen
them and t he dthecteckingosegnents) e ascameringt hsimowed upweirdilye ticoeki ng

segments nove poédtidr &6 WEEBh €HhEOESH. saPFabbyStRarabh Heef gknﬁe - ooves

preventing suc ortj.ons t he nmenb bet ween their  ends an
i n which teethq% #@ 5%%*8“??0ﬁ?5§?ﬁ§so9ﬁrt@?regggangaﬁﬁgﬁﬁﬁes:

particul arligy ttilelrdbyerpbi'quﬂngi thel D6ckifgO8eghbntEs &UCBepRith@rawnet ween
as the teeth ¥e?%éi ¥ 30 over the surfaces of the | ocking grooves
during preloa ng 0 connection. The lower end of the upper tubular
menper is provided wth Bn|agcopdancetwitk aufeaturenefethieaiilbystrated

~ embodiment of the pPresent invention, and as best shown in
the enlarged view of Fig. 2A, a groove 50 is formed about
15 the upper tubular member between its lower end and the
adjacent groove in which an upper tooth on the locking
segments is adapted to be received, and a groove 51 is
formed about the lower tubular member intermediate its
upper end and the adjacent groove in which a lower tooth
20 18 on the locking segments is adapted to be received.
As previously described, these grooves enable the
portions of the tubular members between them and the
adjacent grooves to flex as the teeth 17 and 18 of the
_ locking segments move into the adjacent grooves, and thus
L 25 are useful in preventing such portions of the members
between their ends and the grooves in which teeth are
engageable from being over stressed, and more
particularly to preferably equalize loading on all of
such portions between as the teeth are moved slidably
30 over the surfaces of the locking grooves during
preloading of the connection. '

o The lower end of the upper tubular member is
provided with a lip 52 about its outer diameter having an
inner surface 53 which is tapered downwardly and

35 outwardly for sliding along a similarly tapered surface
54 about the upper end of the lower tubular member as the



i nner surface 53 which is t apered downwardly antl §5 outM@leY'fbr'sliding
along a simlarly tapered surface 54 about the upper end of the | ower

tubul ar nenber as the 18. upper tubular nmenber is lowered into
end-to-end engagenent with the | ower ﬁggular menber . More particularly,
t hese gui de surfaces extend at |esser gles with respect to the verti cal

than the angles at 5 which the downwardly and i nwardly tapered seal

surf aces Awppex u@b@harhnemeErienbowere@eiabalendngozgndnd about the bore
of the 'cwgﬂgé¢$¢gﬁ% afeﬁe£n§Xiswér t b€ﬂ£f1méﬂse99'degayaface of the |4

engage, t he gui de surface 54 about the ugper en
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hé seal surfacé abou of.

and | ower ©PsibéRESthY @ppetBhd 8EStRE 16wePJttbalaeNmahbescpedbirs
reci procablé within th

" upper tubuyl ar negbe; i n which tg camring
[ eci pridtarBie 78a1 SUEERRE ¢ACON AP PSaki FARTCENEBUES SRS he primary
pi ston is cotréSpondingi surfaced2secapegt the uppeh ehdt b€ khekbogesegnents
from the grooNesyRl iQ&a%SQHL&iaPEHESB r.thegﬁgggEhQﬂ ngégﬂﬂ ed to be

noved upwardly by a Seco

ary prston wirch i 0 Sea

t he upper dqm@garto_the seal.surfaces in"the-event the tubular
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members are not axially aligned.as-they first move
downwardly into end—to-end engagement.. That is, the
guide surface on the lip will guide the seal surface on
the ring into such alignment before it slidably engages
the seal surface about the upper end of the bore of the
lowver tubular member. o . '

The cam ring is moved between its upper and
lover positions by a primary piston formed thereon and
sealably reciprocable within the upper tubular member in
which the cam ring reciprocates. - In the event the
upwardly directed force on the primary piston is not
sufficient to disengage the teeth of the locking segments
from the grooves of the tubular members, the cam ring is-
adapted to be moved upwardly by a secondary piston which
is also sealably slidable within the upper tubular
member, and, as will be described, further sealably
slidable with respect to the primary piston. More

particularly, the upper end of the cam ring has a reduced
" outer diameter portion 55 which carries seal rings 56 for
- sealably sliding within the reduced inner diameter 57 of

the skirt 20 of the upper tubular member, and an enlarged
outer diameter portion 58 which also carries seal rings
59 for sealably sliding within an enlarged inner diameter
60 of the skirt beneath the reduced diameter thereof.

Re aLalepERy engages.the

'y sTi dabl e within

-
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menber, and, as will be described, further sealably*30 sli'dablle Wth*
respect to the primary piston. More particularly, the upper end of the
camring has a reduced outer dianeter portion 55 which carries seal rings
56 for sealably sliding within the reducaqainner di anmeter 57 of the skirt
20 of the upper tubular nenber, and an erlarged 35 outer dianeter portion
58 which also carries seal rings 59 for sealably sliding within an enl arged

i nner di aneter 60 of the skirt beneath the reduced dianmeter thereof. A

passageway 64 is forcedyi a%@.‘i khit 630 i%s ftoq.cggpﬁky thed e dd Wl ¢ or
vent hydraulic fluid fromthe presSure chanber 61 forned between the
reduced out er SUPRA¥t Bydyandiien fadnidhEoc om veny hwdramd igH Hayd Snakr 5

di aneter portias grekBarePefambeluledr roRHedl betwedd thas reiutRal duter

d dly fagi rf ‘G2 of .th kirt at the | ti fo it 20
educed and cHLARGERT, RAGELAPaRE: ShepSPR 5109 AR, Shee SrArdad s o
surface 635ondiamepernpoytiont of ithe npperptabular membeponas/ovalleas
def i ned bet veR0elEnoE2hohiitalt 2aLine ol 6 die i e 11 uid

supplied to t er W course ur € camring dowwardly, and

thus in a dirtbei éntersesckdonhefl 4t ng—segrents—to—tockng—poston—A

carrying seal rings 67 sealably slidable within a further enlarg i nner
tdiameter 68 of the skirt of the upper tubular nenber beneath




‘the enlarged i nner diameter 60 thereof over which the seal rings 59 are
slidable, and an inner surface 69 which is seal ably slidable over seal
rings 70 carried within the outer surface 71 of the upstanding wall of the
| ower flange 21 of the upper tubul nber on which the | ocking segnents
are supported. Mre particularly, I's inner surface 69 of the secondary
piston is fornmed on an annular wall or leg 72 which extends upwardly

bet ween t ' r I t buls the jnaner rface 73 .of
the | O\A/erlt%%%é%?_ ?%@ %’é;ngfgzﬁd gﬁgggararl ?@S%@%%%ﬁ‘fﬁf‘%b&ﬁ?%E“Sﬁt e_.rzi’v‘
surface vBFﬁ‘iﬂ’P#%“é%aFB’éf?Cengégm dhg tpr imary npéstonr havdngs apfpuds- | ower
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t her eon r Q reciprocate vertic: w.th respect to fl 3 :
pi ston dﬂ"{?e'ng ﬁgf‘mﬁ°rd’§eré??oﬁ°ofh¥‘i@"ﬂi/{#/a5_ﬂf’&dsfs‘f%’t?ﬁ aFPertidi®l y -
connect arhhmbexowiklt oifhecmnswchsge The lcanerrimng abwhbﬁraam,r-la”rmband the «
upper en -t € I §§,0 r D angt N_J. Epappe (5. bet ween
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vented t YA Aot her passageway 77 formed in the skirt of the upper
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i nt er?rediﬁe&l{%:%‘g%% | OFPRG ?’59“5‘?1dc9'3, réf?@paﬁf‘r%pgﬁgdlwmyngpﬁ‘éggur_e
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surface of, the |ower end of .the camring s enlarge carries a wear
ring 78 M9 i W nfFBy&LidaPlemeand ppad@ney surface 69 which is

sealably slidable over seal rings 70 carried within the
outer surface 71 of the upstanding wall of the lower flange
21 of the upper tubular member on which the locking segments
are supported. More particularly, this inner surface 69 of
the secondary piston is formed on an annular wall or leg 72
which extends upwardly between the inner wall 70 of the
tubular member and the inner surface 73 of the lower end of
the cam ring and carries a seal ring 74 about its outer
suriace which is sealably engagable with the inner surface
73 of the lower end of the cam ring. Thus, the cam ring and
the primary piston formed thereon are free to reciprocate
vertically with respect to the secondary piston during -/
normal operation of the hydraulic system to alterhately
connect and disconnect the connector. |
The lower end of the cam ring and the upper end of the
secondary piston form another pressure chamber 76 between
them to which hydraulic fluid may be supplied or from which
it may be vented through ancther passageway 77 formed in the
skirt of the upper tubular member. This pressure chamber is
thus formed between a downwardly facing pressure responsive
surface of the primary piston on the cam ring intermediate
the seal rings 59 and 74, and an upwardly facing pressure
responsive surface on the auxiliary piston intermediate the



of the skirt during reciprocation of the camring, and a port 78A forned

t hrough the lower end of the camring connects with the pressure chanber 76
above_and bel ow the wear ring. A lower pressure chanber is fornmed between

t he Iaﬁer end 80 of the secondary piston and the upper side of the |ower

fl ange of the tubul ar nenber as well as jpetween the inner dianeter 78 of
the skirt and the outer side of the infirer" wall of the |lower flange of the

upper_ tubul ar r.bel th al rin 70, Hydraulic fluid may be
supphived to osrer%gbhxg’tf%?%dgyvrg tﬁ 'cﬁﬁnﬁ%ﬁ'%d’ﬁ W%%%e’é Rt RuEep surface,,,
81 fornmed inaheth&i npwapdilyngxtendilngopeallk | D2, ofiy ¢heulsexdridaxy npisben
supplied to t i r{edh At 84 e ' els f p
chanber 61 iné}glrdﬁéto méeg%ﬁgagngP%SkﬁﬁQaﬁp{%gmr ?q%treregﬁ%gg%%g ?%g?gby
rel ease the I1TtI@MgtRegpBRes Eigm 1odcikihey qamixing . andiotbeesealn nimgsevidht

the | ocking taet bhef duted 06kE80 cFeIHREt SedbRhatiryChpidtdn N t ke Oskiep
grooves of the tubul ar nggbers, andl%ge Prlgary rel ease systeg1|s nable to
supply suffi ABHEGored £88r do¥aTe TP L pFRESGAR IRN% HayeBaasgsh i2af o
t he | ower pressuriesmamesar 80indr p8ighopaskhdingyoB8ér thel énberngurdaiced 68
fromthe u [ hals rfgg%F ?@ﬂggr -1 u . PASS VA
connecti ngp?(ﬁgr Z{'/}mg? hgkf_%'gsghgtﬁg’\?? es nle%ccdl ti ongf ?’?)‘?"cgﬂ"% 2%%)’?% o%gﬁw'?o :
t he pressure B8R v&ozmed hxough okbe dianenfenfe ofecheacpnpi Eing
which is |ar genrdtdis twibgh othéhprRisiitey diambdy T8I APEvAOaHR BRI {RES,
of course, hydrauli.c fluid is exhausted fromthe | ower side of the

secondary pi S 8- %rat pressure hydraulic fluid in the internediate
chamber will norm#l |Jowexgepréessuret chambexr is 22orpedi betwesinovithe nlower

draw ngs whelggigh dd Sof OPRE §eLonRdAry piston and the upper side of the
lower flange of the tubular member as well as between the
inner diameter 78 of the skirt and the outer side of the
inner wall of the lower flange of the upper tubular member
below the seal rings 70. Hydraulic fluid may be supplied to
or exhausted from the chamber 80 through a further passage-
way 81 formed in the skirt.

During normal operation, hydraulic fluid may be
supplied to the intermediate chamber while being vented from
the upper chamber 61 in order to move the cam ring in an
upward direction and thereby release the ‘locking segments
from locking position. However, in the event the locking
teeth of the locking segments are stuck within the locking

N grooves of the tubular members, and the primary release
system is unable to supply sufficient force to release them,
pressure fluid may be supplied to the lower pressure chamber
80 through passageway 81, while being vented from the upper
and intermediate pressure chambers through the passageways
connecting therewith. This provides an additional force
proportional to the pressure responsive area on the lower
side of the secondary piston which is larger than that of
the primary piston. During normal operaticns, of course,
hydraulic fluid is exhausted from the lower side cf the
secondary pisten so that. pressure hydraulic f£fluid in the
intermediate chamber will normally urge it to its lower



-upon the | ower flange of the upper tubular nenber. As previously nentioned,
t he above descri bed secondary rel ease system has several advantages over
the prior systens of this type. For one thing, its upwardly extending inner
mébl 72 provides a large vertical guide surface which stabilizes its

recCi procation and thus prevents it om cocking or binding in the cylinder
In which it reciprocates. Addition éy the seal rings 74 and 67 on the

i nner side af, .its mardl te I n t i.a e
sl i dabl e POFHEIST 12 i H ﬁée ngﬁggﬁobg%r%n *t# féwgmargg&pl&g R i S
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even greyertHiy agypeé. beréppbned twicil@r, dry gfpvardDndektendingeinderng t he
overall o 3tatign of t.he well head conne tor and SSUHE@%g't '§ﬁ$ portion

shown in i £ § ofterdtf Tnt 8°F écf&mﬁu% burar et t he upper

end of ttse:ahetltlh@@d babaeciproastmiaon ngndf thws uppervepsst ioth fromai sed to -

111 the HRIGHE LI MhdN ri-ﬂ;lt{}tlst:ﬁ@éﬁﬂn&&e tﬁc&nﬂshsgenﬁahiprozaltaspermts
the | ower teeth 18 on the T ockjn nent s freely d;ﬂgﬁgq} over

the grooé&iiomallye Jipersedt oing e7foﬁﬁé Pub&PaFWﬁﬂﬁRﬂe ¥ ower
end of ttie.sup.nmai-aliunl alktlmﬂiﬂfg applbaahds ite opper emhmétéhealrewer

t ubul ar i r e 5 o] o] ng, font pper

t ubul ar rﬁ%%b %%g#jy%gﬁg%g{ae hgngﬁzhggg g%li'gggls: gﬁa’ﬁo eh%bélper end of
t he |owepnmm@nﬁupxnkmmr1sosésdabhgudﬂnanumgnm@henpagaﬁm@mugﬁ the f aces
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upper ower_t ubul ar nber . andi_n of the
| ower enEe§P°PﬁéV@pﬁ§e% erﬁ#&ﬁﬁsﬁwﬁf$ﬁﬁﬁpb§rn% dlelFﬁé gwdhatubul ar

menber, id¥e QN downwardly fac1ng pressure responsive area of the
main piston means and in fact is substantially larger,
thereby enabling even greater force to be.applied under
~ emergency conditions. '

Reviewing the overall operatlon of the wellhead
connector, and assuming its upper portion shown in Fig. 1 is
to be lowered onto the lower tubular member on the upper end
of the wellhead member, the cam ring of the upper portion is
raised to 1lift the spreader dogé and thus retract the
locking segments. This permits the lower teeth 18 on the
locking segments to move freely downwardly over the grooves _
about the upper end of the lower tubular.member. As the o/
lower end of the upper tubular member approaches the upper
end of the lower tubular member, the guide surfaces 53 about
the lower end of the upper tubular member slidably ehgage
the guide surfaces 54 about the upper end of the lower
tubular member so as to axially align them -as the seal
surfaces 22 about the seal ring 21 move slidably over the
seal surface 23 about the upper end of the bore of the lower
“tubular member.

Upon landing of the lower end of the upper tubular
member on the upper end cf the lower tubular member, the cam
ring is moved dcwnwardly by the introduction of pressure

*



ring is noved downward|y by the introduction of pressure fluid into the
chanber 61, and the exhaust of pressure fluid fromthe internedi ate and

| ower _pressure chanbers. This |owers the spreader dogs and noves the cam
surfaags on the inner side of the camring dowwardly along the foll ower
surfaces on the outer sides of the IockéEgFrings so as to force the | ocking
rings inwardly to the Iocking position ig. 2. As the tapered surfaces

on the. | ockigg (£ Qft SIIe dhifilndiI% 1 AREIE e Td 580 "BreRElad sIady

the and sur ces orce y®agal nst _one
anot her to pfremakhe hent-emeéma@n awenlwerwrﬁﬁémecowmhwms hise

df sconnect eq oyled PIIHE ts%ﬂ‘@ad’é’.@e&o 8! Ehéaﬁo%Ethé fheh@ s@t£86elr BN ke
| ower wel | head nenber, e camring | s npved u Wﬁ r%hthe [ h 3duct|on

of pressure ¥MGT T3¢ hRL| ﬁ@@rma&%réeyawe tRe efRATOMERg
pfessure flwuiﬂauuﬁtdﬁetm@ebuﬁéﬁnbaae&loﬂftﬁémﬂ¢¢wmmd fonge due 49 tdi s
primary rel S%§iE | ot suff|CLen teeth from
t he | ocki ngei%r%ogvé@1 g%%hr% FHi7a r8Y {ﬁg\(ljmﬁ gi’% ot&?%n%cwt cg’]érb%;'
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t he cam introduction of pressure fluid to th P

chamber while exhausting pressure fluid from the upper
chamber 61. If the upward force due to this primary release
system is not sufficient to withdraw the locking teeth from
the locking grooves, pressure fluid is introduced into the
lower chamber through the passageway 81 so as to force the
secondary piston upwardly against the cam ring in order to
raise the cam ring with it and thus release the locking
teeth. -Whether moved upwardly by the primary piston or the
secondary piston, raising of the cam ring will 1lift the
spréader dogs with it so as to withdraw the locking segments
: from the locking grooves. As previously described, the
o surfaces on the spreader dogs are so arranged with respect
to the surfaces on the ends of the locking segments as to
initially withdraw the segments with a large force, but at a
slow rate, and then at a relatively rapid rate following
initial withdrawal of the lock segments from the locking
grooves. As the locking segments are withdrawn, the cam
ring is moved upwardly to a position in which the locking
segments are free to move radiaily outwardly at a relatively
rapid rate, following which they are lifted with the lower
flange of the upper tubular member to the position in Fig.
1. At this time'then, the uppér portion of the connector is
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ring is noved upwardly to a position in which the Vockrng 8eghents ‘ar'e free
to nove radially outwardly at a relatively rapid rate, follow ng which they
are lifted with the | ower flange of the-upper tubular nenber to the '
position in Fig. 1. At this tinme then, the upper portion of the connector
S di sconnected fromthe | ower tuldir nenber to permt it to be raised
with the upper well head nenber. The reader's attention is directed to our
copendi ng Application No, 9303817.2 divided herefromand 5 which descrL?gs
and C'a'”ﬁigﬂoﬁﬁkg%E8F§EBh'Eﬁs th%r“@hbuiaga_@hﬂﬁrhﬁﬁ'ﬁgrﬁihoﬁi'”g_'n b2
which a paft I's adapted to be noved between alternate positions, said
actuat or 56 kg zaipeddwishnSbe wpPerpyeLlRradcBAPPEYi-ng: a ring '
reci procabl e withi nphie reausirng atdehliofnl iangesectedote bhe part to one

position, upon _novenent .in,qone directi and .t.o.nmove, t h [t its other
position,cﬁgﬁﬁdﬁﬂﬂéﬁgﬁﬁlF tiRR Pne§5835&8r?oﬂ}V&§?8 Pﬁﬁ%f g&iﬁgga primry =+
pi st onst hehdeh deseribetscand cladfer ant aaituatokaferi aisecatiibl yedlli dabl e
within 15 ' L Gl r I f f _t OYSi ' ok a first

b essur e Ehbararas Haldd §f BoLidng {n' WcH of PartOiS AdabROtD & W thin

the firstbehnoyed bgtveesnadterpadeoromisionsut s21d pekNeEPEnPRANIsUr f ace
I s seal abhyapitiedaRlce néviehisa ian patte andl compirdeing:ent i al surface of the
housi ng on one end of the prinar iston.and which.has .an annul ar | eg
seal ably slidable bé& k&9 %ﬁqlﬁﬁéngﬁFbﬂﬂgﬁﬂ@nﬁbﬁ hoUSARe 38R t he prinary
pi st omoanearaangdo ic alovel &hien pacitr towromee poisdlt iour, f apenomoviementusi ng to
form a seqand r S3PUE HAMiE 38 G AN RHRNbaklele0l Aol Td chamber
etween i S of’her"end and 't he primary pistof, said secondary piston having
a first ep¢sition, upon movement in the other direction,
~ said ring héving a primary piston thereon whose /
outer circumferentiél surface is sealably élidable within
15 an inner circumferential surface of the housing to form a
first pressure chamber and which has a first end surface
thereon arranged within the first chamber, :
a secondary piston whose outer circumferential
surface is sealably slidable within an inner - |
20 circumferential surface of the hoﬁsing on one end of the
primary piston and which has an annular leg sealably
slidable betwéén an inner circumferential surfaée of the
primary piston and an oppositely facing circumferential
surface of the hoﬁsing to form a_second'preséufe chamber
25 on one end thereof and a third chamber between its other U
end and the primary piston,
said secondary piston having a first end
surface arranged in the second Chamber,
‘ said primary and.second pistons having second
30 end surfaces thereon arranged within the third chamber,
~and _ L _ -
means by which pressure fluid may'be
selectively supplied to Said first chamber while being -
exhausted from said second.and third chambers, in order

35 to urge said cam ring in said one direction, or



surface arranged in the second chanber, said prinmary and *secontd pi stdns *-
havi ng second 30 end surfaces thereon arranged within the third chanber,
and nmeans by which pressure fluid nay be selectively supplied to said first
chanmber whil e being exhausted from said second and third chanbers, in order
35 to urge said camring in said one di r? ion, or sel ectively supplied
to said third chanber while being exhausteéd fromsaid first and second
chamhers in order to nove said camring in said opposite direction, or 5
selectively supplied to said second chanber while being exhausted fromsaid
first and third chanberSeLSFARYY t%ﬂ?@\ﬂee‘g&?‘h Wp‘?ﬁ%ﬁ%e%nd t hus
the ring i n diidepEniaid exhawtied rEron tdeid viitst fend isercomsd ehamkersyved
by fluid pressur i t Fem 3 :ﬁ;ﬁ! ‘o 1. A subsea
wel | head conﬁ%}éto%rf#gglrépﬁ%s‘geggé%ﬁ |érasl{ %ﬁﬁl@? srraelr%e ac#;%feed to be nounted
oh the upper dimeafiionfient subsea wel | head nenmber, a second tubul ar nember

adapted t@ be suspendedsdy&ue i€y AWpEivh to FHRE Websnd SEtanisdrt head
nenber for Ioweri'nq%therewith i nto en(;2 th.the first

| to-end relatio Vi{ll
tubul ar nenbefhileReing gxhansked meﬁa)rémrgss 294 Ghixd chankess ng
grooves t her eab midean ks ansve axnidl sedundaryrapistomand chus edendeiey  of
Focking groovgs theyeghioutse &1 AUILEISIM R dite SRAGSE BRE"HiAPCHS b eOment S

so moved by fluid pressure supplied to the third chamber.



each having first and second sets of |ocking teeth which are carried by the
second tubul ar nenber for radial novenent between expanded positions in .
which the first set of teeth may be noved past the end of the first tubular

menber for di sposal opposite and spaced fromthe first grooves, when said

Ind contracted posi 11 ons | n i ch (BEST TSt i.lﬂﬂﬂﬂglﬂllﬂﬂfﬂ=lllfé “Leath are in

*

| ocki ng engagerment with the first and second sets of ¢tfoodves, respectively,
at | east ppfyset of said teeth having tapered surfaces thereon which ar g
sl i dabl e-over—t apered surfaces of the correspondi ng set of grooves to urge

the ends of said nahgirsddiWwe1ikkEa CERIEIRSE , "eblipeDeingot her as the
| ocki ng segnents nove_{o contgaﬁéed_po i tion -%?ggnlrigg arraqﬂgﬂhabout t he

| ocki ng segnents f& &3GsF HBbuAAR: © erRdPRY G TR0 0F Mo ?%h the
cam ring they Rigpert knd ankiangf egrenilsséa welhéad ememheed positions and a :
P her Tt o Ak boAd LGB honthed] MR EEYEL HR° 4SOl o

to wedge theminto conirac i on, neans 1ncluding dogs carried by the -
cam ri ng frem &henkower rendaPEy a maaand piesernvehdhepds mombey st

| ocki ng Ye/iilng atblavitly shtbaensa-tbeenan r¥lladdadre wiet shef #deston the
ends of th e nenté In order to spread said 27 segnents apart and

thereby\ﬁ ST¢eth on the segnments fromthe grooves, as the cam
ring is noved fromsaisi siwsil tubulerf mesbepodidaviong andims&nsetorofiovi ng

sald camidid RegRsled! h0o8LbbARS ank safd CORBSRACtuBLIENS FAREE! of
efined in clai ) erern
having a second set of locking grooves thereabout,
.circumferentialiy spaced apart locking segments W/
each having first and second sets of locking teeth which are
carried by the second tubular member for radial movement '
between expanded positions in which the first set of teeth
may be moved past tﬁe end of the first tubular member for
disposal opposite and spaced from the first grogves, when
said second member is lowered into end-to-end relation with
the first member, and contracted positions in which the
first and second sets of teeth are in locking engagement
with the first and second sets of grooves, respectively,
at least one set of said teeth having tapered
surfaces thereon which are slidable over tapered surfaces of-
the corresponding set of grooves to urge the ends of said
members into tight engagement with one another as the W/
locking segments move to contracted position, _
' a cam ring arranged about the locking segments for
axial movement between a first position in which the cam
ring permits the locking segments to move to expanded
positions and a second position in which the cam ring is
slidable over the locking segments to wedge them into
contracted position, _
means including dogs carried by the cam ring for
extension radially inwardly between the ends of adjacent
locking segments and having surfaces thereon slidable over

surfaces on the ends of the segments in order to spread said



the surfaces on the dogs and ends of the segnents are arranged to initially
spread the segnents apart at a relatively slow rate,—antd—thus—wth—a

rel atively high horizontal conponent of force, and ely
rapid yate and thus with a relatively |ow horizonta immmﬂ““mﬁﬂm as the
camri’ng continues to nove toward its fR7Et positions ncolmneet or of

the character defined in claim2, wherein the surfaces on the dogs and the

ends.-of the | egg;;[]_t I C i pLti
sl i dalst e overé)% e&g%%th 1:ts gﬂgeluﬂfel%/éei &gﬁﬁlﬁﬂ% ?h rtg?spg’gt ?’]‘ t he
verti‘cal and mmtguf:a@eshmge‘noaﬁe.salssé:éasemamy rdingi s anoNed bHrem its

anot her at ag@é@ﬁdv@,yl{:grggrgegbgswttlgnregp,gct thereto. 4. A connect or
of the character -defined in claim3 vvherel n, each dog, conprises pin

extending radially f r onPEABRS c HRY | H‘QV&HG heRihg C& dTiP8st %‘iﬁ?%e§aﬁ6lr med
on opposite spoestidwseof for engagi ng upwardly tapered first surfaces on
the ends of the |ocking segnents, and an enlarged head on the pin having

t he second generally conical shaped surfaces thereon for engagl ng siml arI y
t aper ed second sur?eacesAofoppectnds off the chaymeter agefinefe Impvakadiny 1

t apered surfameéré{yereon 28 5 A subsea wel | head connector of the
character defined in an%/pgrece claim, wherein s |d g t ubul ar nenber

has a groove t her eabout *P%t BRFEAFESe O $hsh fogh 3 ther segpents
t hereon so tlmtet Aerangedt iten iMiti€l hpnbpreadt ctlhlmoheagmexs'es dapaper at a

surfaces amjégf§WfVéfyf%?%JcE£Lgf'and thus with a relatively high
'. horizontal component of force, and then at a relatively
w rapid rate and thus with a relatively low horizontal
component force as the cam ring continues to move toward its
first position.

3. A connector of the character defined in claim 2,

wherein |

the surfaces on the dogs and the ends of the
locking segments include first surfaces which are initially
slidable over one another at a relatively small angle with
respect to the vertical and second surfaces which are
subsequently slidable over one another at a relatively large
angle with respect thereto.

o/ 4. A connector orf the character defined in claim 3,

wherein |
| each dog comprises a pin extending radially from

the cam ring and having said first surfaces formed on
opposite sides therecf for engaging upwardly tapered first
surfaces on the ends of the locking segments, and an
enlarged head on the pin having the second generally conical
shaped surfaces thereon for engaging similarly tapered
second surfaces on the ends of the segments above the
upwardly tapered surfaces thereon.
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6. A subsea wel |l head connector of the character defineti in C ai m-5,
wherein each of said first and second tubul ar nmenbers has an additi onal
groove 10 thereabout intermediate its end agjmm, " about to
receive a tooth so that the portion of the "muﬂﬂm mE sai d grooves
is free to flex. 7. A subsea wel | hea@@®onnect’or ‘of “t h& chartact er defi ned

I n any preceding claim wherein 15 - said camring has a primary
pi ston t hereon whose outperstmdéwrvfear]ﬁﬁmdalccmﬂém icf Steted abl y slidable.-
within th r rential f t ec Syl rmerthg
forma fI% ar}p%%s??urdge%gf er%ﬁ rlfﬁﬁ‘%ie%q‘ r}Té}ir%“s't Q‘ghr'% ace %ere -
arranged Viimstn tukulan Smeml‘cﬂmﬁ:)@f qquegéihemeqhqumrw%mm%#ﬂ t hus

the cam rijRg tehd Al RO hPRRd |y fdbd HHEY o &d haaasvpmey of pressure
fluid to said first_ chanber, and a seconda%%ston whose out

ci r cunPer BoEtdons §F Fhe imenker Jdntermediaf i%itrReRed ‘F"EFE)UI ar 25

nmenber beladid idrodve NRY YErEes o ﬂn:d; whi ch has an annul ar |eg seal ably

sl i dabl e between an inner circunferential surface of the primary piston and.
an oppositely facing circunferential surface of the second tubul ar nenber
to forma second preéssurie mthsé&rwé:ielthm\ g¢anreckor tof rtzheo chanber beneath

Its upper wroTeTo N S ]_séa{}p 15 a first
end surface t eretg:tnQger:’;Ej(glﬂnégaeidﬁ1 I'n t e%}sﬁegcon E:%% shg%/ primary
and secon®nd saaanshuhniar Wﬁﬁﬁ hag ﬁb@@ﬂiﬁmq‘l é?é%o‘éﬁranged within

the thord t&'iex@amaiﬂf uﬂf&medi?a%é Atk EndRing b SPESHERshéiksdldet havi ng
second sure‘ a(%:ee%eoirl,et heltoo r]’flSsoar'l:rhar:‘.:c"et:q:ew ;;ohrl'tplcgrp eo W_r{éj member

intermediate said grooves is free to flex. _ \J

7. A subsea wellhead connector of the
character defined in any preceding claim, wherein
15 said cam ring has a primary piston thereon
whose outer circumferential surface is sealably slidable
within the inner circumferential surface of the second
tubular member to form a first pressure.chamber and which
‘has a first surface thereon arranged within the first
20 chamber to urge the primary piston and thus the cam ring
to said second position in response to the supply of
pressure fluid to said first chamber, and
a secondary piston whose outer circumferential
surface is sealably slidable within the second tubular \/
25 member below the primary piston and which has an annular
leg sealably slidable between an inner circumferential
surface of the primary piston and an oppositely facing
circumferential surface of the second tubular member to
form a second pressure chamber between it and a third
30 chamber beneath its upper end and the primary piston,
said secondary piston having a first end
surface thereon arranged within the second chamber, and.
said primary and secondary'pistons having
second surfaces on their ends arranged within the third
35 chamber, and
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chanber, and neans by which pressure fluid my be 51seﬁectiVer suppli-éd to
said first chamber while being exhausted from sai d second and third
chanbers, in order to nove said camring to said second position, _
selectlvely supplied to said third chanber whi |l e bein n n"u sai d
first and second chanbers 10 in order to sai d caﬁlm ﬂl'mn Hm)omte
position, or selectively supplied to said second chanbtr Whid e "*bef ng*
exhausied fromsaid first and thlrd chanbers in order to nove said
secomdary pi ston and thus_s g to_said opposite pQsition in
the event said camring P&t oPréﬂaHSVEBdbﬁ FPRAATY, BiSEPRSSHBANANED to the
third chanber.s@cordssbrfacesl bhetheivnaendsoarrangetiantithlihythe third

hér ei nbef ore d&ﬁgﬁﬁ@fg Yhh reference to the 20 acconpanyi ng draw ngs.

+ means by which pressure fluid may be
5 selectively supplied to said first chamber while being
exhausted from said second and third chambers, in order
to move said cam ring to said second position, or
selectively supplied to said third chamber
while being exhausted from said first and second chambers
10 in order to move said cam ring to the opposite position,
or
U selectively supplied to said second chamber
while being exhausted from said first and third chambers
in order to move said secondary piston and thus said cam
15 ring to said opposite position in the event éaid cam ring
is not so moved by fluid pressure supplied to the third
chamber.

8. A subsea wellhead connector, substantially
as hereinbefore described with reference to the
20 accompanying drawings.




