1 EL L A‘PPARATUS This invention relates generally to wel | appar at us. Mor e
paggLcularly, it relates to inprovements in well apparatus havi gg
qQperat ed, reciprocating type actuators for noving.parts t herso ,59(%@ &CI
| ocking parts of a subsea 5%l | head connector, bétween alternate

positions, such as |ocking and tnl ocki ng |d05|t|ons in the case of such a

connector. In the drilling and/or producing of an offshore well, it is
necessary to connect and di sconnect various well head 10 nenbers a
substanti al di stance beneath the wayggtrSappARKryugor exanple, as the well is

drilled, the |ower end of a bl owout preventer stack nust be connected to
and then di sconnected fromthe uppér end of a wel I'head nenber attached to a
wel | casing atThis mmt:fdmme,laa:nd geaeraldy tb walllchpparatas. Tuore

subsequent |y . t n C |9
the well, the ower dlq* 2t Q%%éggghtg gmngioﬁglg%ﬁ%sbb%e%%n%# 19 the
upper end of th?é”é%sﬁhu%«ﬁl Pﬁ@é’étﬁénbé?ecﬂprqqmmganWmheptM@gs tfer

connect or fTUStmdiﬁ.rﬂ(’?ﬁ Ot:héﬁéaﬁ PeAkAAGR] 1dti1dthd P8FtE 0020 aldbdda!i d
pfessure under ons gh Struct ural | oadi ng.” I n._qgne type of subsea

wel | head cBnn&&-or*e I‘I’%‘t‘n?? sPefueen a1 LEraabe: PPﬁétF-Sﬂt?r' SHebiag he
upper wel | head.otﬂnim; &nd pinlaicdkimgoepoettiondi int tlosi.case i of Weueh 2D
shoul ders on A]% ends are free to nove past a flange on the upper
end of the Iovver we ead menber, as the upper wellhead menber is | owered
into end-to-end relation with the | ower wel | head nmenber, and a second

position in V\h‘.'rplihbharih‘.gﬁh e&ﬁdﬁartﬁ}?od g %pinogftfgﬁoég ﬁ@i{!let %l{ger S

nove beneath a shoul d ['ower” side o | ange-

wel{l head nerrﬁ’é“rc.essary %F@nﬂgF’Fl cﬁP‘érI?’-s‘FW%‘l’fBuIW@% tfRlkheade of

the | ower 10 - Zhembers a substantial distance beneath the water surface.
For example, as the well is drilled, the lower end of a
blowout preventer stack must be connected to and then
disconnected from the upper end of a wellhead member
attached to a well casing at the ocean floor, and the lower
15 end of a riser must subsequently be connected to the upper
end of the stack. In completing the well, the lower end
- of a subsea Christmas tree must be connected to the upper
end of the subsea wellhead member.. . _In these and other
cases, the connectoi' -must be capable of being preloaded in
20 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 position in which
25 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 which the shoulders on the lower ends of the
30 collet fingers move beneath a shoulder on the lower side of
the flange of the lower wellhead member. More
~particularly, the shoulders on the flange of the lower



wel | héad menbers and on the collet fingers are tapered so that movenent of s
the shoul ders of the collet fingers slidably over the shoul ders on the et
fl anges urges oppositely facing sealing surfaces on the ends of the N

wel | head nenbers 5 into tight engagenent with one anot her

in or

der to

prel oad the connection. The collet fingers are noved into their second,

| ocki ng positions by neans of a camring having a cam surface which slides
downwar dly over follower surfaces about the collet 10 fingers.
particul glr |wellliead cwenbagsi agao?)ﬂwnd ey118e r%gaﬁta-i Qi*]gloi:aﬁéirﬁadtQE' ¢ and
retracta u anged, .about t cam ring_and. a flange,on e | owner
end of a S%ﬁévﬁ%{@}e@{%aP&i e‘&‘%y'sﬁ}?él & QI ?Fk%d'%?é-r%ﬁetr fanggreound

t he act uat cdbkidably@verndhekhbulddersnbrrtherflangekb urgesdoppostieetgd, the
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ACLUALOTS o Bk UG RelcdsP o bhe! FaE R il vES1RELR hehfig,ghoul der

on the collgt fingers to nove out m engagenent W t

on the

flange f 1R¥R tight, ghgagepentyseith aneyanother imbordear tocpreibad the
camring cthéidcomsectiondDve upwardly to- 20 engage an outwardly extending
shoul der about the upper ends of the collet fingers so as to positively

I n anot her type
of wel | headthwnaetiet, fingersavarsy movedpliatbodheiy tseddnd Ar RobREAFEd ON a

swing their |lower ends outwardly to disconnecting position.
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dogs. Still™1%r EREFAHIEN-Ohe Xt ERdablee RAd| Eefractable:t agheateraat or s
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| ocking surround the actuators. = When the wellhead members are to
15 be disconnected, the actuators are extended in order to

1lift the cam ring to permit the shoulder on the collet

fingers to move out from engagement with the shoulder on

the flangeLuoﬁ the. lower. wellhead ' member.

ends outwardly to disconnecting position. .

More
particularly, . the cam ring-continues to move upwardly to
20. engage an-outwardly'extending shoulder -about the upper ends
of the collet fingers so as to positively swing their lower

In another type of wellhead connector, "dogs having multiple \_)
locking teeth are mounted on a lower flange of a skirt

25 - 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 of a cam ring having a cam surface

30 thereabout slidable over following surfaces about the dogs.
Still further, fluid-operated, extendable and retractable
actuators are connected to the cam ring and a flange about
.the lower end of a skirt surrounding the cam ring and- the
actuators, so that; upon retraction of the -actuators, the

-

-



engagerrent with |ower wellhead -ne and upon extension, the cam
ring.is raised to pernmt the |ocking: dogs to be noved out of IOCkI ng
enga‘gemant The locking 5 teeth and grooves are tapered so as to be

sl i dabl e over one another in order to nove the ends of the well head nenbers
~into tight engagenent and thus preload thedconnection. Qur U S. Patent No.
4,496,*172 discl oses, still apether wel|head connect:9f of this general type

which is an 1FaR fie, b OWERRE to; £gxee theyLockingrdees inte ledsingis
expressed themjagement Matiehpaiicwed arwelllhé&us neRbees, coramact Olupon

f ted t ted tlh d of
2 TTrst subsed enitibhy B CBeh 31N 3 e ERdTEP' Berile hebt etk ire e
suspended frodoBs tade Meérmubmﬁ mmmmqammnber'rm ldeking may
be | ower ed 5t harguin farid g2 ool Qr‘é“@a%@f?&rst 3 &3 L@esiaaahaug e one

‘menber, the first tubu] ar nenber havi rooves therea

and the secon@®NQINAGIRRHART Her |W%é€lﬁ1(ﬁﬂ‘%ﬁ:l&ﬁ]gﬂ§ﬁ m&l@%rms
The connect or iZfto ftidghiterendudemias: aand tiis Rkl ouK thd Comedeidhl st and

sécond | ocking teeth which are carried by the upper nenber for radial
novenent together between expanded positions in which the second teeth
may. be noved famt UkE. upmtemndN@f t Hp496y\RT 2 nAliimyl dsEs d‘stm(h&alamlﬂmte

and spaced er{gltlr}f\ea?é f%qﬁ.@& L T v
" end-to-end relation, contracte p03|¥\él &5 In v&] rqgﬁ{ehe%lgfzg? gnd anicond
teeth arelfn IJ@EET% gePEex wtheseheabpret describedd Fasvveaeeasons

respectively. expridsed eaiHedtditf, t aper REreUrpREEEHISFEPN W ED A ftter
. slidabl e over ta ereéj surfaces 30 o% t he roo es tog‘g e the ends on the

tuhular nenber® TG R RN igeth HHB aholR tegd %o (RR ki ng
ri ng noves tomntelttcsdmmsuplpur eaddof aafiirstigsubsed rwélgmbabanémbéhe

ek hen? Lo, A eBbob ekl kB8 RbBRe oAl Sl T4
fol | ower ABandhsh lowen end Pifng secord jtelkhaad mepbenr sot tbhapoittnay.be
lowered therewith into end-to-end relation with the first
tubular member, the first tubular member having first
locking grooves thereabout and the second tubular member
having second locking grooves thereabout. - The connector
20 further includes a "C" shaped lock ring having first and
second locking teeth which are carried by the upper member
. for . radJ.al ‘movement together between expanded positions in
which the second teeth may be moved past the upper end of
the lower member for disposal opposite and spaced from the
U 25 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
. second grooves, respectively. The teeth have tapered
.- .. surfaces thereon which are slidable over tapered surfaces
30 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. is arranged
about the lock ring for movement between a. first position
_in which the lock. riﬁg is expanded and a second position in
35 which the cam ring is slidable over follower means on the
-lock ring - to wedge it into contracted position. .



4. Moré particularly, extendable and retractable actuators are arranged
about the camring, and neans are provided for connecting the opposite
ends of the actuators to the upper tubular menber and the camring for -
noving the camring 5 between its upper and | ower. positions. It nmay be
found that the actuators are unable to Kift the cam ring, and thus

rel ease the | ocking nmeans, of a connector of this type. For exanple, the

actuators may not provide sufficient lifting force to free |ocking parts 10

whi ch have negerpaﬁtmukla{-w, \Mi?déiﬁ%{bﬁéaﬁanretréééablé Nt tEtdate
t hensel ves falh 3 fQq exa to | egkage between their pistons and
a ﬁqﬁﬁ

et
cyl i nders. ¥ﬂ‘ e S © eﬁiﬁgop NS AFYePravidedc £ox or s
wi th secondaopnecténgethgsoppesitednds of roritftiuattrs ad itheduppeged to

15 move C heudd BB oBistboThifl {02 Achualigl iyl e eent ol gliner or both

of the above no Clrcufrstances. I n on

i ncl udes® a between jtst ybperaprndl Joweri pesdtibaswi t hi n t he upper tubul ar
menber to forma first pressure chanber above it, and a 20 secondary

pi ston sealfglesl'da%Pe within the up Eer tubul ar nmenber beneath the
primary pistbn ynd-that thesagruatprsbarepunable tRe lifét &he and a
thi rd chambeambeniwadgh tamSanmsdaumaebonthe I\mecmcjtleé&ﬁéJ y,oﬂreans are
provi ded fogg, Lvelsy I aullc fluid o and tlng
hydraulic f ﬁgggé%1§k ﬁ%ﬁt d secdﬁﬁ %ﬁﬁﬂﬁé&s £§5 ﬁgtPB PEﬁlHPBbate
the main p|99bnpaﬂuldﬁusufﬁb0temtrlx@ﬁlmgwﬁoqpeunanﬂre@penmhymg pazxteel | as
nmeans Qg S\WQPJ:M' Hﬂvet bEthQes’cﬁbkd %B%"Qﬁst%%i}f LBSESN. S N8§Eof Okne

rel easi ng the | ocki ng or ventin omto return the system.
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actuat or, odbetween tﬁenrﬂyfsﬁoﬁsﬁﬁﬁwtBYllhaéréecondﬁEYhﬂsstﬁ@reiore
relatively égg %%% esul t tend tq cack and.thus bind wthin
t he second

release systems in which a secondary piston is arranged to

15 move the primary 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 sealably reciprocable within the upper tubular
member to form a first pressure chamber above it, and a
20 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 the

secondary piston. More particularly, means are provided \/

for selectively supplying hydraulic fluid to and venting
25 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 for supplying it
to the third chamber when there is need for releasing the
locking parts, or venting it therefrom to return the system
30. to normal operation. ' However, - in order to minimize. the
height of the'actuaeor, and thus the overall connector, the
secondary piston is relatively short, and as a result, may
tend to cock and thus bind within the second tubular
member. - Also, its pressure responsive area is limited to

-
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5 tihat of the prinmary piston and it is slldable over seal surfaces of the
upper tubul ar menber over which the primry- piston slides, and thus over
aré&s which are subj ected to wear and/or damage during nor mal operation. 5
The object of this invention is to provide a connector of this type, or

ot her well apparatus having parts novabl e detween alternate positions, with
a secondary rel ease system of.:no greater height or:length than that above
described, but in which its secondary piston is | ofger, and 10 thus not as

suscept i bi e tem%ﬁgthanﬁﬁme&i}er igtodifia i ie §ecea<ia%)51@ Yt Nega P
rel easing pressu responsive area_%wﬁater than that of the Ehlnary pi ston

and is sli dabl%1 es of PBPEE eiarx pepher, oves, Whigh the Belnaryar y
pi st pg i s sligeiston Jéliausprmhr&huftml T Gikeas vr]lifclbréml@ibh FePesd 1\;/\% ]
provi des an a use w th, we ar at us aV|n a housing in ic
a part is adaq'{é%t né/o o %e’% e‘Hﬁ’g}F ﬁ@%t?%@?’t said "~ actuator
bei ng adapted to nmove sald part and conprising: 20 : aring -

reci procablse wWrdidhfdier horistnik a &t fsrets 1o w@victf PLEInAEAE o

- pesition, upon_npverent in one_direction, and to npve part to |ts other
posi tion, upoﬂﬂhﬁﬁehﬁﬂ?'lHrtm§hﬂﬂuﬂe¥ﬂr%@P@Bﬁtu§aPBVFPﬁgHﬁﬁﬁﬁm??¥§# Srary
a}st]on t her eorbm 251&&%1-_'@ rpufgieieﬁgtalmmfaceséaoﬁ%aafyblﬁ@fﬁéaggbl e

thin an inner Gl cu erential _surface t he RQousi to for i.rst
pressure charrt?é’ % AP neEea ?T"rg’t 1@2’6: soF f a& FFQ%’ge?P‘W? hi n
the first chardaaqusbeﬂa.chmtau.yx phst:hnlmcmcmdaary gllstmnf ésehonger 3(and

- surface 4 | 2 Yas §héggﬁ Wt[:hbacklﬁ a ﬁn%rur@é{e%qrﬁ vﬁ{‘is Igln

~surface of the ousi ng on one the ‘pi'ston an
- anrular |eg séd?%b??"%‘l“?%@%‘é?ﬂebﬁsaﬁ .rma%ngcmﬁeasemq ArespERsiee of

- the primary pisited) gheéateroppRaht ethat a@MotEer QwimR8at ipdlston and is
' slidable over seal surfaces other than those over which the
primary piston is slidable.

15 The present invention, in its broadest aspect, provides an
actuator for use with well apparatus having a housing in
which a -pai't is -adapted to be moved between alternate
positions, said actuator being adapted to move said part
and comprising: ' '

20 - -a 'ring ‘reciprocable within the housing and
arranged to move the part to one position, upon movement in
one direction, and to move the part to its other position,

U © - - upon movement in the other direction,’ -
_ said ring having a primary piston thereon whose

.25 outer circumferential surface is sealably slidable within
‘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

30 surface is sealably  slidable within -an “inner
circumferential surface of the housing on one end of 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



6 surface of the housing to forma second pressure chanber on one end .
‘fhereof and a third chamber between its other end and the primary pistong #
sai d secondary piston having a first end surface 5 arranged in the secontt
chanber, said primary and second pi stons havi ng second end surfaces thereon
arranged Wi thin the third chanber, and ¢ means by which pressure
fluid my be selectively supplied to said first chanber whil e being

exhaust ed feswomfiakie csfaitueshouamlngntbtﬁdrml aclsec:badspreasureechanberng sai d
cam 71 ng | brithidhd é@fu@na Yh 59 S&arﬁrféﬂ P Sk dhd

chanber” whil e be| ng austed from sal |rst and second ch ers in order
to nove saidh%dhe |I?¥Q1W#Fléé?’t§*cﬁ¥bosr te direction, or 15

sel ectively supplied é&ea&cﬁmydpqle&mehawhbeabﬁiﬁﬁteémwﬁhéé om sai d
first and thrrd C rrber an ord 4# 1‘ﬁpve sai d secondary piston and.. thus
the ri ng i ed%l cﬁ?ceocﬂ PSe event the ring is not so moved
by fluid pressure surﬁpﬂldadammarnyeanﬂrsebmmatorﬂﬂhaMg aecoadoenabf t he

_present i @{ﬁ{? | el | head
connector, and 1 n accor anc 'Y?%djs";ﬁ%’ﬁc aspec f&ﬁn S |'hvent|on there*
i s provi ded a subsea mn%éaﬂ‘@dmheé’réﬁs%‘@nﬁlﬂéﬂngaYab¢|$%Jée?‘€|b‘€l¢b¥ menber

adapt ed t o RfpyIIEY b Wa P £iF Wb A1 ﬁémj Sihnescee! frend )
nmenber asecodtubua er e‘aug%})dto be su r]éjedfromth | ower end
of a séfond ot']%erﬂ) 4Ry 1 crdreas%os? r@Pth into
end-t o-end nfmgat:tmrsarrld rmtéleiireatmrubuimr rrenber, | ocki ng

Tovenent bt ween an GLICEiPelil il 1 oS =RIATEH: Hb&he PSS e
upper end &fekne exheustedulfmomm inyse @mﬁreeceudp@amhﬁrs nimhi ch\J

they are sld#adt ePwRive 8akingakaring O Hagd bﬁﬁbs&%ﬁuhﬁi-eéﬁmﬁengﬁr SO as
to urge the ends of said nepbers intQ.tight engagenent Wi) one apot her,
15 . - selectively supplied to sa:r.d econd chamber while
'~ being exhausted from said first and third chambers in order
to move said secondary piston and.thus the ring in said
opposite direction in the event the .ring is not so moved by

fluid pressure supplied to the third chamber. -

20 The actuator of the present invention is especially
suitable for use in a ‘subsea wellhead connector, and in
accordance with a specific aspect of this invention there
is provided a subsea wellhead connector, comprising:

a first tubular member  adapted to be mounted on

25 the upper end of a first subsea wellhead member, : \/
: . a second tubular member adapted to be suspernded
from the lower end of a second subsea wellhead member so
that it may be lowered therewith into end-to-end relation
with the first tubular member,

30 locking means including locking parts carried by
the second tubular member for movemeht between an expanded

-position. in which they may be moved past the upper end of
the first tubular member and a contracted position in which
they are slidable over locking parts on the first tubular

35 nmember: so as to urge the ends of said members into tlght

' engagement with one another, '




7 Q. can1r|ng carried by the second tubular nber in surroundlng relation
ta the | ocking means for noving t he | ocki'ng:'means i nwardly upon novenent of
thecamring in one axial direction and for ‘noving the |ocking neans
outwardly 5 upon novenent of the camring in the opposite axial direction,
said camring having a primary piston-therzeon whose outer circunferential
surface is seal ably slidablg.within the inner cirgunferential surface of
the second 10 tubular menber to forma first pressure chamber and whi ch has

a first surface thereon aardaam&qugMdafﬂﬂé&% ithd SEtHE Reuidu 1dd henflier
primary piston_and thus ?g 8 &alione direction in resrP rBleto
the supply of 1&3?55?5’@"&%”‘? atip S¥jDg, means ror moving
secondary pi sﬂmhﬁhgsmeanSeinwardwf@mtucwemnﬁ arf.eth& eanl abhy i ictabl e
Wi thin the seg t 0,

annul ar | eg se%lggl ;E/iligjle%&lgﬁ”gg'gt Qggnﬂ’%‘?‘flﬂp{x}ﬁé’%ﬁrﬁiﬁg %dom"&p:

the primard puposn mavemsntppeti ttdley tawi mging diny ctheerm¢%1it%ura‘i@l@d of
the second tulyh@ctiber to forma second pressure chanber between it and
a-third chamber beneath its, upper end and, the pripary piston, said

secondary piston havi ngS2id r<qm cging, hexdag; forREH aRQﬂ?H"W thereat
second chanbewhozed diiter clrcumfeﬁamﬂlmlsnriaeédlseeeadamy ElSidain e

havi ng second C n r and
means by ng cﬁ%sﬁ?%gf lﬁ@%&- gﬁge se xgéc}?&'% yggtgﬁ d;{lo S&i %ijﬂgj .
chanmber waAPl e Ye mienpen: do rﬁmmB@! s@m%mm qlmmmrchmd) ch n
order 10 NMOVephgd dac%@rréﬁ‘gsgffééédtﬁia?&‘ o § Qﬂgear VIR | ¥RLY ﬂ% I ed

to said third chanber whil el n ald first and second
ch@ers i n oCH&mbET o, BTres; HhEaFFM‘W |R11%‘~'é?’ti 2R S5uscthe, @R BT G 35
sel galildv@ine sdi¥¢teibn 0in ardspeas8dtehenbesuphilve of pressure

fluid to said first chamber, .
15 o a secondary piston whose outer circumferential
- surface is sealably slidable within the second tubular
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
20 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 primary piston,
said secondary piston having a first end surface
.. thereon arranged within the second chamber, and
\_ 25 said primary and secondary pistons having second
‘surfaces on their ends arranged within the third chamber,
and o '
means by which pressure fluid may be selectively
supplied to said first chamber while being. exhausted from
30 said second and third chambers, in order to move said cam
ring in said one direction, or
selectively supplied to said third chamber while
being exhausted from said first and second chambers in
_order to move said cam ring in said opposite direction, or
35 : . selectively supplied to said second chamber while
belng exhausted from said first and third chambers in order



hei ng"éxhausted fromsaid first and third chanbers in order

sai d secondary piston and thus the ring in said opposite direction in the; '..c
event the ring is not so noved by fluid pressure supplied to the third "/

8 to nobve

chanber. The subsea wel | head connector may be that which fornms the 5

subj ect of our co-pending Application N8. 8918117.6 (Publication No.
2234794) and fromwhich the present application has been divided. Since
the height of the leg of the secondary piston is not limted to the space

within the ﬁ@pﬁbvbuwﬁli sEomBiry Opi £€5K8 2hRat R | YrPh tEH galigmdy be
of sufficient heLg evenI the secondary EI ston fromc W t hout
i ncr easi ng °PRES 9e‘? 'h%?g}ﬁ thg event BGn tRgois Mok 1SR L byhe

first presﬁ]miedrpspssareesuppnﬁeaetonthbetneeandna:abarston has a | ar ger
pressure responsive surface 15 than the second surface of the prinmary
piston so that it is capable of raising the camring with greater force
than the pr¥h@r§ubgeat walhheadt nensestorowayebef thati whichs forms Mhee

partlCU|5‘”§ubjé§tseéﬁnd8ﬁi‘ ggéf-ﬁanaiﬁ g2 f:?ﬁi&éﬁ:.&ﬁspﬁﬁs' VSeigﬁfﬁ}C% whi ch

e second

eneath that

i s seal abl'y over__a surfacé in

over which fﬁ'éi’ﬂ?‘? 19Ns F9 ac 2234 194 pAPRar {reRstBnel dhejapresess t hat
it as well applbeatiehi hgssbeéncasvidedbe tel escoping leg of the secondary
system are slidabl e over new surfaces not subject to wear due to the
primary piston. 25 The invention w [l now be further described with
reference t9$inge thedeight mef dhenileg of thehiselcondary pilston der hotal

secti onal Vi P4 eéga ﬁf}prn:hgn Qﬁa?es'iﬁﬁﬁﬁﬁ"’ejthgeﬁ%&n%%

with the preferred enmbodirent t he present

In ﬁg&gggance
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Furthermore, the first pressure responsive .surface on the
secondary piston has a larger pressure responsive surface
than the second surface of the primary piston so that it is
capable of 1_'ais'ing the cam ring with greater force than the
primary piston with the same source of fluid pressure.
More particularly, - the: ‘secondary 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 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.

The invention will now be further described with reference
to the accompanying drawings, in whicfl:

Fig. 1 is . a vertical sectional view of a portion
of a subsea wellhead connector in accordance with the
preferred embodiment of the present invention, including
the 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

[



9 so- that they are able to nove d@mnmardly ahaut t he grooves about t he

| ower tubular nenber; Fig. 2 is a-viewsimlar to Fig. 1, but upon |anding
othhe upper tubul ar nenber upon the |ower nenber 5 and |owering of the
camring to contract the | ocking segnents into |ocking engagenent with the
teeth about both nenbers and prel oad the c®nnection between them Fig. 2A
is an enlarged detailed view,.of the circled portion.of Fig. 2 indicated by
"2A"; 10 Figs. 3" ‘and 4 are horizontal sectional views of the

connector, as §@etﬁh@i Gt PrkCRAY1d1¢S fové abindatdly Ebetit £hanNgrdoves
respectlvely, £n enleﬁg?ﬂ view of the inner side of the connector
and showi ng tHEP gﬁ?éﬁ%ﬁ AéTE IBAPEEE  position they occupy
relative to the ends ofFiag} aeerits Imctmag sdmidairs tdeRighe 1Gormectapons i n
t he | ocked po 6

“smal | er scales£%%§£n f fhe ?n%%?gglgu mgﬁ%%ﬁﬁ%k @fihétiﬁﬂgrtﬁéﬁﬁgr

20 but shdwi r@ndhéogqﬁrémmﬂog@%neamhermstgf coptragtc e |b@qkhgg

segnents upon éécyﬁéﬁgs 0in£$'eloiﬂ£ﬁi§j%nqif§b%éxft wwénénée&hhdbaw B&th
| ocki ng segnments”fromthe | ocked_ position of to the unl ocked

positions of Pregmbersand Pr?%°%@fEP?h%?nn%ﬂF%?géﬁetﬁﬁﬁﬁpEE?Pve vi ew of 25
the.end of one of the | opkgng2dpgss OVenlatded s detadded heieen omhitheare

ehgaged by the e spxe re 'sed to unl ock. the
connector; Fig: fgéfggaﬁﬁggggﬁcéf € re%,g€8%9 Qgéaﬁ% ) as seen fromthe

i nner end hd  one si de tRégeof3 @ad 4 are hor1z¢gtab $ecblqnek/ﬁieVﬁe05uter
end of the Sprﬂ?@%oﬁﬂ&ct&fg aé%ééﬁ A 1lldHy Hz%‘ﬁe?xf 1&%539"-&%0'8%0'@9-4 5€0.
111is a V|ew1q£1é2? inggé 2 respectlvgiga er dog; -and
. v :
~ F1g. 5 is an enlarged view of the inner side of
-the connector and showing the spreader dogs in the lower
15 position they occupy relatlve to the ends of. ad] acent
~locking segments when the connector is in the locked
~ position of Figs. 1 and 3; '
- Figs. 6A, 6B, 6C, 6D and 6E are smaller scale
.views of the inner side of the connector similar to Fig. 5,
20 but showing the spreader dogs and the ends of the adjacent
locking segments upon raising of the spreader dogs to
spread and withdraw the locking segments from the locked
position of Fig. 2 to the unlocked positions of Fig. '1;
_ - Fig. 7 is a further enlarged, perspective view of
W, 25 the end of one of the locking dogs, showing the surfaces
thereon which are engaged by the spreader dogs as - the
spreader dogs are raised to unlock the connector:
. Fig. 8 is a perspective view of a spreader -doqg,
as seen from the inner end and one side thereof; :
30 . - 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
35. . " Fig. 12 is a side view of the spreader dog.



+35. Fig. 12 is a side view of the spreader dog. 10 It is here
noted that the subsea wel |l head connector shown in the present drawings ig §
the sane as that shown in the draw ngs acconpanyi ng the parent Appllcatloﬂ’
No. 8918117.6, supra. 5 Wth reference now to the details of the draw ngs,
the overall connector, which is indicatl® in its entirety by reference
character 10, is shown to conprise a |ower tubular nenber- 11 adapted to be
nmount ed on the upper end of a | ower well head nenber, and an upper tubul ar

nmenber 12 1 aﬂ@n&@ﬁetﬂo@ed sus&eneisé éﬁﬁgéé h@eimeadeasnﬁécearuaascm
wel | head nepber. 13 for 0-end cqnnection to the | ower, wel nmenber .

The | ower tibuthe HﬁﬁﬁﬁangyaHéngﬁnﬁgct S5 M5 ?ﬁw?ﬁ%ﬁ ?ﬂ?@ﬁré? Pt of a
wel | head harsawibngs addoriparsineg thenparent Xgpkivatjondip.beonsnarved,for 15

suspendi ng éﬁSlﬂg within a well bore. The upper .tubul ar. menber is shown
to be clanpe T the lower end of the upper vel | head menber, which may be a
bl owout . preventer stack during drilling of the well, or the lower end of a

subsea g"“?‘iiﬁ?r&%@%eﬁ%@ How heoceml edéﬁ%[ilaé‘do?r%ﬁ'!&tdfé‘wfﬁéﬁe gHle Of the

wel | In et
Iomered\Mt¢W¢¥a¥%t6°PﬁE°FBEerWﬁéﬁﬂeﬂs A§q%Q§FQQE&®' cBnbiBet¥aPK of the

t ubul ar menbeferencer @hatattdy h1bgckisg stiovay etot heompbisé lavisgepr ofiles

ci rount er et 1197 M a7 Aabsad R bdfenrteR it s Hben Bon of, 1 ca
by -t he uppex laWeraweddhiead Nembemprangaani apper yrubwleEl megbeovad 14 are
formed @gpoulqd HEed PRe" lfé;dsv]i’épéﬁ?eéo ¥ebom! l{!@i& aiovG@Pb‘éhd Y¢ énxgcﬁbﬁﬂ gr ooves

15 are 30 forned about ower t e _upper tubular thou h
t he groove§w%}¥h%%%mﬂe¥geﬁe1%ff?ﬁeegﬁﬁﬁo ?B@lF@nn9ﬁ59°ﬁa§°b§h8f16WPFerenL_)

profile, angellieidCimediber NUNDEr ThE J16WEES tUbLEEPLP iménded HROEbeneed
not be the gg%%%cted to or form an integral part of a wellhead housing
~in which casing hangers (not shown) may be mounted for
15 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 driliing of the well, or the lower end of a subsea
Christmas tree during the completion and production stage
20 of the well. 1In either event, the upper tubular member is
adapted to be gu;dably lowered with it onto the lower

menmber. : -

As previously described, each of the tubular members is o/

, provided with locking~grooves thereabout having profiles to

25 receive locking: teeth on the inner -sides of
circumferentially spaced apart locking segments (to be
‘described) carried by the upper tubular member 12. More
particularly, locking grooves 14 are formed about the upper
end of the lower tubular member, and locking grooves 15 are

30 formed about the lower end of the upper tubular member.
Although the grooves are shown to be of the same profile,
they may be of different profile, and, in fact, the number
of grooves on each tubular member need not be the same.

r_event upper. tubul gr nmenb I s adapted {0 be ui dably °



As+-al so previously described, the upper tubular nenber is adapted to be
Iogked to the | ower tubular nenber by neans_of Iocklng segnents 16 which
are carried by the upper tubular menmber in C|rcunferent|ally spaced
relation and 5 which have upper and | ower |ocking teeth 17 and 18,
respectively, about their inner sides adapfied to be noved between the
expanded position of Fig. 1.wherein the teeth are retracted to permt the
upper nenber to be raised fron1or | onered i nto end-t:0-end engagenent with

the |ower 10 mrmo ﬁfé’v DPIeSEE fsked oc&a&gﬁ&té@ﬂ didfbef is

wherein the up 7 are |n Iocklng engag rooves

the | ower teet ¢ okRFHRA R ThARvEF tubwlar W%M neans
hold the membess nockmntge(hmﬁusmm wﬂi‘dﬁh 8rék|d’atrr3.‘ed Sby UtRNAglpéF OM a
flange 19 15 tQIb mgﬁggr tubular ne di sposal a out, and

ext ensi on dowT Y f PSR ERe et 1éf"rn spagedn, relatien,apd

fl ange 21 &xt ahiseh nhavel yuppem tatmil dvmerenliookmge tepet I r &ndo :Balpport
the | ower end ment
sRodsy 06 bR Tl 40 Aol 14 I

bet ween their 20" contrac and expand i ng
teeth of the RFIWSRP s“éb%?man%ﬁﬁi RQﬁelfglr%\ﬁefs Fig + He whexein mmeetm:we

t aper e? sur f acae muﬁwutra Hd @%Flnﬁto‘tﬁé ﬁﬁﬁetﬁnﬂéﬁsért'ﬁé %&%&9@&% nﬂl;.;oq[x .

segnents nove Qsi ti so.as to e.lower end o e

25 upper tubtﬁxgr i%%%% \%ar%'?‘?/r}f%t%nq i t&n ﬁh?h el Wer

end of. t hdOl ommltqmulandnﬂmeerqomnchctm lpcklingd ptdsimmmCéﬁrFJ.g Mz e

particularly, hddet Hife Idéb%nl %) d 01 & .eﬁa& i arri.ed by
ul ar

c
the |l ower end of the up as an ou sur#%eé}%f‘ ered

30 ( downwar dl FHAYES aPﬁ\/\ﬁhﬁl’yO‘f@F tﬁqfdi A§ arengn alwmmqirér}qammd
surface 23 abafth hEodHDﬁg e;%di;fest hf4 b%e ROTPUehe! Nferhioees b ked

nmenber, as the _upper .tubu rrenbe wered onto_the | ower tubu
menber. so " as RS J‘fd'rcm a S ust'h@rﬁ 20 '1s suspended from a flange 19
15 of  the upper tubular member for disposal about and

extension downwardly from the upper tubular member, -and 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

20 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

U : to contracted positions, so as to pull the lower end of the

25 upper tubular member downwardly into tight engagement with

the upper end of the lower tubular member, and thus preload

the connector. More particularly, a flexible lip on the

- . lower end of a seal ring 21A carried by the lower end of"

- . the upper tubular member has an outer surface 22 -tapered

30 . downwardly inner and inwardly for sliding along a similarly

‘tapered surface 23 about the upper end of the bore through

the lower tubular member, as the upper tubular member is

lowered onto the lower tubular member, so as to form a seal
therewith.



.12 The Iocklng segnents are adapted to be noved fron1the|r expanded to

their contracted positions by nmeans of a camring 24 having canlsurfaces';
25 and 26 on its inner side disposed about and slidable over follower

sur f aces
contracted

extending inwardly fromthe camring between the ends of adjacent

segnent s.

25A and 5 26A about the | ocking segnents, and fromtheir

to their expanded positions iy neans of spreader dogs 28

¥

| ocki ng

More particularly, upon downward novenment of the camring

cam sur faces for

f th ar
i adERRR RO it e adRpLlE LRV BENAA el By

conversely,

XD

posi tion ofrihg. 22, hiavdmprealesustgces pesadnance & aftst hiinkeClgite

segment s,

whi ch the | omegg%!eet%ﬁo%ét%'zgmﬁ%ﬂ%te%v%t 331@' 4 n%’ﬂdﬁ%ﬁ#% IFI‘?@

grooves & n 26& @hgutathﬁehbeksngmhegmbytsheandp@romuhhbar centracted be
noved into f EsRechet Iar
nenbers. 2696 eﬂéﬁgwﬁkggggaag rea er(?Mﬂygé fégegpggg?égwggﬁﬁ B%
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ed; §Pn§"h8f1rt rontFactedy H%Jtcms d?ié !‘?%s onFPg cam to the

connect ed t%xﬁﬁﬁdeﬁgeﬁdyaFﬁdYaﬁpﬁm ﬁﬂﬁwﬂiﬂf#%ﬂﬁtbﬁﬁ?ﬂ%@rtbﬁdendﬁ pﬁe cam
ring near iadjacent [Xddieines %gjm'@gﬁ;s,and Whigke h PartiRadrAl onybbs | nner

end of the
ext ends 25

on the c§n1r|gg bé a bol't 32 which
AnUPPPEH PPStAENC am
ring. lonheodftRigbd tta s:muﬂ.byewapesmplmtd:ftmegcam riitiag caimi suethaeged

Soflpwaed BreSheat &R EhcPs, Hinp.Laen

outer end igq f@@etﬁﬁdlekﬁn aﬂgﬁggo%hhﬁ ggAtgflgpﬁ%Hgagoggdlg ars on an

end surface 33 of t

e reces al ns

nner &7 of the

pin 30 anoa‘Pﬂect?J’c"@rr%vofuP% Fedsigg et ﬂ'—h@ i ¢ar rdnge Hrom h&hieocki
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upwardly with the cam ring, to a. position in whlch the
lower teeth of the 1ockihglsegments are withdrawn from the

~grooves in the. tubular members, whereby the upper tubular

member may be moved 1nto or out of locking pos1tlon with
respect to the lower tubular members..

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 bolt 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 the head and bears on an end surface 33 of the
recess to hold the head against the inner end of the pin
and the outer end of the pin-against the inner side of the
locking segments.  Rods extend into holes 34 in the end of
the pin to prevent the bolt from backing off. -

~ As shown,. the head 31 comprises a partial disk having its

lower end 35 and sides 36 cut off for purposes which will



13«be apparent fromthe descrlptlon to follom/ and the remai ni ng upper
pelNphery of the inner side of the head-iisitontoured to provide it with a
coni cal |y shaped outwardly facing surface 37. Surfaces on the pin and
head are 5 arranged to engage surfaces forned on the ends of the adjacent

| ocki ng segnents, which, as best shown in1lBig. 7, include radially disposed
surfaces 38 which extend upwardly fromthe | ower ends of the |ocking
segnents at a relatively snaft angle with respect #o:the vertical, and

surfaces 39 1Qod\hla;kpae.->arwdﬁr@ﬂﬁréh& fao8eE st Soh T AGPS £38 13,20 ?.agl Wi th
respect to a rlFa]ldl al $I ane rovi de recessed portions in whic t he
out war dl y ext engrngtHa %ﬁ’%’é§"tﬁlﬂi}%3ﬁ the, inper gddenefpthej head; igq
upwar dl Iy vv: t h contoured ity pﬁovxml I %itlewiaudsa Oéoxﬁt@asﬁgnﬁﬁped Mitﬁardlyh
particul arly, e 40 at .t \PPEr 48 suc
surface 39 V\hlé%imf g%g%tewa@r‘fﬂ y frsg‘&rgée?&% o%érkpé” e‘? uBBgrq’eﬁ?&{ 3form
a general | Y cA¥Eangsd sﬁ—&pe%r“mﬁ%rsﬂﬁ'ﬁaGESt tﬁprm;iasenpdmalenéd faff the
engagenent by ddacémt CROCRHIRE 'segidRGs, %ﬂ:f ”&"s E%%@ 2 fﬁgﬂ ”‘gves
0 e

upwardly with artlcular e Si bl t

i.m%l%% sltatiy e
are flattened i3lly Qﬂ'ﬁPF’Sﬁﬁgﬁérﬁ’?ﬂs r% wbdch GXF—FFEdv'éPV@E@leo
as to initiallfremgige ldwert apascof sthié Ak iy eegmen t@ﬁd& af rélgcivekyng

ségments, as t d thus s rea jacent segnments
apgrt as %gg rﬁgg ﬁog‘?’%ﬂi Iﬁi‘fgnttgﬂé s %f arf‘ﬁ g?q ;N the
n thus sxnen Ill‘@@r ofothhe $uwt sesi! anhangienvith
Einmoongnt V\h:/lif‘héﬁecﬁf fee i ¥e Fduidnt gﬂ'&ﬁé bésakaz?é&??;%%ecogéé&s?dh
as

bet ween t he teet .and l.ocking.grooves. Wien t"hi's engagenen
bedn broken, t 40 wha EhSP‘bWQF\‘%lYﬁéiﬁ:m ifRad §A§&§eﬁﬁn‘éhw th
t he skewed surlfemiasmdiﬁ 0nové h&seﬂﬁé pfint he |1‘3.Ci|§em UGS WikRStRE cam

Fate dus to ¢ R PbveRit R BndROGt OHS dmaiiin, sotors dRTtinn bR s,
of coursel5as Qhe,repuxsrrevbevep\madlsprface 40 at the upper end of such
- surface 39 which extends outwardly from its lower to its
~upper end to form a generally conically shaped upper end of
the recess positioned for engagement by the conical upper
surface 37 of the head as the head.moves upwardly with the
20 pin. . More particularly, 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 r1ng
W, 25 continues to rise. -

The surfaces of these sides of the pin thus provide an
initial spreading force having a large horizontal component

. which is effective in initially breaking the tight contact

. between the teeth and locking grooves. . When this tight
30 - engagement has been broken, the conical surface 37 on the
~head moves into engagement with the skewed surfaces 40 on
the ends of the locking segments so as to continue to
spread the segments apart and retract them, but at a
greater rate due to the larger angle of engagement between

35 them. This occurs, of course, as the pin moves upwardly



+14 between the sides of the | ocking segnents above the tapered surfaces. .
Just prior to this nore rapid w thdrawal of the |ocking .-segnents, the cam
ring is noved upwardly to a position in which the cam surfaces thereon arée&”
rai sed above 5 the follower surfaces on the | ocking segnents, thereby
permtting the | ocking segnents to be M4 hdrawn at the rapid rate. In
accordance with a feature of the illustrated enbodi nent of the present

i nvention, ‘and as best shown in the enlarged 10 view of Fig. 2A, a groove

50 is formpethesh the didul of &nabﬁécbﬁwé&é v Mh A Rapkiea
adj acent groove._in vvmsp n_upper _tooth 1/ on the locking segments is
adapt ed to %‘érfﬁﬁﬁ?%d, '“?%dp l%FoBVetl?ﬂsi@’F%mdaB&ﬁh dlowdr they ypul ar

nmenber int eloekiinge scigmentzgr thel @ath tiEngdiscandvdd® . upwagddy ntahiach a
| ower t oot : I 1 e n LS, X ed tqQ be r.ecejved.: As
previ ousl y- &eg%'?l{]%%gﬁn tvﬁ.gils%{] QP c%"ogé}s?l 'éel?\% %%e? ﬁgei?%%er?r? & Eialﬁ?g FEBﬁ'Far
nmenber s Detthen foddovard swefaggacon theoloskingf Isegnentse therkby7 and

18 of ‘the | peinigesagTebles TOMeLng! Belfibngs] dePnbe ARG avt) aBNinbhus are
useful in preventing such portions of "the nenbers between their ends and y

the groovestiRI%hFRK®teeth are engageable from being overstressed,
and nore particularly to preferably equalize |oading on all of such

ti b t d i dabl, he 25 f f
Phe | ocki ngtriskdfadiite (R & FRdE oF kB2 1 BkErakad RRbedihrREng o
t he upper tebthe preasnt lavendionedandt as dbest siowrbdm thesenlaegedi anet er
havi ng 1an ivwiew &erFage 53, grdovel Wrﬁcﬁﬁwrﬂau?nghg%ﬁﬁﬁ;dé for

sliding 30 alon rmlarly tapered sur about the upper end of the
| over t ubul%?%ﬁbgﬁgaee?hé%daw%b%%ran@nm iadjasfnte IFPPYe cAB- t 0- qy
engagement whichtdme dpmper todtH a7 onTkbe lbekingasegmehtsl ¥s hBapeedui de
ool ool 8 e et ER0SH, NN °R YEOOVESELL F8rhdd ABOLEBhe' 18T
- ‘tubular member intermediate its upper end and the adjacent
15 groove in which a lower_tooth 18 on the locking segments is
adapted. to be received. As previously described, these
grooves enaple'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;
20  and thus are useful in preventing such portions of the
.members between their ends and the grooves in which teeth
are engageable from being overstressed, and more
- particularly to-preferably.equalize.loading-on all. of such
~ portions between as the teeth are moved slidably oﬁer the \43
25 . surfaces of the locking grooves during preloading of the
connection.

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 outwardly for sliding
30 along a similarly tapered surface 54 about the upper end of
the lower tubular member as the upper tubular member is
lowered into end-to-end engagement with the lower tubular
~member. More particularly, these guide surfaces extend at
lesser angles with respect to the vertical than the angles



15..at which the downwardly and inwardly tapered seal surfaces 22 and 23 on
.l ower end of the seal ring 21 -and about the bore of the |ower tubular
menber extend. Hence, the guide surface of the lip 52 will engage the
gui de surface 5 54 about the upper end of the [ower tubular nenber before
the seal surface 22 on the seal ring engages the correspondi ng surface 23
about the upper end of the bore about the | ower tubular nenber. This then
prevents damagé vwhiche theafowpwhxddy andt iewavdly ‘tipered seal mmgacesr e

10 not axial by riPnef &s éﬁ'&yl&kéfteHRVSdeﬁ@W?Eﬂhyleﬁg uzflgg thOa it

engagenent . That 1s, the guide surface on t

surface on t h&he Rexef §ih9n lawesh fahulag remher sﬁm-y edignpes tthe seal
surface about guiRie/RifFfit off e Y SDlwiihe drnyiiie HWHUIGAIidEHiFFadd

' 3ggg;dgzgeﬁ\cf)\n &3@{*{ g_ﬁ_gent | nvent %ﬁﬁqﬁ glr?m ri :%{Ps]ﬁrér:roved bet\/@ 5 |t
reci procabl e \nltehl sedle @pﬁ&adejbtﬂmr arentidre | sedl clriviye cngages the
reci procates. dgy. f'%’.t% md totélg,rlf&y@rﬁy ﬁ ﬁ€0{:ﬁﬁ Lpb&ﬁe%ﬁdt % RiHd e

piston is not su sengage the teét ocking segnents

from the grooPRPW thee loWey| ’é\ib%%ﬁév%mb%%e cZhisi blaen PregnEs damage
nmoved upwar dl et %ﬁ‘éln@iﬁfé&éé Gh WHe Reventd e Qﬁﬁilﬂmﬂ n@m Gh]yét hin

the upper ubuI wi |l be . described, furth sea 25

1 danl o Bt n RS pRIALLY afdShefias ERRREATEE move dovhiEdiy: fRt e i o
the ill ust rat dd-arkb dmaygemerite uprhatetd, othéhguiden sungadaasom tlwldlcfpi
outer dianete r 5 r 5 I ng
W thin the reodiagysuide’ tnlLedy "BiEEESe Rif ery Bifo) fntd'od @ Al ghalpgie!
tu@ ar menbebefane ik saidnbhdy W@Geﬁ|feh%t€@ralp§ﬂrlféﬁ-953bmtchhﬁllmper

carties seal o LHO b W the | 1siel tiivdidy deniAr ged i nner
di anmeter 60 of the skirt beneath the reduced diameter thereof. A passageway

64 is ..forced in the skirt so as to supply
: 15 In accordance with the present invention, the cam ring is

moved between its upper and lower 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

20 piston is not sufficiqnt.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

] 25 slidable with respéct to the primary piston. -More

particularly, in the illustrated embodiment, 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

30 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. o

A passageway 64 is. forced in the: skirt so as  to supply
35 hydraulic fluid to or vent hydraulic fluid from the



35 ‘hydraulic fluid to or vent hydraulic fluid fromthe 16 pressure
chanber 61 forned between the reduced outer dianeter portion of the cam
ring and the enlarged i nner dianeter portion of the upper tubul ar nenber,
as well as between a downwardly facing surface 62 of the skirt at the 5
intersection of its reduced and enlargexsinner dianeter portions and a
pressure responsive surface 63 on the prinmary piston having a pressure
responsi ve area defined -between the seal rings 56 and 59. The force due
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ring downwardly, and thus In direction to nove segnen
| ocki ng- posiiaBater pexienyiaf cthescam rhegsanshdhs ¢elé§geds}@pem is
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an outer s ce 66 c in ea eal slldable within a
further enluté?g‘gﬂ Pnﬂe&o‘ﬂ%ﬁﬂg‘ﬁa f%@y% huthe menber
beneat h & heirtérsgetiionnet dita:rereduéédt Iaadecénlmm;emmiet hdiameltetii ngs 59
are slidabl n er, ]yg%];g]q a r seal
rings 70 ca r| eggré% A‘@ %L%t% sur ace e ups%g lrﬁg(‘):\}/(\l/a

the | ower- fpﬁmlpéﬁtﬁ?ﬁehﬁﬁ'ﬂé\g t%tﬂ#%ﬁsmsmnshvehame defianed
segnment s ar;geﬁwaaﬁrttqﬂ.; seafprq-ﬁ@rst i g6l ahlay.s5d.Ni s i fREr oA ®udOtel the

secondary an ar wal | |l eg 72, whi ch extends
upwar dl y bglMé i‘ﬁ‘é %rg‘u’%n R?Ja’r ‘{17 Fh?'ﬁecg‘eﬂ‘&*‘g‘ Wik P aRQUERE | nner
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pi ston formed thereon 30 are free to reci procate vertically with respect U

the secondaKy sRicond) PUsto &Y NBE PR abddhddry Neevdal! dpstumt §@ t O
alternately connec nd d| connect t he connectaqr. The | ower "end of the cam

ring and (?ﬂe H‘ﬂﬁ% he cam ring and the primary piston
thereon and_lncludes an outer -surface 66 carrying seal

15 rings 67 sealably slidable within a further enlarged inner
diameter 68 of the skirt of the upper tubular ‘member
beneath the enlarged inner diameter 60 thereof over which
the seal rings 59 are slidable, and an inner surface 69
which is sealably slidable ‘over seal rings- 70 carried

20 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 ./

25 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 surface which is sealably engageable
with the inner surface 73 of the lower end of the cam ring.
Thus, the cam ring and the primary piston formed thereon

30, are free to reciprocate vertically with respect to the

. secondary piston during normal operation of the hydraulic
system to alternately 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



secondary piston form another pressure chamber 76 between 17 themto
whigeh -hydraulic fluid nay be suppli:ed or :fromwhich it may be vented

t hrough anot her passageway 77 formed in the“skirt of the upper tubul ar
menber . This pressure chanber is thus fornmed between a downwardly facing
pressure 5 responsive surface of the priywry piston on the camring
internedi ate the seal rings 59 and 74, and an upwardly facing pressure
responsive surface on the auxiliary piston internegirate the seal rings 67

and 74, as’ ; & the epdi ng wal |
70001 the 10 el bo IR Hydd U 1¥, £5UshRtify e 'SP B srbhoUfls8
i nt er nedi at e +heM3¥gpPer vegdedo through ainathey asgagenay afd r fagmeRdinhe

sea} ri nng_ Zﬁmj@ hh@:@ut@ﬁfﬁxﬁeugbe&ha:um _Wailidmﬂéﬁlon- Thil¥eppetsare
surface o wer eng.o e C ring is arged.ang _carries a wear
g 78 Tor epstbet i tils EBrmeA hetveeh o, A avdiidh dagiig, Shetrlice
reci procats onresponsivansnorfigeceand &heomprifdiy q@irsdobr horoudihe t bam| vilmg end
of the camri SPROE bl p r cQggpe 76 Y t he
wear ring. Apgtw.er prgégﬁr\gh%hagr%% %gﬁégr?ﬁgd ethléh t e.|€“mea{riﬂ‘é’§§h§g 20
of the seconfReing RYSFSURE XeRPAUPPINe Furfase one thenanxilaayy pistan

t ubul ar ”Enbeinﬁérﬂéaiaﬁé ’&ﬁé"‘@é&lthfndjﬁnéﬁ Qh&mﬂl?raz&wéiltﬂg Bktbeand
the outer side of the inner wall _of the |ower flange .of th ugger t}égular
menber bel ow TS QUSET FiELade of the HRWATGUY,; ing w1l eofothe 25,

exhaust edld r csecdrdahpnbpis80nt handgh thef urirner pasikbgevef 8théor skdirtn t he
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| ocking teeth _of the Tqcking seghents_are_stuck wthin the |ocki ng %rooves
of the tubul atRFefBBr FiNgd% f%‘%pﬁ’i'?%qya?‘él ggtries a wear ring 7§ Ior

15 sliding over the inner surface 68 of the skirt during
reciprocation of the cam ring, and a port 78A formed
- through- the lower end of the cam ring connects. with the
- pressure: chamber 76 above and below the wear ring..

. ‘A lower pressure chamber is formed between the lower end 80
20° of the secondary 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
o .. the seal rings 70. Hydraulic fluid may be supplied to or
25  exhausted from the chamber 80 through a further passageway
81 formed in the skirt. o . : . o

- 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

30 direction and thereby release the locking. segments  from
locking positions...  However, in the event the locking
teeth of the locking segments are stuck within the locking
grooves of the -tubular members, and the primary release
system is unable to supply sufficient force to release



»systemis unable to supply sufficient force to rel ease 18 them pressure
fluid my be supplied to the | ower pressure chanber 80 through passageway,{
81, while being vented fromthe upper and i nt er nedi at e pressure chanbers. ™

t hrough t he passageways connecting therewth. This provides an 5
additional force proportional to the prgssure responsive area on the | ower
side of the secondary piston which is larger than that of the primary

pi st on. Buring nor mal operation of course, hydraulic fluid is exhausted

fromthe |o Si r re raulic
fluid in tnEiemd Bred % %‘?ﬁﬁr}g%)i?‘%) Sﬂ&‘%}a‘lo"%atu‘% L P%%FSGX»%
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descri bed secondary 15 release gsg&l as several advant ages, over the
prior systcR3S8RIE p¥s; [gRnectin FRvithng, iTRigp ides ; 8Rdi ng
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portion shopgpihiafl fembets t0 be lowered onto the | ower tubular nmenber on
the upper end of the wellhead menber, the camring of the upper portion is

As previously mentioned, the above described secondary

15 release system has several advantages over the prior
systems of this type. For one thing, its upwardly

-_extending'ipnér wall 72 provides a large vertical guide

surface which stabilizes its reciprocation and thus
prevents it from cocking or binding in the cylinder in

20 which it reciprocates. . Additionally, the seal rings 74
and 67 on the inner side of its upwardly extending wall and
its outer diameter are slidable over surfaces in the
cylinder over which the primary piston is slidable during -
normal operatioh of the system.  Still further, the o/

25 downwardly facing pressure responsive area of the release
system is not limited to that of the downwardly facing
pressure résponsive area of the main piston means and in
fact is substantially larger, thereby enabling even greater
force to be applied under emergency'coﬁditions.

30 . Reviewing the overall operation 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 lift the spreader dogs and thus retract the



rai sed to I|ft t he spreader dogs and thus retract the 19 | ocking

segient s. This permits the Iomer teeth 18 on the | ocking segnents to nove
freely downwardly over the grooves about the upper end of the |ower tubular
menber . As the | ower end of the upper tubular nmenber approaches the upper

5 end of the |ower tubular nenber, the guae surfaces 53 about the | ower
end of the upper tubul ar nenber slidably engage the gui de surfaces 54 about
t he upper end of the | ower :tiwbul ar nmenber so as t@"axi al | y align them as

the seal surfpgerifg g@gﬂgn{._ge seﬁhhg I%o{% es"'l WA tu erlslgnt Rfeseal

surface 23 about_thé upper end of t ar nmenber.
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t he upperltWeI theadeatnherfaoebm rabeet] thempider end lcfinehenbiolriec ad theber
the camring v r the introduction. of pressureflwdtothe
i nternedi ate jﬁégggu?{eib{é ?mglr“*ﬁﬁ%re exhausting pressure fluid fromthe 30
uprey chanmber 61. If the upward force due to this primary release system

is not sufficogsh LandihgdegWwchBelbgek Badt 8¢t Bher & ﬁPbBethBﬁKh&gmﬁﬁB@\fes
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he ca

is moved downwardly by the introduction of pressure fluid
15 into the chamber 61, and the exhaust of pressure fluid from
- the intermediate and lower pressure chambers. This lowers
the spreader dogé and moves the cam surfaces on the inner
-side of the cam ring downwardly along the follower surfaces
on the outer sides of the locking rings so as to force the
20 locking rings inwardly to the locking position of Fig. 2.
As the tapered surfaces on the locking teeth slide over the
tapered surfaces on the locking dogs, the end surfaces of
the tubular members are forced tightly against one another

Y . to preload the connection. ) :

25 When the wellhead connector is to be disconnected, to
permit the upper wellhead member to be raised from the
lower wellhead member, the cam ring is moved upwardly by
the introduction of pressure fluid ‘to the intermediate
pressure chamber while exhausting pressure fluid from the

30 wupper chamber 61. If the upward force due to this primary
release system is not sufficient to withdraw the locking
teeth from the 1locking grooves, pressure ' fluid is
introduced into the lower chamber through the passageway 81
so.as to force the secondary piston upwardly against the



‘'so as to force the secondary piston upwardly against the 20 camring in
order to raise the camring with it and thus rel ease the | ocking teeth. =
Whet her noved upwardly by the primary piston or the secondary piston, -
raising of the camring will lift the spreader dogs with it so as to
withdraw 5 the |ocking segnments fromtse | ocking grooves. As
previously described, the surfaces on the spreader dogs are so arranged
with respect to the surfaces on the ends of the | ocking segnents as to

P Y Ykl i SO G0 Y418 LAE 98aROLIRG Bk liel SN O, AN
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C|rcum‘erent| surface 1s seal a W|t'h in
segments are w::.thdrawn, the cam ring is moved upwardly to W/

a position in which the locking segments are free to move
radially outwardly at a relatively rapid rate, following

15 which they are lifted with the lower flange of the upper
tubular member to the position of Fig. 1. At this time
then, the upper portion of the connector is disconnected
from the lower tubular member to permit it to be raised
with the upper wellhead member. :



ar;-'i nner circunferential surface of the housi ng to forma first pressure
chacnber and which has a first end-surface thereon arranged within the first

chanber, a secondary piston whose outer circunferential surface S
seal ably slidable” wthin an inner circunferential -surface - h

e
housi.ng on one end of the primary piston2and which has an annular |le
seal ably slidable between an inner circunferenti al su!ﬂ“ﬁ“ﬂ““‘“ﬂl}%ﬂﬁjﬁry
pi ston -and an oppositely facing circunferential surf to
form a secondepkfagsure chamber on-one end thereof and & tfird chanber
bet ween it s—otfrer—end and the primary piston, said secondary piston having
a first end surface arranged in the second chanber, said prinmary and second
pihstngns havidrrg.-second Whelad:_-_ -ﬁugéaafentdaefrpgppafaaﬁeb .dnalnirihgnaltheuéhh?dig
chanber, an y ich.pressure id.may _be gselegtively | to
card tirst cHITEE pOrEoiR] SRR oot M navedc e <R e ThPPRate
chanbers, in pesittionsurape actiuvhtsamfiaomgo moving saéddpartt comprising:
sel ectively supplied to,saj hi W vk lsea el n h fr sai d
fi rst and second chanbe?sa#%!%r d:reér1=l 0 mvééé%a‘%}alﬁ r?‘#%xi gugtggggo gglsii te
direction, oraxearged ko mayigthecpars £aiene aositidnbPenBPrensatnin

exhausted frosaéaiirdct Bénpthd Rid AR part €bdets otherp¥si€fbf,

secondary piston and thus,the ring jn said opppsite direction in the event
the ring is n‘b?°’§o‘“??6%ﬁnﬁy“i’|ﬁ‘% ﬁlégsuéér%%ﬁmed to the third chanber.

2 A subsea wel | s$aid ringchéving conprisany: pistonsthenbohawhoseber

adatedtob t L . e . er, a
ceabnd t ubul SUSeE EfrointOPeHPRE] Sifedoetis’ Fal1ably SBLiab e ERIN
seqond subse@ReinpRECHEABREesential sarfagepef| bherbeaushogchpt fornt 8

end-to-end refks®nNpresBut-Bechanbert dhdl ¥hi® s a first end surface
thereon arranged within the first chamber, o
-a secondary piston-whose~6duter circumferential
surface is sealably slidable within an . inner
circumferential surface -of-the housing.-on one end of 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 housing to form a second pressure chamber on
one end thereof and a third chamber between its other end
and the primary piston,
said secondary piston having a first end surface
o/ arranged in the second chamber, ” -
. said primary and second pistons having second end
surfaces thereon arranged within the third chamber, and
means by which pressure fluid may be selectively
supplied to said first chamber while being exhausted from
said second and third chambers, in order to urge said cam
ring in said one direction, or
. selectively supplied to said third chamber while
being exhausted from said first and second chambers in
. order to move said cam ring in said opposite direction, or
selectively supplied to said second chamber while
being exhausted from said first and third chambers in order
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| ocki ng nmeans including | ocking parts carried by the second tubul ar nenber,
for novenent between an expanded position in which they nay be noved past-_.%
t he upper end of the first tubular nenber and a contracted position in .,
whi ch they are slidable over |ocking parts on the fj diber so
as to urge the ends of said nenbers ing@ tight engalmuﬂlﬂmllﬁmlmlmnot her,
a camring carried by the second tubul ar nember in surrurtdiig Pel&tion to
t he | ocki ng neans.-for noving the |ocking neans i nwardly upon novenent of
the camri i e lyal. odi ' ; ' I |

outwardly l'}%onrﬂon\g%esnééti c?f‘e Q%Ohéa%?g?nrbrl%é %?ﬂgﬁgg%og'?t% e 12%8 alngrcxiingggtai on,

sai d cam r iorpasite fixrentian ymtheoaventrthe XiRgdonat so PEURAPENt i al
surface is m&%ﬁ’eﬁﬁﬁé‘b&%}?\iiéﬂ%éhﬂménmir&iéﬁahﬁﬁefentia| surface of

t he second tubul ar nenber to forma first pressure chanber and which has a
first surface thereon arranged within the first chanber to urge the prinmary
pi ston and 2 hus the cansubsgaiweklhheadneonneetor pncomprispngse to the
supply of pressure fluig. SAl | NHAr ¥Rl n ose
outer circunferenti aIgsﬁ#%%eeﬁhguis%%fﬁa%@fﬂ?%%%%a% tBhlﬂ% %{ ghgégoﬁgh

tubul ar nerthe uppew end of | apfirgt sswpseadweklheadmemhernnul ar | eg

seal ably slidabl e betyegac-gRqi EABE1 AL RERbEF CAdABted t&UbEaSAsPENEBE

primary piston and an oppositely facing circunfere al surface of the
second t ubufEP™ BB elOWETT SN/ Qfgéc(ﬁ?d: sﬂ'ﬁ?%ﬁ%h‘é%e%‘gtmﬁﬁeﬂ S8nd a

third chanbghiaten€cahdlyi bé Lpwered@ntherewitlkk pntomepdptetend weldtiemondary
pi ston having .2 [iL[St. _ n arranged within the second
chanber, anﬁ%i%‘%r%ﬁggg.g%agégoﬁﬁ%gégg i stons having second surfaces on
their ends arranged_mloqknngmeamrme%a{?m logkdne parts, oprrdiedPEssur e/
fluid may bgheet&cdhd ubular member for movement between an expanded
position in which they may be moved past the upper end of

the first tubular member and a contracted position in which
they are slidable over locking parts on the first tubular
member so as to urge the ends of said members into tight
engagement with one another, o

a cam ring carried by-the*second tubular member
in surrounding relation to the 1ocking'means for moving the
locking means inwardly upon movement of the cam ring in one
axial direction and for moving the locking means outwardly
upon movement of the cam ring in the opposite axial
direction, _ S o ' .

said cam ring having a primary piston thereon o/
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
chamber to urge the primary piston and thus the cam ring in
said one direction in response to the supply of pressure
fluid to said first chamber,

a secondary piston whose outer circumferential
surface is sealably slidable within the second tubular
member below the primary piston and which has an annular
leg sealably_slidable between an inner circumferential



supplled to said first chanmber while being exhausted from said second and

¥d chanbers, |
selectlvely supplled to said third chamber while be|
first and second chanbers in order to nove said cam qu l! ;ﬂa@

direction, or selectively supplied to sak8 second chanben
exhausted fromsaid first and third chambers in order to nove said
secondary piston and thus the ring in said opposife. direction in the event
the ring i s rsnrﬁm:emnéd tihe fprimapy epistens e '8’ bppbedteliyr Eakianper .

3.
herelnbefore
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erence acconpanyrng drawn
form a second pressure chamber between it and a th1rd

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 chamber,
and _ _
| means by which pressure fluid may be selectively
supplied to said first chamber while being exhausted from
said second and third chambers, in order to move said cam
ring in said one direction, or

selectively supplied to said third chamber while
being exhausted from said first and second chambers in
order to move said cam ring in said opposite diréction, or

| selectively supplied to said second chamber while

being exhausted from said first and third chambers in order
to move said secondary piston and thus the ring in said
opposite direction in the event the ring is not so moved by
fluid pressure supplied to the third chamber.

3. An actuator, according to Claim 1 and
substantially as hereinbefore described with reference to

the accompanying drawings.

in order to nove said camring in Sald_UHEﬂﬁﬂﬂﬁﬁ++¥L—Qr
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