2268560 1 LOCKING SW VEL JC)hW BACKGROUND OF THE | NVENTI ON Thi s invention
rel at es- t.o™pi pe swi vel joi nt's, and nore particularly to such swivel joints
that are designed to withstand |arge external |oads such as are encountered
when used in the oil and ga§flndustry ‘A maj or advance in theZﬁ@ Q?Q>
of fshore well's i.n"water depth at which diver assistance is unecononica

ot herwi se inpractical has been the design and devel opnent of diverless

| ay-away flowine type subsea Christmas trdaes for installation on subsea
wel | h&ads. These trees utilize flexibility of the flowine to make

the flowine-to-tree connecti on ZIOCKING SWINEE. JOINT to | owering the tree

to the subsea wel | head, thereby elimnating the need to nake that
connecti-on at a subsea Iocatlon and al so permtting pressure testing the
connect.i on BACKKE L AIONPr i or to the present invention the
flowines of a lay amay systen1mere connected to the tree in a fixed manner
and extended fromthe tree at an angle, usual|y aboyt twenty degrees from

the vertical, mhﬂ@ﬁﬁ%&ﬂﬁ?QEFﬂBrEeéﬂieé|§?t9&9ﬂb§WﬁU€ﬂt]ﬂ%¥¥ﬁw andapore
avai | abl e, s:m@xﬂldmy ORto déubhs hswivemesmmds faguidad | adsa@&ned to

drilli d | et d | ut t
or obl em i VPR CENhCLET D ERESFAPIARRdT CHFFRosS: GHMERrryRFatpd when
gui debase. bpseﬂlunlthelnui aad gasndndostilyow i nes to hang vertically in

‘the moonpool and,t hen, egd{rgﬁbé &hnq!h@ncgé Dohney Ypkd r@gngr %n
i

| anded on the sea 'S arrangemen
fl ow i nes c#ater bdepth vaft» hwl‘t rééveWhea%%ystwecm ks y@@ﬁml@al or

advant age OBtEBEh&QeUEﬂﬁFEéHfBHIrﬁhéobeéﬁe%heCQ&@%Bﬂ(ﬁhd é&veibﬁment of
sur katce i's not vai | abl e. Furthernore, this arrangenment does not

i ncl ude the &H%&Fé&e Yaa‘r’?l’wvlfilﬁ'@']jlé'ﬁ |"s>6?1ef%'é¥’§?§ &Stﬁ%‘?%vﬁ'—%’/%?sj SPﬁts
enpl oyed at ingtagliatd oty oo babeeaetaénneaabal sealmhes®e f edleess Q6ilize

2:022! 1¥| ggf : ﬁg"%ﬁ%&g%{ a§ orr%#’xorf:‘g?%k%f‘qﬁon- bg%{},ldcgﬁé P10 iXe-to-tree
connection at the surface prior to lowering the tree to the
subsea wellhead, thereby eliminating the need to make that
connection at a subsea location and also permitting pressure
testing the connection in the drillship moonpool. Prior to
the present invention the flowlines of a lay away system were
connected to the tree in a fixed manner and extended from the
tree at an angle, usually about twenty degrees from the
vertical, which required more space in the moonpool than was
always available, especially on drillships' designed for
./ guidelineless drilling and subsea completion systems.

' One proposed soclution to the problem involved connecting
the lay-away flowlines to the universal guidebase by swivel
joints, allowing the flowlines to hang vertically in the
moonpool and then seek their final angle when they and the
tree are ‘landed on the sea floor.  However, in this

. arrangement the flowlines cannot be run with the tree, whereby
the highly desirable advantage of maklng up the flowline-to-
- tree connection at the surface is not available.
Furthermore, this arréngément does not include the advantage
of a flowline jettison feature, and the swivel joints employed
at the guide do not have metal-to-metal seals, a feature both
‘highly desirable and’ frequently required by oil and ‘gas
industry specifications where elastomer or other non-metallic




Christmas tree and a pair of

.- 2 seals are inadequate." SUNNARY CF THE® INVENTICN The present i nvention

-conpr|§es apparat'us which, in a well conpletion systemconpri'sing a subsea
| ay-away flow ines individually interconnected .
to the subsea tree by pipe swivel joints; releasably |locks the flowines

agai nst pivotal novement about the axes of their swivel joints; said

apparatus conprising:- a) a pair of lock pins, one pin at |east
-partially telescoped within the other p2n; b) means for b|a5|ng Sa'dh,LnS

axial'ly away from each other; c) pin. operating neans for noving

pi ns

sai d f| oMMARY

axsqalﬁ axnwmnadeqmatesher ~d) support nmeans for said sw vel JOIntS
| ock pins and pin operating nmeans, said support means adapted for rigid- yet
rel easabl e connectlon to said Christnmas tree; and e) receptacl e nmeans. on
B oLNVRNILEN hol di ng said pins when said flowines: are
in a predetern1ned angular attltude Wi th respect to said Christnmas tree.

- netal -to-netal sealln | pe_SW j oi nt._ which W%ﬁ be .used - in. conblnat|0n'

W th

the  appfaPi§s thgen f‘8§erﬁ°‘¥9ﬁ’e“t‘ﬁ?oﬁ

aratyis Fhich.

cl ai mred well complebiprnsiystedppbmprtiisdngNa  sulisetl SOhrtisthiies i 'Iaree I\bnd

1 2242246)
joint co

o FALE K 1P ) Ol peSe Hhdtly fulfyy SUNGlrcolfiditen £0°

annul ar Masubeegeé;memg lawrpape sy)lvelamoxm,tnbmleasa;bdmmqmmew th .

an outerge f‘&ﬁﬁﬁésma id %b&ﬂlsqx&f@éﬁ‘enéahﬁoh’tneihé" aeal o@‘téﬂQ%PQ at.

| east part]a
sai d i nrFLYeN IRARES o 3G APPATALYS| GPPREISINGE At abl e but' non- axially
separabl£) mar@erpafd of 318k phinannubie Sedn

sai d | nner and _

y V\dt In sa1 OUt er el enent nmeans securi ng toget

elescoped within the other pin;

b) means for biasing sa;d pins .axially. away from each . -

other:

c) .pin operating means for moving said-'pins~zaxially'
.towards each other; . L . 5
~d). support means for said swivel joints, lock pins and pin

operating means, said support means adapted for rigid yet
releasable connectlon to sald Chrlstmas tree; and '

e) receptacle means on said flowlines for . rece1v1ng and
holding said pins when said flowlines are in a predetermlned

angular attltude with respect to said Chrlstmas tree. ..

A metal-to-metal sealing pipe swivel joint- whiéh'mayﬁbe ;:
used in combination with the apparatus of the present'-'

invention is described and claimed in our co-pending

- application No. 9104187.1 (Serial No. 2242246) .entitled
: :‘Metal-to-uetal .Sealing iPipe3.SWive1 Jeint';t'the=?jeint:_-n o
' comprising:~ ... o C B IR L o
a) . an outer tubular joint element w1th an inner annular
- metallic sealing surface. _ _ S S
- b) . an inner tubular joint element with an outer annulart _i
metalllc ‘sealing surface, said inner- element extendlng at R
. least partially within said outer element,- : o B
Cc) . means securlng together sald inner and outer elements"u_
in a relatlvely rotatable but non-axlally separable manner,;?ff7'

and

claireedks pos@ec D1 YPEN ) |



out er- JOInt elenents sai d seal - elehent havi ng i nner and out er annul ar
metal | i-c seal i ng surfaces nmoveabl e i'n direct response to fluid pressure
axially.-between an active position wherein said seal elenent sealing
surfaces bear against said inner and outer joint elenent sealing surfaces
to establish a netal -to-netal fluid pressure seal therebetween
and an inactive position wherein said seal elenent sealing surfaces are not
in cogtact with said inner and: outer joint eBenentsg #ln a bel ow descri bed
preferfed swvel joint, an annul ar netal seal element is energi zed by an

i nternal slee@® than aasp&nus sealf leliengntesdisposed t hetweent shlidw innemmpnd
to move the sgateg! &yB Nt 2e1dnehtid) Osﬂéaoséééfn et H&%l aihi‘i@i'y and

rotatabl e joint el enents where inne 't and outer annular Tips t he seal
el ement bear %‘Qﬁ?ﬁs@%ﬂ@é’edmﬁﬁﬁmép £93kng SBFfaPﬁ&sé“OY%?ch dhefikect

in f‘ presswiespbﬂbé | Rleer fEN @@ e- présgapeer axidlly hi betweange @t .adtitve
netal-to- neta

is_ rel eased energlz a cation of external
ydraul i o prRRETEIPR WAFERE Rid| Shaceighent SR LItk Pettaces doar
seal el enent agdlaseesaud)Iﬂnnr andtoatepogdmnhueléménttbealegtsurﬁﬁces
t hat arranger@gt |g #_gﬁr naki ve a¥_§tle@° %Ittlyi ap&eir‘ﬁﬂdjs éeseggal
i nvention fo ockln el a |ve rotatable sSw vél 0|nt enen
agai nst such ¥hernebekwagan and saal Jel’[l%lhthvel §’¢$ﬂ-¢l@nnﬂ!mr@bnn§%id seal

seal ing positépomehBC5BRY iR Wit f A dOYPEERb LAY rf Qf‘oﬁiﬁ@éfﬁiﬁhoéal'ae Sefdr
el ement and the_joint elepents, and thus assuring that a | eak w | _

devel op in th%n%s?gﬁﬁ¥s3@%PFmﬁ%ﬁm?B Pretal seal . Thi s | ocking systen1
conprises a first muaabeubwofdesmrﬁe&epﬁseﬁme@di swiedl goanti, alalrv ahailar

the>elter surf e, of t ckln sl eeve,  a second plural s_on th

i nner surfacé™® a}hge RN IlfoF éﬁﬁﬁﬁﬁ§0ﬂ¥h§P(ﬁﬁ)%gg?L ﬁﬁ%ﬁﬁﬁu§ha
first set of teggom&satspElnedhpmesamnaylnwmhetnelnbcfnog $hssagastormGWE
advanced or ﬁ%%% eééQPllgﬂbﬁg 5Qﬂfﬁllf”“&ﬁ%#eyaanﬁoé#ﬁ&oﬁpn

the
bet ween t he eeve an he I nner- sw ve oin nment t revents
relative Hﬁeﬁ?%ﬁﬁlVEly rotatable joint elements where inner and outer

annular lips of the seal element bear against opposed annular

surfaces of those 3joint elements ' in ‘a pressure~tight
interference-fit manner. In this arrangement, the metal-to-
metal seal is released (de-energized) by application of
external hydraulic pressure to overcome the flow passage
pressure and return the seal element and sleeve to their

initial positions. . . _
A further feature of that arrangement is an alternative
O/ - system to the apparatus of the present invention for locking
the relatively rotatable swivel joint elements against. such
rotation when the seal element is in its metal-to-metal
sealing position, thereby preventing movement at the interface
. of the seal element and the joint elements. and thus assufing
that a leak will not develop in the established metal-to-metal
. - . . seal.  This locking system comprises a first plurality of
insert keys spaced circumferentially about the outer surface
- .-~ of the locking sleeve, a second plurality of keys on the inner
surface of the outer swivel joint element that cooperate with
the first set of keys in a spline~like manner when the locking
.sleeve is in the advanced or seal-establishing position, and a
key and slot connection between the locking sleeve and the
inner swivel joint element that prevents relative rotation



T TR o f N et ' he sl eeve. A" -
““bétween.the sl'eeve and-thi's el ement at a¥|i?gig{iegF;tLg?Ztgglé:Foint RS
. pipe joint formed between a pair 3 in our copending Application No.

el-effents is described herein and claine In o i oi nt includi ng

9317386.2 (Serial No.2268559), entitled Pipe Joint', thF {S'QEtal _

a seal elenent axially novable !nto.land-tgutd g;nigesgal heans being
seal I ng engagenenthbetmefn.TgﬁeL?IghdeeggﬁnreépeZtive } oi-nt elenent_to'fw

. provided between the. seal el em jur i id axi al novenent, the joint

T i i : eal “therebetween during said axial ; RS
- mai ntain g %glgg g.hg siesyemands thisl exltemenity a® I BPaARial OpoRi€YSAL of .
further. c L e joint el ements. The present Tnvention. nmay be
e thetsleéveb?hmefznépeakg!guter swivel ‘joint elenents. are locked =~ -
agai nst rol atide WLRSt| SALBE ofermed sbetusement pafs ot rélstively -
agai nst rel ative Yorati . s _of. t hose 0|n¥

- functi onaﬂ'ob%tabl-enJb&htg&fﬂ.éﬂi&@@pgg‘?@e“s%’ij Hﬁzﬂaﬁ’%‘fﬁﬁﬁé ﬁrgl‘;&m t1Rf
el em?nt310@%@6%@%%%5@‘%&2"%?%§ 6 s(Sexiakl BaRRHESEM jpeir
that functiona 0SI LT Off T B L8 vt 45 i eql | y, é.“tit for..use .

insituad 0 Frfvﬂﬁgis/e{] Bpﬁ‘éb?g%{lgd Sﬂgi nSf phesRArteometak , seatingas
| nposed qn the o) [ ICAED addl NSt Prvote oo o st RS

the cat eSA9RIFIRRL befwean E?-efImmeﬁm{gg&hgﬁégsugitfeg%ﬂé R
tree mhib@ﬂﬂg%ﬁrdeidéd“befgﬁﬁﬁéﬁﬁﬁgggﬁ?'?%%Eﬁﬁ#ﬁp cepfh; respestiivent

: : es of, . s oV . ' ' af .
Ergfngr'BQ§¥§;é;%#§§%$%ﬁ qﬁ*p#ﬂygnﬁ(ﬁiusddsgam1thhtnbﬁ$?§fnwa¥ﬁ§hg |
exanpl e GRddni axiadf D, e’ i n6s ediidr el Ny Clotinghde)

: DRAW'NGSmEhﬁ%r'eSLl%ﬁ‘%IgF eAer"\’/§3l 2 158 - RESVeNbW redativeccrotatdonhe -

| ust aboéggaFggithPEgi;gigﬁznaytbe | ocked by. apparatus according to the

~tree by \ e O f i “fromthe Christmas

" present invenThémpﬁéEéﬁi0&%&@%ﬂ¥3ﬁ”ﬂ599ﬁgﬂaéggueg ;nsure that the

tfeeptrﬁhner5and-0uter swivel joint e1ements»are locked against

relative rotation before the'seal'element'moves-into its
functional position between the opposed sealing surfaces of
those joint elements,-and corresponding assurance that the
seal element moves out of that functional position before the
joint elements are released from their locked condition.: o
The apparatus of the invention is ideally suited for use
in situations where very high lateral ‘loads and bending
moments are imposed on the flowlines to be locked against e
" pivotal movement, such as the catenary loads imposed by ‘w/
flowlines extending from a subsea-Christmas-tpee while the
tree is in a drillship moonpool during pressure tests. :

. Further preferred features of'the'present_invention are

'in the. dependent claims. - An embodiment of the invention is
- described below by way of example-and-with reference to the
drawings. = S e _ S o S

B D, ' ON OF

 Figure 1 is a side elevation of a subsea Christmas tree

-suspen_ded just above a .drillsl’;i_p moon’pdol and a ,lay—aw:ay

flowline connected to the tree by a'swivel-joint.which-may'be-
- locked by -apparatus according to the préséntfinVention; the
flowline depending vértically'from=the'Christmas tree, the . -



apparatus of the invention not “being’sshown. Figure 2 is a fragnentary view -
of the tree and f1owine-of *Figurel; showi ng how the flow ine extends

| ateralty fromthe tree after the tree has been installed on its subsea
wel | head. Figure 3. is a side elevation, on an enlarged scale, of the
flowine hub, swivel joint and flowine of Figures 1 and 2, with the
flowine shown in the Figure: 2 attitude. Figure 4 is a front elevation of
the apparatus shown in Figurg:3, and i ncl udi®g a sécend fl-ow ine connected
to the"hub by a second swivel joint. Figure 5 js an enlarged plan view,
partial ly br FRPREREYS tQF at%ri’i\b?ﬁﬁm_%é&?‘l‘ eing shaWByel joint for '
i ,né eranneCFi ng a ﬁhma_nd fisow lmc%ﬁeés&w %ievgi dﬂrth$1jb4red:idhdf ef.fb%ﬁiﬁe
side el evation.of.the swive int .o ur .. Figure 7 is an.enlarge
fragmentary v‘?femﬁf)?ufﬁe S qﬂ% rﬂovbféiﬁ—? gg}gw});n | §XEENgSs; ga}%ﬁ%
vi ew t aken alting tired i aft8r8 tiie Ftyeeec has Fbgene nstahlédagnrenitsy subsea
t aken al ong tvtf@liﬁéﬁ%gg of Figure 7. Figures 10-13 are fragnentary views,
simlar to Figure 7 but on a reduced scale, showing the swivel joint sea

el ement and | ocki RLgRERVd A8 ©h3ydeselevatponit ahanenhargedascade, of
metal seal ms UP1GWIiAE! RABE BRAVEN ORint g Oridvl fnéNofNrgEeds 1 and

fragnentary view Jike Figure 7, | I fied version of e swWve

showi a modi T o)
joint and seafs SfEHRfRe oﬁl‘?‘l’?e"b?'e%‘l‘b‘f‘%guhglﬁ JESIIUER 12 Afd YA yi tabl e for

use in canjuncti orFidiire t heikl awfirvnht sléverigpadfit theOhppatatues@town in

-

n'its funct IEESoy ik DA% & Réord srokia K Sditheced G A TR
shown ;i n verthys ssmndrswivelh fodrddi nent of the invention for high:
fj' oW ne | oad appéi':%?éé %Siéoaﬁeéﬁiaggw PQSK Tie¥," palrtilAMly Hrokdr dvay
esired attitude wth respect to a subSea tree L . .
_ to a horizontal section, of a swivel joint for interconnecting
a tree and flowline as shown in Figures 1-4.
Figure 6 is a side elevation of the swivel joint of
Figure 5. _ _
_ Figure 7 is an enlarged fragmentary view of the swivel
joint of Figure 5. o
Figure 8 is a fragmentary view taken along the line 8-8
of Figure 7. :
_ Figure 9 is a fragmentary view taken along the line 9-9
of Figure 7.
Figures 10~-13 are fragmentary views, similar to Figure 7
\_ .- but on a. reduced scale, showing the swivel joint seal element
and locking sleeve in their various positions during metal-to-
metal seal make-up and release operations.
Figure 14 is an enlarged fragmentary view like Figure 7,
showing a modified version of the swivel -joint and seal
- elements of the preceding Figures, particularly suitable for
use in conjunction with the flowline locking apparatus of the
_ present invention. o
. : Figure 15 is a view like Figure 14, but showing the seal
element in its functional position. o
Figure 16 is a front elevation, with some parts shown in
vertical section of an embodiment of the invention for high
flowline load “applications_.tof releasably . lock a pair of
flowlines in a desired attitude with respect to a subsea tree



.'6 to mhlch they are’ plvotally connected by smnvel JOIntS such as shomn I n ;“
- Figures 3 and 4. Figure 17 is a fragnentary view, on a slightly reduced

" scale, of a portlon of the apparatus of Figure 16, showi ng a |ocking pin

rel eased for spring-bi ased extension into its receptacle port upon upward

- pivotal novement of the flowines fromtheir dependent running position:as
seen in Figure 16. Figure 18 is a plan view, with sone parts broken away

of the flow ine |ocking apparatus of Fi@ure 16, showi ng .the flow ines ﬁ

| ocked agai nst pivotal movenent through their swivel - joints. Figures’ 115% A
pi pe swite|vwhighitheyarespivetally connactedubesswivel jaints sughras 1-4 -

this joighoun$: ﬁﬁopgg@§egn§eéﬁan@ectlng a Iay away flowine to a subsea
Christmas tree, Referring first to Figures 5-9, the swvel joint -20.may . -
general |y con%:l'g'éﬁeal]ﬂo ra ¢ fpagaent h‘eﬁ‘[leZQ' R Pnﬁ&l‘mﬁtﬂ a’f"e‘é?%ﬁ@nt 24

partju al Isc.ﬂ@hendfng poirftiion [Uf etliereapparatas . onnuhqunewu |fhawmgeaerrent
26 bet e _out.er n int a_sl.e _
et ween TREKUAFe P iahEPAREReH chehi SEAIGPIafed skt dikidh SRS hE, e

om tt ed méceptaclevpont uponkupyargppivoral afovemenk exgnthenfiowvibness = .
enpl oye éggwp s%&ﬁn d 0 ug ger P
elenentdkiéﬁ as §§QH§€ fﬁgoﬁétﬂ€§8co§§uﬁ?§% g% iaﬁuﬁg 18t | at er al
port 32 \MﬂE#guﬁ%cl$|%%t%§9%%hh%k¢VngW%ﬁ§ %G¥€r9§¥ﬁﬁeh¥0363aaﬁﬂxe Qfich as-
the ill usié atradbwalitiea 1olcRiin eaﬁﬁara&st he£baFndle | &630U5h86ﬁ9&;edtﬁé 36,
38, 40 to ovid annu aces. for the t.24, the, -
Sleeve sptowtindafodhed Arabadt RERGERL Poveusat BibetoRcRRriR SULVEL (ne.
innereﬂjﬁ&ﬂtsz4 respectively.. As seen in Figure 5, a washer-like
annul ar retainer 44 surrounds the outer portion 24b of the inner elenent&iﬁ

and is reIeasany secured to the end face of the outer el ement 22, -such as -
by a pId&ﬂnuugidlgblrcunferentlaIIy spaced cap screws 46, to- retain the '

inner and OutEipe &l@i®e] Sjoift £ fl1uPePhti@Nat Wbl $n Figures 5-13,
.and in Figures 1-4- thls joint is shown as 1nterconnect1ng a -
lay-away flowline to a subsea Christmas tree. _ R _

- Referring flrst.to Figures 5-_, the swivel jOlnt 20 may
generally comprise an outer tubular element 22, an inner
tubular element 24 partially.extending within the element 22,
an annular metallic seal element 26 between the outer and
inner joint elements 22, 24,'and_a sleeve 28 between the outer
and inner elements 22, 24, although the sieeve 28 may be
omitted where flowline locking apparatﬁs of the present

- invention. is. employed as shown in Flgures 14 and 15 descrlbed i_)
- below. . _ ' ' o

' The outer element 22 -han-an'daxia17 bore_.30 fthat -

-communicates with'Va'-lateral fport:-sz-,whidh facilitates e-_a

connecting the outer element to a'pipe'suchfas the ‘illustrated =

subsea flowline 34}*and the bore 30 is.counterbbrediat 36, 38,

40 and 42 to provide annular spaces fbr-the inner element 24, = .
_ the sleeve 28, the seal element 26,'and¥a;radia11y¢enlarged :
.portion 24a of the inner element 24, respeetively._ 'As ‘seen .:.a

in Figure 5, a washer-like annular retainer 44 surrounds the
outer portion 24b of the inner element 24 and is releasably i
secured to the end face of the outer element'zz; such as' by a
plurality of c1rcumferent1ally spaced cap screws 46, to retain -
the inner - and outer ' elements in ‘axial position while



7 pern1tt|ng relatlve rotatlon betmeen them An annular seal el enent 48,
such _as an el astoneric C>r|ng functions to prOV|de a pressure-tight
dynami-¢- seal between the inner and outer el-ements 24, 22, and an annul ar
wear ring 49 of Teflon or other.suitable plastic functlons as a dynam c
bearlng between the two el ements. The inner joint elenment 24 has an
axial  bore 50 connunlcatlng with-a lateral port 52, and as seen in Figure
6 a pkgg 54 extends fromthegpeort 52 to connéct the,10|nt element 24 into a
fluid control systemsuch as*a subsea Christmas tree of the type

i | lustrated apewBithing guedativenrotakione betmeen)ithem, oi nAmEMHaR seal

firmy secureghémeatsuis ablsuc r 4et UaR. él'&Qtéﬁei‘lE' O&Lti‘ﬁg Ubf@ﬁéﬁi@h¥ b
which is reanabIX%connectable to the tree 54, é? neans, of EB | Qqw bl.ock

60 (Figures PEABLGF ?harqaatsrearmtﬁxnpma %‘utlé?t“e%!‘e &t 1nnen, apd
rranner that fowtértelementsalkign 20f, tairl aiemmmmrtheafsmﬁt; 14® tofe 'béﬂrdm

As b I 26 | ud
hase pors ool Bindd EhAksEI L biepen LEIENNZC dich Vet Al Sing
ouf er annul arbétwedsd. the BFwed ¢éleméts 66 has an annul ar sealing surface 64a
66a, respectlvel Y, pb t h; AnLa d| ﬁé%ﬁt c&gg e %ﬁt QN gwf 'agPrae%é 6@}%
r aces 66

the seal's functlonal posi ese sea I Ng su
* bear agmI%ﬁomﬂﬂﬂkﬁﬁFk39|WRﬁhcﬁl1§§€¥¢th§§Ff§3esaBQ ap) Saess jdt tFAguxEe K

of the inner angig e54) AterdSM¥on €He Port €8BCGid Vebhnddt aﬂhe joint
i nterference nner. to establish % tal seal behgﬁen t he

ol emont s 04, SLement, 24 iRty e AL cCOBLERY| RS EeR BuGhg A5, 8, SHbse
;)L nnu: arI gramviestmds hked metmmm H nsgoreted slfeadss in rtmrenabl e In

e eal ele e r r n

(Figures 10 a@g‘glﬁgsgt'h é' ggﬂo"%éd %xfl%e ef%g?rg’ tﬁggﬁiguree&%%él ?‘lgona
by hydraul i c gnitabike shrrectunet hsughh ag |aat £kewline t hub asstemwutsa which
el ement 22. Agaifodsfahiy %ﬂﬁéﬁébiﬁ& t8 EhHU{:E-eZ. 56!, hgyyS Infefal 'é"cﬂai:'.f'fo%z

a body portion 28a surroundin are pair odt ef_ annul ar

‘el astoneric Jekpak 760 éﬁhﬁ%@ﬁlﬁ ﬁﬂdcﬁ)af‘:@aa [gé'ltls Graunce thenipint’s outer
el astoneric sepdmen8, 22"e$R Fah&nner that facilitates rotation of  that

element with respect to the block.

As seen best in Figure 7, the seal element 26 includes an
annular base portion 62 from which extend axially an inner
annular lip 64 and an outer annular lip 66. Each lip 64, 66
has an annular sealing surface 64a, 66a, respectively, with a
radiused cross-section configuration, and in the seal’s

. functional position (Figure 7) these Sealing surfaces 64a, 66a

\./ . Dbpear against opposed cylindrical sealing surfaces 68, 70,
respectively, of the inner and outer joint elements 24, 22,
respectively, in an interference manner to establish a metal-

to-metal seal between the elements 24, 22. = The seal element

.base 62 includes inner and outer pairs of annular grooves in

which are'annular.elastomeric.seals 72 that enable the seal

. . element to be returned axially into its ~non-functional
- position (Figures 10 and 13), that is moved to the left from
. “~  the Figure 7 position, by hydraulic pressure inletted through

a lateral port 74 in the outer element 22.

Again feferring-primarily:to Figure 7,. the: sleeve 28
"includes a body portion 28a surrounding which are a pair of
outer annular . elastomeric seals 76, and within which are a
' pair ‘of inner annular elastomeric seals: 78, these "seals



- 8 functioning to provide a dynam c seal systembetween the’sleeve and the
joint elements 22, 24. An annul ar axi al- extensi-on 80 of tHe sleeve body
28a protrudes into the annul ar space between the seal elenent |ips 64, 66
t o bear against the seal element base 62, so that when the sleeve 28 noves
axially in the direction of the arrow Ait forces the seal elenent 26 to
nove in a correspondi ng nanner. At iits other end the sleeve 28 |ncludes
~a plurality of circunferentially spaced8i nner keys 82 that extend. into4
axial slots 84 in the outer surface of the adjacent portion of the jOIWP
i nner- el fupotioninghete Koovidel @ odynanipersedahg sxstpﬁmvhettm:at the

rotati on phebbe MCLRe?S Gk CbILRUN 22U FACT |1 tRhe Atiad DULERR! < of

the sl eeve wth resgect o' that el.ement. QY the outer surt
sane ende¥tension| 8 v@fZBhﬁrélﬁeﬁﬁubaﬂYt?3§fP€PF€Bﬁﬁ§réﬁFPaFP§ appuday keys

86 thats &@Qpﬁéﬁﬁéenmthé séaD'éléheht of SléﬁvnﬁérﬁathéthaéaiﬁQQ kars 88
on the |nne rface of thg?l joint,ou line-1ike

to prevefRt? e? eneRt Base; 84+ n8PwWERA ?ﬁ%eﬂuggﬁ §i§ﬁ¥ﬁt%§n§°yﬁ§ §Fé§353mhen
t hese kejm Bﬁe directiengagethes axirown A it ifpress 7tRe sedl elemehtséin

Fi gure for n 86,, ,88. red t

aluggl m)\t/%nﬁ‘ lVyflhg gzlog‘?p\?géé&@l& ﬁ%ﬁgeﬁeghedmzng%%%r@gﬁ%\ﬁ t?f“? gﬁéeys
88. Accoslieeyey 2&/W1Hﬂ¢lhde3ey!s BB',erQl&-lYe afhgajrdunferentialdynspaced i s
rotatio I d [ egga& rwg%gF hgskays he

sl eeve ggﬁﬂgﬁdﬁgﬁé é%QS %ta% slots m&é%gas é% ?ﬁe 6§§§§£are
di sengagBFfaFgPESLH® %ﬂaaQQFttHQrBBPBrOSIEhﬁnﬂ°22tl§nﬂﬁ€ee¥§mﬁﬁta?é:mﬁth
respect- ﬁlﬁeéélel(éi(QG&ﬁdZEIé&G dRgeratiing Q'!B?rﬁré&i’ent FE8EatioeV Pol8Libar er)

L one Sl P 3 a0 erEPRRL R PrebLieRts oo BEvepe O
such wsameﬁhehsheewe wibhnrhsbenhﬂt@ethatnQMGmenﬁmmntQduﬁh@eeuter R
I e g o s g o LA
desi.rableircunferentiadd vt o sp skmsm seqpviatt Qﬂopenétgeam&hengnt 26 . |
into andPytaPitit of WEkéenRbraatikllaY iSp@ed keys 88 on the inner
' surface of the joint outer element 22 in:a spllne-llke manner
to prevent relative rotation beﬁween'theJOQter element and the .
‘'sleeve when these keys 86, 88 are engaged as shown in figures
7-9. . As seen best: in Figure 9, the forward end’portion of
each key 86, 88 is tapered to ease. ax1a1 ‘movenmernt  of the'
sleeve keys 86 into meshed engagement with the keys 88. '
Accordingly, when the keys 86, 88 are engaged the outer =
- element 22'isvrotationally-1ecked3t0'the inner-elemen£_24"ﬁj;
through - the keys . 88; .86, the"sleeve'zs; and'the“keYS 82 and | |
" slots 84, whereas when the keys 86 - 88 are dlsengaged (Flgures
10 and 13) the outer elenent 22 1s free to rotate w1th respect”'fws
‘to the sleeve 28 and the inner element 24. ‘The sleeve 28
-thereby functions as an alternatlve.to the apparatus of the
present "invention, to :lock the sinel jpintfelements-when N
rotation therebetween is not desired, such as when~tnegmeta1—_d”'
to-metal seal between the elements has been established, end
to release this locked status when the seal element 26 has B
. been moved out of its functlonal pos1t10n and freedom for such -
rotation is desirablei- R A i o
 In reference to - Figures 10~13, mbvemen6~of'thegSenlzgf_;
element 26 into and -out' of 1ts.functionalfposition'is as = -



9 folLOms: Fron1a startlng p05|t|o mhere the seal el ement 26 and the

| ocki ng sleeve 28" are in-their respective |locations relative to the inner
and outser joint elements 24, 22 as shown in Figure 10, . the el enent  bores
30, 50, which together conprise a flow passage for fluid to be conveyed
through the joint, are subjected to fluid pressure as represented in Figure
11. As this pressure is conducted fromthe fl ow passage through one or
more potts 90 in the inner elepent 24 into t%e annul:ar space between the

.....

i nner "and out er_el ement's, the locking sleeve 28 is ‘noved axi al I]% in the
direction of f®klawsew BFyem B startindeposition mhere dhe @sahelrment 26

shown in Fi gusgd18he 1'35]41 té‘léeﬁ@VQEE&tret high 5&%1?' fégbbcﬁﬁv'es 1ddevi 6xes
moved axially f mlts Fi ure 10 position intg jts functional

met al - t o- net FeLLFYRERoLhe; bpn o%dlﬂu??’éuii%“ﬁ elements 24232 AF tFhewn
seal can be tist Figuseatlid e the | kllementheboireiss S0, Ve$0 ) OiwhicwMitdgetther

t he connecti on_ befween_ a_subsea tree daflo ne,as de |ct I.n Fiqur

1. Wen a sat?%’?po\r&%?y tgé' v, ?afcﬁﬁge%% t%{e“’s‘ya#%PSn&ﬁ’i“ ﬁ%g q%eoﬁf

its initial nmmtmctamalsupaaqham thovfiluid Fippessure) asd 1tSpbesentedngin
th t fl d 4,

L ngl ch.![ gd byoéz‘i\ir'ﬁ ?:g‘?'nagl 3?%” t‘fguggrgfg%&f?so re%{lgge Ofﬁozn tﬁé flow
sl eeve 28 to PQ%S%QﬁthﬁguﬁbsPPPoﬂramr%m n?0 yinyshec innent fﬁal?ﬂ!ﬁﬂﬁ 24

outer el emntlﬁ@ofﬁﬁer ahatlaF WRRde MWl SE Ene Sfﬁbeﬁ' arBN ot | Lidtents,
I nner el enent, 24 rebyﬁﬁl | ow :?g fhe floping 34 to depengd, vertj cal I
t

fromthe. subs*é%ﬁtq’ 1RE FLEEURI #7 t HF QY e’ h irertien |9 t'ﬁ'l'tF
m)?)l p00|d 92. arddenBt hmtireikt6 atmkanataridml_ ﬂﬁﬂamomn:eacdkingl tposilthisan
wel Mread, an co S n

sea fl oor, dSﬁ&ﬁf Jfr?\t,%i‘#g’tﬁgafzséare%%lgléi jt) ﬂrléeé%né%&% ﬂg‘% %é%f efenmért}'e 26
repressurizi ng tlﬁ{mmlmqmmtaximhl}pamtagelm Bipwee 10 gmmmm amtdsits

These flguresfaﬁémﬂ@iem&m&f&%fr%é i sﬁfoﬁ%ter " P ﬂfafwlvzel

joint for use where the peans to ol nt

exteri ort her & €atH BeSitipRethesSemlefansiby ??%Wneaﬁoé% ey ek kship

of the presenjhen this swivel joint comprises the connection between a
 subsea tree and a flowline as depicted in Figqure 1.

When a satisfactory test is achieved, the seal element 26

is returned to its initial non-functional position shown in

Figures 10 and 13 by venting the joint flow passage and

adnitting pressure through the port 74, as indicated by arrow

C in Figure 13, thereby also returning the locking sleeve 28

to its starting position and, accordingly, unlocking the joint

\_/ . outer element 22 for rotation about the sleeve, seal element

and joint inner element 24, thereby allowing the flowline 34

to depend vertically from the subsea tree 56 to facilitate

clear passage through the drillship moonpool 92. : When the

tree 56 has been landed and connected to its subsea wellhead,

and the flowline has come to rest in its final position on the

“ - .. sea floor, the metal-to~metal seal can then be re-established
. by repressurizing the swivel joint flow passage as above.

These figures illustrate a modified version 98 .of the
foregoing pipe swivel joint for use where the means to lock
-the swivel joint outer element is exterior.thereto such as is
the case when using flowline locking apparatus of the present



'“;10 |nvent|on In thIS ver'si on the netalllc seal el enent 100 i,s identical
to the seal element. 26 of the previously descri bed swivel*joint, there
ng=3d.ocki ng sl eeve such as 28 and no keys such as 82, 86, 88 or slots 84,

S

hi s

and’ t he counterbore 38a is substantially less in aX|aI di mension than its
f oregoi ng count er part 38. In essentially all other design respects, t
version is equivalent to the sw vel joint 20, and novenent of the se

el enent

100 between its non-functional position of Figure 14 and its ¢

functional position of Figure 15 is achieved by fluid pressure as in'tt

foregoingnventtbny0|nuuta$nﬂpnmmmmOnmthbpmetshlhcasealdenemehy Qoot is - seat

el ement
sl eeve.

al

-4-\.
k

iﬁgnt:ﬂcH?V 't e 'é‘e tEfémgh{:e‘é%' Yt V‘Eﬁé‘op%ﬁéttﬂugiga de %@lp’g’fioye g

I gures odrnent of "t he i nvent

W t h' t heswduelli gbintw vbher}eoullst ‘n®glotkingg®laeve 4sughdasi28 jgnd no

ldentifig éssﬁég gk MO 86, 18818y s1BRR LK 293 2BRET éb’dﬁté}:ﬁoi-@”ﬁrshses a

pair of

112, a hifi sibsdantip

el Ongat e ocktﬁbns 9127 114, the pln 114 tel escop 1nto the pi-

lepsodid ﬁiﬁ-q}t ed%’BFB§68ﬂed:b&Ih sl'ii oforegoing

ext endi n@obﬁt&@@ﬁtadsw f | gage%sb}ﬁualﬂpy oa11 hothiels ddeign lfespects,

respecti ve

aLr

22
126, 128t +ésp%%$ﬁ€¥'y 1‘Fore? g?ﬂé t'ﬁ‘ét r RYIXR 128+
t he pi nsmé¥ementlbf thspsealvdlgmentrnmo bétwabuthéynbh#ﬁaﬂeﬁisha&ves

f d. I L : '
13 1 AAAEIE B8 s 50 By AL b g
tel escopbs lasthieNed b2, fl‘.!ldem@ﬂs\ﬂreelaﬁ t khouthe sﬁpmq@mgmswmelt hat
are RAounggeinen %iﬂéﬂ@bfﬁaﬁogéfﬁ1é&es§u§er@Hﬁgfhifeéﬂlghdﬁthé“%éﬁh

joints afe atfached, .such as

W j ne hub, assenbl Flgure ,

the pl at@kenent 19609 &Pemﬁéf&ﬁﬁed-‘? An a&-’r‘h‘be’? Airechion p"'bﬁhﬂ“BaPFdoP a
flomﬁ|ne§oau§ﬁga§1&éae.150 respectively. The operatlng shaft 142 has a

reduced di anmeter portion 142a that

t hat |s

‘al so nmounted on the flowine hub assenbly 58 The threads
Figures 16=18

each w t a.ta er rece tacIe

" of

ly,

ae

rotatably resides in-a support strut 152

'One-embodlment;of the invention that can be employed with

the modified swivel joint 98 of Figures 14 and 15 is

‘identified as 110 in Figures 16-18. The-locking apparatus

. 110 comprises a pair of ‘elongated lock pins 112, 114, the pin
114 telescoped into the pin 112, ‘a helical spring 116

surrounding_the'telesc0ped pinS'llz, 114 and extending between
radial flanges 118, 120 on the pins,;lz; 114;_respectively, a
pair of lock plates 122, 124 each with a tapered receptacle

°126, 128, respectively, for_receiving-the.tapeted outer ends
130, 132 of the pins 112, 114, respectivelya"a pair of

- interiorly threaded sleeves 134, 136 to- each:of'which'is fixed

a lateral strut 138, 140, respectlvely, and an operatlng shaft

142 threaded into the sleeves 134, 136.

The telescoped lock pins 112, ‘114 extend freely through

- supports 144, 146 that are mounted on-a_sultable-portlon of a

the flowline hub assembly 58 of Figure 3, and the plates 122,

“structure to which pipe swivel'joints'are'attached;'such as =

124 are mounted in fa01ng relatlonshlp on a palr of flowlines

such as 148, 150 'respectlvely. .

The operating shaft 142 has a reduced dlameter portion
142a that rotatably resides in a support strut 152 that is
also mounted on the flowline hub assembly 58.  The threads

x



|nterconnect|ng the operatlng shaft: 42 with the sl eeve 134 are of opposite
hand wi‘th respect' to-their: counterparts that interconnect the shaft with
the sleeve 136, so that as the shaft.is rotated by, for instance, a wench
or other means.tenporarily engaged with a suitably configured shaft
extension 142b, the sleeves will nove axially toward or away from each
other while the shaft is maintained in axial position by the strut 152.

The hegl?cal spring 116 exerfg.a constant exégndln .bi as against the pin
flang€§'118 120 so that rotation of the shaft 142 to cause the aforesaid
novenent- of thBterconnecking 1the spperating: shaft o142 cwpth thensinsnechd4

of the pins life b¥4.oppdlit Wand! #ﬂ:b akegghbe G e obRrt HPArOE Ehet
pins 112, 114}g€ere|n th flowi are_free to |vot b means of

their swivel fESORRLC 5161"et ﬁEB% h"tlﬁ'é't rthe| PLRENS 10'1‘ thiashothe
beconi ng | ockelagt ms/rwtatadeb@ytﬂurIﬁnktagcappa%ﬁrﬁndHOOr dﬂhﬁr | heafis

Coveont .t hoEAmbPEREL Y. kiSBoR ek 0R, B, SULEEbLY LBLE 1 90RHhuREY tension
apart unti | thQthr@hs FH@eves) wikk nove caxiajdntowaird wim asegipofren leéach
gggt a\(,:\lf[‘]e\rl\ﬂe?z % el I’ | Océgzvté%?}%fé %4ﬂggﬁ??i"ﬁ§?f’ g’?‘e | r?riF uré&]jr.H;P by the
t he flomdlnessﬁFEtpl%éged t h&heq obﬁllﬁﬁdte§9réng é&ﬁrléﬁergﬁong @9n$tant
their recept agkpandifg wﬁasora;amgtalﬂwrrgah V¢1idng as PLTS, WRY edBONthAe

bi d fucth rt t d ful t ed
"ni'o Focking ERGANLHBnPTwHR (ALY 4, kol EB8SE] %aq espid moyenens of

As wll Dbe thdesteevds 134er$36ralab|nesnltshbnopelescoglehak1a14ﬁovehént
cauéejmnthdr égﬁ pifﬁ 1 114 fromtheir |ocking receptacles,
freeing the f or plﬁo ‘novenent about their swivel joint axes.

Al t hough t he best ﬁ%ﬂureohﬁenilusbnatgs thprqongr@qtedhpogltsentofnthatpnns

has been herejfashewa herédscriHedi1ddlifdd D APPSHeRke! Blead f¢
‘and vari ation nay be pade wi thout departi what is regarded. 1.0

ng from
the subject mMBERBE Qf (FReilry SWIvRL aglﬂﬁglﬁﬁﬁqnlpﬁe(ﬁQEQHQh their fU11

range of movement without becoming locked in any attitude by

the locking apparatus 110. When it is desired to lock the
flowlines and their swivel joints against pivotal movement,

the operating shaft 142 is rotated to move the sleeves 134,

1136 apart until the struts 138, 140 come to rest against the

pin supports 144, 146, whereby the pins 112, 114 will be

biased by the spring 116 into contact with their lock plates

_ 122, 124 as illustrated in Figure 17. As the flowlines are

o pivoted. the lock plates are carried along until - their
' . receptacles 126, 128 come into alignment with  the pins,
. whereupon the pins are biased further apart until their
tapered ends are fully inserted into locking éngagement with

the receptacles as shown in- Figure 18. - As -will be
. understood, reverse rotation of the operating shaft 142 will
a - cause withdrawal of the pins 112, 114 from their locking

receptacles, freeing'the flowlines for pivotal movement about
. their swivel joint axes.

Although the best mode contemplated for carrylng out the
present invention has been herein shown and described, it will
be apparent that modification and wvariation may be made
without departing from what is regarded . to. be the subject
matter of the invention, as defined in the claims. . |



12 . CLAIM5 1.© In awell conpletion system conprising a subsea Christnas
tree and a pair. of lay-away flow.ines individually interconnected to the
subsea tree by pipe swivel joints, an apparatus for releasably |ocking
the flowines against pivotal novenent about the axes of their swivel
~joints, said apparatus conprising: a) - a pair of lock pins, one pin’
-at least partially telescoped wthin the. other pin; b) means for .,
bi'asi ng said pins axially away from eacB2other; c) pin operating neEans
for nmoving said pins axially towards each other; d) support neansgor
sai d swi GBAIMSBi nts, | ock pins and pin operating neans, said support neans -
adapted for rigid yet releasable connection to said Christmas tree; —and e)
receptacl e nmeans on said flowines_for receiving and hol ding said pins when
sai d flow ined-arelin & Weddet ePRPACYEIQGNGUEYFLEN! QMR HFLNGr & pEMbSEd sai d
Chri tst m_aéhi'igﬁmag -' ttné{éptea:ﬁi Us pager lds_fnglép—féaay ngiowﬁﬁésn-tiWiQiath._ly\M ;/_el
joints ipclude a netal-to- al sealing system 3.° arat us according to
i 1 DRESERRBBGEad tP EhS| RUDREM LRAR Y <BiDE MO YS) ipiREg, ‘and
surr oundapparaittist elfeacopsell gasably. loékiagat theacdikawhinés chgadnst 2 or,
3 wherei p.sakd,pi ti g .C [ . naf t ahl unt.ed on
sai d sup Jdré{:rgf%a?]ng ,v%%%é% ré%d?;ﬁ%}z%egggﬁr ggZe%’ e}%oégg‘?%fsﬁg#l%‘?:ggn%tagﬂeev“e
havi ng tappauatus cepbrisiéngand to the ot her sl-eeve, and neans -

i nterconnecting said sleeves and said pins to cause relative axial novenent

of said pins in response tq corresponding relative axial npvenent of _said

sl eeves.?) 13 5PaiEppQfat dOKccBidishy tPan P Rhi nkeast wparéially
telescoped within the other pin; - “

b) means for biasing said pins- axially away from each

»

other; : _ -
c) pin operating means for moving said pins axially
towards each other; _ : o
4d) support_means for said swivel joints, lock pins and pin

. operating means, said support means adapted for rigid yet
releasable connection to said Christmas tree; and
e) receptacle meanS'ongsaid flowlines”for receiving“and
holding said pinsfwhen said flowlines are in a predetermined
angular attitude with respect to said Christmas tree.

2. Apparatus according to claim 1 wherein said pipe _
. swivel joints include a metal-to-metal sealing system. = AN

3. Apparatus -according to cléim 1 or 2 wherein saidil.ﬁ
biasing means comprises a helical spring surrounding said
‘telescoped pins. ' - SRR '

4. Apparatus according to claim 1, 2 ‘or 3 wherein ., |
said pin operating means comprises a shaft rotatably.mounted'”'
on said support means, a pair of sleeves threaded ontd:said o>
shaft, one sleeve having threads of opposite hand to the :
other sleeve, and means. interconnecting ‘said sleeves and
said pins to cause relative axial movement of said pins in
response - to corresponding relative axial movement of said

o+ ¢ L M s o

sleeves.




sald receptacle neahs conprlses a palf of Iock plates each having at |east
one receptacle posi tioned to receive a | ock pin, -said plates also
functioemi.ng as a stop against further axial novenent of said pins away from’
each other in response to said biasing neans until said pins and said
receptacles are aligned. 6. In conbination, the well conpletion system
and- apparatus according to any of clains 1-5 wherein at |east one of said
pi pe swvel joi.nts conprises;, a) an outer tkbul ar joint element with an

i nner>dnnul’ ar netal lic seallng surface; b) an inner® tubul ar joint el ement
with an outer annular netallic¢ sealing surface, said inner element

.extendi ng at Ieast par?%é%ar%%hh@c%@ﬂ t@& gl ' cGhi a %Sgﬁllérljélg)

t oget her said inner an enents Ina relatrvely rotata
non- aX|aIIy:§§%@a§¢§eF§ﬁmée E#RP%)ComEﬁlémﬁﬂ%upééﬁlOﬁlémﬁk Ei§§§§e&30h

beé“ee? Sa'dHﬁVEﬁgaaﬁl?ﬁhgﬁlqﬁé“ré& Pe §3§§§?@ﬂedﬂfﬁm¥%céﬂVénﬁ'PEHH
an outer annul ar LC Seall.n aces [povea e ln I rec ponS

P 6 or conBidty Salf PrasERaeb HHnGELoniRgoan B skeR 80ALESE, Togkner
el enent seal |a1aﬂ1rﬁmmemabfagandspm thwawarmdeacheothernumlmepvnse

sedl ing sur{ Seosehtn 1N oand, oPY 4917 ahe, o4 $h18! ShipRacies

'seal i ng surfm alidgnest. in contact with said i nner and outer joint
el ement s.
6. In combination, the well completion system and
W, apparatus according to any of claims 1-5 wherein at least one
of said pipe swivel joints comprises:

a) an outer tubular joint element with an inner annular
metallic seallng surface, .
b) an 1nner tubular jOlnt element w1th an outer annular
metallic seallng surface, sa1d inner element extending at
least partially w1th1n sald outer element; '
c) means' securlng together sa1d inner and outer elements
in a relatively rotatable but non-axially separable manner:
and '
) an annular seal element disposed between said inner and
outer joint elements, said seal element having inner and
—/ outer annular metallic sealing surfaces moveable in direct
response to fluid pressure axially -between an active
position wherein said seal element sealing surfaces bear
against said inner and outer joint element sealing surfaces
to establish a metal-to-metal fluid presSure seal
therebetween and an inactive position wherein said seal
o .. element sealing surfaces are not in contact with said inner
and outer joint elements.

* c L M s *



