2268559 PIPE JC]hﬁ‘BACKGROUND CF THE fNVENTICN ThIS i nvention relates to

pi p€ swi vel j.oints,: and nore partlcularly t'o such swivel joints that are
designed tg. withstand | arge external |oads such as are encounteQ?QQﬂ@ﬁEE;S)
used i-n the oil and gas industry. A nmajor advance in the conpletion of

of fshore wells in water depth at which diver assi stance is unecononical or
ot herwi se inpractical has beé&n the design and devel opnent of diverless

| ay-ayay flow ine type subse& christmas treds for instal |l ati on on subsea

wel | heads. These trees utilize flexihility of the flowine to nmake
the flowine-to-tree connection at theziﬁﬁﬂgggug¥lor to lowering the tree
to the subsea wel | head, thereby elimnating the need to. nmake that

connecti on aﬁégﬁéﬁ@ﬁﬁﬁk§ pernmtting pressure testing the
connection i ' rior to the present .invention'the
flowines of a lay away systentmere connected to the tree in a fixed manner

and ext ended fr o tmﬁelgtlaﬁ 289heec! 4R hHg QU vEHCHA IS0 S hOFe

the vertical, urred nore space in was’ a
ayai | abl e, e?ﬁé'@ll&q]ya diti9 | 88FBs %lesvgheou%mtguuwtn@r&sdesnmadg &ad

subsea conpl etlmt%\fﬁi eitsrgéhexaéeaeaecio%asﬂseent st e TSHEUREEVEE VaHen
connecting the ﬁ @gﬁ 3 es to, tgyg ni versal gui debase by sw vel
joints, alloWRY dRe theoR |n@§ gagarty cally in the moonpool and then
fsleek their fi naI angt&gaﬁwd#knyeadd tthe teampletion! affidet faliord hwellgain
oor . _ e C I un th
the tree, V\/nere‘%y tﬁéBﬁPg%é Ry rab@gg ﬁvgiﬁgg%x\%?gﬁak]l ﬂﬁ%o é:mlca
flowine- to-otheew1senmmpnant1c§1 ha&abeenrtheedes;gnunndadevehbpnent of
Furt-Her nor e, S AOFIRILy 1233wl dhe westﬂsead&% Mg ErlboWebpe

_jettison feature joints at the g not have
met al - t o- net aAnsfadilation eé??’urﬁuBﬁFﬁ h‘FQH- e§€§|-r abl eTmef r‘éﬁ'&&ﬁt |ytilize

requi red by eilexdmdigasy i beUSthy SRMWIika! itens make etBbast DHFIiNe~Bbheree
non- mataIIICconnectlon 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.. Pribr_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 solution 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 making up the flowline-to-
‘tree connection at the  surface is not available.
Furthermore, this arrangement 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




o described preterred e

| 2gseals are inadequate. SUANRY OF THE | NAENTION The prosent imiention
R 2 nine ioi ‘med between a pair o : / " :
~-.conprises a pipe: joint formed i al 'y nmovable into and out of
N : . t axially novable into (
el ement szand i.ncl udi ng a seal el emen MO\ o dvnam ¢ seal
. P, i tween the joint elenents, dynamc ¢
nmet al -t o*netal seal i ng engagenment be 1 th d each respective joint
in rovi ded between the seal elenent an _ _ \ A
gFZR;nPEItg ﬁaintain' a fluid seal thergbetmeen durlnﬁeiﬁzse?§lgLerablé
: NPT - i si 1 o€ki ng nmeans ‘se .
novenment , the'J0|nt further'conprISlng S I n- bel ow el
- - ' bet ween the joint elenments. In al W e
Hoser i bod =983 d2€ ﬁg)n%% |€€1ﬁ?l3$_t an annul aJr .metal seal elenent is energl-.zed-
responds to fluid pressure in the joint flow -
axially into a position between the e

Ts where inner -and outer . annular |ips of .
~those joint

by an i nternal sl eeve that
passage t‘;ng;i, : i f
: | atively rotatab [ _
{ﬁeaseal glenent:bear agai nst opposedfannurayf?grggﬁﬁzr orn Lhose |
- o in- @ PEederrt! | ionf © Lt manner. In this o
embod monpe e et o e e CEBpEises 1" (Bbendieintdormea

embodl MeNbe thidr B4 8 i h98r Fflatirely urotatahis cdotntheel dhuhPaSSAE

applicatio

bressire dnalnting ahaes sieaaint SeSaThg ot 1o ot L Lo TS

- ' I_qe swivel Joint ¢ Nt :
P o cEj?egﬁ?iia&ﬁgsg'%lt%’?gaﬁ%‘@f“‘?ncﬁ”@f’!ﬁ!lﬁe#th?@'r'thf SointCRIdMAL)
“entitled AYRBRAF- sealcmebnScheing PrpeidedSetiRel! the ggﬁgtSﬁFPF“ggépﬂng

a) an ouégeht Ui_aééﬁéckﬂig%lt aﬁb??ﬂﬁ”t eWFQ%g%P H&tn Fmgintada ‘ann@luidmeselli c

surface; an_lnner tu joirnt-ée

~sealing s ?ﬁﬁg?tgsﬁﬁi¢ﬂﬁinﬁléndd:axibhdhngeﬁeﬂﬁ?wfhaaq3€¥éﬁfﬁ%Eﬂgg-::; .

sai d out eromprimibhy Clo8REAG Sﬁéﬂﬁéngséfgéi'.?sre%%?;ogigggg&magtqgm@eyea'nd o

elements Jdh fe{¥d Ao¥StYon Botaces gﬁi.gggﬁgxelements.' - - _
' - In a below described preferred embediment; an.annular“
metal seal element is energized by an internal sleeve that
responds to fluid pressure in the:joint flow passage to move
the 'seal element axially into a " position - between ‘the
- relatively rotatable joint elements where inner and . outer
annular lips of the seal element bear against opposed annular
- surfaces of  those joint elements- in a pressure—tight _
interference~fit manner. In this embodiment, 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.: . ' e ‘ _
'-A“metal—to—metal'sealing pipe swivel joint is described
herein and claimed in our coépending ‘application’ no. 91
04187.1 (Serial No. GB 2242246) entitled "Metal-to-Metal =
Sealing Pipe Swivel Joint", the-joint.comprieing:~ : 'f ._
"a) an outer tubular joint element with an inner annular
metallic sealing surface; - ST - _
'~ b)' an inner tubular joint element with an outer annular =
metallic sealing surface, said- inner elementfextendingiatjs
- least partially within said outer element; ' | o

Q) means securing together said inner:and outef elements in =

a-relatively rotatable but nonraxially'separablenmanner:' and =
d)” an annular. seal’ element disposed between said inner'and-_ff“r



d) an annul ar- Seal elenent dlsposed bet ween sai d inner ‘and ©~ 3 outer
joint elenents, sald seal el enent .having inner.rand outer annular netallic
seal i ng suriaces nmoveabl e in direct response to fluid pressure axially

bet ween anactive position wherein said seal elenent sealing surfaces bear
agai.nst said inner and outer:joint elenent sealing surfaces to establish a
metal -to- metal fluid pressure seal therebetween and an inactive position
mhereun sai d seal elenent sealing surfaces @ e not #ftcontact with said

i nner =tnd outer joi,nt, el eqent's. A fegture of the present inyention is a

means for | oPRERY dRdntcelements. said.see JG#ﬁFeSFeHENP§9a§HPﬁ§taPQt&PFSﬁ

for exanpl e whaalake nfetal lde Rl iy i sutfdcd®iRdbvéabI@! fh &Qﬁébﬁgresponse
position, th re areventin nnvenegiy & he interface, of the 8bemant
n R

and the join PEFRPIHT %] e W&Fna an, ACHi Ve ﬂB?l erfin
t he establisbaddnseaﬂ edemeni! seadlingTsurfhcesi bearcagaimsy sadfdr innez and
fi t plurali f t t 1t t

surface of 1 REEREcdoERE, aspleht® SHECER, Suriliods TG SridnTigH o LY €b-
syurface of tmetadt elflswdleIPI]QﬁﬂﬂrQal ERank tmr%b%mane N’ldh ane inactivet

of keys.in agéEh't%n' hh@rE&B”Ehﬂih%@a&hélleﬁ‘éh'tnQeﬁhiﬁéeshifhaekhﬁrédﬁéﬂc§H

or seal -establishing positi ) sl,ot connecti on between

| &cking - sIee?@nﬁﬁ&ttW@tpnﬁéﬂds%PFEF FBFnPu§P€n§Hﬂth§geEPB$§nts relative
rotation between Ahfeah:aeéeo@n&hbhpseebﬁteahvahtabh axi al maaﬁst cops1etkihg

sl eeve. Alte atlv descyri herein, and cl ained in o co- endl
Appl i cati on % (eéé'r i 29t %%BQ%bmén a‘tchﬁﬁa’ﬁ!f ?gr
in, a wel |- coenhmplenwhpntthecsepilelegeatsmbsén €h5|meta1—toemetam sepamng

Lo PR SR R i Bl o

plpe swi vel nts, an means conpri ses
‘a pair of sesadk elmt the njoimt eéayentgamdam s assuring that a

leak will not develop in the established metal-to-metal seal.

... This locking means may comprise 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
between the sleeve and this element at all axial positions of

: {J/ .. the sleeve. : : :
: Alternatively, as described herein and claimed in our co-
- p_énding Application No.93/#387.0 (Serial No.226%5¢0 )

entitled "Locking Swivel Joint", in ‘a .well completion systenm
comprising a subsea Christmas tree and a pair of lay-away

flowlines individually interconnected to the subsea tree by
pipe swivel joints, an apparatus usable as such locking means

comprises: o . _

a) -a .pair of lock pins, one pin at least partially
telescoped within the other pin; .

b) means for b1a51ng sa1d pins axially away from each other;
'¢) - pin operating means for moving said pins ax1a11y towards
- each other; N : A R

d) support means for said swivel.joints,:lock.pins and pin



o teI escoped Wi t h| n the ot her p| n; b) - means for bi asi ng sai d pi ns axi aI I y
away from each other; c) ~pin operatl ng ‘means for noving sai d pins axiall

ot ovvards,each ot her; d) - support means. for sai d swivel joints,.lock pins -

and pinls" 4 operat| ng neans, said support means adapted for rigid yet
rel easabl e connection to sai d Christmas tree; . and e) receptacl e neans
said flowines for receiving and hol di ng sai d pins when said flowines -ar
in a predeterm ned angul ar attitude wi.t h4 respect. to said Christmas treem™

y
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The present invention also pravi des assurance that the inner and outer ’*’F '

swivel | oPRErardpsntEeans, | Sfaddy SYRPASE meansyadamted ofiopr atigis| yet
before thﬁeﬁé&éaﬁ!lé”&ﬁhné&‘tiénl 8bOshia tHPeELARS tPaslt i ahgbet ween the -

opposed sealing sur s.of those 0| nt. el s, -and_correspqndi ng
- assurance® ?h g?ﬁﬁp 85t S| BARAS oEfEBilPﬁﬁt ﬁ%cﬂe&pﬁ&i‘”ﬁ&rﬁpgn
~preferabl jobdingesalid jpdin vﬂimeeaisdafeowehnase&rfd ointhepreueebeﬁmed
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experienced, sThe waﬂeam:axlemylbuaahamcmlv:b@esl assumancsx t ehatt nghiar om

a subsea fhhist t'b%‘%:é&h %ﬁlba j6fnts 4 %ﬁeﬁéél |3t P %&%0%39%599
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pressure est s. rther erre at ures resen I nventi1on are Ir

the depenﬁ%ﬁﬁtlliﬁalwaf-l‘m prefesabisht Beforet iﬁhﬁ)régéht element omoyes

descri bedlbebova wh@ilmrplpbﬁrﬂdht betSicd Nehe Oobbaséaa%aaﬁnéﬂ
a subsea

DESCRI PTI ON ERA% 13%0 is a side elevation §
Chri st masSt¥ %cﬁﬁsﬁ Sg, P \Fe1 P55+ ARG GOTRESRPNART naFSYTaRES
- fl ow i ne thabethedséalt btehent bgnamovevelt| otnthaeCﬂnﬂt':ﬁﬁjohalapos1tlon.

therefro
locked condition. |

The swivel .301nt descrlbed below-:ls- 1dea1-1y'-su-1ted for_;'"

- -use in situations where very h’igh'-laterel -'1o'a.d's' and - bending

" moments are experienced, such as the catenary load imposed by -

- flowlines extending from a subsea Christmas tree while the

tree is in a drillship moonpool '__du-r'-i_ng' pressure tests.

Further preferred features of the present invention are

©in the dependent claims. ~ Embodiments of the present

‘invention are descr:.bed below by way. of example and with
reference to the drawings. '

F'i'g'ure' 1.is a side elevation of a subsea Christmas tree -
© . suspended Just above a dr111sh1p moonpool and ‘a ‘lay-away -

- flowline connected to the tree by a swivel Jo:.nt accordlng to'
an enbodiment of ‘the present ' 1nven_t:p.on and . depend:.ng-
vertically therefrom. : ' | S

Figure 2 is a fragmentary view of the tree and flowline

' of Figure 1, showing how the flowline extends laterally from

the tree after the tree has been 1nsta11ed on its subsea S

" wellhead. : P
Figure 3 is a side elevation, on. an 'enlarged_' scale, of

the flowline hub,. swivel joint and flowline of Figures 1 and L

2, with the flowline shown in the Figure 2 attitude.

¥
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Figure 2 is a fragnentary V|em10f the tree and flomﬁlne of - Figure 1,

show ng how the'flow ine extends l.ater'al | y-fromthe tree after the tree has
been installed on its subsea wel | head. Figure 3 is a side elevation, on an
enl arged stéle, of the flowine hub, swivel joint and flow ine of Figures 1
and 2, with the flowine shown in the Flgure 2 attitude. Figure 4 is a
front _el evation of the apparatus shown in gure 3, and including a second
fl ow’ine connect ed to the hu@ by a second s#nvel jd¥ﬁt Figure 5is an

enlarged plan vi ew. artlal roken a to,a horiz section, of a ,
ORI, L P R SR P T R ) LS RS
1-4. Figure Bigura 3| dandé! fneludﬁanatbecaudvﬂowbiné obnhegted Co thegUab 7

is an enlar a W h i vel joint of F' 5. Fi 8
5 a'fragnertaed SRR SRtV oigtehe® The 5 6 of Figure - Figure 015 a
fragnmentary vi ew Figeneaborg ahe enlargedo planFivjiew, partipklas toKen aa‘eay
fragmentary g eél"sno i%ﬁé&l n%e{?tﬂgﬂe df Pt s@ivén M SOEE e SF A fier Mons

swi vel joint seal enen hg sleeve | n thelrr various pos
during netalat%reﬂeﬁﬁﬂ Eéﬁvlhﬁﬁea%psQﬁﬁpr%ﬂ Bigupesrbréons. Figure 14 is an

enl arged fragment@iyupbew | ike & 8488 elSIOMiON DEOEhE MRS 9819&: the
swi vel JOIE% and seal elements of the preceding Figures, which is

used in co fon*with external |ocking neans. Figure 15 is a view like
Figure 14, but shpiguget e izcadn eénbanrgedn firagnenteryyvdieposk! ithe swivwsd

16 is a fro Y th some parts shown in vertical section of an
enbodi nent gi f%é ?%cﬁ %P¥%e£ns for high flowine |oad applications to

releasably | ock aFigraxre afls a fragmentary view taken along the line 8-8
of Figure 7. : ' S

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, which is wused in
conjunction with external locking means.

Figure 15 is a view like Figure 14, but showing the seal

U element in its functional position.
Figure 16 is a front elevation, with some parts shown in
. vertical section of an embodiment of the locking means, for
- high flowline load applications to releasably lock a pair of
flowlines in a desired attitude with respect to a subsea tree
to which they are pivotally connected by swivel joints , for
'-example as shown in Figures 14 and 15. -
Figure 17 is a fragmentary view, on a sllghtly reduced
' scale, of a portion of the locking means of Figure 16, showing
‘a locking pin released for spring-biased extension into its
receptacle port upon upward pivotal movement of the flowlines
from their. dependent running position as seen in Figure 16.
-Figufe.ls is a plan view, with some parts broken away, of
the flowline locking means of Figure 16, showing the flowlines
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.' flova |nes in ade3|redatt| t ude Wit h respect to a subsea t rﬁg\;\;]qi \r/:h::::guﬁ Qg'y
“are pivotally connected by swivel joi nts.; for exanple as s Quced scale of
i4 aﬁd' 13‘ Flgure 17 1s a fragmentary vi e\E/SV’ OE W ?ll | gh]{ Io>clkirﬁgugi n rel eased
a portiom of the locking nmeans of l e ‘port upon upward pi vot al

| i ng- bi tension into its receptacle port up\ _

];rg\rkersrfa):]!t ngf b![ ﬁ:egl gi/(\,{ ines fromtheir depenatstlent' run{n ng pE:'ﬂ_t ga/gyaso?efﬂe'l n

LIV ETE - o n view, with%one parts brol M
Figure 16. Figure 18 is a plan view, howina the flowlines 6 | ocked a3
lowine | pekiad . FoLeng 16, show | iPEe i HE

against pi orkRe SEaAeE! pivANE] MRveReRN ForcuemtheintesEvaT) Gidtal

PREFERRED EMBODI MENT The prefe

red enbodi'ment of. a pipe swvel join L
: rr__ iLlustrated at 20 in Figures 5-13, ... _
accordi ng ppstRe - FREERRED EMBODIMENT. . -ofhnect i ng a | ay-away -

in Fi -4 TN S ENDOUT MENT TS SHOwt—tro-—=ry connect | 9. .the
1? Ingwil |n ng Il tg ch)r SS suBS Br eheFEerdusmbediment! ofranpiper giviva1 e nes Sécgﬁdﬁﬂﬁe' it

_ nas EeeTE | t 22, |
bl ar C i T ey T o o b LRERatHY BFfninoBionmeantnta
tu? g: i celsea rEe’P gﬁrﬁe"ﬂ‘?rreg‘zgib‘lt&;ﬁ% epodiment absl shown asi ggtéggaﬁﬂéﬁgEBQ- :
24, and a%l@r@@tﬁtamﬁnémo.wtﬂb@éﬁ'%%?f% a%&gg S-ni“cat es with a-

. ial  hore s '
Fatera” ot "Réfe s Hadt o Hobrnecns. | mhousmitenoinks g0

[y

prpe. sucnBexnlty| compmimee nacotion! cumuti, BobdEeSE, hpt Sy
count erbo rtuhﬂhﬁ@léi%ntfz‘gz@%%jé%ﬁg é%tﬁpdégg within ;;gq%m];e.mtarmﬂ_ |
por 11 on 248 GHERLEF, Retallitneent, elapent | o8 Ioethesfortid) SLIUES dha®
| oot sttt L .U 1 b e
ol aront o9 sy SHoBE"  PLesBBRE By 3uCci Ccunterontial 1y spaced cap scr sve
46, to retain The outer element 22 has. an axial bore 30 ' that
communicates with a lateral port ‘32  which - facilitates g
.connecting the outer element to a pipe such as the ,iilust.rated_ N
subsea flowline '34, ‘and the bore 30 is .counterbored -at- 36, 38,
40 and 42 to provide annular spaces for the inner element 24,
the sleeve 28, the seal element 26, and a radially enlarged
- portion 24a of the inner element 24, respectiv’e'ly-_.-.-_. As seen
- in Figure 5, a ‘washer-like annular retainer 44 surrounds the
outer portion 24b of the inner 'el'em'ent" 24 ahd__is releasably.
- secured to. the end -fak_:e of the outer élement‘ 22, such as by a
plurality of circumferentially spaced Cap screws 46, to retain . u
"the ‘inner and -outer elements in . ax_ial- ‘position whiie ) ;
permitting relative rotation ‘between them."' ‘An annular seal Lo
-element 48, such as an elastomeric Oo-ring, functions to -
" provide ‘a. pressure-tight dynamic seal. between the inner and -
outer elements 24, 22, and an annular wear ring 49 ‘of Teflon
or other suitable plastic 'functions.. ‘as -a dynamic ‘bearing
- between the two elements. B o o
‘The inner ' joint element 24 has an axial  bore 50
--'commu'nicating with a lateral port 52, and as 's'éen’_in Figure 6 S
‘@ pipe 54 extends from the port 52 to connect the joint SN
element 24 into a fluid control system such.as a subsea .
Christmas tree of ‘the type illustrated at 56 .in Figure 1. In

such use, ‘the: swivel joint 20 can be firmly secured to a .-



the lnner and Duter -elements’ in axial . position while pernmitting
relatlve rotation between them An ‘annul ar -'seal el ement 48, such as an
el astoneri¢c-0-ring, functions to prOV|de a pressure-tight dynanic seal

bet ween the:inner and outer el enents 24, 22, and an annul ar wear ring 49 of
Tefl on or other suitable plastic functlons as a dynam c bearing betweenthe
two elements. The inner joint element 24 has an axial bore 50
commufii cating with a lateral zpert 52, and ag seen imFigure 6 a plpe 54
ext engs” from t he gort 52 to connect the joint element 24 into a fluid

control syst EHitabResstrucinwe, GHohiassat fdowdine,hub Assenbly 58 cwhich
56 in Figureig remb®¥apigh dﬁﬂ;edﬂaealwﬂcelthe drde X6 £ Ay bRedns nbf aepamdw

t t t hub
ot 5 coRibEKABs (i ofine Lo o Ak e "o oRhd ke JoLThe biver
(Figures 5 aedefienthaz2f iirs -ar manhezhetharmtfaci)lmtateberm:mtaﬁﬂonncef nmahaer
t hat facilitg&gﬁeﬁgtgahﬁhrngEF@tF %%@Ekh respect to the block. As

e

seen best in are I'nél udes an annul ar base portion
62 from which extéﬁdsggnableytannu ﬂngnranﬁul the| sgadseldpnent 86t ancindegsaan

lip 66. Eaﬁﬂnhtlﬁreszbas@ Baftianawl PromCahlich Sektand ﬁﬁal@.@a an inner

respect I vel Y, a ra | used _ cross-section _ conf J gur at I on In the

seal's funct%ﬁ&ﬂaﬁoéﬂﬂ 64 @ndy@n opter, annulay WP 66« acega%xlahBGé‘Lbeéﬁ

agai nst. opporad el amblulla@ sl ing sutrffaiwaasfas 664, respestively, withha
I nner and outer,,

nent s re ect n interference rg
manner to esFQBF ?ﬁ%; ﬁﬁﬂﬂs- qé%ﬁﬁ %ﬂﬁf ﬁgiﬂxfheagaenﬁﬂtsééﬁ §§a1
The seal eIeﬁunctbanalGﬁosmthode$Fugnze ahdthQSerspalmngosunﬁacéarGgaooaéa

n whi ch ar epagpul ala £h26! UiRidded!y BeT Ha3aeaY 7 gesﬁilfageg%%faéé

elenent to bacret Uf f's non- I ona Ion %Flgdres 1o

and 13), Fhareﬁﬁeﬁﬁﬂy@hﬁ)tQﬁatb@tlnngﬁlﬁm@IDQﬁﬁk Jopnti elementis n34ir adkic
~pressure inl gepdctivergh an! ancridltdi¥drefitd rinéxhﬁezot&@reetmﬁh 23. metal-

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

base 62 includes inner and outer pairs of annular grooves in

which are annular elastomeric dynamic 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 referring primarily to Figure'7, the sleeve 28

includes a body portion 28a surrounding which are a pair of

U/ ' outer annular elastomeric seals 76, and within which are a
'pair of inner annular elastomeric seals 78, these ‘seals
functioning to provide a dynamic seal system between the
sleeve and the joint elements 22, 24. An annular axial
extension 80 of the sleeve body 28a protrudes into the annular
‘space between the seal element lips 64, 66 to bear against the
. seal element base 62, so that when the sleeve 28 moves axially
in the direction of the arrow A it forces the seal element 26
to move in a corresponding manner. = At its other end the
. sleeve 28 includes a plurality of circumferentially spaced
"inner keys 82 that extend into axial slots 84 in the outer
- surface of the adjacent portion of the joint inner element 24, -
these keys and slots cooperating to prevent relative rotation
of the sleeve 28 and element 24, but facilitate axial movement



'”Agaln referrlng prlnarlly to Flgure 7, the sleeve 28 |ncludes a ‘body
portion 28a surroundi ng: which are a pai r of outer annul ar - el astoneric seals
76, and within which are a pair of inner annul ar el astomeric seals 78,

t hese seals functioning to provide a dynam c seal syst em bet ween t he

sl eeve and the joint elenents 22, 24. An annul ar axi al extension 80 of
the. sl eeve body 28a protrudes |nto t he annul ar space between the seal ﬁ
el ement |ips 64, 66 to bear against the $eal el enent base 62, so that éﬁgn,
the sl eeve 28 noves axially in the direction of the arrow A it forces

seal ' el enBfit the (3LeeVe With XASRAGonBPnEhai, Riement o | {Qn Gbher oBkeY: he
sl eeve 28supehudedfa tﬂiaﬁ adarhe -@hd COEC thlecslddvid | 28 sppees pnaealﬁeys oF2

t hat extend in aX| ts 84 in.the oute .Su £ e of the Q%h
et on! P rplnd et AR © dhaddal Kotk heS EhARS ShopBRatE it a o
prevent rpllara\le.*hyotmflcmrahﬂﬂwaitéa]elﬁBspadeélekm_\rs 88, dwtthecihnneat e

I to.t e
Gitsr Do FlEteey of, Tod PRI SuplBRE lp folUibpliFAbTI e el
C|rcunfer§ﬁtPﬁﬁvyntsys&é§1¥6y§°t9$19nabetUBGpeﬁ&@eOuwﬁmhel&mp$ﬂwamrlyﬂmﬁ .
C'rCU”fEVSPee@el%héﬂa%ﬁﬂs%ﬁkﬁy%BSH‘téﬁféfﬁmin H?éécﬁsoshbﬂﬁ halg&'meen the

element 22 in a spline-like manner_, revent ative rotati on

outer el efEfr ands W@e@?ﬁ%@nq KRysthe, forward SnqRArEioBhefn in +
figures 7e@ch Xy Seen tmst isn ﬁwed%ot heagar warihieniopemenen of eaeh

fehed enghBETBARERE, by 1EERcpEEbRa ARUBHERenR, VAR FHE KoY, ¥8s0” up occ
engaged t he ouAecorﬂengihy,Zﬁhlea riitentkeys | 86, | 88katd oentymgedmtheebartemt @
through td¢ckignt 8% $0. Adiaelsnyf1o®adiith éhe ok itk S¢nfild. %ﬁé@% -
er eas the key 6, are |s ngage Firgures 1 e outer
el enent 2'Qh¥'§u9'heé=h% ke¥%t 88 wi BA /1 Ehecrileevenesds| ande tl@ Heys h82i andr
el enent 2410tsThe, SkRE¥8adSwhbAr ehi kuys! 887S 880 areCHikBAgBYedCl(Figtes
el ement s mhegnd 13) the outer element 22 is free to rotate with respect='
‘to the sleeve 28 and the inner element 24. ‘The sleeve 28
. thereby functions to lock the swivel joint elements when
rotation therebetween is not desired, Such'as:when-the-metal—
to-metal seal-between:the elements has been established, and -
‘to release this.locked}status-whenrthe seal element 26 has
been moved out of its functional position and freedom for such
rotation is desirable. -
In-reference-to-Eigures.10#13,_movement:ofﬁthe.seal' _
element 26 into and out of its functional position is éS':Q‘};E
- follows. From a starting position where the seal element 26
and the locking sleeve 28 are in their respective locations =
relative to the inner and outer: 301nt elements 24, 22 as shownf;fef"
in Figure 10, the element bores 30, 50, which. together.:f'.
comprise 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 :from the flow_
passage through one or more ports 90 in the inner element 24 j'_,
-'into the annular space between the inner and outer elements,g_f”
the locking sleeve 28 is moved axially in the direction of the
arrow B until it arrives at its final'qr'loékingfpositiOn”
shown in Figure 12. © During thiS'movement-thetseal element 26
~is likewise moved axially from its Figurejlo'position into its



rotatlon therebetween I S. not de5|red such as when the netal - to-netal seal
bet ween ‘t he - elenents has been establlghed and to release this | ocked
status_whep-the seal el ement 26 has been noved out of its functional

posi tion and freedom for such rotation is desirable. In reference to

Fi gures 10-13, novenent of the seal elenent 26 into and out of its
functlonal position is as follows. Fron1a?starting position where the
seal elenent 26 and- t he Iock;ng sl eeve 28 afe in theix respective |ocations
rel ati-de to nner. and, o nts 24,. 22 a shomn i n, Fi gure

Lo % heCel orbhichOpEAL Mot Eo-hakL S B podinite Shde ) To, Biidl o3 o,
fluid to beinmnthysdpbbmuugh tmgjsnaﬂ ,can ebeubestedd - BS'Htuthqwdfmilshrp

represent ed v&ﬁ'cﬁﬁ ' ¢l 1§w;we1A§|[cIﬂ-gt3 85’&?%%&' 51:198“%%1%‘1:2:4{6:9 ”b&?.ﬁeeho"&

passage throuUgh one or nore nner el eme
annul ar’ spac%uhssawtmeeh%ndnmeflenkunenaﬁ depheted, in HBigwekihg sl eeve 28

Is moved axially gfled e Qéfﬁ&féé’ibf* téer aié %ﬁé‘\%ﬂ' eaéééi’eélé'?ﬂex#. 26

final or |ocking EOSItIOﬂ gure . Dbur)ng 'S enent

seal el-enmentl®6Te uFPEém@Ra#ﬁﬁeﬂn&§FSFI?°HN§HHQF9?ﬂ§ﬂHB°§é ﬁ8§|FmQWQr&%
![:1 S 9 Iurlﬁi?ﬁﬁéé rml&i ahnag It ¥y Sﬁéhtﬁ!ﬁ?p?ﬁhél qtbllfrftﬁwlw Fhass8ga?. aﬂ(lil
is position,ihe seal_can as, a rill_shi.p i.S smﬁve

i nt " oonpr | A1 EhEE prtets FREGRAR"End BORE aue 3 dnditakad iy
deplcted|r1Gﬁgnr81Qur&han,atmareﬁyualsq returnsngchhevadpknhg:sideve 28
el ement 26 ig r I

Fi gures 10 and ven&%gi?%'g&%%‘?n?ﬁ?‘l o%vé%gésds’gﬂﬁi%hgm ‘2 ei%ure
t hrough tmaqu#¢r7 emsntnazcinnjng#aﬁqumab¢mttherslssveuh elerent

returning t hgnd ogésme $hAB¥e ednieht 124 Stehdi&y panbwszﬂ?a&ﬁe &qwﬂlﬂwl ¥4
unl ocking the joint quter elenent 22 for rotatjon about the sleeve seal

el enent and $i AePPRAe Vel tiratL 24frPHeﬁ§ﬁ/%ﬁpﬁﬁﬁn§qﬁﬁa5@0&P|§@d§4%§?te
depend vertickhéay passatyee thitassh ttlee 8pildship mdorippol 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.

Figures 14 and 15 .
These figures  illustrate a modified version 98 of the
foregoing preferred embodiment for use where the means to lock
- the swivel joint out element is exterior thereto. In this
. o version the metallic seal element 100 is identical to the seal
~element 26 of the preferred embodiment, there is no locking
- . sleeve such as 28 and no keys such as 82, 86, 88 or slots 84,
"and .the counterbore 38a is substantially 1less in -axial
‘dimension than its foregoing counterpart 38. -In essentially
all other design.respects,lthis version is equivalent to the
swivel joint 20, and movement of the seal element 100 between
its non-~functional position of Figure 14 and its functional
position of Figure 15 is -achieved by fluid pressure as in the
. preferred embodiment, except that said pressure acts directly
‘on -the .seal. element 100 in moving it in either direction
without aid of a locking sleeve.



:Tf_clear passage through t he dr|IIsh|p nDonpooI 92 Wen the tree 56: has

. . been | anded and connected to its subsea ‘wel | head, and the flomdlne has conme

to resg,|n its final position on the sea fl oor, the netal -to-nmetal seal can
then bé re -established by repressurizing the smnvel joint flow passage as
above. Figurés 14 and 15 These figures-illustrate a nodified version 98 of
the foregoing preferred enmbodi nent for gﬁg mhere the means to | ock the. ﬂ?_'
swi vel joint out elenment is exterior th to In this version the 3\f

metallic %eal elggizt 100 is identical to the seal el enent 26 of the -
preferre : =2 ‘there is no locking sleeve such as 28 and nho keys
‘such as 82, 8®ne38tmesbﬁt extérnaid ltdtﬂcnxgjrmummhaﬂam shdasemployaédiy

| ess in qﬁga a f NgaC t 3
essentlal “al Fﬂgt er ?‘islé]gngr%;s’é%ct &ﬂﬁ gsv?rf;gtnaﬁé'&%qgﬁ“va t""t5 Jf%
swivel ntmfle@daﬁnaéﬂenuid?lqheese&ﬁ-éﬂenentTneolgekwamqmeans 110

non- functd 15id O[SH‘.quof' §téfigdtedtobkopinactiaaliry Pasid it of 0i14

Figure 15 1S achleve réssure as_in the preferred

except t tkalesgaped dake ¢ laet21 142¢ & b tlﬁélséétnn@ e’r?eﬁttSEWWMI ng
it in ei tﬁlﬁ telestopeav piast 1ajzi, oiia lamki asttetmw betwlehl &t&deﬁailG 18

modi 1 od SRAASS [Then W o A 4 Ty TE FetRirr e s Moty pr L
Fi gures J]@c:lss platlése 122 ki h24 neach ¥withcanrapsreds nedeptaicld ARB] e:bl28pck

116" surr SSSRES NN, [Fo doch 7R he Ydbdila Rodkdr nds [0 a2 6 07

fl anges  the pins di2hdlfnFespectively r g main of ylnt%i!‘mly dthreaded - w

pl ates 12.eehids engh, Wial3s 6\:6 agaeRd oreGavian! $s13Gxe8a ta%e%tl' \$phut f Ol
receiving the tagered out s 130 132 of the pins 112

end
respecti ai Fe8P Iq rdya?%régdéwgﬁ ﬂhﬂ t1§62t5nﬁﬁﬁﬁiﬁ*
which is anbce(tm; lslesvads It 136. :

The telescoped lock pins 112, 114 extend- freely through
.supports'144,7146 that are mounted on a suitable portion of a
~.structure to which pipe swivel joints are attached, such as -

the flowline hub assembly 58:of“Figure-3, and .the plates 122,
124 are mounted in facing relationship on a pair of flowlines
such as 148, 150, respectively. _ A

The operating shaft- 142 has a reduced d1ameter portlon L
- . 142a that rotatably resides in a support.strut 152 that is o
-also mounted on the flowline hub aesembly'ss. - The threads :

interconnecting the operating shaft 142 with the sleeve 134 ()
are of opposite hand with respect to their counterparts that
interconnect the shaft with the sleeve 136, so that as the '
shaft is rotated by, for instance, a ‘wrench .or other means .
temporarily engaged with a suitably configured shqft-extensipnt;:'__[_f
142b, the sleeves will move ‘axially toward or away . fremheadﬁqh*'ﬁ";
other while the shaft is maintained in axial position by the
strut 152.  The helical spring 116 exerts a constant _
‘-expanding bias against the pin- flanges 118, 120 so: that;f:ff_,
rotation of the shaft 142 to cause the aforesaid movement ofw_f:"f
the sleeves 134, 136 also results in telescopac ax1a1 movementft"“ o
of the pins 112, 114. ' 3 . : S

Figure 16 illustrates the contracted posit1on of the p1ns
112, 114 wherein the flowlines 148, 150 are free to plvot by

- Gr



138, 140, respecti-vely, and-an operating shaft 142 threaded into the

sl eeves 134, :136. The telescoped l,0ck’pins 112, 114 extend freely through
Supports 144, 146 that are nounted on.a suitable portion of a structure to
whi ch pi pe:swivel joints are attached, such as the flowine hub assenbly 58
of Figure 3, and the plates 122, 124 are nounted in facing rel ationship on
a pair. of flowines such as 148, 150, respef%i vely. The operating shaft 142
has & reduced di ameter portign.142a that rotatably:resides in a support

trut™~f52 that_i | téd.on the flow i hub_as: | 8. The

f h; gads int e‘?%%h%e?&qsgﬁggﬂg 55’@‘3'2%1! n§°§ﬂ§ﬁ Il%elfz \L/j\)?{’ﬁfts ﬁ%‘%‘@etﬁlﬁ&ér%‘yf
opposi t e handange hofemovements widihouwo sreoning slotkedi dnemmynattiittude by
shaft w th tﬁﬁes'lﬁ%g& Sneafis! NP1 2S thomehefici S géééfﬂeﬁy’té ?ggrz)}/{ the

i nstance, a wench of other neans tenporarily engaged Wth a sul

configured shhP¥liReEnameh thedyr swéveledndsith |against apiyOtal ARNement,
«'i;Naytfr1 22" ea@nbeo? ei.-a\t'lrihk;e sHehpd d %g E&t%:t@m%'xﬁ?ﬁé'tﬁhep%idléév@k_ bbmwe
stru : e helica ri exer a constant expandi n i as _
Sgainst the 136 APaRBcuntld tHE @ihute £360: £46 FOBF ERe resll monihet, the
cause the aghinesapportenteat,ofi4dp whevedy 18He pimsal 302, eul4 swidl be
tel escopic | . ' Loukes 160 1.l ust: - '
contracted E%Jé%?%ﬁﬁgm %egﬁ’llrr}gl (ngllll'izﬂs’s 1%2%éééltﬁgth§&?h o%‘mlér?‘efél S"f;f@é e‘i]s%ip%$ e
free to pivol2dy 124nssndldusthaibedsin/Figqurentd7154, Asl3he tfkawigineshare
full range of;PQUEFENERY t P8k DEE]FELRI kegd g 4 idddes i h i
| ocki ng meagéslgq{fo. ' EhV\hegei% ig gg‘selgr 'e%?'(téo Iegc l?% ﬁltc?\/{,{‘{]nes aln%:l t. _ee|JFr
swi vel | oi ntseegmtasiesi vb2ar rR@nsane t ABtGperbigngeskal vith ther Ritd
towbve the gheps@poh3dthd 3paia ardt bliake@ Sfurthei3Bapdft ComEilo tsir
agai nst the pin su por&s 144, flv.& V\he.relgé/ he mi 1;.(2 114 will bei\: bi St?d
by the spri ntPREESF nBBAB oAr St ti'tth +HRETCS ckng?a gckipg epgagement wi
i I lustrated the FixeceptdclesAsasheshbwnl | bns Bigure 18. - As will be
- understood, reverse z_'otation of the operating shaft 142 will
cause withdrawal of the pins 112, 114 from their 1locking
- receptacles, freeing the flowlines for pivotal movement about
 their swivel joint axes. ) e
Although the best mode contemplated for carrying out the
present invention has been herein shown and described, it will
‘be apparent that modification and variation may be made
without departing from what is regarded to be the subject:
matter of the invention, as defined in the claims.



”1-p|voted the Iock plates are carrled along unti |- the|r receptaclee 126, 128
.cone.into alignment with the pins, wher eupon t-he pins are: bi aséd ‘further
apart.-until their tapered ends are fully. inserted into | ocking engagenent
‘with the.receptacles as shown in Figure 18. ~As will be

"understood reverse rotation of the operating shaft 142 will cause

- wi thdrawal of the pins 112, 114 fromtheir | ocking receptacles “freeing the
‘flowines for pivotal novement about t hel® swi vel joint axes, AIthough‘tF
best node contenpl ated for carrying out the present_invention has ‘been -
herein sheWALMBd described, it will be apparent ‘that nodification and

variation may be nade W t hout departing fromwhat is regarded to be the .
: subject matter of the_.i.nvention defjngd in the clains.

A b el ornt e edhnaRenIathy; Fosad, BrvRe i BALE #5 rata Bignis
‘and |ncIuﬂohgtabieaboehtneﬂbmentslbpdﬂmnnﬂudingcaasdabueleﬁenttakiamlyetm
seal i ng nts t ] t eats

e:g&?ﬂﬁfi@ St/ %f‘ :38'::‘3'5{9 %—»me%’a{lamsgaii g ”?ﬁ‘ﬁEﬁ?ﬁ{aHQ

provi ded Ween the- se el ement each respec o n _
mai nt ai n hetveen the| JPhBite@éﬁmtsdurdm’@W Fead amemehemg provigdednt

further pLoEREEN] aae tseah' eqeﬂ&en%n@eéa-at | M e%ébgslﬁeagt peft to

relative rofati pn betwee tOI nt_el enents. clal ne

claimi1 WHQ%EFﬁlﬁpﬁrgleﬁ ﬁFaih h?BE?PFUeﬁEaﬁng§gaFP&ﬁgé&lﬁé agyemenke.
seal el errené gohﬁtm)\f@d'ﬁlﬁxo seehpBEsthgg @B@mﬁ@ntmea?ns é\eleetmtrelgrs

cl ai ned - at| n,ef th

Cornt e Renibls LR JhreTRlE, FREALIRE Tth ?tlsrevﬁﬁtar&e& V5Re; oJeiBk

seal i ng eebementst, and upon rel ease of the |ocking nmeans, the seal etene t,
is nmoved out of such sealing engagenent prior to release of the joint .

elenents for relative rotation. g
2. A joint as claimed in claim 1 whereln operatlon of

the locking means is arranged to cause the seal element to be'
- moved into such sealing engagement.

3. A joint as claimed in claim 2 wherein, upen-'
operation of the locking means, relative rotation between the -
joint elements is prevented prior to such.sealing engagement,

" and upon release of the locking means, the seal element is
moved out of such sealing engagement prlor to release of the
]Olnt elements for relative rotation. ' '

4. A joint as claimed in any of claims 1~-3 including a J

sleeve which is axially movable to cause the seal element to
be moved into such sealing engagement and which forms a keyed -
connection with each of said joint elements to prevent
relative rotation therebetween when the seal is so engaged, at'_'
least one of said keyed connections being dlsengageable ‘'when
"the seal. element is not so engaged. '

5. A joint as claimed in claim 1 including a locking
pin mounted for co-axial movement along an axis fixed with
respect to one of the joint elements and a receptacle on the.
other joint element arranged to be'alignable with the fixed
axis by relative rotation of the Jo;nt elements, for recezvzng

* ¢ L M s«

an end. of the pln.




4 A jornb as cla1ned in any of clalns 1 3 |nclud|ng a sleeve which is
axially novabl € to cause the seal eletent to be nmoved into such sealing
engagenent-.and whi ch forms a keyed connection w th each of said joint

el enents t0-prevent relative rotation therebetween when the seal is so
engaged, at | east one of said keyed connections being dlsengageable when
the seal elenment is not so engaged. 5. ‘AJ oint as clainmed in claiml

i ncldding a | ocki ng pin mount ed f.or co- axi H movengnt al ong an axis fixed
wi't h™>€spect to one of the j'6i"nt el enents and. a receptacle on the other
joint element arranged to be alignable with the fixed axis by relative

rotation of the jaint 2| jokmt sasf @laimei vingcaaiands okhepbeip the pin is |
111111111113411122411114 * C_L

wherei n t he AP HeH adtagtagIiek P1AER GPaEaibint. e Srebtacinr atrg -
t he | ock pl dicekagliate as:‘ia.m; &S ®STep maMsmxmhtmoVemaatpoﬁ thei pinhe

pin and recephaql §pas ¢ 'agiaegecég c]ie Ja‘i‘emalj.% &l aimed . claim 6
p

including pinretalni ng nmeans o e agal nst sald bi as to hoId ‘the pin
away. from the | ock plate 8. Ajoint as clained in any of clains 5-7

Infl :Jdlt ng at pfu r 7qf lsm d ikt and cq:’lralﬁmdlﬂtg %lénﬁeféptﬁﬁéfﬁdéﬁ pg.\nd -
metal -to-metal . sealin ve nt s nt i eScri he
Wth Tef or oREEAINITG AoanB.eReranls agathet  sald fifes' T holls ‘e bl
draw ngs. lﬁwayAf&uhsthe\/\ﬂJdckcgmaltﬁl on system substanti al I y as descri bed
with reference to or as shown in the draw ngs.

1111111111711171112117111111111
U 8. A joint as clalmed in any of claims 5-7 1nc1ud1ng a

pair of said pins and corresponding said receptacles.

9. A metal-to-metal sealing pipe swivel Jjoint
substantially as described with reference to or as shown in
figures 1-15 or figures 16-18 of the_drawings.

10. a SﬁESeHTWéllicompletipn system substantially'as
described with reference to or.as shown in the drawings.
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