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BACKGROUND OF THE | NVENTI ON This invention relates to pi p\é\%%\é%}%i?ﬂ%,

and nore particularly to such swivel joint'sTthat are 5 desi gned
to withstand | arge external J.0ads such as are encountered when used in the
oi | and gas industry. A nMEEAL-ZBMETAL SEALING PABESWIVELMOINT of f shore wel |'s

in Water depths at which diver assistance is uneconom-cal or otherw se

i npf dcti cal has been the desi gg iiz . ﬁBngﬁéel oprment of diverless
| ay-away flow ine type subsea allation on subsea
wel | heads. These trees utilize the flexibility of the flowine to nake the

flowine-to-tree connection at e f A t wer i the, t,ree to
t he subsea wel | head, thereby 1%“15 1nvéntion %]Fﬁ#%(ﬁi #ﬁret ﬁ‘éﬂ&éegqq}smke
t hat connection at a andseee lpacttdudarhndoasuch gwetveilt Joindspthatsare testing
t he connectgon in the ' | ly o t r el dpeention
the flowi n%s of a l a@%%&@&b&%‘}m ]gb{%ggﬁ%@%go{%ndg’ ??‘g'g‘fnﬂ\g fixed
manner and ext ended f¢m¢ﬂﬂ¥ﬂ'eﬂr%’@naﬂsﬂbin the oii andagasafipdustrysual |y about

twenty degrees fromthe verticglmajohi £dvah€éUn' €5k Foms1etAdh of Bffdhrg00oNpooOl
t han was always avail ahl e, esﬁgeci al Iéﬁon drillshi desi gned for

S
gui del i nel ess drilli Meldsdinwater dep éfi‘ﬂﬁ.cﬂy@(‘gﬁsa.s%ﬁ anseopdsed sol uti on
tﬁ the probl Iem i D\d/OLVmc%omic_al or ptr_neu?na@alrn{p'rm%b? ﬂa%]ybedvaaxhéldétmgﬂes to
t he uni ver ui debase W ve ints..allown i,nes ang
vertical | yf¢n tghe nod o%"%r?ﬂ%'ﬁeh&@gﬁq?féi :fa\"ﬂ?fﬁy h@ﬁdhﬁ"wm tsl'fgfleaand
the tree are | anded othriibtmasc&rédsofor instellation ont bubsearwelipeadsit t he

flkowl i nes cannot be r iwth , e e}
de%i reabl e advant age tf@s?rg%eﬁa ?Jtpi ]t1 ﬁ%%&oﬂél}ﬁg”@i ?%weﬁéoﬁ%é}g? '?%n%a@h%/%e
surface is not avail ateeflowlinectorbree connectipon aatgéhe surfieces pniar itacl ude

the advantage of a f!|qyeliy jtRé (Hreetd Ak UWubsed Wb 11headS \tNéHebl O Nt'S
enpl oyed a{st he gui deelqlan?r?atq(r)lgni(:)t}e Ré‘gae to make that connection at a subsea
location and also permitting pressure testing the
connection in the driliship 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
20 an angle, usually about twenty degrees from the vertical,
which required more space in the moonpool than was always
available, especially on driliships designed for
guidelineless drilling and subsea completion systems.
; One proposed solution to the problem involved
25 ' 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 arrangemenf the flowlines cannot be run
30 | with the tree, whereby the highly desireable advantage of
' making up the flowline-to-tree connection at the surface is
not avatlable. Furthermore, this arrangement does not
include the advantage of a flowline jettison feature, and
the swivel Joints employed at the guide base do not have
35 - metal-to-metal seals, a feature both highly desireable and
frequently required by o011 and gas industry specifications
where elastomer or other non-metallic seals are inadequate.



35 metal -to-nmetal seals, a featuare both'hlghly'de5|reable and
frequently required by oil and gas industry specifications where el astomner
~or other non-netallic seals are inadequate. 2 SUMVARY OF THE | NVENTI ON
The present invention conprises a netal-to-netal sealing pipe swvel joint
conprising: a) an outer tubular joint element with an inner annular
nmetallic sealing surface; b) an inner tubular joint element with an outer,
annul ar netallic sealing surface, said imner elenent extending at least
partially within said outer el ement; c) neans securing together said -
i'nner and atlvely rotatabl e but non-axially

ner - andTBE: BEeEsih, WvERRIOn CChr ST 2 neEkl raIRESF RaRLRG plbs’

annul ar newavelcjgéatuﬁgmﬁuisaags novabl e .in direct response to fluid
pressure gyial hy hsiteen tabuaeli V§opAs td umeker wiithsahd Sediere! aARRlar

- sealing s b d inner and outer joint ‘el enent sealing
petatiis SgéﬁﬂﬁEPﬁ%fé%

surfaces ‘metal -~ fluid pressure- seal
t her ebet wedn - 8Rd inner| Saby pb@%i‘?’-orﬁm%‘f— nwidhy %Balmﬁ?%ﬁfmé‘éélr ng
surfaces metaldticd nseabingt s/urtﬂ’ace; d saier inndrowbement ntexdtiandking. atn a

belom/des %AQEdpaiﬁlsiiﬁdwﬁﬁﬁﬁﬂ' @h oﬁte?nEEEﬁEn tal seal elenent is

ener gi zed Dy an”interna eeve responds, t,0 fluid gressure in th C
joint flo® pasBedBst o SARME NG E@SFthEFeﬁél’rfi ipnen |3nd ugeraelsyents,,
bet ween 1ihear alellativgly oretahhbheoﬂ:mt cheneaxkialfyr separabbedmanher;
annul ar | jpg§ of the seal elenent bear agalnst opposed- annul ar surfaces .= of

‘fgofﬁisjgj od]%éﬁggpt qﬂﬁeg %Hgﬁgg edlsgoseh %étmge%“§3{ét1nner and[ _k),

outer joint elements, said seal element hav1ng inner and outer
annular metallic sealing surfaces movable: 1n_d1rect response
to fluid pressure axially between an active position wherein
said seal element sealing surfaces. bear agalnst said inner and
outer jOlnt element. seallng surfaces to establlsh a metal-to-
metal fluid pressure seal therebetween ‘and an inactive
position wherein said seal element sealing surfaces are not in
contact w1th sald inner and outer 301nt elements. _

In a below descrlbed preferred embodlment, 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 Jjoint - elements where inner and outer'zr”s-
‘annular lips of the seal element bear against opposed annular \“J

. 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 hydraullc pressure to overcome the flow passage
pressure and return the seal element and sleeve to their
initial pos1t10ns.' o

Apparatus is described hereln and clalmed in our co-~
pending application No.93/¥387.0(Serial No.226%3560 ) entitled
‘Locking Swivel'Joint"Whichiin. a wellvcompletion system
comprising ‘a subsea Christmas ‘tree and a pair of lay-away
flowlines-individually:interconnected-to'tnensubsea tree by
pipe swivel;joints,_releasably_locks the flowlines against
pivotal movement about the axes of their swivel joints, said
apparatus comprising: '




metal seal s released (de- energi zed- -y appl-Fcativn Of externa
hydraul i ¢ pressure to overcome the flow passage pressure and return the
seal elenent and sleeve to their initial positions. Apparatus is described
herein and clainmed in our co- pending application No.9317387.0(Seri al

No. 2268560) entitled 'Locking Swivel Joint' which in a well conpletion
system conprising a subsea Christmas tree and a pair of lay-away flowines
~individually interconnected to the subseaztree by pipe sw vel joints,
rePEasany | ocks the flow ines against pi otal novenent about the axes of
their swn \ael J €] ntpansalalf apmlat L{SlﬁQerOﬁengpln af leastai parfialbek
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rotatable swivel joint elements against such rotation when the
seal element is in its metal-to-metal sealing position,
theréby preventing movement at the interface of the seal
element and the joint elements and thus assuring that a leak
will not develop in the established mnetal~-to-metal seal,
comprises a first plurality of insert keys spaced
circumferentially about the outer surface of the 1locking
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 the sleeve.
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spline-like manner when the |ocking sleeve is in the advanced or
seal - establ i shing position, and a key and sl ot connection between the

| ocki ng sl eeve and the inner swvel

j oint el enent that cooperate-mnth the first set of keys |n a

joint elenent that prevents relative

rotation between the sleeve and this elenent at all axial positions of the

sl eeve.

-4- As a preferred feature, = the present invention-also

provi des assurance that the inner and_ogter sw vel joint el enents are
| ocked against relative rotation before the seal element noves into its
functional posasi oa bprefenrefle fepture,sethengpreseatesioventtion | eilso
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ing prov:.ciM3 I en t esatlenelement and each respectlve
joint element to malntaln a fluid ‘seal therebetween durlng
said axial movement, the j01nt further comprising’ locklng

means selectively operable to prevent relatlve 'rotatlon _

between the joint elements.
_ The swivel joint described below is ideally sulted for
use in situations where very high lateral loads_and bendlng

moments are experieneed, such as the catenary load imposed by
- flowlines extending from a subsea Christmas tree while the

tree is in a drillship moonpool during pressure . tests.

Accordingly, the invention 1ncludes a well completion system :'
comprising subsea Christmas tree, a lay-away flowllne, and a .

pipe swivel joint with the foreg01ng features.:

Further preferred features of the present 1nvent10n are
in the dependent claims. Embodiments of the invention are
described below by way of example and with reference to the
drawings.

ES N O WING |

Figure 1 is a side elevation of a subsea Christmas tree

suspended just above a drillship moonpool and a lay-away

flowline connected to the tree by a swivel joint according to

one embodiment of the present invention and depending
vertlcally therefrom.

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 installed on its subsea

wellhead.
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conpri sing subsea Christnas tree, a l.ay> away fl oweine,» ant a pi pe sw ve

joint wwth the foregoing features. Further preferred features of the

present invention are in the dependent cl ains. Enbodi nents of the

i nvention are described bel ow by way of exanple and with reference to the

draw ngs. BRI EF DESCRI PTI ON OF THE DRAW'NGS Figure 1 is a side elevation of

a subsea Christmas tree suspended just above a drillship noonpool and a

xbgmay flowine connected to the tree $-a. swivel joint according to one

nbodi ment of the present invention and depending vertically therefrom

Flh gure 2hi s a frrlaglgm\?mé\tar xsv'ae\s;caiel téuaeﬂtleeonndohl ﬁgﬂ | eglatgétdgscalle, of ]

ishow ng aw i ne.ext ends .| at er m.t tr er t as

been | vt SHe digrikie Hipte s, AR 'and ARviae 'F Sidlle Hand O

an enl ar ged tictihe filfowline |shawmeirthe Riguate jDiatttidnitiél owl i ne of Fi gure

1 and 2, with t r#lg*\.{:lﬁ:v‘i ' 1§ ﬁh?_%nlth etl%ﬁﬁ%mure gﬁé gﬂ raE %urs%o‘\lﬂl Siff

front eIevatlo e apparatus s I'ncludi ng a second

flow i ne Faomrs & and Hadluding a seaomd sﬁphqrtlllr}e)mnn@w &g the b

enl arged wwew deidrnd!dwiveokpyimay to-a horizontal section, of a swive
joint for interconnecting a tree.and flowine as shown in Figures 1-4.

Figure 6 is a Fi4M58 & 4% AN en1REIed; View; oPﬁFt6P1ﬂ=YgE’ir8k9 BWAY &0 85
an enl ar gadrfiAsneal aéécth.ew,Ofoft e swivel jjoimt afori Yhtertonhegting as a

fragnment ar, V|em1 en .al_on Ilne 8- 8 of Flgyre 7. Figure 9 is a
fragnment a Lins, s[ qwl'hé'ng ggures

Flgure 6 is a side elevation of the swivel 3joint of
\/ Figure 5.

Figure 7 is an enlarged fragmentary view of the swivel
joint of Figure 5. :
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 further embodiment of the swivel joint of the
invention, which may be used in the apparatus of the above
mentioned application entitled ‘Locking Swivel Joint’.
Figure 15 is a view like Figure 14, but showing the seal
element in its functional position.
Figure 16 is a front elevation, with some parts shown in
vertical section, of an embodiment of the apparatus of the
. above mentioned application entitled ‘Locking Swivel Joint’,
capable of withstanding highflowline loads to releasably lock

R ' a pair of flowlines in a desired attitude with respect to a
subsea tree to which they are pivotally connected by swivel
joints.



of Figure 7. Figures 10-13 are fragnentsary Views, *sinidar:«to Flgure 7 .but

on a reduced scale, showi ng the sw vel joint seal el ement and | ocki ng-
sleeve in their various positions during netal-to- metal seal nake-up and
rel ease operations. Figure 14 is an enlarged fragmentary view |like Figure

7, showing a further enbodi ment of the swivel joint of the invention, which
may be used in the apparatus of the above nentioned application entltled =,

'‘Locking Swivel Joint'. Figure 15 is a vlewlike Figure 14, but show ng the/_

seal elenent inits functional position. Figure 16 is a front el evati on, -
with sone p?rtﬁ-‘ﬁjinvm 17 Y8rtal cta&agﬁlmt@ﬁy Olean enbcwllsmgheflyt lt&educed__ Ly
apparatus of .the ove t|on icatio kg i Vs R
Joi nt' c§ﬁ§&F@ W?tﬂg ﬁﬂ?ngg @%ﬂﬁﬁﬁqqé} éé Fgg?ggegsablﬁgegﬂg
pair of f Lowkiimss phina mle.'seaseldatﬁon udprmghmaqwbtexpeasmeantoeemS)
whi ch t he | J

¥eREBalcY Jdot W%gﬂaf%eg 1odep1] fbflient dF GHe fodPides

fragnentary view, on a portion of t
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ext ensi on 'ntombﬁrreeq%ptﬁclaepa@ﬁ VR AW %dme/qsaltgrmm &ha ha:f
flowines fron1the|r endent_ r-unni n I tion_ as, seen n Fi gure
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| ocki ng amamtmesofldam etghﬁnsﬁltp&md]hmd\demdnmeﬂmﬁomjm&m sivel
pi vot al nnvengpt through their swivel joints. DESCRI PTION OF THE PREFERRED
EMBODI NENPOHIESpr ef erred enbodi ment of a pipe swivel joint according to the
present invention is illustrated at 20 in Figures 5-13, and in Figures 1-4

this enbo MY - anay flomﬁlne to a. subse
Chrlstnass" - Q‘;

The preferred embodlment of a plpe swivel 301nt accordlngf
to the present invention is 111ustrated at 20 in Flgures 5-13,
and in Figures 1-4 this embodlment is shown as 1nterconnect1ng
a lay-away flowline to a subsea Christmas tree.

Referring  first to Figure 5-9, the swivel ]Olnt 20
generally erally comprises an outer tubular element 22, an’
inner tubular element 24 partlally extendlng 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. L

The outer element 22 has an axial bore 30 that
communicates with a - lateral port 32 which facilitates
connecting the outer'element to a pipe such as'the-illustrated_ “i-
subsea flowline 34, and the bore 30 is counterbored at 36, 38, o
40 and 42 to provide annular spaees_for the inner element 24,
the sleeve 28,'the seal element 26, and a radially enlarged
portion 24a of the inner element 24, respectively. As Seen
in Figure 5, a washer-like annular retainer 44 surrounds the
outer portion 24b of the inner element 24 and is releasébly
secured to the end face of the outer element 22, such as
by a plurality of circumferentially spaced cap screws 46, to



Referring first to Figure 5-9, the swivel* joint «20 generally erally
conprises an outer tubular el enment 22, an inner tubular, el enent 24
partially extending within the elenent 22, an annular netallic seal el enent
26 between the outer and inner joint elenents 22, 24, and a sl eeve 28 -
between the outer and inner elenents 22, 24. The outer elenent 22 has
an=axial bore 30 that comunicates wth. a lateral port 32 which
faciditates connecting the outer eIenng‘qg_a pi pe such as the illustrated -
subsea flowine 34, and the bore 30 is colnterbored at 36, 38, 40 and 42 to
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el ast oner ?%t \(,'\}Ef'?ﬁ&h %ﬁu#c:??g\%s 0 p?%‘\:/i @na&%r essuragt |aght ynlaéﬁ cbe'sae]:é{'fng
bet ween t lRetwaan ViR @lenenksv s 24, 22, and an annul ar wear ring 49 of

Teflon or otherrrdli tihér Pl §61h€ feDehbABS 22 ahd¥NadinC RgIEINY Hurteeesp t he
two elenments. The inner joint e] enent. 24 has_an axi.al bore 50 comruni cafing

with a | atomgUYGating & Laeerah poghr 826 angi g seeIghJSEL I e he
port 52 ta@ cpipects54 hextends cEeomnttited pord a52| Wal conheet syhéenjaimt as
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struct ur eChisitmas &reewif riheh dtypes sidiistreg-ediath 56 in Figure 1. 1In
such a use, the swivel joint 20 can be firmly secured to a
suitable structure, such as a flowline hub assembly 58 which
is removably connectable to the tree 56, by means of a pillow
block 60 (Figures 5 and 6) that fits around the joint’s outer
element 22 in a manner 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
bear 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 or body portion 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 (Figure 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.



is renmovably connectable to the tree 56, by neans of a pi||OM/b|Oék 6Q

(Figures 5 and 6) that fits around the jaopnt's outer el ement' 22 'in a manner
that facilitates rotation of that el ement h respect to the block. As '
seen best
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and element 24, but facilitate ax1a1 movement of the sleeve
with respect to that element - On the outer surface of that
same end of the sleeve 28 are a plura]ity of.
circumferentially spaced keys 86 that cooperate with a-
plurality of c1rcumferent1a11y_spaced,keys 88 on the inner
surface of the joint outer element 22 tn.a_spl1ne-11ke

~manner- to prevent relative'rotation between the outer.

element. and the sleeve when these keys 86, 88 are engaged
as shown in Figures 7-9. As seen best in Figure Q the
forward end portion of each key 86, 88 1s tapered:to ease

ax1a1-movement of the sleeve keys-ss-into meshed_engagement-_'

with the keys 88. S :
Accordingly, uhen the keys 86, 88 are engaged :
the outer element 22 1s rotationally locked to the 1nner
element 24 through the keys 88, 86, the sleeve 28 “and the
keys 82 and. sTots 84, whereas when the keys 86, 88 are .

fdtsengaged (F1gures 10 and 13), the outer element 22 is. free

to_rotate with respect to the s]eeye_za_and the inner -
element 24. The sleeve 28 thereby functions to lock the
swivel joint elements when rotation_therebetueen is not
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C|rcunferent|ally spaced inner keys 82 that extend into axial slots 84 in.
the outer surface ‘of the adjacent porti_on S of the joint inner

el enent 24,

t hese keys and sl ots cooperating to prevent relative rotation

o:‘ the sl eﬁve 28 and d%lsmmt saéh abtwhefnaené Infeeér-taxméﬂalm@emetmfn the g
o1 e & cove3h o o slobbite, o Peah essabiishea Snd 13 Fateise. fh1S opeelacen

of -the sl eeve 28 are

kexé; 86 that cooper atstat@s lwhen Bher séalt ¢l1enienti 26 hak cheent maledy ospafeitsceys 88

on the inner surface

Co prevent reiative fapstitha Astil Sha TREM 62 LR cRBERE 8 c2uc wnen

st hese keys $36, 88 ar aleshrgapde. 25 as shomn in Figures 7-9. As
seen best in Figure 9, the for f?yﬁ ? t '
tapered to ease axi al m)verrentmi?gf ngeoflg? B Weﬁ@?f% %agemnt

‘With the keys 88. Acdéadigigment 2heintonand ops %ﬁSSfl&‘Fé‘@idaa%ﬂ 3on

the outer element 22 dss¢Pioati OFabha Isesm@kgt.sbstmon WheFe thengil 24 thr ough

t he keys 88, 86,
the keys 86, 88 are

| eeve 28,

S eBIN 26 Andetin 0ek g Shervears are

tg41 wher eas mhen
Bllenent 22 is

free to roggte with rrespaﬁﬁivémo‘cheiaiseemtaeeam'chélannaﬁeuth&ater joint

el ement 24.
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th
re © se% in the inner element 24 into the annular space between

the inner and outer elements, the locking sleeve 28 is
moved axilally in the direction of the arrow B until it
arrives at its final or locking position shown in Figure
12. During this movement the sga] element 26 1s likewise
moved axially from its Figure 10 position into its
functional metal-to-metal sealing position shown in Figure
12. In this position the seal can be tested, as at the
drillship when this swivel joint comprises the connection
between a subsea tree and a flowline as depicted in Figure
.

When a satisfactory test 1s achieved, the seal
element 26 is returned to its initial non-functionail
position shown in Figures 10 and 13 by venting the joint
flow passage and admitting 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



el ement 26 and the |ocking sleeve 28 ar€ in'their <10 + e respect.i ve

| ocations relative to the inner and outer joint elements 24, 22 as shown in
Figure 10, the el enent bores 30, 50, which together conprise a fl ow passage
for fluid to be conveyed through the joint, are subjected to fluid pressure
as represented in Figure 11. As this pressure is 15 ‘conduct ed
fromthe flow passage through one or nore_ports 90 in the inner el enent 24.~
into the annul ar -space between the: i-anerl@nd—out er el ements, the | ocki ng \f
sleeve 28 is noved axially in the direction of the arrow B until it arrlves

at its fing éoal&wgﬁwﬁhél aEiS.'lQMp' auo'a Pl 22. wWhen tnb2 trdall569.
this noveqent .t'he sea

10 p05|t|§ﬁqlh??qt¥934ﬁét?ﬁ aF°ﬂE%8Fe@o §F ég%éayﬁgiﬁh rﬁ#ﬁé&iﬁ%ure 1

Fi gure 12.£1dwlie Shassicomy tderastl icrarwe feahed,pmatom hendtihd sea®

when this _sw vel 0|n ts

subsea tr éﬁh a &fﬁ%gpéé-ﬁésggtgg tr{;ure gﬁzfﬁﬁﬁﬁiggﬁaén
test is amiepmeaﬁuﬁﬂmr@suheelml mnm;: rﬁmw majssage tas | alhoven :
non-functional position shown in Figures 10 and 13 by venting the joint 30

fl ow passage and admitting pressure through the-port 74, as indicated by
arrow C i EIGURES 1B ANDNI2:by al so returning the Iocklng sleeve 28 to its.

_fstartl ng posi tg&fé@é‘ﬁfiéﬁrésdlirmustﬂlﬂtéchl Iiﬂ:%i’@iéd“ 0&1@1@(3 S eHENLRE
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subsea trm&&mdnddiﬁiatmtémaeiement i8 extpeiergthelrettogh tEn this |
4 s obso YRR R met il Wy H MRl | RA ALY cogg'Si 0 O
positi on elementscd6 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 couterbore 38a is substantially 1ess in axial
dimenSion than its foregOing counterpart 38.. ' In essentially
all other deSign respects, this verSion is equivalent to the
swivel joint 20, and movement of the seal element 100 between.'
its non—functional pos1tion of Figure 14 and its functional_'
pos1tion 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. '

FIGURES 16~18

One type of external locking apparatus that can be'
employed with the modified swivel Joint 98 of Figure 14 and
15 is identified as 110 ‘in Fugures 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 telescoped pins 112, 114 and
extending between radial flanges 118, 120 on the pins 112,
114, respectively, a pair of lock plates 122, ‘124 each with
a tapered receptacle 126, 128, respectively, for receiving
the tapered outer ends 130, 132 of the pins 112, 114,



floor, the métal -to-netal seal can theh be re-established by repressurizing
the swivel joint flow passage as above. FIGURES 14 AND 15 These figures
illustrate a nodified version 98 of the f[qr,e_qoi ng preferred enbodi nent for
use where the neans to lock the swivel joint outer elenent is exterior:

t hereto. In this v ' t [ Salglentigcal to

t he.seal el enent | 26 gﬁ#%@ggﬁf'gr@freﬁ%ég?h@n rﬁgfﬂ‘farreég%s sri%éfkgclli(#ﬁ'g sl eeve
such as 28 and no key36stecrach o whigh, 18 1ued A daterad, stnut 13he 14800t er bor e
38% is substantial 'r).‘spécﬁtﬁepﬂl.”amﬁ&hg{:%éi‘am SRRt 138 tﬁr%a&ﬁ]%?b e

counterpart 38. In essentia i a er design respects, I's version is
sequi val ent to the swisteevesoi3f, 386. and novement of the seal el ement 100

.bet ween | t];g non-functi onal quihgimeglg?ﬁdg%@ Mngndzi,t]suf gﬁ@éﬂdopfée-,y g
oSt on o FLSure Lant Sl Buhete o A tRi€ 320 epuaed i LueRrBrc 100
in moving it in eitheorthonesf izostmictipettoawhiichl phpeé awkvelg joimsvere FI GURES
it on-out e °f o sbEbs. 158,40 RCEGR bR asiBR BT Bl (e
Figures 16-18. and thecplateki 122,apptane umounted donfadingsrelagionshdp
el ol SA e Taabha phif of Probhied kil yiopall Vapiiatp 17 8,
bet ween radial flanges 118, 1%030‘"39["%1’12 ﬁgaﬁlgﬁzlm,arfégﬂé?}i idjamstera pair
Cespecti ety or T obert e WheE rhegmny yeness ¢ sfforé hrut 152
Llfﬁgeiléyel{h, - 1%&'? éég% | W%‘I"&%sa‘"bim owil mee?'l‘?)rqsfe"f"h]ryegﬁed T8eeeves
134 136 to each of threddsi tnereenheating ¢heloperatingl SRaftla82 with the
15 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 shaft extension 142b, the sleeves will move
20 axially toward or away from each 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 rotation of the shaft 142 to cause
the aforesaid movement of the sleeves 134, 136 also results
25 in telescopic axial movement of the pins 112, 114.
L _ Figure 16 11lustrates the contracted position of
the pins 112, 114 wherein the flowlines 148, 150 are free
to pivot by means of their swivel joints 154, 156, through
their full range of movement without becoming locked in any
30 attitude by the locking apparatus 110. When 1t is desired
to lock the flowlines and their swivel Joints against
pivotal movement, the operating shaft 142 is rotated to
- . move the sleeves 134, 136 apart until the struts 138, 140
come to rest against the pin supports 144, 146, whereby the
35 pins 112, 114 will be biased by the spring 116 into contact
with their lock plates 122, 124 as 11lustrated 4n Figure 17.



respectively, and an operating shaft 142 threadeds«i nto.the sl eeves 134,
136. 5 The tel escoped | ock pins 112, 114 eéextend
freely through supports 144, 146 that are nounted on a suitable portion of
a structure to which pipe swivel joints are attached, such as the flowine
hub assenbly 58 of Figure 3, and the plates 122, 124 are nounted in faC|ng
rel ati onship 10 ~on a pair of flomﬁlnes such as 148, 150,
respectively. The operatlng shaft 142 has]@reduced di ameter portion 142a |
that rotatably resides.in a support strut 152 that is also mounted on the
flowine mﬂamaﬁmﬂmﬁ&s Hre tgiastosd ltﬁeermtmeplam tdnte aeeared ed) Ga Bdweg t
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As the fl]ow i'nes are pivoted the l'ock ptates are carried-al ong until their
receptacl es 126, 128 cone into alignnent with the pins, whereupon the pins
are biased further apart until their tapered ends are fully inserted into
| ocki ng engagenent with the receptacles as shown in Figure 18.

As will Dbe understood, reverse rotation of the operating shaft 142 w ||
cause w thdrawal of the pins 112, 114 fromtheir | ocking receptacles,
frieeing the flowines for pivotal novenet ut their swivel joint axes.

/V?ﬂough t he best node contenplated for carrying out the present invention
has been herein shown and described, it will be apparent that nodification
»and variation may be nmade without departing fromwhat is regarded to be the

subject natter of the invention, as defined in the clains. CLAI Ms: 1.

A .metal -to-netal sealing pipe swi vel joint conprising: a) - an

vout er tubg%g;mgﬁint element with an inner annular nmetallic sealing surface;
b) an i ibul ar joint elenment with an outer annular netallic sealing
surface, said inner elenent extending at |east partially within said outer

el ement; c) HEans Asecﬂbitﬁq-tt%g-‘ﬂéﬁl saigddIiNRy api gyt eswBWRIENt Sjdihtd
relatively rotatable but non-axially separabl e manner; and d) an “annul ar
seal el enFRPPEASIHIEd bet ween said inner and outer joint elenents, said

seal el emant haw ngutépertubul Mt §oiat e béméRtalwith sanl iittherr bk ar

noveabl e in déﬁECt regronse t% fluid pressure axially between an active
posi tion MEEAIAACECRIIDG SWERSH sealing surfaces bear against said inner
and b) an inner tubular joint element with an outer annular

U metallic sealing surface, said inner element extending at
~ least partially within said outer element;
c) means securing together said inner and outer elements in
a relatively rotatable but non-axially separable manner:
and
d) 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 element sealing surfaces are not in
-/ contact with said inner and outer joint elements.

2. A pipe swivel joint according to claim 1 including a
sleeve between said: inner and outer tubular elements and
axially adjacent said seal element, said sleeve being axially
moveable to move said seal element sealing surfaces from their
inactive position to their active position to establish said
metal-to-metal seal. '

3. A pipe swivel joint according to claim 2 wherein
said sleeve is moveable in response to fluid pressure.

MO R



outer joint elenent sealing surfaces to'establishea netal-to- netal fluid
pressure seal therebetween and an inactive position wherein said seal

el enent sealing surfaces are not in contact with said inner and outer joint.
el ements. 2. A pipe swivel joint according to claim1 including a sleeve
bet ween said inner and outer tubular elenments and axially adjacent said

seal elenment, said sleeve being axially noveable to nmove said seal el enent .-
seal i ng surfaces fromtheir |nact|ve posq on to their active position to‘

establish said netal-to-netal seal. 37 'A'pipe swivel joint according to™ ~-

claim2 wherein said sleeve is noveable in response to fluid pressure.

4. A pi pe SMAve| j,oint_according tp claim?2 or.3 wherein, said,_sleev R
noves axi-ally %en réspBﬁE@ E‘f‘ﬁl‘éﬁgaﬂ%‘énﬁﬁc%d’s‘é‘?d b aF 18t Beft %’éa ng

surfaces tvhemetibei saasd | wdepve t movelsy flxdial Iynadh veespinsen.td. axialpi pe- .
swi vel dj I 2, I 0 :
rel ati ve #nés)%’g?‘%%% o#’E &I gggg vﬁ%ﬁr%@ Islé%ltliq{qg gi:‘%%%gtrs J%ﬁ( Q:Itherrent

and Iock|agtnwanposats@mu¢@ saedrsu@@mslawdpgautumn4w joint el ement

agai nst relative rotation, said |ocking means bei ng functional when 'said
seal el enent sealin% surfaces are in a metal -to-netal sealing pOSItIOﬂ W th
sai d inner andSeut e® [RiPR SWiNeA: ol AGROFAARG Jrful CIALR 2ai B s8El ihg
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sai d groo rng to c
said seal element sealing: surfaces are in a metal-~to-metal

&

sealing position wlth. said inner and outer -joa.nt elements, and
non-functional when said sealing surfaces. are not. in. contact
with said inner and outer elements. -

6. A pipe swivel joint ac’co-rding-'t_:-o'- claim. 5 wherein
said means to prevent relative rotation of said sleeve with
respect to said inner joint element comprises at’ least one
axial groove in an outer surface.-o_f' said inner joint element,

- and at least one key on the inner surface of said sleeve and
extending into said groove. '

7. A pipe swivel joint according to claim 5 or 6 v/
wherein said locking means comprises a plurality of inner keys
spaced circumferentially on the outer su:f:face of said sleeve,

..and a plurality of outer keys spaced circumferentially on the
inner surface of said outer element, said inner and outer keys -
cooperat:mg in a spllne-like manner.

8. A pipe swivel joint accord-ing to any of claims 2 to _
7 wherein said sleeve includes a body portion, inner and outer 5
annular elastomeric seals between said body portion and said
inner and outer joint elements, and an axial extension of the
body portion that functionally resides between said seal
element sealing surfaces.
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wher ei n sald Iocklng means conprises depluwrality of inner--keys spaced
C|rcunferent|aﬂly on the outer surface of said sleeve, and a plurality of
outer keys spaced circunferentially on the inner surface of said outer

el ement, said inner and outer keys cooperating in a spline-like manner. 8.
A pipe swivel joint according to any of clains 2 to 7 wherein said sleeve
I ncl udes a body portion, inner and outer nul ar el astoneric seal s between
sai d body portion and said inner and outgégrelnt el ements, and an axi al
extensi on of the body portlon that functionally resides betmeen said seal
el enent seal i n§-sur Rapdpe swigel jpiptpacserding) senanycpsegeddngdo cdain

-pr ecedi ngwﬁh%rihvmtm Ngaald e3%Herft eﬁsat alh? Sariiu PP Ubsidy? @b P0éh | OBngand

sai d seallngﬁsur aces have a radi used conf]j g uration_|n Ccross- ectlon and

LFeRLings SuRtacss, haxe # |5Ad1uRed FAnELarrefLaRninn6apSS

out er annulai e astogegi sealﬁébetmeen sai d seal elenent body portion and
sai d i nneP*&hd®ofiPER ] PRY BPERERDSs. 11. A well conpletion system
conprising a subsea Christmas tree and a | ay-away flowine, and a

met al -t o- et al aea'hnglgﬁp%q§Méf” éfﬁ@taéééfaiﬂgn% ;dﬁﬁfﬁ“btgﬁgbﬁﬁﬁgbhe

flowine, said swvel el n s defr1 ne
wel | conpl@ﬂ?ynﬁm%t encanauigrt@Lﬁaﬁqnqg;¢n§ea Bnyetvwsen saig seal
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sealing pipe swvel joInts

(,J 11. A well completion system comprising a subsea
Christmas tree and a lay-away flowline, and a metal-to-metal
sealing pipe swivel joint interconnecting the tree and the
flowline, said swivel joint being as defined in any of claims
1-10.

12. A well completion system according to claim 11
including a plurality of flowlines individually interconnected
to the subsea tree by metal-to-metal sealing pipe swivel
joints. B -
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