:RI SER FOR USE I N DRI LLI NG OR COMPLETI NG A SUBSEA WELL Thi s inveﬁ@ﬂﬁf&?-\,
relates-generally to a riser for use in drilling or conpleting a @@ﬁsegy
wel | froman offshore rig of the type having a series of vertica
conpartments beneath its platform each to receive a riser and having an
opening in its lower end through which a riser pipe internediate the upper
and | ower ends of the riser is adapted to extend. More particularly, it
relates to inprovenents in an assenbly for protecting the portion of the
riser which extends through the openings agai nst bendi ng stress and wear
due to interference with the conpartnent opening. As well known in the art

of drilling and conpleting m'REEl@FOREUSE(IN’ e IRGeri es of riser pipes

connected in end to end rel oR~apnd NPQr he platformat its
upper end fromthe rig, whetH S Zrrd a2 ‘-4—3n the latter case,
whet her fixed or floating. During the dr|II|ng or conpl etion process,

vari ous eqU|pnent I ncl udi ng other smaller risers, are run through the
riser to and fromihe well., Wien the rig is nDored to the ocean floor, as
in the case of a s S!@MWQ#IQ @ﬁsgemmﬂlgtq)aatsebfqhuscﬂn ﬁH@ggmompletmg

intentional a au ser
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to bear upon ek atthmmlbem‘athhs Xagfoin)éfch t6 rédived ribérHhdH opéhihge’
risers, and, at, best, wear and eventu failure. |t has therefore een

pr opos ed to pHbiteloweriead éh*@ghé’éhliah a siserpipe intgemediatetha apper and lowergnds wear
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riser pipe. Fan assanblyefortpretecting the mmdim of ithé @Hskr Whikh éﬁeﬁ’ds {H¥Bugh 8¢ by

means of tapered stress,joi nt whi ch are_expensive, or flexibly nbunted
t her eon openings against b dmg stress and wear due to interference with the

_)

compartment opening,

As well known in the art of drilling and completing wells, a riser comprises .
a series of riser pipes connected in end to end relation aﬁd supported from the
platform at its upper end from the rig, whether on land or subsea, and, in the
latter case, whether fixed or floating. During the drilling or completion process,

. various equipment, including other smaller risers, are run through the riser to and
from the well. o

When the rig is moored to the ocean floor, as in the case of a spar buoy
or tension leg platform, it undergoes intentional as well as unintentional motion.
This in turn causes the riser pipes ext-ending through the lower openings from the
compartments of the rig to bear upon and rub against the openings, créating high
stresses in the risers, and, at best, wear hnd eventual failure.

It has therefore been proposed to protect the affected riser pipe against
bending stress and wear with an assembly known as a "keel joint" and usually in
the form of a sleeve of large, heavy wall pipe rigidly or flexibly mounted about
the riser pipe. For example, the sleeve may be rigidly mounted on the riser by

means of tapered stress joints, which are expensive,_' or flexibly mounted thereon



by .el ast omer sl eeves or cushions between the riser and joint, which have
limted service life. The object of this invention is to provide an
assenbly for this purpose which is relatively inexpensive and | ong | asting
as .conpared with the above described prior art. This and ot her objects are
acconplished, in accordance with the illustrated enbodi nents of the

I nvention, by a riser of the type described having a protective sl eeve

spaced abou i nterngdi ate ereof i ch t A, ihe
opening in &’Bfeeri%ﬂn&ﬁts V?Sh‘é" @ﬁﬁ’é’é’? % gﬂgj?ﬁé | ng é) p"e?i cally
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sl eeve to support’I‘hdﬁebpref/ehISanvmnonewmgpm an assem Ylf@féhlépws@

particularly, .,additional. ngans is proyi.ded,a acent th 0, the
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surface about Its" I nner side closely disposed about the Iovver S F#Jf}' 1y
shaped sur f apenidg iththe betdempdipthe mpaxmsm,mﬂampems ding, g S«Pg
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moveabl e 'ntsanmnaehad dp Héﬁé ?ed tsﬁrfaanen thedppef endeofsthecsleewebive its
| ower end to permt passa e of

herical surface,o I ser
pi-pe. Thus, suppertitbesleeysfosswi gm@rre Fheéﬁp ?H@W{Yuﬁa&f-'ﬁgajspr ead
segnent s t he segnent s. 1Y and
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compensating for relative axial movement between them due to stretch, bending

and/or temperature.

In one 111ustrated embodiment of the invention, the means adjacent the
lower end of the sleeve includes a ring having an outer side vertically slidable
within the inner side of the sleeve and having the spherically shaped surface about
its inner side closely disposed about the lower spherically shaped surface of the
riser pipe. More particularly, the ring comprises upper and lower sections split
along a plane transverse to its axis, with the upper ring being made of

* circumferentially split segments which are moveable into an enlarged portion of
the innef side of the sleeve above its lower end to permit passage of the lower
spherical surface of the riser pipe. Thus, upon lowering of the lower spherical
surface through the spread segments, the segments may be lowered back onto the
lower ring section and then connected thereto to reform the upper section about

the lower spherically shaped surface.



I nsanother nore sinplified, but |ess preferred, enbodi nent the neans

adj acent the | ower end of the sleeve conprises a cylindrical surface on the
i nner side of the sleeve in which the | ower spherically shaped surface of
the riser pipe is received for guided vertical sliding with respect

thereto. In the drawi ngs, wherein |ike reference characters are used
throughout to designate like parts: FIG 1 is a side view of an offshore
rig of the type contenpl ated by the present invention and, showing a riser
having its upper Bnanethssonereisimplifieds but lass psefesiedi sgbodimort: theymearpugh

buoy wni ch sepeshe e ol ehd Bt HeSyEk Slenisea st it iRl
with a subsesidevef ithe sidevd-inGrhicBAhe tewéitspherically shaped swdace ofathe wiset ipipeal

views of an assenbly _ constructed |n cordance with the preferred
enbodi ment o‘ﬁrPF@V‘# QFAIXﬁH‘%ﬂF‘ﬁBSfWgawﬁP% i sl eeve which is

g A ] 'ﬂﬂfé@%ﬁﬂ%e&h?fggﬁk ?&efé e asse%%q;ﬂsﬁs Hﬁf‘ﬁot g

opening; FIG 3 is a cross Vi ew o al ong
broken | i nesd&ighaté liké @ar3B; FI G 4is avi ew of the asserrbly simlar to

FIG 2B, but duri assenbl, sa ein th nments of _the er
section of a ri ngf}fg ithg ¥‘¥Fe an o Fl%P %&E@Hf“@ﬂé@lﬁ‘g&@ is
supported a @é&ﬁry} r he
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i'nt er medi at eand e:etenqlmgeiovmcardb throughanmpeningrini the aawem cmd mfthe bettessefbl v,
as. seen al on bro n | i ne | G sho rrent of th
Support i g IR conHEmERt of g Prok whict, SuPHer. g “pEIIFGCof ik, Fle o

secti onal Vl&)ﬁn@i:t hhﬁs Iwa erfhwithfa §ulRefwelhesd;i ve, but |ess preferred,
enbodi ment of the_assenbly
FIGS. 2A and 2B are enlarged vertical sectional views of an assembly

constructed in accordance with the preferred embodiment of the invention and
including a protective sleeve which is spaced about an intermediate pipe of the
riser which extends through the opening; _

FIG. 3 is a cross-sectional view of the assembly, as seen along broken lines
3-3 of FIG. 2B;

FIG. 4 is a view of the assembly similar to FIG. 2B, but during assembly
of same wherein the segments of the upper section of a ring forming the lower
cylindrical surface of the sleeve is supported above its assembled position of FIG.
2B in order to permit the passage of the spherically shaped part adjacent the
lower end of the intermediate riser pipe; _

FIG. 5 is a cross-sectional view of the assembly, as seen along broken hnes
5—5 of FIG. 4, to show the segments of the support ring in their elevated
positions; and

FIG. 6 is a vertical sectional view of the lower end of the alternative, but
less preferred, embodiment of the assembly. |

With reference now to the details of the above described drawings, the rig
shown in FIG. 1 and designated in its entirety by reference character 20, inciudes

a platform 21 having conventional equipment including a derrick 22 mounted and



W.th reference now to the details of the above described drawings, the rig
shown in FIG 1 and designated in its entirety by reference character 20,

i ncludes a platform 21 having conventional equipnent including a derrick 22
nount ed and 3 supported on the upper end of a spar buoy 24 which is of
considerable length relative to its wdth. As shown, the platformis noored
to the subsea surface by cables Cto | ocate the buoy on the water surface
W5. As previously described, the buoy has a plurality of vertical

conpar t ment suppottedfonthectppersenchobpspanbuoy 3¢ whish ik ponrsidergbicclength)
above the subsea l.l he . r rl ' V| W1R, Upper
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| ntenti onal gl dHaPf! ARAbetioHarsit RIVRTRRI to/thi Selltiead THErisky nizy b
side-to-side or lateral direction, may result fromwave action and/or
control | ed nofvesrventiohal eonstmatien, insluding: suitable bueyansy sngmbgrsiwhighi Atérs | s
wel | known in the art, it has peen fqund that,.unless,prote d _
portion of tIHEURtedAbARY ité‘h TSGR E‘Hﬂ@e{‘ At HPpsT 2nd lawen ends, gpepﬁg&i %ﬁé&l%ynd of
t he conpart hidRd A8 gl ' Dafithertof WHich aftenddr as
an edge of {Ra’gevope %gﬁﬁgdﬁgﬁgqhgai nsataqlﬂ‘téarﬂ%sdﬁst%g&nﬁ i?\ FIGS 1 aﬁd 2, the
ri ser incl udisougtsthebdpendng Ehpri sing an internediate riser pipe 30
connected at its XE%er .eng t n ri.ser pllmo 3.1

reviously m%n ong(ﬁpa%rd as is well krown'in the art, the platform of
an offshore rig of this type, as well as other types, such as so-called “tension leg"
platforms, undergo substantial movement, both intentional and unintentional. This
movement, which is primarily in a side-to-side or lateral direction, may result
from wave action and/or controlled movement. In any case, as described

previously, and again as is well known in the art, it has been found that, unless
protected, the portion of the riser which extends through the opening at the lower - -
end of the compartment undergoes considerable bending stresses as well as wear

as an edge of the opening is forced against it.

As shown in FIGS. 1 and 2, the riser includes assembly A comprising an
intermediate riser pipe 30 connected at its upper end to an upper riser pipe 31
and its lower end to a lower riser pipe 32, thus forming an intermediate part of
the overall riser which is expected to extend through the opening Oin a
compartment of the buoy. The assembly A further includes a sleeve 33 of heavy
wall pipe which is spaced about the intermediate riser pipe 30 for substantially its
entire length and with its upper end supported by the riser pipe 30 adjacent its
upper end and, its lower end aligned with the lower end of the intermediate riser

pipe for guided vertical movement with respect thereto. More particularly, and as



and its lower end to a lower riser pipe 32, thus formng an internedi ate
part of the overall riser which is expected to extend through the opening O
in a conpartnent of the buoy. The assenbly A further includes a sleeve 33
of heavy wall pipe which is spaced about the internediate riser pipe 30 for
substantially its entire length and with its upper end supported by the
riser pipe 30 adjacent its upper end and, its lower end aligned with the

| ower end of the internediate riser pipe for guided vertical novement with
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one another. For this purpose, in thilﬂogrﬁ erred enbodj nent, of the assenbly,

the int er redPRR Gamaage 1 the TissE pipegisell, whethea dodorbendingsrebhing, arreertigaler
end and havi g@’t“%ﬁﬁg %?kgznew%%%séé@q{%g%lm Xi s of the riser pipe so

as to be synmm ricalTy shaped Surfaces 36 on opposite
sides of the part Ferethid osef ¢ ethe eprefériéd remstgiiment of ythe hagsehbdyrthaces

37 fornmed. on the inner side of the upper end of the sleeve. Thus, the
upper end of intgemediate, giser,pipgghas arbalhshapgddpart 33 adiagent itsouppari end gad a

heri cal | . et : / f th
bal | shaped BAPEcy WaIA°Rinl’ it g AUl BATT et pinB B 47l 18, "
about the upgpmmietti¢al thetewdth Spheritallyeshaped tsurfacés 3€ dntappiosite tsitfes wf thbe

enl arged portiaon by .nmegns of, bolts.41. Thus, as w !l be rent. from FI G
2A bol ting BETHHE PR wecaies witkin, Splusrically siangs surfases 94 formed on the
inner side of the upper end of the sleeve. Thus, the upper end of the sleeve

includes an enlarged annular portion which has a spherically shaped surface 38
fitting about generally the lower half of the ball shaped part 35, and a ring 40
having an inner surface fitted closely about the upper half of the ball shaped part
is fixed to the top of the enlarged portion by means of bolts 41. Thus, as will be .
apparent from FIG. 2A, bolting of the ring to top of the -enlarged upper end of
the sleeve captures the ball shaped part 35 of the riser pipe to support the sleeve
therefrom, while permitting swiveling between the ball shaped part and the sleeve.

The riser pipe also includes.a ball shaped part 50 adjacent its lower end
which, similarly to the upper ball shaped part, is symmetrical with respect to the
axis of the riser pipe. However, it is of smaller diameter, and, rather than
providing a support for the sleeve 33, is mounted within the lower end of the
sleeve for not only swiveling with respect thereto, but also for guided vertical
movement with respect thereto. _

The upper and lower spherically shaped surfaces 51,52 of the ball shaped
part 50 are contained within a ring 53 having matching upper and lower
spherically shaped surfaces to closely receive the lower ball shaped part. The

5



t he sl eeve captures the ball shaped part 35 of the riser pipe to support

the sleeve therefrom while permtting swveling between the ball shaped
part and the sleeve. The riser pipe also includes a ball shaped part 50

adjacent its lower end which, simlarly to the upper ball shaped part, is
symmetrical with respect to the axis of the riser pipe. However, it is of
smal | er dianeter, and, rather than providing a support for the sleeve 33,
is mounted within the lower end of the sleeve for not only swveli QJWth

respect thereuter shrfacei54 ofithe ripg i eylindrical for sliding glosely r&

thereto. Th I iycal . bal |
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Lfor slidin
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the I ower end,of the | ocate these cylindrical surfaces coaxially
with the axirselﬁtfvet%’ga‘f#g’g%&é%e and sl eeve, and thus with the center of the
bal | shaped part, Thediighs® ipsplitiihtc tippeteant ldwet seetiarsi along ai planenpassingit .

The ring 53 is split into upper and |ower sections along,.a plane si ng
t hrough t he thsaugh the cenfer ¢ baH and e Q!-'E"Fép Ba{nﬁg?g;ggsgfplpﬁgﬁ ser

pipe, thus PELihiihdthe SEHGRAD ol REHEINISwUR drid-dlyfr @ Wiiehrdieranay

from one anothér en noved Into asse osition, as shown in FIG 2B,
the secti onsWien smvedddtd assembled pokitionpgs infFIEs| 2B, the sestiopp@t@ e t he

ball shaped part within thejr |nner sp i.ca urfaces., | rder t.o rmt

the riser- pi ?féuﬁdmﬁ‘é Qn¢s 30 %‘Ej'bwnﬁl‘?ﬂq% ﬁ‘?@%é@%f"% e&ﬁ@ﬁcﬁ’r@?ﬁ&ﬁon,

the lower b tFﬁp : : uffh&R! Pipe is smaller than the opening

t hr ough theaﬁ\ ar ge ’ﬁ%gtrs"gé\’éé%? the sl eeve 33. Then, the upper half of

the lower ring 53Th ordemto permit the miserpipecta balinstaligd within gnilegve o006 ch

are piece construction, the lower ball shaped part of the riser pipe is smaller than the '
opening through the enlarged upper end of the sleeve 33. Then, the upper half

of the lower ring 53 is made up of circumferentially split segments S3A which are

moveable between their lower, inner positions about the lower ball shaped part
of the riser pipe, as shown in FIG. 2B, and outer, upper positions above the
radially reduced cylindrical surface 55 at the lower end of the sleeve, as shown in -
FIG. 4, in which the inner spherical surfaces of the upper ring segments S3A are
spaced outwardly to permit passage of the lower ball shaped part (see FIG. 5 as
Wéﬂ). As shown in FIG. 4, they are held in these outer positions by means of pins
57 removeably disposed through aligned openings in the sleeve and the outer
diameter of each of the ring segments. At the same time, release and lifting of the
ring 40 enables the upper ball shaped part 35 to be lowered onto the sleeve
surface 37, and then reconnected to sleeve 33 by bolts 41 to capture the upper
ball shaped part.

With the sleeve supported at its upper end, and thus with the lower ball
shaped part disposed opposite the inner cylindrical surface of the lower end of the
sleeve, the segments 53A of the upper section of the ring may be released to drop

downwardly into the inner surface of the sleeve and thus permit their inner



nmoveabl e between their |ower, inner positions about the |ower ball shaped
part of the riser pipe, as showmn in FIG 2B, and outer, upper positions
above the radially reduced cylindrical surface 55 at the | ower end of the
sl eeve, as shown in FIG 4, in which the inner spherical surfaces of the
upper ring segnents 53A are spaced outwardly to permt passage of the |ower
ball| shaped part (see FIG 5 as well). As shown in FIG 4, they are held in
t hese outer positions by nmeans .of pins 57 renoveably disposed through

al i aned openigipctdtd it Mdifthe Afibet iphetitaly dhiapeniseiiaoés ofahe doweh ball ng

segnents. At the sanme tinme, rel e and li1ffing of the ring 40 enahles the
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l ower end of the sleeve, Che segments 53A of the upper section of the ring
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: axis of the pipe and which is of a diameter for passing the enlarged upper end of
the sleeve during assembly or disassembly, and a protective sleeve 62 spaced
thereabout and supported from the upper portion of the riser pipe in the same
manner described in connection with FIGS. 1-5.

However, in this alternate embodiment of the invention, the outer .
cylindrical, spherically shaped surface 63 of the lower ball shaped part of the riser
pipe is guided vertically while being permitted to swivel with respect to the lower
end of the sleeve by virtue of its close fit within an inner cylindrical surface 60:
within the lower end of the sleeve. Thus, this surface is of essentially the same
diameter as that of the ball shaped part and is vertically aligned with the axis of
the pipe, whereby the pipe and sleeve are free to swivel, as well as to move
vertically, with respect to one another as one elongates or shortens with respect

to the other.

The first described embodiment is preferred primarily because it better
protects the surfaces of the lower ball shaped part of the riser pipe and the
guiding cylindrical opening in the lower end of the sleeve against wear. Thus, as
will be appreciated, the disposal of the lower ball shaped part in direct contact



bal | shaped part 63 adjacent its lower end which is forned symetrically of
the axis of the pipe and which is of a dianeter for passing the enlarged
upper end of the sleeve during assenbly or disassenbly, and a protective

sl eeve 62 spaced thereabout and supported fromthe upper portion of the
riser pipe in the same nmanner described in connection with FIGS. 1-5.
However, in this alternate enbodi nent of the invention, the outer _
cylindrical, spherically shaped surface 63 of the |ower ball shaped part of
the riser pipewith theichedingein thedlower ohid!of theishaveaould feadlttia wadrvefl oné bh
respect to the |l ower end of the sleeve by virtue of its close fit within an
i nner cylindri 46€s- within the | ower end of the sleeve. Thus,
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wear. Thus, asutilityl and amay dws aereployedewithouto s=feroficet o |ather features hamdd
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ends and obj ects herei nabove set forth, together with other advantages

whi ch are obvideparting from the scope ithereof; itris to be madenstond-that all matter/berein set
understood th ertain features and _subconbinati ons are of il ity and may
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As many. possi bl e enbodi nents may be nade of the invention without departing
fromthe scope thereof, it7is to be understood that all natter herein set

forth or Hnﬂ'ﬂ"m mﬂ npanying drawings is to be interpreted as

i 11 ustrath 1 ﬂum limting sense. 8 CLAIM5S 1. For use in
drilling or Completing a subsea well froman offshore rig which is noored
to the ocean floor and which has a platformw th one or nore verti cal
conpartments each of which has an opening in its |ower end, and wherein a
riser including a series of riser %Ad@é connected in end to end relation is
adapted to be supported for, extension throygh a orrparfl nt with.ts | ower
end secured to a skbdEQr Wl BtOItWRJEQ%afSI“gW W eHhpyshore rig
conprising: a protective sleeve spaced about an internedi ate pipe of the
ri ser whi ch vwhiches eoated o dheloceareflopeandiwhich hasea platfoom with oaedr more
conpartment, neans including a spherically shaped surface adjacent the

upper end of ydifical @gﬁsmﬁaéﬁb e8¢tk Nich haea 6pering fities lowk leyid sdiiwhersin f ace

adj acent the upper end of the internediate riser pipe for swiveling with

respect ther e%gif)eé g% ?%gégg;??itgﬁreﬁi:ﬂ‘és 5%%‘32? etﬂﬁ 16 Bfid ?él‘iﬁgﬁ is' &efaphed N9 2

spherically s ower e e I nterned ate pipe of
the riser for,  swivelin d I ded relative vertical vepent w i h respect
thereto. 2. A@Sﬁ"ﬁs‘&%ﬂr?ﬁ. o1 OH:'L{%&L&%%P%&P%%W{ERFHX‘?W%& WSt the
sl eeve includes a ring having a_cylindrical outer_ side vertically slidable
on an inner ctd & subseaaveltheadzatdtheiocesn flopn apcassemblyreonyyisiig:cal | y shaped
surface on its inner side.

IR ' a protective sleeve spaced about an intermediate pipe of the riser which

will extend through the opening in the bottom of said compartment,
‘means including a spherically shaped surface adjacent the upper end of the

sleeve which closely receives a spherically shaped surface adjacent
the upper end of the intermediaté riser pipe for swiveling with
respect thereto, and |

means adjacent the lower end of the sleeve receiving a spherically shaped
part adjacent the lower end of the intermediate pipe of the riser for
swiveling and guided relative vertical movement with respect
thereto.

2. As in claim 1, wherein:

the means adjacent the lower end of the sleeve includes a ring having a
cylindrical outer side vertically slidable on an inner cylindrical
surface of the sleeve and the spherically shaped surface on its inner

side.



9. . As in claim2, wherein: the ring conprises upper and | ower sections
split al verse to its axis, the upper ring section is made
of ci rcuﬁlﬂlﬂ ﬂlﬂ“f“ﬂﬂﬂlﬁt segnents which are disposable within an enlarged
portion of the'i nfler $sitle of the sleeve above it's cylindrical surface to
permt passage of the spherical surface of the riser pipe therethrough, and
means for connecting the segnents together about said spherical surface. 4.
As in claim1, wherein: the neans adjacent the |ower end of the sleeve
conprises a cyl i ndriAnin dlaimwhereithe i nner side of the sleeve in which
the ball shaped surface of the riser pipe is closely received for guided
vertical sliding. tHdring comprises upper and lower sections split along a plane transverse

to its axis,

the upper ring section is made of circumferentially split segments which
are disposable w1thm an enlarged portion of the inner side of the
sleeve above its cylindrical surface to permit passage of the
spherical surface of the riser pipe therethrough,_ and

means for connecting the segments together about said spherical surface.

4. As in claim 1, wherein: -

the means adjacent the lower end of the sleeve comprises a cylmdnca]

surface on the inner side of the sleeve in which the ball shai)ed
surface of the riser pipe is closely received for guided vertical

sliding,
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