
. RISER FOR USE IN DRILLING OR COMPLETING A SUBSEA WELL This invention
relates generally to a riser for use in drilling or completing a subsea
well from an offshore rig of the type having a series of vertical
compartments beneath its platform, each to receive a riser and having an
opening in its lower end through which a riser pipe intermediate the upper
and lower ends of the riser is adapted to extend. More particularly, it
relates to improvements in an assembly for protecting the portion of the
riser which extends through the openings against bending 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 and 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. 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 extending through the lower openings from the compartments of the rig
to bear upon and rub against the openings, creating high stresses in the
risers, and, at best, wear and 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 elastomer sleeves or cushions between the riser and joint, which have
limited service life. The object of this invention is to provide an
assembly for this purpose which is relatively inexpensive and long lasting
as compared with the above described prior art. This and other objects are
accomplished, in accordance with the illustrated embodiments of the
invention, by a riser of the type described having a protective sleeve
spaced about an intermediate pipe thereof which will extend through the
opening in the bottom of the compartment, and means including a spherically
shaped surface adjacent the upper end of the intermediate pipe which is
closely surrounded by a spherically shaped surface on the upper end of the
sleeve to support the sleeve for swiveling with respect thereto. More
particularly, additional means is provided adjacent the lower end of the
sleeve to guideably receive a spherically shaped part adjacent the lower
end of the intermediate pipe for swiveling as well as relative vertical
movement with respect thereto, thus compensating for relative axial
movement between them due to stretch, bending and/or temperature. In one
illustrated 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 inner 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. 2 



In another more simplified, but less preferred, embodiment the means
adjacent the lower end of the sleeve comprises a cylindrical surface on the
inner side of the sleeve in which the lower spherically shaped surface of
the riser pipe is received for guided vertical sliding with respect
thereto. In the drawings, wherein like reference characters are used
throughout to designate like parts: FIG. 1 is a side view of an offshore
rig of the type contemplated by the present invention and showing a riser
having its upper end supported therefrom and extending downwardly through
an opening in the lower end in the bottom of a vertical compartment of a
buoy which supports the platform of the rig to connect at its lower end
with a subsea wellhead; 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 lines 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,
includes a platform 21 having conventional equipment including a derrick 22
mounted and 3    supported on the upper end of a spar buoy 24 which is of
considerable length relative to its width. As shown, the platform is moored
to the subsea surface by cables C to locate the buoy on the water surface
WS. As previously described, the buoy has a plurality of vertical
compartments each of which has an opening O at its lower end generally
above the subsea wellhead WH. More particularly, a riser R having its upper
end supported from the rig extends downwardly through one of the
compartments and the opening in its lower end for connection at its lower
end to the wellhead. The riser may be of conventional construction,
including suitable buoyancy members which are mounted about the riser
between its upper and lower ends, except for assembly A, which, as circled
in FIG. 1, forms an intermediate part thereof which extends through the
opening 0. As previously mentioned, and as is well known 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 O
in 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 4    will be described in more
detail to follow, in both illustrated embodiments of the assembly, the
upper and lower ends of the sleeve and adjacent portions of the
intermediate riser pipe are so constructed as to permit both ends to swivel
with respect to one another as well as to permit their lower ends to move
vertically with respect to one another, thus protecting the riser pipe
against damage upon the above-described movement of the rig with respect to
the wellhead, with little or no damage to the riser pipe itself, whether do
to bending, rubbing, or vertical elongation or contraction with respect to
one another. For this purpose, in the preferred embodiment of the assembly,
the intermediate riser pipe has a ball shaped part 35 adjacent its upper
end and having a center lying within the vertical axis of the riser pipe so
as to be symmetrical therewith. Spherically shaped surfaces 36 on opposite
sides of the part are closely received within spherically shaped surfaces
37 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    outer surface 54 of the ring is cylindrical for sliding
closely within a cylindrical surface 55 of a radially reduced portion of
the lower end of the sleeve to locate these cylindrical surfaces coaxially
with the axis of the riser pipe and sleeve, and thus with the center of the
ball shaped part, and thus permit the described relative axial movement.
The ring 53 is split into upper and lower sections along a plane passing
through the center of the ball and perpendicular to the axis of the riser
pipe, thus permitting the sections to be moved vertically toward and away
from one another. When moved into assembled position, as shown in FIG. 2B,
the sections are secured to one another by means of bolts 56 to capture the
ball shaped part within their inner spherical surfaces. In order to permit
the riser pipe to be installed within a sleeve of one 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 53A 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 53A are spaced outwardly to permit passage of the lower
ball shaped part (see FIG. 5 as well). 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 6    surfaces to fit about the upper spherically
shaped surfaces of the lower ball shaped part 50. The lower ring half 53
may then be moved upwardly through the cylindrical surface in the lower end
of the sleeve and bolted to the upper segments of the upper ring by means
of bolts 56. As previously described, when mounted about the lower ball
shaped part of the riser pipe, the ring guides the lower end of the riser
pipe vertically with respect to the sleeve while permitting it to swivel
with respect to the lower end of the sleeve. The alternate embodiment A' of
the assembly shown in part of FIG. 6 differs from the preferred embodiment
only with respect to the lower end of the sleeve 62 thereof. That is, as in
the first embodiment, the assembly includes an intermediate riser pipe 61
identical to that of the first embodiment including a 



ball shaped part 63 adjacent its lower end which is formed symmetrically of
the 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 7    with the opening in the lower end of the sleeve
could result in wear of one or both of the surfaces. From the foregoing it
will be seen that this invention is one well adapted to attain all of the
ends and objects hereinabove set forth, together with other advantages
which are obvious and which are inherent to the apparatus. It will be
understood that certain features and subcombinations are of utility and may
be employed without reference to other features and subcombinations. This
is contemplated by and is within the scope of the claims. 



As many possible embodiments may be made of the invention without departing
from the scope thereof, it is to be understood that all matter herein set
forth or shown in the accompanying drawings is to be interpreted as
illustrative and not in a limiting sense. 8    CLAIMS 1. For use in
drilling or completing a subsea well from an offshore rig which is moored
to the ocean floor and which has a platform with one or more vertical
compartments each of which has an opening in its lower end, and wherein a
riser including a series of riser pipes connected in end to end relation is
adapted to be supported for extension through a compartment with its lower
end secured to a subsea wellhead at the ocean floor, an assembly
comprising: 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 intermediate 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    3. As in claim 2, wherein: the ring 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 within 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 cylindrical surface on the inner side of the sleeve in which
the ball shaped surface of the riser pipe is closely received for guided
vertical sliding. 10    


