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TITLE
[0001] Modular sealing elements for a bearing assembly

TECHNICAL FIELD
[0002] This relates to modular sealing elements for a bearing assembly that may be used

with a subsea hydrocarbon producing well.

BACKGROUND

[0003] In order to seal around a drill pipe or other tubular body in a subsea location,
sealing elements are provided and are generally mounted to a bearing assembly. United
States patent no. 6,244,359 (Bridges et al.) entitled ‘Subsea diverter and rotating drilling

head” describes an example of a bearing and seal assembly for a subsea drilling head.

SUMMARY

[0004] According to an aspect, there is provided a sealing assembly for a bearing
assembly, the bearing assembly having a fixed portion attached to a riser of a subsea wellhead
and rotating portion attached to a rotating tubing string that extends through the riser. The
sealing assembly comprises a plurality of sealing elements, and each sealing element
comprises a seal body having an inner sealing surface designed to seal against a tubular body.
The sealing assembly comprises one or more sleeves that removably attach between adjacent
sealing elements, the adjacent sealing elements being to the one or more sleeves in axial
alignment. A chamber is formed by the adjacent sealing elements and the corresponding
sleeve. There is a bearing attachment for attaching the plurality of modular sealing elements
to a rotating portion of the bearing assembly such that the sealing elements extend downward

in series from the bearing assembly and rotate with the rotating tubing string.

[0005] According to another aspect, the sealing element may have a first end and a
second end, and the first end may be attached to the sealing sleeve and the inner sealing

surface may be positioned toward the second end.

[0006] According to another aspect, each sealing element may define an inner sealing

diameter.
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[0007] According to another aspect, there may be at least one sealing element with a

different inner sealing diameter than another sealing element.

[0008] According to another aspect, the one or more sleeves may comprise connection

seals at each of the first and second ends.

[0009] According to another aspect, each sleeve may attach to a first end of the sealing

elements, such that an upper sealing element extends into the chamber.

[0010] According to another aspect, the inner sealing surface may be positioned toward a

second end of the sealing element.

[0011] According to another aspect, the one or more attachment sleeves have first and
second ends and the first end may be sized to nest with adjacent sleeves such that each of the

first and second ends may be simultaneously attached to a respective sealing element.

[0012] According to another aspect, the sealing assembly may further comprise a cap ring
that may engage the second end of the attachment sleeve at the end of the series of sealing

elements.

[0013] According to another aspect, each sealing element may comprise a rigid
attachment portion for attaching to the sleeve and an elastomeric sealing portion that may be

carried by the attachment portion.

[0014] According to another aspect, the sealing assembly may further comprise at least
one sensor for sensing at least one of the pressure and the temperature within at least one

chamber. The sensor may transmit the readings wirelessly.

[0015] According to another aspect, each sealing element may carry a sensor for sensing

at least one of pressure and temperature. The sensors may transmit the readings wirelessly.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0016] These and other features will become more apparent from the following
description in which reference is made to the appended drawings, the drawings are for the
purpose of illustration only and are not intended to be in any way limiting, wherein:
FIG. 1 is a side elevation view in section of a latching assembly securing a
bearing assembly and element module assembly in a riser.
FIG. 2 is a side elevation view in section of a latching assembly securing a
bearing assembly in a riser showing three modular sealing elements with different
sized openings.
FIG. 3 is a side elevation view in section of a modular sealing element assembly.
FIG. 4 is a side elevation view of a latching assembly securing a bearing

assembly and element module assembly in a riser.

DETAILED DESCRIPTION
[0017] A modular sealing assembly generally identified by reference numeral 10, will
now be described with reference to FIG. 1 through 4.

[0018]  Referring to FIG. 4, sealing assembly 10 is attached to a bearing assembly 12 that
is supported within a riser 14 of a subsea wellhead by a latch assembly 18. Referring to FIG.
1, the bearing assembly 12 has a non-rotating portion 20 seated in riser 14. Riser 14 has a port
16 for pumping fluids. Port 16 is designed to be attached to a conduit (not shown) for
pumping fluids, such as drilling mud out from the wellbore. As shown, bearing assembly 12 is
supported within riser 14 by a latch 18. Bearing assembly 12 may be supported within riser 14
in various ways as will be recognized by those skilled in the art, however the particular latch
18 that is depicted in the drawings is described in PCT application no. CA2013/050692. The
bearing assembly 12 also has a rotating portion 22 that attaches to a rotating tubing string 24
(shown in FIG. 4) that extends through the riser 14. As shown, the rotating tubing string 24
enters the bearing assembly 12 and the sealing assembly 10. The rotating tubing string 24
enters a plurality of sealing elements 26, and the seal element body 28 seals about the rotating
tubing string 24 at inner sealing surface 30 (shown in FIG. 3). The bearing assembly 12
allows the sealing elements 26 to rotate with the rotating tubing string 24.
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[0019] Sealing assembly 10 is made up of a plurality of sealing elements 26 that are
designed to be modular. This allows them to be attached together in a stack of a desired
configuration. Each sealing element 26 has a seal body 28 (showing in FIG. 3)with an inner
sealing surface 30 designed to seal against a tubular body, such as rotating tubing string 24,
shown in FIG. 4. Referring again to FIG. 1, adjacent sealing elements 26 are removably
attached by sleeves 32. Referring to FIG. 2 and 3, each sleeve 32 has a first end 38 and a
second end 40. Each second end 40 is design to be attached to a seal element 26. This results
in more than one seal element 26 attached in series below bearing assembly 12. Sleeve 32
maintains adjacent sealing elements 26 in axial alignment and forms a chamber 34 between
the adjacent sealing elements 26. Sleeve 32 preferably includes seals 33 at each of first and
second ends 38 and 40 to seal chamber 34. Sleeves 32 with first 38 and second 40 ends may
be sized such that they nest with adjacent sleeves 32 such that each of the first 38 and second

40 ends are simultaneously attached to the sealing element 26.

[0020]  Referring to FIG. 3, in the depicted embodiment, the sealing element 26 has the
sleeve 32 attached to a first end 38 of the sealing element 26 above, such that the upper
sealing element 26 extends down into the chamber 34. In this case, the inner sealing surface
30 is positioned toward a second end 40 of the sealing element 26. As shown, the sealing
element 26 defines an inner sealing diameter 42. In the preferred embodiment, sleeve 32
further comprises a cap ring that engages the end of the attachment sleeve 32 and the second
end 40 of the sealing element 26, such that it finishes the series of sealing elements 26 at the
end of the sealing assembly 10. Each sealing element 26 may comprise a rigid attachment
portion 46 in the region of the first end 52 of the sealing element 26 for attaching to the sleeve
32, and an elastomeric sealing portion 48 in the region of the second end 54 of the sealing
element 26 defining the inner sealing surface 30, and the elastomeric sealing portion 48 is
carried by the rigid attachment portion 46. The sealing assembly 10 is attached to the rotating
portion 22 of the bearing assembly 12 with a bearing attachment 36. They are attached such
that the sealing elements 26 extend downward in series from the bearing assembly 12 and
rotate with the rotating tubing string 24. Bearing attachment 36 has an attachment on the

outer surface that is sized and shaped similar to second end 40 of sleeve 32 such that it allows
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sleeve 32, and therefore the stack of sealing elements 26, to attach to bearing attachment 36.

[0021] Referring to FIG. 2, there may be at least one sealing element 26 with a different
inner sealing diameter 42 than another sealing element 26. This allows the user to provide
multiple sealing diameters to seal against different sizes of tubular bodies that may extend

through sealing assembly 10.

[0022] In the preferred embodiment, the sealing assembly 10 has sensors 50 (not shown)
for sensing conditions within chambers 34. Sensors may sense, for example, pressure,
temperature or others. There may be one sensor for each condition sensed, or a sensor that
senses multiple conditions. Sensors 50 can be carried by sealing elements 26, but may also be
carried by sleeves 32. Preferably, there is a sensor 50 for each chamber 34, although the
number of sensors and the chambers in which they are positioned may be determined by the
user. There may also be sensors positioned to determine conditions within riser 14 outside
sealing assembly 10. Preferably, sensors 50 transmit the readings wirelessly although they
may be connected to transmit along a wired connection. To reduce the power and design
requirements of sensors 50, bearing assembly 12 may have a communication module (not
shown) that receives the signals from sensors 50 and transmits the readings to surface, either

wirelessly or using a wired connection.

Operation:

[0023]  After the creation of a wellbore by any known method, a riser 14 is inserted into
the wellbore. The riser 14 carries a latching assembly 18. Port 16 of riser 14 is connected to a
conduit allowing for fluids to be pumped out from the wellbore. Next the sealing assembly

may be assembled.

[0024]  Referring to FIG. 2, sealing assembly 10 is assembled by attaching sealing
elements 26 together using sleeves 32. Each sleeve 32 has a first end 38 and a second end 40.
The first end 38 of the first sealing element 26 in the stack of sealing elements will be
connected to bearing attachment 36. This first sealing element 26 will be sized to attach to the

exterior of bearing assembly 12, using a pin connector going through first end 38 and bearing
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attachment 36. In turn, bearing attachment 36 is attached to bearing assembly 12 using pin
connectors. First end 38 preferably has a seal 33 at the first end 38, which when the pin
connector attaches the first sealing element 26 to bearing attachment 36 will create a seal
between first sealing element 26 and bearing assembly 12. The second end 40 of the first
sleeve 32 will have an opening sized to receive another pin connector, and will also carry a
seal 33. Additional sealing elements 26 are attached to the opening at the second end of the
sleeve 32 which was attached prior. A sealing element 26 that is attached to the second end 40
of another sleeve 32 will carry a pin connector that will form a connection to attach the
second end 40 of the prior sleeve 32 to the first end 38 of the new sleeve 32. Seals 33 on the
first end 38 and the second end 40 will meet each other and form a sealed connection such
that chamber 34 will be sealed from the exterior of the sealing assembly 10. Sealing assembly
10 will be formed by nesting together successive sealing elements 26 using pin connections
and seals until the sealing assembly has reached the desired length. The final second end 40
will not receive an additional sleeve 32 to attach to the opening which would receive a pin
connection, and will instead receive a cap ring 44 which also carries a pin connection to be
attached to the final sealing element 26 at the the second end 40 of the final sleeve 32. This
will finish the sealing assembly 10.

[0025] Referring to FIG. 2 and 4, the sealing assembly 10 which is attached to the
rotating portion 22 at the bottom of the bearing assembly 12, can now be introduced into the
wellbore. The sealing assembly 10 and bearing assembly 12 are together inserted into riser 14
and supported within riser 14 by latch assembly 18. The bearing assembly 12 is latched into
place on the fixed portion 20 of bearing assembly 12 using latch assembly 18.

[0026] Once the bearing and sealing assemblies are in place, a tubular body is then
inserted through bearing assembly 12 and sealing assembly 10. In the shown embodiment, a
rotating tubing string such as 24 enters the bearing assembly 12 and the sealing assembly 10.
As the rotating tubing string 24 is pushed through each sealing body 26, the sealing body 26
seals about the rotating tubing string 24 such that the sealing elements 26 will rotate with the
rotating tubing string 24 due to the bearing assembly 12.
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[0027] Referring to FIG. 2, the sealing assembly 10 may have sealing elements 26 with
different inner sealing diameters 42. In this case, when the tubular body is inserted through
the sealing elements, only those sealing elements with a sufficiently small inner sealing
diameter will seal against the tubular body. This will allow for tubular bodies with different

diameters to be used within the same sealing assembly 10.

[0028] In this patent document, the word "comprising" is used in its non-limiting sense to
mean that items following the word are included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinite article "a" does not exclude the
possibility that more than one of the element is present, unless the context clearly requires that

there be one and only one of the elements.

[0029]  The scope of the following claims should not be limited by the preferred
embodiments set forth in the examples above and in the drawings, but should be given the

broadest interpretation consistent with the description as a whole.
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What 1s Claimed is:

1. A sealing assembly for a bearing assembly, the bearing assembly having a fixed
portion attached to a riser of a subsea wellhead and rotating portion attached to a rotating
tubing string that extends through the riser, the sealing assembly comprising:

a plurality of sealing elements, each sealing element comprising a seal body having an
inner sealing surface designed to seal against a tubular body;

one or more sleeves that removably attach between adjacent sealing elements, the
adjacent sealing elements being attached to the one or more sleeves in axial alignment,
wherein a chamber is formed by the adjacent sealing elements and the corresponding sleeve;

a bearing attachment for attaching the plurality of modular sealing elements to a
rotating portion of the bearing assembly such that the sealing elements extend downward in

series from the bearing assembly and rotate with the rotating tubing string.

2. The sealing assembly of claim 1, wherein the sealing element has a first end and a
second end, the first end being attached to the sealing sleeve and the inner sealing surface is

positioned toward the second end.

3. The sealing assembly of claim 1, wherein each sealing element defines an inner

sealing diameter

4, The sealing assembly of claim 3, wherein at least one sealing element has a different

inner sealing diameter than another sealing element.

5. The sealing assembly of claim 1, wherein the one or more sleeves further comprise

connection seals at each of a first end and a second end of the one or more sleeves.

6. The sealing assembly of claim 1, wherein each sleeve attaches to a first end of a

respective sealing element, such that an upper sealing element extends into the chamber.

7. The sealing element of claim 6, wherein the inner sealing surface is positioned toward
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a second end of the sealing element.

8. The sealing assembly of claim 1, wherein the one or more attachment sleeves have
first and second ends and the first end is sized to nest with adjacent sleeves such that each of

the first and second ends are simultaneously attached to a respective sealing element.

9. The sealing assembly of claim 8, further comprising a cap ring that engages the

second end of the attachment sleeve at the end of the series of sealing elements.

10. The sealing assembly of claim 1, wherein each sealing element comprises a rigid
attachment portion for attaching to the sleeve and an elastomeric sealing portion that is carried

by the attachment portion.

11. The sealing assembly of claim 1, further comprising at least one sensor for sensing at

least one of the pressure and the temperature within at least one chamber.

12. The sealing assembly of claim 11, wherein the at least one sensor transmits the

readings wirelessly.

13. The sealing assembly of claim 1, wherein each sealing element carries a sensor for

sensing at least one of pressure and temperature.

14. The sealing assembly of claim 13, wherein sensors transmit the readings wirelessly.
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