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DOUBLE METAL TO METAL KX SEAL

Ficld of the invention

The invention relates to a scal assembly to be used in connections betwecn pipe
elements, such as risers, hubs, modules, flowlines, connectors or similar. The seal
assembly 18 particularly applicable in subsea applications.

Backeround of the invention

It exists prior art solutions utilizing a single metal to metal seal for a great variety
of applications subsea. As customer’s requirements become more stringent, the
requirement for a secondary seal has been introduced for such applications. The
requirements arc today mct utilizing an additional elastomer seal. The additional
clastomer scal has natural limitations in form of chemical compatibility and
temperature range. An example of a prior art solution having a single metal to metal
seal and an additional elastomeric seal is disclosed in Norwegian patent
NO332742B. This patent relates to a tubular joint comprising first and second
tubular clements, a metallic scal ring designed to form a primary secal positioned
between the tubular members, and an additional seal radially outwardly of the
primary seal.

1t has proved difficult to provide a scal, with metal to metal seal that is not damaged
during make-up of connections. Seals comprising a single seal element might have
low tolerance with regards to misalignments between the two parts that arc
connected duc to the rigidity of the seal. This also makes it difficult to provide a
double metal to metal seal system. If the degree of misalignment is high, the seal
might be damaged, 1.c. that it is not property tight, or the connections on onc or both
of the parts being connected might be damaged.

An object of the invention is to provide a scal assembly that allows some degrec of
relative movement without damaging the seal, and which also provides a safer scal
assembly and may be used as a metal to metal scal assembly.

Summary of the invention

The invention is set forth and characterized in the independent claim, while the
dependent claims describe other characteristics of the invention.

The invention concerns a seal assembly for a piping connection comprising;
- a first part having at least one projecting rib extending at least partially along an
outer circumference thereof,



la

where the first part is provided with a first and third corresponding shoulder for
sealing connection with a first and third shoulder of a first and second piping end
when connected, and

- a second part arranged to be attached to the first part, the second part being
provided with at least one recess on an inner surface thereof, which recess is
adapted to receive the projecting rib when the first and second parts are connected,
and wherein the second part is provided with second and fourth corresponding
shoulders for sealing connection with a second and fourth shoulder of the first and
second piping ends when connected,
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and the recess has a larger cross-section arca than the cross-section area occupied
by the projecting rib within the recess,

such that when the first and second parts are connected, they are free to move
relative to each other in at least one direction. The inventive scal assembly permits
minor relative movements between the first part and the second part of the seal
assembly thercby accomidating for the possibility of providing double s seal
between the seal assembly and the piping ends where between the seal assembly
should be positioned. Thereby accomodating the possibility of having a double seal,
possibly a double mctal to metal seal, between the interior of the pipe elements and
the surroundings.

The seal assembly is preferably used in a connection between a first pipe element
and a second pipe clement, such as pipes, risers, hubs, modules, flowlines,
connectors or similar, The first pipe element has a piping end that may be provided
with a first seal pocket having first and second shoulders. Simifarly the second pipe
element has a second piping end that might be provided with a second seal pocket
having third and fourth shoulders. Said shoulders are preferably configured to
receive complementary corresponding shoulders arranged on the first part and
second part of the seal assembly. The conncction between shoulders on the piping
end and the seal assembly provide a scaling connection.

The projecting rib may be one rib extending along the whole circumference of the
first part, or it may be one, two or a number of ribs extending at least partially along
the outer circumference of the first part.

In one embodiment the recess of the second part is adapted to receive the projecting
rib. The recess may be of any shape, but in one embodiment the recess is of the
samc shape, or of similar shape, as the projecting rib, and preferably larger in all
directions, both radially and axially, such that the second part is frce to move
relative the first part when the first part and second part are connected. In this
embodiment the cross-section area of the second part is larger in all directions than
the cross-section area occupied by the projecting rib within the recess when the first
and second parts arc connected. The radial extension of the recess, i.c. the depth,
may be larger than the radial extension, i.e. height, of the projecting rib, and/ or the
axial extension, i.e. the width, of the recess may be larger than the axial extension,
i.e. the width, of the projecting rib.

In an embodiment the second part can be provided with at least one section
extending at least partially along the inner surfacc from a first axial end ending in
the recess. The at least one section and recess of the sccond part may be provided to
receive the at least one projecting rib of the first part during connection of the first
part and second part. When connccting the first part and second part, the projecting
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rib will enter the section at the first axial end and continue through the section
before ending in the recess in the other end of the section.

In another embodiment the section and recess can be arranged on the first part,
while the projecting rib can be arranged on the second part.

In another embodiment of the seal assembly the at least one section in the second
part may be provided with threads, and the projecting rib on the first part may be
provided with complementary threads. Thereby one may connect the two parts by
rotating the onc clement relative the other until the rib is positioned with the recess
and free of the threaded parts of the one scction.

In an embodiment of the seal assembly, the at least first part and/ or second part can
be provided with at least onc elastomer. The at least one elastomer can be arranged
around the outer circumference of the first part and the second part or between the
first or second part, possibly on one or more of first, second, third or fourth
corresponding shoulders arranged on the first and second parts, In an embodiment
the at least one clastomer may seal against the piping ends of the first pipe element
and second pipe clement. The connection with the scal assembly according to the
mvention can be made air-tight even with some misalignment of the geometrical
configuration of the first seal pocket and second seal pocket. Additionally, the seal
assembly may be air-tight even due to minor misalignments between the first pipe
element and the sccond pipe element, as the first and second part of the seal
assembly allow for some movement between them.

The first seal pocket and the second seal pocket of the piping ends of the first and
second pipe elements, respectively, may in one embodiment be flanges or other
means known to a person skilled in the art. Additionally, the conncction between
the first part and the second part can be air-tight.

In another embodiment the second part may be flexible, e.g. split or slit, allowing
the second part to be easily connected to the first part, and to stay connected to the
first part after the connection is made. The flexibility of the sccond part, e.g. due to
the splits or shits, allows for the second part to expand radially during the
connection, i.c. when the projecting rib is within the section, of the first part and the
second part, and to return to normal position once the projecting rib is within the
recess. This cnsures that the seal assembly 1s installed as one picce, comprising the
first part and the second part, in the piping connection. In an embodiment, the
second part comprises a splif ring that can be opened sufficiently to pass over the
projecting rib of the first part.

In an alternative embodiment the seal assembly can be in fluid connection with
means for performing pressure tests through at least one bore. The bore might be in
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fluid connection with pressure testing means arranged on the surface or on the
seabed, which pressure testing means arc known to a person skilled in the art.

In an embodiment of the seal assembly the first part and second part may be made
of metal. In another cmbodiment the parts can be made of a composite material, or a
mixturce of metal and composite material, or one part of metal and the other of
another material.

The form and shape of the first part and second part depend on the shape of the
piping ends of the first and second pipc clements. In one embodiment the first part
and second part can be circular-shaped, but they may have any shape to conform to
the shape of the pipe elements, such as elliptical, oval, polygonal etc.

The invention will now be described in non-limiting embodiments and with
reference to the attached drawings, wherein;

Brief description of the drawings

Fig. 1A shows an embodiment of the invention prior to the seal assembly enters the
first and second seal pockets.

Fig. 1B shows the embodimcnt of fig. 1A subsequent to that the scal asscmbly has
entered the first seal pocket, but prior to that the seal assembly has entered the
sccond seal pocket.

Fig. 1C shows the embodiment of fig. 1A and 1B subsequent to that the seal
assembly has entered the first and second seal pockets.

Fig. 2A shows the first and sccond part of the seal assembly during connection.
Fig. 2B shows an exploded view of section A of the seal assembly in fig. 1A when
the first part and second part arc connected.

Fig. 2C shows an alternative embodiment of additional clastomer seals.

Detailed description of a nreferential embodiment

The scal assembly according to the invention Is intended to be placed between the
ends of a piping connection. The ends may be hub ends as shown in Figs [A-C.
Alternatively the cnds may be flanging ends. Fig. [A shows the seal assembly 1
prior to the positioning within a first seal pocket 6 of a first piping end 4 in a first
pipe element. The first piping end 4 comprises a first shoulder 8 and second
shoulder 9. The seal assembly 1 comprises a first part 2 and a second part 3. The
second part is 3 18 arranged on the radial outside of the first part 2 when the parts 2,
3 are connccted. Said first part 2 i provided with a first corresponding shoulder 8
for mating with the first shoulder 8 of the piping end 4 in the first pipe, and said
sccond part 2 1s provided with a second corresponding shoulder 9° for mating with
the second shoulder 9 of the piping end 4 forming a double scal against the first
piping end 4, possibly a metal to metal seal. In the figure, the parts making up the
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seal assembly 1, the first part 2 and second part 3, are shown connected to each
other.

Fig. 1B shows that the seal assembly 1 has been placed in the first seal pocket 6, but
prior to that the scal assembly has entered a second seal pocket 7 of the second
piping end 5 in the second pipe clement. Similar to the first piping end 4, the second
piping end 5 includes a second seal pocket 7 and shoulders shown as third shoulder
12 and fourth shoulder 13. Further, the piping end 5 is provided with a bore 11
providing fluid communication with a source of pressurized fluid (not shown)
arranged on the surface or subsea (not shown) for pressure testing the scal assembly
L.

The seal assembly | is provided with a third corresponding shoulder 127 and fourth
corresponding shoulder 137 that corresponds with the third shoulder 12 and fourth
shoulder 13 in the sccond seal pocket 7 of the second piping end 5, respectively,
forming a double seal, possibly a metal to metal seal, against the sccond piping end
5 when connected.

In fig. 1C it is shown the situation when the piping connection is made up with the
seal assembly 1 located between the first piping end 4 and second piping end 5.

Fig. 2A shows an enlarged view of a part of the scal assembly 1 and shows a
preferred embodiment of the assembling of the first part 2 and the second part 3.
The first part 2 is provided with at least one projecting rib 18 extending at least
partially along the outer circumference thereof. The projecting rib 18 can be one
continuous rib or a number of separate ribs located along the outer circumference of
the first part 2. The upper end of the projecting rib 18 is preferably provided with
threads (shown in outline in Fig. 2C with the depth of the threads indicated by line
25). The second part 3 is shown having a scction 17 extending at least partially
along the inner surface from a first axial end ending in a recess 16. In the disclosed
embodiment, the scction 17 is an inner circumferential plane having complementary
threads adapted to mate with the threads on the upper end of the projecting 1ib 18
during part of the assembling. During assembling, the second part 3 is screwed onto
the first part 2 with the complementary threads on the section 17 and projecting rib
18. In Fig. 2A the assembly is shown with the section 17 screwed halfway onto the
rib 18. The section 17 is shown on the right hand side of the second part 3, but may
in an alternative cmbodiment be arranged on the left hand side of the second part 3.
Fig. 2B shows the part of the assembling where the scetion 17 has been screwed all
the way past the projecting rib 18 so that the threads are no longer engaged with
each other. As seen in Fig. 2B, the recess 16 has a slightly larger cross-sectional
area than the cross-sectional arca occupied by the projecting rib 18 when the first 2
and second 3 parts are connected. This difference in cross-section areas allow for a
small relative movement between the first part 2 and the second part 3 while
maintaining a double seal, possibly double metal to metal seal.
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The sccond part 3 may further be equipped with a first elastomer 15 to center the
first part 2 to the second part 3 and also to prevent the first part 2 to re-enter the
thread on the second part. In addition, a second clastomer seal 14 may be located at
the outer circumference of the seal agsembly 1 to provide a connection between the
first piping end 4 and the seal assembly 1.

Fig. 2C shows an arrangement of elastomers that possibly may provide additional
sealing between the piping ends 4, 5. As can be seen from the figure, elastomer
seals 20, 21 are provided on opposite sides of the first part 2 to provide seals against
the shoulders &, 13. Other clastomer seals 22, 23 arc located on the second part 3 to
scal against the shoulders 9, 12. Due to the fact that the second part 3 can move
slightly in relation to the first part 2, the elastomer seals 20, 21, 22, 23 will provide
a good secal between the first piping end 4 and the second piping end 5 regardless of
potential misalignments of the first pipe element 4 and the second pipe element 5
when connccted.

By providing a seal assembly as disclosed herein the object of the invention is
achieved, i.e. providing a scal assembly that allows some relative movement in the
connection without damaging the sealing functionality.

The invention is herein described in non-limiting embodiments. A skilled person in
the art will understand that there may be madc alterations and modifications to the
embodiments that arc within the scope of the invention as defined in the attached
claims. There are for example several ways 1n which the sccond part 3 of the seal
assembly can be mounted onto the first part 2. For example, the second part 3 may
be a split ring that can be flexed outwardly to fit over the rib 18 and then gpring
back to its original circular shape when it has passed over the rib.
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CLAIMS

1. A seal assembly for a piping connection comprising:

- a first part having at least one projecting rib extending at least partially
along an outer circumference thereof, where the first part is provided with a first
and third corresponding shoulder for sealing connection with a first and third
shoulder of a first and second piping end when connected, and

- a second part arranged to be attached to the first part, the second part being
provided with at least one recess on an inner surface thereof, which recess is
adapted to receive the projecting rib when the first and second parts are connected,
and wherein the second part is provided with second and fourth corresponding
shoulders for sealing connection with a second and fourth shoulder of the first and
second piping ends when connected, and

- the recess has a larger cross-section area than the cross-section area

occupied by the projecting rib within the recess,

such that when the first and second parts are connected, they are free to move
relative to each other in at least one direction.

2. A seal assembly according to claim 1, wherein the second part is provided
with at least one section extending at least partially along the inner surface from a
first axial end ending in the recess, wherein the at least one section and recess of the
second part is provided to receive the at least one projecting rib of the first part
during connection of the first part and second part.

3. A seal assembly according to claim 2, wherein the at least one section in the
second part is provided with threads, and the projecting rib in the first part is
provided with corresponding threads.

4, A seal assembly according to any of the preceding claims, wherein the first
part and second part are made of metal.

5. A seal assembly according to any of the preceding claims, wherein one of the
first part or second part is made of metal and the other is made of composite
material.

6. A seal assembly according to any of the preceding claims, wherein the first
part and second part are made of composite material.

7. A seal assembly according to any of the preceding claims, wherein the seal
assembly comprises means for performing pressure testing of the seal.

8. A seal assembly according to any of the preceding claims, wherein the first
part and second part are ring-shaped.



