
WO 2012/038799PCT/1B2011/002170 1 Tubular joint FIELD OF THE INVENTION AND
PRIOR ART 5The present invention relates to a tubular joint according to
the preamble of claim 1. In this description and the subsequent claims, the
term "fluid" refers to a flowing medium in gaseous or liquid form. Conse-
10quently, the expression "fluid-tight seal" implies a seal that is liq-
uid-tight as well as gas-tight. Development within offshore oil and gas
exploration in the recent years has been directed to subsea installations
for processing  15 and transport of oil and gas. These subsea installations
replace the traditional platforms, where oil and gas were transported up to
the platform for further processing and transport. This development of
subsea production, processing and transport systems has resulted in an
increasing need for tubular joints  20 suitable for subsea use, e.g. for
joining fluid conduits belonging to interconnectable processing modules or
pipe sections in a fluid-tight manner. It has been realised that seals
based on corrosion resistant metallic materials are more suitable than
conventional elastomeric seals for use in subsea applications.  25 One
known type of tubular joint is provided with a metallic seal ring
positioned between tapered inner sealing surfaces of two adjacent tubular
members for sealing therebetween. Such a sealing arrangement is very
effective for sealing against internal fluid pressure within the tubular
members. 30 In subsea applications, it is often desirable to test the
sealing efficiency of the metal-to-metal seal between the seal ring and the
tubular members using external fluid pressure. Such testing is often termed
back seal testing. This can be accomplished by 



35 providing an additional elastomeric seal between the tubular members
radially outwardly of the primary metal-to-metal seal formed between the
seal ring and the tubular members and  WO 2012/038799PCT/1B2011/002170 2
introducing a pressurized test fluid into the space between the primary
seal and the additional seal through a fluid channel having an outlet
opening in an end surface of one of the tubular members at a location
radially outwardly of said primary seal and 5radially inwardly of said
additional seal. Recent years, there has been an increasing tendency to
require double barrier seals for additional reliability of a tubular joint,
both in an environmental context and in order to improve  10 production
stability. This can be accomplished by closing the above-mentioned fluid
channel and utilizing said additional seal as a secondary seal. A
disadvantage with this solution is that the additional seal seals at a
larger diameter than the primary metalto-metal seal. The radial area
between the primary metal-to-  15 metal seal and the additional seal will
give an increased pressure area for the internal fluid pressure and thereby
an increased separation force between the tubular members in case of a
fluid leakage over the primary seal. Another disadvantage is the risk for
hydrolocking during opening of the tubular joint, which could  20 make it
difficult or even impossible to separate the tubular members from each
other. Such hydrolocking might occur when there is an underpressure, in
relation to the hydrostatic pressure of the surrounding sea-water, in the
space between the primary metal-to-metal seal and the additional seal. 25
SUMMARY OF THE INVENTION The object of the present invention is to provide
a solution to the above-mentioned problem. 30 According to the invention,
this object is achieved by a tubular joint having the features defined in
claim 1. 



The tubular joint of the present invention comprises: 35- a first tubular
member having a tapered inner sealing surface at its outer end;  WO
2012/038799PCT/IB2011/002170 3 - a second tubular member having a tapered
inner sealing surface at its outer end; - clamping means for clamping the
tubular members to each other with the tapered inner sealing surface of the
first tubular 5 member facing the tapered inner sealing surface of the
second tubular member; - a metallic seal ring positioned between the
tubular members and having a first outer sealing surface designed to mate
with the tapered inner sealing surface of the first tubular member and a 10
second outer sealing surface designed to mate with the tapered inner
sealing surface of the second tubular member to form a primary seal upon
clamping of the tubular members to each other;      - an additional seal
provided between the tubular members ra15 dially outwardly of the primary
seal; - a fluid channel extending through the first tubular member and
having an outlet opening in an end surface of this tubular member at a
location radially outwardly of said primary seal and radially inwardly of
said additional seal to allow fluid to be intro- 20 duced between the
primary seal and the additional seal through this fluid channel in order to
test the sealing efficiency of the primary seal against external fluid
pressure; 



- a first annular seal member interposed between the seal ring and the
first tubular member radially outwardly of the primary 25 seal and radially
inwardly of said outlet opening; and - a second annular seal member
interposed between the seal ring and the second tubular member radially
outwardly of the primary seal and radially inwardly of said outlet opening.
Each of said first and second annular seal members is designed 30 to allow
fluid flow past the seal member in a radial direction inwards and to
prevent fluid flow past the seal member in a radial direction outwards.
Thus, the first and second annular seal members provide a secondary seal
for the internal fluid pressure upon clamping of the tubular members to
each other, while allowing 35 the sealing efficiency of the primary
metal-to-metal seal against external fluid pressure to be tested without
introducing any port for pressurized test fluid between the primary seal
and this sec-  WO 2012/038799PCT/1B2011/002170 4 ondary seal, thereby not
introducing any additional unnecessary leakage path. Thus, said annular
seal members can be located very close to the primary seal, while
minimizing the radial area between the primary seal and the secondary seal
formed by the 5 annular seal members so as to thereby give a minimal
increase of the pressure area for the internal fluid pressure in case of a
fluid leakage over the primary seal. An additional advantage is that there
is no possibility for hydrolocking between the primary metal-to-metal seal
and the secondary seal during opening of the 10tubular joint. Further
advantages as well as advantageous features of the tubular joint according
to the present invention will appear from the dependent claims and the
following description. 15 BRIEF DESCRIPTION OF THE DRAWING    With
reference to the appended drawing, a specific description of preferred
embodiments of the invention cited as examples follows 20below. In the
drawing: Fig 1is a schematic illustration of an embodiment of a tubular
joint according to the invention, as seen in a longitudinal section. 



25 DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION One possible
embodiment of a tubular joint 1 according to the 30 present invention is
illustrated in Fig 1. The tubular joint 1 comprises a first tubular member
10 and a second tubular member 20, which are to be connected to each other.
The tubular members 10, 20 are of metallic material. Each tubular member
10, 20 has a tapered inner sealing surface 11, 21 at its outer end 35 and
an internal through bore 12, 22 extending axially through the tubular
member. The tapered inner sealing surface 11, 21 of the respective tubular
member is conically shaped. The first tubular  WO
2012/038799PCT/1B2011/002170 5 member 10 may be welded to an end portion of
a first fluid conduit and the second tubular member 20 may be welded to an
end portion of a second fluid conduit. Alternatively, one of the tubular
members 10, 20 may have a blind or closed bore instead of a 5through bore.
Furthermore, the tubular joint 1 comprises clamping means 30 of any
suitable type for clamping the first tubular member 10 to the second
tubular member 20 with the tapered inner sealing surface  10 11 of the
first tubular member facing the tapered inner sealing surface 21 of the
second tubular member and with the through bore 12 of the first tubular
member aligned with and in fluid communication with the through bore 22 of
the second tubular member. In the illustrated example, the clamping means
30 15 comprises two clamping members 31, 32, each of which being provided
with a first inclined inner guide surface 33 for engagement with a
corresponding inclined outer guide surface 13 provided on a radially
projecting flange 14 at the outer end of the first tubular member 10 and a
second inclined inner guide sur- 20 face 34 for engagement with a
corresponding inclined outer guide surface 23 provided on a radially
projecting flange 24 at the outer end of the second tubular member 20. The
clamping members 31, 32 are arranged on opposite sides of the tubular
members 10, 20 and pressed towards each other in the radial di-  25 rection
so as to thereby force the tubular members 10, 20 towards each other in the
axial direction under the effect of the inclined guide surfaces 33, 34, 13,
23. 



The tubular joint 1 also comprises a metallic seal ring 40, which  30 is
positioned between the tubular members 10, 20. The seal ring 40 has a first
outer sealing surface 41 designed to mate with the tapered inner sealing
surface 11 of the first tubular member and a second outer sealing surface
42 designed to mate with the tapered inner sealing surface 21 of the second
tubular member. 35 When the tubular members 10, 20 are clamped to each
other, the inner sealing surface 11 of the first tubular member is pressed
against the first outer sealing surface 41 of the seal ring and the  WO
2012/038799PCT/1B2011/002170 6 inner sealing surface 21 of the second
tubular member is pressed against the second outer sealing surface 42 of
the seal ring, so as to thereby form a fluid-tight metal-to-metal seal
between the seal ring 40 and the tubular members 10, 20. This
5metal-to-metal seal constitutes a primary seal 2 for the internal fluid
pressure of the tubular joint 1. In the embodiment illustrated in Fig 1,
the first outer sealing surface 41 of the seal ring 40 is slightly tapered
and has a 10 rounded edge designed to mate with the tapered inner sealing
surface 11 of the first tubular member, and the second outer sealing
surface 42 of the seal ring is slightly tapered and has a rounded edge
designed to mate with the tapered inner sealing surface 21 of the second
tubular member. 15 In the illustrated example, the seal ring 40 is provided
with an annular projection 43 on its outside between the first outer
sealing surface 41 and the second outer sealing surface 42. This annular
projection 43 is received in a space between an end sur- 20 face 15 of the
first tubular member and an opposite end surface 25 of the second tubular
member. The above-mentioned first and second sealing surfaces 41, 42 of the
seal ring are located on opposite sides of the annular projection 43. 25An
additional fluid-tight seal 3 is provided between the tubular members 10,
20 radially outwardly of the above-mentioned primary seal 2. 



In the embodiment illustrated in Fig 1, said additional seal 3 30 comprises
an annular seal member 4 of elastomeric material, which is interposed
between an end surface 16 of the first tubular member and an opposite end
surface 26 of the second tubular member and which is mounted in an annular
recess 17 provided in the end surface 16 of the first tubular member. The
seal mem- 35 ber 4 may alternatively be mounted in an annular recess
provided in the end surface 26 of the second tubular member.  WO
2012/038799PCT/1B2011/002170 7 As an alternative, said additional seal 3
may comprise an annular seal member of elastomeric material which is
interposed between the annular projection 43 of the seal ring 40 and the
end surface 15 of the first tubular member 10 and which is mounted in an 5
annular recess provided in the annular projection 43 of the seal ring. The
seal member 4 is with advantage an 0-ring. 10 A secondary seal 6 for the
internal fluid pressure of the tubular joint 1 is provided radially
outwardly of the primary seal 2 and radially inwardly of said additional
seal 3. This secondary seal 6 is formed by a first annular seal member 7a
interposed between the seal ring 40 and the first tubular member 10 and a
second 15 annular seal member 7b interposed between the seal ring 40 and
the second tubular member 20. Each of said first and second annular seal
members 7a, 7b is designed to allow fluid flow past the seal member in a
radial direction inwards and to prevent fluid flow past the seal member in
a radial direction outwards when 20 the tubular members 10, 20 are clamped
to each other. This can be achieved in a manner known per se by giving the
respective seal member 7a, 7b a profile which makes it self-energized to
seal against fluid pressure from the inside and which lets fluid pressure
from the outside pass by with minor resistance. The re- 25 spective seal
member 7a, 7b may be of elastomeric material but may alternatively be
polymeric or metallic or of any other suitable material, or of a
combination of suitable materials. In the illustrated example, the first
annular seal member 7a of the 30 secondary seal 6 is mounted in a first
annular recess 45a provided in the seal ring 40 on a first side of the
annular projec- tion 43 and the second annular seal member 7b of the
secondary 



seal 6 is mounted in a second annular recess 45b provided in the seal ring
on the opposite side of the annular projection 43. The 35 first annular
seal member 7a may alternatively be mounted in an annular recess provided
in the first tubular member 10, and the second annular seal member 7b may
alternatively be mounted in  WO 2012/038799PCT/IB2011/002170 8 an annular
recess provided in the second tubular member 20. In the embodiment
illustrated in Fig 1, said first annular recess 45a is located at the end
of the tapered first outer sealing surface 41 at the part of the seal ring
40 where this sealing surface 41 5 meets the annular projection 43, and
said second annular recess 45b is located at the end of the tapered second
outer sealing surface 42 at the part of the seal ring 40 where this sealing
surface 42 meets the annular projection 43. 10 A fluid channel 8 extends
through the first tubular member 10 and has an outlet opening 9a in an end
surface 15 of this tubular member at a location radially outwardly of said
primary and secondary seals 2, 6 and radially inwardly of said additional
seal 3. Owing to the fact that the annular seal members 7a, 7b of the 15
secondary seal 6 allow fluid flow past the seal members in a radial
direction inwards, the sealing efficiency of the primary seal 2 against
external fluid pressure can be tested by means of pressurized test fluid
introduced between the primary seal 2 and the additional seal 3 through the
fluid channel 8, despite the fact that 20 the seal members 7a, 7b of the
secondary seal 6 are located between the primary seal 2 and the outlet
opening 9a of the fluid channel 8. The first annular seal member 7a may be
mounted at any radial 25 position between the primary seal 2 and the outlet
opening 9a, and the second annular seal member 7b may be mounted at any
radial position between the primary seal 2 and the outlet opening 9a. 30
When the sealing efficiency of the primary seal 2 is to be tested for
determining if the outer sealing surfaces 41, 42 of the seal ring 40 and
the corresponding inner sealing surfaces 11, 21 of the tubular members 10,
20 are providing a leak proof sealing, a pressure generating device (not
shown) is connected to the inlet 35 opening 9b of the fluid channel 8. The
pressure generating device can be a pump that pumps a gaseous or liquid
test fluid into the fluid channel 8 through the inlet opening 9b. When the
seal- 



WO 2012/038799PCT/1B2011/002170 9 ing efficiency of the primary seal 2 has
been tested, the inlet opening 9b of the fluid channel 8 is left open or
closed by means of a non-pressure retaining plug in order to prevent
hydrolocking of the space between the primary seal 2 and the additional
seal 53. The invention is of course not in any way restricted to the em-
bodiments described above. On the contrary, many possibilities to
modifications thereof will be apparent to a person with ordi- 10nary skill
in the art without departing from the basic idea of the invention such as
defined in the appended claims.  WO 2012/038799PCT/1B2011/002170 10 CLAIMS
1. A tubular joint comprising: - a first tubular member (10) having a
tapered inner sealing surface (11) at its outer end;  a second tubular
member (20) having a tapered inner seal- 



5ing surface (21) at its outer end;  clamping means (30) for clamping the
tubular members (10, 20) to each other with the tapered inner sealing
surface (11) of the first tubular member facing the tapered inner sealing
surface (21) of the second tubular member; 10- a metallic seal ring (40)
positioned between the tubular members (10, 20) and having a first outer
sealing surface (41) designed to mate with the tapered inner sealing
surface (11) of the first tubular member and a second outer sealing surface
(42) designed to mate with the tapered inner sealing surface  15 (21) of
the second tubular member to form a primary seal (2) upon clamping of the
tubular members (10, 20) to each other; - an additional seal (3) provided
between the tubular members (10, 20) radially outwardly of the primary seal
(2); and  a fluid channel (8) extending through the first tubular mem-  20
ber (10) and having an outlet opening (9a) in an end surface (15) of this
tubular member at a location radially outwardly of said primary seal (2)
and radially inwardly of said additional seal (3) to allow fluid to be
introduced between the primary seal (2) and the additional seal (3) through
this fluid channel 25in order to test the sealing efficiency of the primary
seal (2) against external fluid pressure, characterized in: - that a first
annular seal member (7a) is interposed between the seal ring (40) and the
first tubular member (10) radially 30outwardly of the primary seal (2) and
radially inwardly of said outlet opening (9a); - that a second annular seal
member (7b) is interposed be- tween the seal ring (40) and the second
tubular member (20) radially outwardly of the primary seal (2) and radially
inwardly 



35of said outlet opening (9a); and  WO 2012/038799PCT/1B2011/002170 11 -
that each of said first and second annular seal members (7a, 7b) is
designed to allow fluid flow past the seal member in a radial direction
inwards and to prevent fluid flow past the seal member in a radial
direction outwards. 5 2. A tubular joint according to claim 1,
characterized in that the first and second annular seal members (7a, 7b)
are of elastomeric, polymeric and/or metallic material. 103. A tubular
joint according to claim 1 or 2, characterized in: - that the first annular
seal member (7a) is mounted in a first annular recess (45a) provided in the
seal ring (40) or in the first tubular member (10); and     - that the
second annular seal member (7b) is mounted in a 15second annular recess
(45b) provided in the seal ring (40) or in the second tubular member (20). 


