WD 2012/ 038799PCT/ 1B2011/ 002170 1 Tubul ar joint FIELD OF THE | NVENTI ON AND

PRI OR ART 5The present
t he preamwbeoriosstoai m 1.

term"flu

10quently, the expression "fluid-tight $eal"” inplies a seal that is |ig-
as well as gas-tight. Devel opnent within offshore oil and gas

ui d-tight

I nvention relates to a tubular joint according to
In this description and the sulpsegesnioeh@i ns,

t he

id" refers to a flow ng nmediumin gaseous or liquid form Conse-

exploration in the recent years has been directed to subsea installations

S'FU'Eﬂ.II?E]'@im transport of oil and gas. These subsea installations
I

pl atforns, where oil and gas were transported up to

for proce
repl ace t
the platf

subsea pr gdEL DOOF ATECANVENTIAN KNBEPPRICGRSART has resulted in an
g need for tubular joints 20 suitable for subsea use, e.g. for

i ncreasin

ormfor further processing and transport. This devel opnent of

joining fluid conduits belonging to interconnectabl e processing nodul es or

pi pe s&ctiPhe breaehtdhdem'ti;ﬂn rrﬂitlaltm.tol 2 babuberejoirdabicseddimgttos ¢hies
C | ' t netallic naterials are nore suitable than
rfgﬁéiﬁ‘gggoﬁﬂ%}@gal s for use in subsea applications. 25 One

based on

conventio
known typ
posi tione
menbers f
effective
menbeyg.

e of tubular joint is provided with a netallic seal ring

P ACheRBIED, 4081 (RECb BYeTIde afhsl e

I N arlr r.an nt 1s_ver
ogE ligu i

referset® i agflaydingstmesidimdn Qafer Rty
f@?énuwhﬁ@ae&mbbgm offuiditighs s¥dlerinteliesadlsedlotiasts tig

t }anM ¢ HeONSBTl ar

sealing e ency of the netal -tq-netal seal between the seal ring and the
t ubul ar meWtSék'Qﬁs?%d‘@ﬁt%? %S'it'l td pressure. Such testing is often terned

back seal

15

20

25

30

35

testing. This can be acconplished by

Development within offshore oil and gas exploration in the recent
years has been directed to subsea installations for processing
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
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.
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.

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
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
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35 providing an additional elastoneric seal between the tubular nenbers
radially outwardly of the primary netal -to-netal seal forned between the
seal ringwendiddigrobubul ar nmenbers and WO 2012/ 038799PCPCTBEMI1/H@AAL70 2
i ntroducing a pressurized test fluid into the space between the primry
seal and the additional seal through a 2luid channel having an outl et
opening in an end surface of one of the tubular nenbers at a | ocation
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claim1l. to-metal seal. he 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;



The tubular joint of the present invention conprises: 35- a first tubular
menber having a tapered inner sealing surface at its outer end; WO

2012/ 038'A9BRGIL/I3BBH11/ 002170 3 - a second tubul ar nenberciraBingo@iteper ed

i nner sealing surface at its outer end; - clanping nmeans for clanping the

t ubul ar nenbers to each other with the 3apered inner sealing surface of the
first tubular 5 nmenber facing the tapered inner sealing surface of the
second tubul ar nmenber; - a netallic seal ring positioned between the
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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 ra-
15 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 mem-
ber at a location radially outwardly of said primary seal and ra-
dially 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 in-
wards and to prevent fluid flow past the seal member in a radial
direction outwards. Thus, the first and second annular seal mem-
bers 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-
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With reference to the appended drawing, a specific description of
preferred embodiments of the invention cited as examples follows
20 below. In the drawing:

Fig 1 is 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 mem-
ber 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
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23. vided 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 to-
wards each other in the axial direction under the effect of the in-
clined 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 ta-
pered 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



The tubular joint 1 also conprises a netallic seal ring 40, which 30 is
posi tioned between the tubular nenbers 10, 20. The seal ring 40 has a first
out er sealvongizssfoace 41 designed to nate with the taperednBzrmevo2saal i ng
surface 11 of the first tubular nenber and a second outer sealing surface
42 designed to mate with the tapered i nBer sealing surface 21 of the second
tubul ar nenber. 35 When the tubul ar nenbers 10, 20 are cl anped to each
other, the inner sealing surface 11 of the first tubular nmenber is pressed
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seal ring e annular projection 25An
addi t i onal serface 2ilgaf tb@a$630n§i rwiadaimesb@Een the tubul ar nenbers 10,
20 raggal Iy outwardly of the above-mentioned prinmary seal 2.

In the illustrated example, the seal ring 40 is provided with an
annular projection 43 on its outside between the first outer seal-
ing surface 41 and the second outer sealing surface 42. This an-
nular 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.

25 An additional fluid-tight seal 3 is provided between the tubular
members 10, 20 radially outwardly of the above-mentioned pri-
mary 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 pro-
vided in the end surface 26 of the second tubular member.



In the enbodinent illustrated in Fig 1, said additional seal 3 30 conprises
an annul ar seal nenber 4 of elastoneric material, which is interposed

bet ween agoodth/Sgfobace 16 of the first tubular menber apdrap@ppesid € end
surface 26 of the second tubular nmenber and which is nmounted in an annul ar

recess 17 provided in the end surface 18 of the first tubular nenber. The
seal nmem 35 ber 4 may alternatively be nounted in an annul ar recess
provided in the end surface 26 of the second tubul ar nenber.
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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



seal 6 is mounted in a second annul ar recess 45b provided in the seal ring
on the opposite side of the annular projection 43. The 35 first annul ar
seal nenbwo 26m/03B9al ternatively be nounted in an annul cTnBmassoprovi ded
in the first tubular nenber 10, and the second annul ar seal nenber 7b may
alternatively be nmounted in WO 2012/ 038799PCT/ |1 B2011/ 002170 8 an annul ar
recess provided in the second tubular nmenber 20. In the enbodi nent
illustrated in Fig 1, said first annular recess 45a is |ocated at the end
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secondary s
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Wien t he s@avingg tef theifantythat the pnntlay seal meir@b%sbéate%be‘gf ftgﬁ
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The  cOPrecsegnaatyseal G atapdIant TRATSASt (e geal MenmobrS "28%8,3?5 10,

n es 11,.
20 are pro@iﬁii%@g§t'loé'hknW|a(59\s1gB§l §ﬁ3f'nz9 S}fégkqn%y I PrHDANS not
shown) is gganest exteenahdldidl presbuppevanobébtesteichdy imednshafirpies. dThe
pressure generatjn Vi.ce. Gan t a PO
Peot 11 ui dniieed Resf Mg iMRRADR < BRaa e Bifm@rdo8eRl 2 dnd e ©,
seal - 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 de-
vice 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

cl osed bywoearnmsgfooa non-pressure retaining plug in ordecTiuB20i/eoert

hydr ol ocki ng of the space between the primary seal 2 and the additional
seal 53. The invention is of course not9in any way restricted to the em
bodi nents descri bed above. On the contrary, many possibilities to

nodi fications thereof will be apparent to a person with ordi- 10nary skill
in the artinwt ; apki f | @ | hestfR@nithen jskh as
defined in" é@%%ﬁggdbglg?emwm b T 2 SR Boehnga el 3170 10 CLAIve
1. A tubulepeningiOk apthaifhyd channealt isdsil 9@%@5&'@ megng
taﬁte)red '286‘?% ﬁ_@ﬁ'-bﬁétswféé}?t_a(mﬂg ?)tlu]gt"m owter wpreventaspdrolodkihgr
menber gf the' snga%e BBtween the' p?ﬁﬁla'ry seal 2 and the additional seal

5 3.

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-

10 nary skill in the art without departing from the basic idea of the
invention such as defined in the appended claims.



5ing surface (21) at its outer end; clanping neans (30) for clanping the
tubul ar nenbers (10, 20) to each other with the tapered inner sealing
surface (W@20r0381@ first tubular nenber facing the tap@c@iBrnnerigeal i ng
surface (21) of the second tubul ar rrerrber 10- a metallic seal ring (40)
positioned between the tubular nenbers (010 20) and having a first outer
sealing surface (41) designed to mate with the tapered i nner sealing
surface (11) of the first tubular nenber and a second outer sealing surface
(42) desi gnediMSmate with the tapered inner sealing surface 15 (21) of

t he second tubul ar nmenber to forma primary seal (2) upon cl anping of the
tubul ar nenbers (10, 20) to each other; - an additional seal (3) provided
bet ween t he. tAtulbardamgoirer so(xisay: radial ly outwardly of the primary seal

(207 a0 2,11 4 Freeeliaf SheHBRAILIG, Wu A, o HapBIEet iHey alls, | 2

ber (10) and h et open n en surface
t ubul ar nenbesurface (btheaitdts oadeslendout wardly of said primary seal (2)

d radial | f fi
i odgced bl GeerRS ég?ﬁ&?’[y:ﬂgg“’?f‘gsg PRNIY ATARICIR I0ARF S0a ouon

this fPuid cHBEGnEHT daeét s qulgr vseal ing efficiency of the primary
seal (2) agal-n@tamvm nmedhgi (@0 frsgfampihgr tiee eubaddrimembehat (10 fir st

flrst tuburar e?%?*fisb“&‘?h JaHRIEH Jnbef, S€8linb SRrtes, <"" Hand
radially i n\/\mﬁltbaeoflrshltdbcnUaremeIpblarntﬁQISB@ the taperedséotoad smalmgr seal

menber (7b) '@ff?&%rf?ff lb(ﬁe &%@8'&(5{ ﬂ?b?fiﬁhn{éﬁﬂ)él‘lo) and the second

t ubul ar nenber r|naf¥ seal (2) and radially
i nwar 80y - a metallic seal ring (4 ) 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
25 in 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
30 outwardly 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
35 of said outlet opening (9a); and



350f said outlet opening (9a); and WD 2012/038799PCT/1B2011/002170 11 -
that each of said first and second annul ar seal nenbers (7a, 7b) is

desi gned wo 2ai2/@sr9b| ui d fl ow past the seal nenber in a reditBRoidos2ent i on
i nwards and to prevent fluid flow past the seal nmenber in a radial
direction outwards. 5 2. A tubular joinrt1according to claim1,
characterized in that the first and second annul ar seal nenbers (7a, 7b)
are of elastoneric, polyneric and/or netallic material. 103. A tubul ar

j oi nt accordir'@zépe%lai Bf S ArsCaALPSLRONE Aninilar Sdul mdinpidrssizannul ar
seal menmber (7a) 1s mounted in a first, annul ar recess (4?a provided in the
seal ring (407brisidesigned ta allmu Huigdidwrpashthessea ngﬁét'ﬁl@e
second annul afagied!difeetien (Mvhrds aRdicPrenent PR el gresd tierssgss

45b i ded he, | r. .(40). .
(45b) provi eme'r%bterelnsg'\laracfllarll%|fec(:)elo(rjirohpw%\rr1 gSecond tubular member (20)
5

2. A tubular joint according to claim 1, characterized in that the
first and second annular seal members (7a, 7b) are of elas-
tomeric, polymeric and/or metallic material.

10 3. 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
15 second annular recess (45b) provided in the seal ring (40) or
in the second tubular member (20).



