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(54) An annular barrier having a flexible connection

(57) The present invention relates to a an annular
barrier for providing a barrier between a casing and a
borehole or between a casing and a surrounding casing.
The annular barrier comprises a tubular part for forming
part of the casing, having an axial extension; an expand-
able sleeve connected with and surrounding the tubular
part and defining an expandable space; and an opening
fluidly connected with the expandable space for letting

fluid from within the tubular part to the expandable space
to expand the sleeve. The annular barrier further com-
prises a tubular element connecting the sleeve with the
tubular part, having an extension in the axial extension
and a first end part connected with the tubular part and
a second end part connected with the expandable sleeve.
The first end part is arranged closer to the opening along
the axial extension of the tubular part than the second
end part.
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Description

Field of the invention

[0001] The present invention relates to an annular bar-
rier for providing a barrier between a casing and a bore-
hole or between a casing and a surrounding casing.

Background art

[0002] In wellbores, annular barriers are used for dif-
ferent purposes, such as for providing a barrier for flow
between an inner and an outer tubular structure or be-
tween an inner tubular structure and the inner wall of the
borehole. The annular barriers are mounted as part of
the well tubular structure. An annular barrier has an inner
wall surrounded by an annular expandable sleeve. The
expandable sleeve is typically made of an elastomeric
material, but may also be made of metal. The sleeve is
fastened at its ends to the inner wall of the annular barrier.
[0003] In order to seal off a zone between an inner and
an outer tubular structure or a well tubular structure and
the borehole, a second annular barrier is used. The first
annular barrier is expanded on one side of the zone to
be sealed off, and the second annular barrier is expanded
on the other side of that zone, and in this way, the zone
is sealed off.
[0004] When expanded, the expandable sleeve of the
annular barriers is connected with the tubular part of the
annular barrier by means of a slidable end and a fixed
end. However, the slidable end has shown not to be suf-
ficiently tight for all downhole conditions.

Summary of the invention

[0005] It is an object of the present invention to wholly
or partly overcome the above disadvantages and draw-
backs of the prior art. More specifically, it is an object to
provide an improved annular barrier having no sliding
end or at least an improved sliding end connecting the
expandable sleeve with the tubular.
[0006] The above objects, together with numerous oth-
er objects, advantages, and features, which will become
evident from the below description, are accomplished by
a solution in accordance with the present invention by an
annular barrier for providing a barrier between a casing
and a borehole or between a casing and a surrounding
casing, comprising:

- a tubular part for forming part of the casing, having
an axial extension,

- an expandable sleeve connected with and surround-
ing the tubular part and defining an expandable
space, and

- an opening fluidly connected with the expandable
space for letting fluid from within the tubular part to
the expandable space to expand the sleeve,
wherein the annular barrier further comprises a tu-

bular element connecting the sleeve with the tubular
part, having an extension in the axial extension and
a first end part connected with the tubular part and
a second end part connected with the expandable
sleeve, and
wherein the first end part is arranged closer to the
opening along the axial extension of the tubular part
than the second end part.

[0007] In an embodiment, the sleeve may be made of
metal.
[0008] In another embodiment, the tubular element
may comprise an intermediate part between the first end
part and the second end part, not connected to the sleeve
and the tubular part.
[0009] Furthermore, the intermediate part of the tubu-
lar element may be separate from the sleeve and the
tubular part.
[0010] Additionally, the intermediate part may be cor-
rugated.
[0011] Moreover, the intermediate part may be corru-
gated in the axial extension.
[0012] In addition, the corrugated intermediate part
may comprise a series of parallel ridges and furrows, and
a distance may be arranged between each ridge and
each furrow in the axial extension.
[0013] During expansion of the sleeve, the corrugated
intermediate part is compressed in the axial extension.
Hereby, the distance between each ridge and each fur-
row is reduced, thereby reducing the length of the corru-
gated intermediate.
[0014] In an embodiment, the intermediate part may
have a length in the axial extension, and the intermediate
part may be more compressible in the axial extension
than the sleeve, causing the length of the intermediate
part to reduce as the sleeve is expanded.
[0015] Moreover, the intermediate part may comprise
a first surface facing the tubular part and a second surface
facing the sleeve, at least one of the surfaces comprising
circumferential recesses.
[0016] Furthermore, the second surface may comprise
a plurality of circumferential recesses extending from the
second surface downwards into the intermediate part.
[0017] When the sleeve is expanded, the second end
part is pulled upwards in the axial extension towards the
opening, whereby the intermediate part, due to the cir-
cumferential recesses in the second surface, will start to
bend in a radial extension away from the tubular part,
causing a reduction in the length of the intermediate part.
[0018] In addition, the tubular element may have an
initial length in an unexpanded state of the annular barrier
and an expanded length in an expanded state of the an-
nular barrier, the expanded length being shorter in the
axial extension than the initial length.
[0019] Moreover, the tubular element may be made of
a material which is more flexible than that of the expand-
able sleeve.
[0020] In an embodiment of the invention, the interme-
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diate part may have a first modulus of elasticity in the
axial extension, and the sleeve may have a second mod-
ulus of elasticity in the axial extension, the first modulus
of elasticity being lower than the second modulus of elas-
ticity.
[0021] Furthermore, the first modulus of elasticity may
be 10% lower than the second modulus of elasticity, pref-
erably 25% lower, more preferably 40% lower.  Addition-
ally, the first end part of the tubular element may be weld-
ed to the tubular part and/or the second end part of the
tubular element may be welded to the sleeve.
[0022] Moreover, the sleeve may have two ends, each
end being connected with the tubular part by means of
a tubular element.
[0023] In addition, the sleeve may comprise a first end
connected with the tubular part.
[0024] The annular barrier may further comprise a sec-
ond tubular element connecting a second end of the
sleeve with the tubular part, having an extension in the
axial direction and a first end part connected with the
tubular part and a second end part connected with the
second sleeve end, the first end part being arranged clos-
er to the opening along the axial extension of the tubular
part than the second end part.
[0025] Furthermore, the tubular element may be made
of metal.
[0026] In an embodiment, the sleeve may have a first
end and a second end, the first sleeve end being con-
nected to the tubular element and the second sleeve end
being connected to the tubular part.
[0027] The present invention furthermore relates to an
annular barrier system comprising a casing and at least
one annular barrier as described above, wherein the tu-
bular part may form part of the casing.
[0028] The annular barrier system may further com-
prise an inflow control section comprising a tubular part
forming part of the casing and an opening in the tubular
part of the inflow control section for letting fluid from a
surrounding reservoir into the casing.
[0029] Furthermore, an inflow control valve may be ar-
ranged in the opening of the inflow control section.
[0030] Finally, the invention relates to a method for pro-
viding a barrier between a casing and a borehole or be-
tween a casing and a surrounding casing by means of
the annular barrier described above, comprising the step
of: 

- letting fluid from within a tubular part via an opening
in the tubular part to an expandable space of the
annular barrier to expand an expandable sleeve of
the annular barrier,
whereby a second end part of a tubular element dur-
ing the expansion of the sleeve is pressed towards
a first end part of the tubular element, the first end
part being arranged closer to the opening along an
axial extension of the tubular part than the second
end part, causing a reduction of a length of the tu-
bular element in an axial extension.

Brief description of the drawings

[0031] The invention and its many advantages will be
described in more detail below with reference to the ac-
companying schematic drawings, which for the purpose
of illustration show some non-limiting embodiments and
in which

Fig. 1 shows a cross-sectional view of an annular
barrier in its unexpanded condition,

Fig. 2 shows a cross-sectional view of the annular
barrier of Fig. 1 in its expanded condition,

Fig. 3 shows a cross-sectional view of another an-
nular barrier in its unexpanded condition,

Fig. 4 shows a cross-sectional view of the annular
barrier of Fig. 3 in its expanded condition,

Fig. 5 shows a cross-sectional view of yet another
annular barrier in its unexpanded condition,

Fig. 6 shows a cross-sectional view of the annular
barrier of Fig. 5 in its expanded condition,

Fig. 7 shows a cross-sectional view of yet another
annular barrier in its unexpanded condition having
circumferential sealing elements,

Fig. 8 shows a cross-sectional view of the annular
barrier of Fig. 7 in its expanded condition,

Fig. 9 shows a cross-sectional view of the annular
barrier system,

Fig. 10 shows a cross-sectional view of yet another
annular barrier having serrations in its unexpanded
condition,

Fig. 11 shows a cross-sectional view of the annular
barrier of Fig. 10 in its expanded condition,

Fig. 12 shows a cross-sectional view of an annular
barrier having only one tubular element in its unex-
panded condition, and

Fig. 13 shows a cross-sectional view of the annular
barrier of Fig. 12 in its expanded condition.

[0032] All the figures are highly schematic and not nec-
essarily to scale, and they show only those parts which
are necessary in order to elucidate the invention, other
parts being omitted or merely suggested.

Detailed description of the invention

[0033] An annular barrier 1 shown in Fig. 1 is used for
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being expanded in an annulus 2 between a well tubular
structure 3 and an inside wall 4 of a borehole 5 downhole
to provide zone isolation between a first zone 8 and a
second zone 12 of the borehole 5, as shown in Fig. 2.
The tubular structure 3 may be a production casing or a
liner. The annular barrier 1 comprises a tubular part 6
mounted as part of the well tubular structure 3 by means
of a threaded connection 40. The tubular part 6 has an
axial extension along a longitudinal axis 14 coaxial with
the longitudinal axis of the well tubular structure 3. The
annular barrier 1 comprises an expandable sleeve 7 sur-
rounding the tubular part 6 and defining a space 13 which
is in fluid communication with an inside 15 of the tubular
part 6. The annular barrier 1 further comprises an opening
11 fluidly connected with the expandable space 13 for
letting fluid from within the tubular part 6 to the space for
expanding the sleeve 7. The annular barrier 1 comprises
also a tubular element 20 connecting the sleeve 7 with
the tubular part 6. The tubular element  20 has an exten-
sion in the axial extension of the tubular part, and a first
end part 21 of the tubular element is connected with the
tubular part and a second end part 22 of the tubular el-
ement is connected with the expandable sleeve 7. As
can be seen, the first end part 21 is arranged closer to
the opening 11 along the axial extension of the tubular
part 6 than the second end part 22. Each end 9, 10 of
the expandable sleeve 7 is connected with the tubular
part 6 via a tubular element 20.
[0034] In Fig. 1, the annular barrier 1 comprises both
a first tubular element 20A and a second tubular element
20B. The first tubular element 20A connects a first end
9 of the expandable sleeve 7 with a second end part 22
of the tubular element 20 and a first end part 21 of the
tubular element 20 with the tubular part 6. The second
tubular element 20B connects a second end 10 of the
expandable sleeve with the second end 22 of the second
tubular element 20B. Furthermore, the first end part 21
of the second tubular element 20B is connected with the
tubular part 6.
[0035] The annular barrier 1 has an opening 11 for let-
ting fluid into the expandable space 13 to expand the
sleeve 7. The opening 11 is arranged in the tubular part
6 so that the fluid is let directly into the expandable space
13 when the tubular part 6 and the casing are 3 pressu-
rised to expand the expandable sleeve 7 of the annular
barrier. The expandable sleeve 7 is typically expanded
by pressurising the well tubular structure 3 from the top
of the well, which allows for expansion of several annular
barriers at the same time. A valve may also be arranged
in the aperture, such as a one-way valve.
[0036] The annular barrier 1, i.e. both the tubular part,
the sleeve and the tubular element, is typically made of
metal. When expanding a metal sleeve using pressurised
fluid, the amount of force needed is substantially higher
than when using en elastomeric sleeve. When expand-
ing, the length of the sleeve 7 shrinks along the longitu-
dinal axis 14, and in prior art solutions, at least one end
needs to be sliding to avoid substantial thinning of the

expandable sleeve 7. Having a slidable end with seals
entails a substantial risk of leakage, which may prevent
expansion of the sleeve 7.
[0037] By having an annular barrier 1 where the first
end part 21 of the tubular element 20 connected to the
tubular part 6 is arranged closer to the opening 22 along
the  axial extension of the tubular part than the second
end part 22 connected to one end 9 the sleeve, a flexible
connection between the tubular part and the expandable
sleeve 7 is provided. Thus, a flexible connection is pro-
vided since the tubular element 20 bends or compresses
itself to compensate for the axial shrinkage of the ex-
pandable sleeve 7 when the sleeve is expanded.
[0038] In Fig. 1, the tubular element 20 comprises an
intermediate part 18 arranged between the first end part
21 and the second end part 22. The intermediate part 18
is not connected to the sleeve 7 and the tubular part 6.
In Fig. 2, the sleeve 7 of the annular barrier 1 is expanded,
and the ends 9, 10 of the sleeve move outwards away
from the tubular part 6 to make up for the axial shrinkage
of the sleeve.
[0039] In Figs. 3 and 4, the connection of the tubular
elements 20A, 20B and the tubular part 6 is arranged
closer to the opening 11 than in the solution of Figs. 1
and 2. In this way, the expandable sleeve 7 may be ex-
panded to an even larger overall diameter than the so-
lution of Figs. 1 and 2 as the tubular element 20 com-
pensates and connects the sleeve with the tubular part
6 by also extending outwards.
[0040] In Fig. 5, the intermediate part 18 is corrugated
in the axial extension, and the tubular element 20 thus
has corrugations 23 when seen in cross-section. In Fig.
6, the intermediate part 18 of the tubular element 20 has
been compressed during expansion of the expandable
sleeve 7. In Fig. 5, the tubular element 20 has an initial
length Li which is reduced during expansion to fit the
shorter length of the expanded sleeve 7. After expansion,
the tubular element 20 has a length Lex which is shorter
than the initial length Li. In this way, no sliding annular
barrier ends are needed to compensate for the shorter
length of the sleeve in its expanded state. In Figs. 5 and
6, the intermediate part 18 is more compressible in the
axial extension than the sleeve, meaning that the length
of the intermediate part is reduced as the sleeve 7 is
expanded. The corrugations 23 are pressed together, as
shown in Fig. 6.
[0041] The intermediate part 18 comprises a first sur-
face 30 facing the tubular part 6 and a second surface
31 facing the sleeve 7. In Fig. 7, both surfaces 30, 31
comprise circumferential recesses 32. In Fig. 8, the
sleeve 7 has been expanded, and the recesses 32 are
pressed together so that the length Lex of the tubular
element is shorter than when the annular barrier is in the
unexpanded state, as shown in Fig. 7.
[0042] The annular barrier 1 has an outer face 28 and
circumferential sealing elements 25 connected with the
outer face by means of tubular ring elements 26. When
the expandable sleeve 7 is expanded, the tubular ring
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elements 26 hinder free expansion of the sleeve 7, and
the sleeve forms smaller corrugations 27 during expan-
sion, thereby strengthening the sleeve, causing the col-
lapse rating of the annular barrier to increase.
[0043] In Fig. 1, the tubular element 20 is made of a
material which is more flexible than that of the expand-
able sleeve 7, so that the tubular element is more flexible
than the expandable sleeve. Being more flexible, the tu-
bular element 6 bends outwards so as to compensate
for the shorter length of the expandable sleeve 7 in the
axial extension. Thus, the intermediate part 18 may have
a first modulus of elasticity in the axial extension and the
sleeve 7 may have a second modulus of elasticity in the
axial extension, the first modulus of elasticity being lower
than the second modulus of elasticity. The first modulus
of elasticity is 10% lower than the second modulus of
elasticity, preferably 25% lower, more preferably 40%
lower.
[0044] As can be seen in Figs. 1-8, the first end part
21 of the tubular element 20 is welded to the tubular part
6, as indicated by reference no. 41 in Fig. 2, and the
second end part 22 of the tubular element 20 is welded
to the sleeve 7, as indicated by reference no. 42 in Fig.
2. Welding is an easy way to join two tubular parts, and
it provides for a sufficiently tight connection. The first end
part 21 of the tubular element 20 is welded together with
the tubular part 6, and the expandable sleeve is subse-
quently arranged so that it surrounds the tubular part 6
and the tubular element 20, and the second end part of
the tubular element 20 are welded together with the ex-
pandable sleeve 7.
[0045] As mentioned, the outer face and second sur-
face facing the sleeve of the tubular element 20 may have
recesses, as shown in Fig. 10. During expansion of the
expandable sleeve 7, the recesses are reduced, and the
tubular element 20 bends outwards as the expandable
sleeve 7 is expanded. The expandable sleeve also
moves outwards and shortens in length, however, the
sleeve has a curved  cross-sectional shaped since it is
welded to and prevented from free expansion by the tu-
bular element, as shown in Fig. 11.
[0046] In Figs. 12 and 13, the annular barrier 1 com-
prises only one tubular element 20. In Fig. 12, the annular
barrier 1 is in its unexpanded state, and in Fig. 13, the
annular barrier is in its expanded condition. The first
sleeve end 9 is connected to the second end part 22 of
the tubular element 20, and the first end part 21 of the
tubular element is connected to the tubular part 6. The
second end 10 of the sleeve 7 is connected directly to
the tubular part 6, meaning that the second sleeve end
10 is connected to the tubular part 6 without any tubular
elements. Hereby, one end of the expandable sleeve 7
is fixedly connected directly with the tubular part 6 and
the other end is intermediately connected with the tubular
part by the tubular element 6. In this way, it is possible
to avoid a slidable end slidably fastening the sleeve 7 to
the tubular part 6.
[0047] A valve may be arranged in the opening of the

tubular part 6. The valve may be a one-way valve so that
the fluid injected into the space is trapped in the space
13, after which the tubular part and the well tubular struc-
ture 3, also called a casing, are no longer pressurised to
expand the expandable sleeve 7.
[0048] The invention further relates to an annular bar-
rier system 100, shown in Fig. 9, comprising a casing
and at least one annular barrier, wherein the tubular part
forms part of the casing.
[0049] The annular barrier system 100 may further
comprise an inflow control section 120 comprising a tu-
bular part forming part of the casing and an opening 121
in the tubular part of the inflow control section for letting
fluid from a surrounding reservoir into the casing. An in-
flow control valve 122 may be arranged in the opening
of the inflow control section 120.
[0050] The well system 100 further comprises a tool
(not shown) having an isolation means isolating a part of
the inside of the tubular part opposite the opening 11 to
pressurise the isolated part of the inside of the tubular
part, and thus the space 13, to expand the sleeve 7. The
isolation means may be an inflatable elastomeric element
or a metal packer. The tool further comprises a pumping
device for pumping fluid from the inside of the tubular
part 6 opposite the isolated part 28  into the isolated part
to expand the expandable sleeve 7. The well system 100
may also have several annular barriers 1.
[0051] When the expandable sleeve 7 of the annular
barrier 1 is expanded, the diameter of the sleeve is ex-
panded from its initial unexpanded diameter to a larger
diameter. The expandable sleeve 7 has an outside di-
ameter D (shown in Fig. 1) and is capable of expanding
to an at least 10% larger diameter, preferably an at least
15% larger diameter, more preferably an at least 30%
larger diameter than that of an unexpanded sleeve.
[0052] Furthermore, the expandable sleeve 7 has a
wall thickness t (shown in Fig. 1) which is thinner than a
length L (shown in Fig. 1) of the expandable sleeve, the
thickness preferably being less than 25% of the length,
more preferably less than 15% of the length, and even
more preferably less than 10% of the length.
[0053] The expandable sleeve 7 of the annular barrier
1 may be made of metal, polymers, an elastomeric ma-
terial, silicone, or natural or synthetic rubber.
[0054] The fluid used for expanding the expandable
sleeve may be any kind of well fluid present in the bore-
hole surrounding the tool and/or the well tubular structure
3. Also, the fluid may be cement, gas, water, polymers,
or a two-component compound, such as powder or par-
ticles mixing or reacting with a binding or hardening
agent. Part of the fluid, such as the hardening agent, may
be present in the cavity between the tubular part and the
expandable sleeve before injecting a subsequent fluid
into the cavity.
[0055] By fluid or well fluid is meant any kind of fluid
that may be present in oil or gas wells downhole, such
as natural gas, oil, oil mud, crude oil, water, etc. By gas
is meant any kind of gas composition present in a well,

7 8 



EP 2 644 821 A1

6

5

10

15

20

25

30

35

40

45

50

55

completion, or open hole, and by oil is meant any kind of
oil composition, such as crude oil, an oil-containing fluid,
etc. Gas, oil, and water fluids may thus all comprise other
elements or substances than gas, oil, and/or water, re-
spectively.
[0056] By a casing is meant any kind of pipe, tubing,
tubular, liner, string etc. used downhole in relation to oil
or natural gas production.
[0057] Although the invention has been described in
the above in connection with preferred embodiments of
the invention, it will be evident for a person skilled in the
art that several modifications are conceivable without de-
parting from the invention as defined by the following
claims.

Claims

1. An annular barrier (1) for providing a barrier between
a casing (3) and a borehole (5) or between a casing
and a surrounding casing, comprising:

- a tubular part (6) for forming part of the casing,
having an axial extension,
- an expandable sleeve (7) connected with and
surrounding the tubular part and defining an ex-
pandable space (13), and
- an opening (11) fluidly connected with the ex-
pandable space for letting fluid from within the
tubular part to the expandable space to expand
the sleeve, wherein the annular barrier further
comprises a tubular element (20) connecting the
sleeve with the tubular part, having an extension
in the axial extension and a first end part (21)
connected with the tubular part and a second
end part (22) connected with the expandable
sleeve, and
wherein the first end part is arranged closer to
the opening along the axial extension of the tu-
bular part than the second end part.

2. An annular barrier according to claim 1, wherein the
tubular element comprises an intermediate part (18)
between the first end part and the second end part,
not connected to the sleeve and the tubular part.

3. An annular barrier according to claim 2, wherein the
intermediate part is corrugated.

4. An annular barrier according to claim 2 or 3, wherein
the intermediate part has a length in the axial exten-
sion and the intermediate part is more compressible
in the axial extension than the sleeve, causing the
length of the intermediate part to reduce as the
sleeve is expanded.

5. An annular barrier according to any of claims 2-4,
wherein the intermediate part comprises a first sur-

face (30) facing the tubular part and a second surface
(31) facing the sleeve, at least one of the surfaces
comprising circumferential recesses (32).

6. An annular barrier according to any of claims 2-5,
wherein the tubular element is made of a material
which is more flexible than that of the expandable
sleeve.

7. An annular barrier according to any of the preceding
claims, wherein the first end part of the tubular ele-
ment is welded to the tubular part and/or the second
end part of the tubular element is welded to the
sleeve.

8. An annular barrier according to any of the preceding
claims, wherein the sleeve has two ends (9, 10), each
end being connected with the tubular part by means
of a tubular element.

9. An annular barrier system comprising a casing and
at least one annular barrier according to any of the
preceding claims, wherein the tubular part forms part
of the casing.

10. An annular barrier system according to claim 9, fur-
ther comprising an inflow control section (120) com-
prising a tubular part forming part of the casing and
an opening (121) in the tubular part of the inflow con-
trol section for letting fluid from a surrounding reser-
voir into the casing.

11. An annular barrier system according to claim 10,
wherein an inflow control valve (122) is arranged in
the opening of the inflow control section.

12. A method for providing a barrier between a casing
and a borehole or between a casing and a surround-
ing casing by means of an annular barrier according
to any of claims 1 to 8, comprising the step of

- letting fluid from within a tubular part via an
opening in the tubular part to an expandable
space of the annular barrier to expand an ex-
pandable sleeve of the annular barrier,
whereby a second end part of a tubular element
during the expansion of the sleeve is pressed
towards a first end part of the tubular element,
the first end part being arranged closer to the
opening along an axial extension of the tubular
part than the second end part, causing a reduc-
tion of a length of the tubular element in an axial
extension.
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