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(54) ANNULAR BARRIER

(57) The present invention relates to an annular bar-
rier for providing zonal isolation in an annulus downhole
between a well tubular metal structure and another well
tubular metal structure or a wall of a borehole, comprising
a tubular metal part configured to be mounted as part of
a well tubular metal structure, the tubular metal part hav-
ing an outer face, an opening and an axial extension
along the well tubular metal structure, an expandable
metal sleeve surrounding the tubular metal part, the first
expandable metal sleeve having a circumferential
groove, a first end and a second end, each end of the

expandable metal sleeve being connected with the outer
face of the tubular metal part, wherein the annular barrier
further comprises an anchoring element arranged in the
circumferential groove, the anchoring element compris-
ing a first anchoring part at least partly overlapping a
second anchoring part in a radially direction perpendic-
ular to the axial extension so that an inner face of the first
anchoring part at least partly abuts an outer face of the
second anchoring part. Moreover, the present invention
also relates to a downhole completion system.
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Description

[0001] The present invention relates to an annular bar-
rier for providing zonal isolation in an annulus downhole
between a well tubular metal structure and another well
tubular metal structure or a wall of a borehole. Moreover,
the present invention relates to a downhole completion
system.
[0002] Annular barriers are used downhole for provid-
ing isolation of one zone from another in an annulus in a
borehole of a well between a well tubular metal structure
and the borehole wall or another well tubular metal struc-
ture. When the annular barrier has been set, e.g. when
an expandable metal sleeve has been expanded, the
temperature may vary. Thus, the well tubular metal struc-
ture with annular barriers will increase in length if the
temperature increases and likewise the length of the well
tubular metal structure will decrease if the temperature
decreases, e.g. the temperature will decrease during
fracturing with sea water. During such length variations,
the axial load on the expandable metal sleeve will vary
and tests have shown that the annular barriers cannot
withstand high axial load when the differential pressure
across the expandable metal sleeve is low, i.e. when the
pressure inside the annular barrier is low compared to
the pressure in the annulus.
[0003] 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 able to withstand
higher axial load than known annular barriers when the
differential pressure across the expandable metal sleeve
of the annular barrier is low.
[0004] 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 zonal isolation in an annulus
downhole between a well tubular metal structure and an-
other well tubular metal structure or a wall of a borehole,
comprising:

- a tubular metal part configured to be mounted as
part of a well tubular metal structure, the tubular met-
al part having an outer face, an opening and an axial
extension along the well tubular metal structure,

- an expandable metal sleeve surrounding the tubular
metal part, the first expandable metal sleeve having
a circumferential groove, a first end and a second
end, each end of the expandable metal sleeve being
connected with the outer face of the tubular metal
part,

wherein the annular barrier further comprises an anchor-
ing element arranged in the circumferential groove, the
anchoring element comprising a first anchoring part at
least partly overlapping a second anchoring part in a ra-
dially direction perpendicular to the axial extension so

that an inner face of the first anchoring part at least partly
abuts an outer face of the second anchoring part.
[0005] In addition, the anchoring element may be a cir-
cumferential anchoring element.
[0006] Moreover, the inner face of the first anchoring
part and the outer face of the second anchoring part may
be inclined in relation to the axial extension. By having
the inner face of the first anchoring part and the outer
face of the second anchoring part inclined in relation to
the axial extension, it is obtained that when at least part
of the expandable metal sleeve moves in one direction
along the axial direction then the first anchoring part
moves in an opposite direction along the inclined outer
face of the second anchoring part, and the first anchoring
part is then forced radially outwards anchoring the ex-
pandable metal sleeve even further to the another well
tubular metal structure or the wall of the borehole.
[0007] Furthermore, the first anchoring part and the
second anchoring part may be one monolithic whole.
[0008] Additionally, the first anchoring part and the sec-
ond anchoring part may be one monolithic whole, the first
anchoring part and the second anchoring part forming a
key ring where the first anchoring part is one end of key
ring and the second anchoring part is the other end of
the key ring.
[0009] Also, the first anchoring part may form one mon-
olithic whole, the second anchoring part forming a second
monolithic whole.
[0010] Further, the first anchoring part may be shaped
as a first slit ring, the second anchoring part being shaped
as a second slit ring.
[0011] Moreover, the first anchoring part may further
comprise an outer face, the second anchoring part com-
prising an inner face, and the outer face of the first an-
choring part comprising friction enhancing means and
faces the another well tubular metal structure or the wall
of the borehole.
[0012] In addition, the friction enhancing means may
be spikes or grooves.
[0013] Also, the outer face of the first anchoring part
may have at least one groove in which a spring element
is arranged.
[0014] Furthermore, the inner face of the second an-
choring part may have at least one groove in which a
spring element is arranged.
[0015] Additionally, the inner face of the first anchoring
part and the outer face of the second anchoring part may
have a lower friction between them than between the
inner face of the of the second anchoring part and the
circumferential groove.
[0016] Moreover, the inner face of the second anchor-
ing part may have at least one groove in which a spring
element is arranged.
[0017] In addition, the anchoring element may com-
prise a third anchoring part having an outer face abutting
a second inner face of the first anchoring part, so that
the first anchoring part is arranged intermediate the third
anchoring part and the second anchoring part, and the
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inner face of the third anchoring part and the inner face
of the second anchoring part face and abut the circum-
ferential groove.
[0018] Furthermore, the outer face of the third anchor-
ing part may be inclined in an opposite direction than that
of the outer face of the second anchoring part.
[0019] Also, the second inner face of the first anchoring
part may be inclined corresponding to the inclined outer
face of the third anchoring part.
[0020] According to the present invention, the annular
barrier may further comprise a second anchoring element
comprising a first anchoring part at least partly overlap-
ping a second anchoring part in a radially direction per-
pendicular to the axial extension so that an inner face of
the first anchoring part at least partly abuts an outer face
of the second anchoring part, the inner face of the first
anchoring part and the outer face of the second anchoring
part being inclined in relation to the axial extension in an
opposite direction than that of the first anchoring element.
[0021] Thus, the inner face of the first anchoring part
of the first anchoring element may be inclined facing up-
wards towards the top of the well, the inner face of the
first anchoring part of the second anchoring element be-
ing inclined facing downwards away from the top of the
well. By having a first anchoring element with an inclined
inner face of the first anchoring part in one direction and
a second anchoring element with an inclined face of the
first anchoring part in an opposite direction, the annular
barrier can withstand axial loads in both directions along
the axial extension as the first anchoring element is ac-
tivated when the axial load is in one direction, and the
second anchoring element is activated when the axial
load pulls in the opposite direction.
[0022] Also, the expandable metal sleeve may have a
second circumferential groove in which a sealing unit is
arranged.
[0023] Additionally, the sealing unit may comprise of
sealing element e.g. of elastomer.
[0024] Moreover, the sealing unit may further comprise
a back-up ring shaped element and a key ring element.
[0025] Furthermore, the expandable metal sleeve may
comprise at least two sealing units and the anchoring
element is arranged between two sealing units.
[0026] Finally, the present invention also relates to a
downhole completion system comprising an annular bar-
rier and a well tubular metal structure.
[0027] 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 having sealing units and anchoring elements,

Fig. 2 shows a cross-sectional view of another an-
nular barrier having an anchoring element,

Fig. 3 shows a cross-sectional view of part of an ex-
pandable metal sleeve having a groove in which an
anchoring element is arranged,

Fig. 4 shows a cross-sectional view of part of another
expandable metal sleeve having a groove in which
another anchoring element with springs is arranged,

Fig. 5 shows a cross-sectional view of part of another
annular barrier having a groove in the expandable
metal sleeve which another anchoring element with
springs is arranged,

Fig. 6 shows a cross-sectional view of part of another
expandable metal sleeve having a groove in which
another anchoring element with an inclination in an
opposite direction of the anchoring element shown
in Fig. 3 is arranged,

Fig. 7 shows a cross-sectional view of part of yet
another expandable metal sleeve having a groove
in which another anchoring element comprises a
first, second and third anchoring part,

Fig. 8 shows a cross-sectional view of part of yet
another expandable metal sleeve having a groove
in which another anchoring element comprises a
first, second and third anchoring part and springs in
each of the parts, and

Fig. 9 is a schematic diagram of Axial load on an
annular barrier in relation to differential pressure
across the expandable metal sleeve.

[0028] 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.
[0029] Fig. 1 shows a cross-sectional view of an an-
nular barrier 1 in an unexpanded condition for providing
zonal isolation in an annulus 2 downhole between a well
tubular metal structure 3 and another well tubular metal
structure 3b, as shown in Fig. 2, or a wall 5 of a borehole
4, as shown in Fig. 1. The annular barrier comprises a
tubular metal part 7 mounted as part of the well tubular
metal structure 3. The tubular metal part has an outer
face 8, an opening 6 and an axial extension L along the
well tubular metal structure. The annular barrier 1 com-
prises an expandable metal sleeve 9 surrounding the tu-
bular metal part 7, where the first expandable metal
sleeve has a circumferential groove 10, a first end 11 and
a second end 12, and each end of the expandable metal
sleeve are connected with the outer face of the tubular
metal part. The annular barrier 1 further comprises an
anchoring element 14 arranged in the circumferential
groove, and the anchoring element comprises a first an-
choring part 15 at least partly overlapping a second an-
choring part 16 in a radially direction perpendicular to the
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axial extension L so that an inner face 17 of the first an-
choring part 15 at least partly abuts an outer face 18 of
the second anchoring part 16. The anchoring element 14
is a circumferential anchoring element extending all the
way around the expandable metal sleeve 9, and the an-
choring element 14 may be slit so that the anchoring el-
ement can be mounted in the groove.
[0030] In order to provide an increased anchoring dur-
ing axial load, the inner face 17 of the first anchoring part
15 and the outer face 18 of the second anchoring part
16 are inclined in relation to the axial extension. Thus
when the temperature changes, and at least part of the
expandable metal sleeve moves in one direction along
the axial direction, indicated with arrow A in Fig. 3, the
first anchoring part moves in an opposite direction along
the inclined outer face of the second anchoring part, as
indicated with arrow B in Fig. 3, and the first anchoring
part is then forced radially outwards, as indicated with
dashed lines in Fig. 3, anchoring the expandable metal
sleeve even further to the another well tubular metal
structure or the wall of the borehole.
[0031] In the diagram of Fig. 9, the axial load on the
annular barrier as a function of the differential pressure
is illustrated with full lines. By having an annular barrier
according to the invention with an anchoring element,
the axial load is not reduced when the differential pres-
sure is low as in prior art annular barriers which is indi-
cated by dotted lines.
[0032] In Fig. 1, the first anchoring part 15 forms one
monolithic whole and the second anchoring part 16 forms
a second monolithic whole. The first anchoring part is
shaped as a first slit ring, and the second anchoring part
is shaped as a second slit ring in order to be able to widen
and thus to be mounted in the groove. First, the second
anchoring part 16 is widened and moved along the outer
face of the expandable metal sleeve 9 and into the cir-
cumferential groove 10, and then the first anchoring part
15 is widened and moved along the outer face of the
expandable metal sleeve 9 until reaching the circumfer-
ential groove 10 and being arranged circumferenting the
second anchoring part, so that the inclined inner face of
the first anchoring part and the inclined outer face of the
second anchoring part abut.
[0033] The first anchoring part further comprises an
outer face 19 facing the another well tubular metal struc-
ture 3b, as shown in Fig. 2, or the wall 5 of the borehole
4, as shown in Fig. 1, and the second anchoring part 16
comprises an inner face 20 facing and abutting the cir-
cumferential groove 10. The outer face 19 of the first
anchoring part 15 comprises friction enhancing means
21, such as spikes 21a, as shown in Fig. 1, or provided
by grooves 21b, as shown in Fig. 2.
[0034] In Fig. 1, the annular barrier 1 further comprises
a second anchoring element 14b comprising a first an-
choring part 15b at least partly overlapping a second an-
choring part 16b in a radially direction perpendicular to
the axial extension L so that an inner face 17b of the first
anchoring part at least partly abuts an outer face 18b of

the second anchoring part. The inner face 17b of the first
anchoring part 15b and the outer face 18b of the second
anchoring part 16b are inclined in relation to the axial
extension L in an opposite direction than that of the first
anchoring element. The first anchoring element 14 has
inclined faces which when mirrored around line R corre-
spond to the inclined faces of the second anchoring el-
ement 14b. By having first anchoring elements 14 with
inclined faces in one direction and second anchoring el-
ements with inclined faces in an opposite direction as
shown in Fig. 1, the annular barrier 1 can withstand axial
loads in both directions along the axial extension L as
the first anchoring elements 14 are activated when the
axial load is in one direction, and the second anchoring
elements 14b are activated when the axial load pulls in
the opposite direction.
[0035] The expandable metal sleeve 9 of the annular
barrier 1 has a second circumferential groove 10b in
which a sealing unit 24 is arranged. The sealing unit com-
prises a sealing element 25 e.g. of elastomer or polymer,
a back-up ring shaped element 26 on each side of the
sealing element and a key ring element 27 surrounding
part of the back-up ring. The expandable metal sleeve
comprises several sealing units, and each anchoring el-
ement is arranged between two sealing units.
[0036] In Fig. 2, the first anchoring part 15 and the sec-
ond anchoring part 16 are one monolithic whole. The first
anchoring part 15 and the second anchoring part 16
forms a key ring 34 where the first anchoring part is one
end of key ring and the second anchoring part is the other
end of the key ring 34. The key ring unwinds as the ex-
pandable metal sleeve 9 is expanding, and when expand-
ed, the first anchoring part will not fully overlap the second
anchoring part along the whole circumference of the ex-
pandable metal sleeve.
[0037] In Fig. 2, the expandable metal sleeve 9 has
several grooves 10, 10b, and between these grooves,
other "empty" grooves are arranged so that the anchoring
element and the sealing units 24 are arranged with the
same distance along the axial extension L.
[0038] Each end of the expandable metal sleeve 9 is
connected with the outer face 8 of the tubular metal part
7, e.g. by means of a connection part 38 and/or by means
of weld as shown in Fig. 1. In Fig. 2, the annular barrier
1 further comprises a valve assembly 33 fluidly connect-
ed with the opening 6 and the expandable space 28 so
as to fluidly connect the opening and the expandable
space during expansion of the expandable metal sleeve
9 and close the fluid connection after the expandable
metal sleeve has been properly expanded. The valve as-
sembly 33 may in the second position open for a fluid
connection between the annulus and the expandable
space 28 in order to equalise the pressure therebetween.
[0039] In order to enhance the initial anchoring, the
outer face 19 of the first anchoring part 15 has two
grooves 23 in which a spring element 22 is arranged, as
shown in Fig. 4. During expansion of the expandable met-
al sleeve 9, the spring elements 22 are compressed and
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after the expansion is finalised, the spring elements 22
will slightly decompress due to the small "spring-back-
effect" after expansion of metal. The spring elements 22
are thus always in contact with the wall of the borehole,
and when the axial load starts, the spring elements will
ensure that the first anchoring part will move along the
inclined outer face of the second anchoring part 16, and
thus the first anchoring part 15 will be forced radially out-
wards as illustrated by the dotted lines in Fig. 3. Another
way is shown in Fig. 5, where the inner face 20 of the
second anchoring part 16 has two grooves 23 in which
a spring element 22 is arranged. When the spring ele-
ments 22 are arranged in the inner face 20, the spring
elements 22 force both the second anchoring part 16 and
the first anchoring part 15 outwards so the first anchoring
part is in contact/engagement with the wall of the bore-
hole or another well tubular metal structu re.
[0040] The inner face 17, 17b of the first anchoring part
15, 15b and the outer face 18, 18b of the second anchor-
ing part 16, 16b have a low friction between them so that
no substantial force is lost in order for the anchoring parts
to slide in relation to each other. Thus, the inner face of
the first anchoring part and the outer face of the second
anchoring part have a lower friction between them than
between the inner face of the second anchoring part and
the circumferential groove.
[0041] In Figs. 3-5, the circumferential groove 10 has
inclined end faces 35 and in Figs. 6-8, the end faces are
perpendicular to the axial extension L. When having per-
pendicular end faces, as in Figs. 6-8, the second anchor-
ing part 16 is more restricted than in Figs. 3-5. The in-
clined outer face of the second anchoring part ends at
the top of the groove so that the first anchoring part is
not restricted by the end faces of the groove and is thus
not prevented from sliding further past the end of the
outer face of the second anchoring part if needed.
[0042] In Figs. 7 and 8, the anchoring element 14, 14b
of the annular barrier 1 comprises a third anchoring part
31 having an outer face 32 abutting a second inner face
17a of the first anchoring part, so that the first anchoring
part is arranged intermediate the third anchoring part and
the second anchoring part, and the inner face of the third
anchoring part and the inner face of the second anchoring
part face and abut the circumferential groove. In Fig. 8,
the outer face 19 of the first anchoring part 15 comprises
two grooves 23 in which a spring element 22 is arranged
and both the inner face 20 of the second anchoring part
16 and an inner face 36 of the third anchoring part 31
comprise two grooves 23 in which a spring element 22
is arranged.
[0043] Fig. 1 further discloses a downhole completion
system 100 comprising the aforementioned annular bar-
rier 1 and a well tubular metal structure 3.
[0044] 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,
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,
respectively.
[0045] By "casing" or "well tubular metal structure" is
meant any kind of pipe, tubing, tubular, liner, string, etc.,
used downhole in relation to oil or natural gas production.
[0046] Although the invention has been described
above in connection with preferred embodiments of the
invention, it will be evident to 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. 1. An annular barrier (1) for providing zonal isolation
in an annulus (2) downhole between a well tubular
metal structure (3) and another well tubular metal
structure (3b) or a wall (5) of a borehole (4), com-
prising:

- a tubular metal part (7) configured to be mount-
ed as part of a well tubular metal structure (3),
the tubular metal part having an outer face (8),
an opening (6) and an axial extension (L) along
the well tubular metal structure,
- an expandable metal sleeve (9) surrounding
the tubular metal part, the first expandable metal
sleeve having a circumferential groove (10), a
first end (11) and a second end (12), each end
of the expandable metal sleeve being connected
with the outer face of the tubular metal part,

wherein the annular barrier further comprises an an-
choring element (14) arranged in the circumferential
groove, the anchoring element comprising a first an-
choring part (15) at least partly overlapping a second
anchoring part (16) in a radially direction perpendic-
ular to the axial extension so that an inner face (17)
of the first anchoring part at least partly abuts an
outer face (18) of the second anchoring part.

2. An annular barrier according to claim 1, wherein the
inner face of the first anchoring part and the outer
face of the second anchoring part are inclined in re-
lation to the axial extension.

3. An annular barrier according to claim 1 or 2, wherein
the first anchoring part and the second anchoring
part are one monolithic whole.

4. An annular barrier according to any of claims 1-3,
wherein the first anchoring part forms one monolithic
whole, and the second anchoring part forms a sec-
ond monolithic whole.
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5. An annular barrier according to claim 4, wherein the
first anchoring part is shaped as a first slit ring, and
the second anchoring part is shaped as a second slit
ring.

6. An annular barrier according to any of the preceding
claims, wherein the first anchoring part further com-
prises an outer face (19), and the second anchoring
part comprises an inner face (20), and the outer face
of the first anchoring part comprises friction enhanc-
ing means (21) and faces the another well tubular
metal structure or the wall of the borehole.

7. An annular barrier according to claim 6, wherein the
friction enhancing means is spikes (21a) or grooves
(21b).

8. An annular barrier according to any of claims 5-7,
wherein the outer face of the first anchoring part has
at least one groove (23) in which a spring element
(22) is arranged.

9. An annular barrier according to claim 6, wherein the
inner face of the first anchoring part and the outer
face of the second anchoring part have a lower fric-
tion between them than between the inner face of
the of the second anchoring part and the circumfer-
ential groove.

10. An annular barrier according to any of the preceding
claims, wherein the inner face of the second anchor-
ing part has at least one groove in which a spring
element (22) is arranged.

11. An annular barrier according to any of the preceding
claims, wherein the anchoring element comprises a
third anchoring part (31) having an outer face (32)
abutting a second inner face (17a) of the first anchor-
ing part, so that the first anchoring part is arranged
intermediate the third anchoring part and the second
anchoring part, and the inner face of the third an-
choring part and the inner face of the second anchor-
ing part face and abut the circumferential groove.

12. An annular barrier according to any of the preceding
claims, further comprising a second anchoring ele-
ment (14b) comprising a first anchoring part (15b) at
least partly overlapping a second anchoring part
(16b) in a radially direction perpendicular to the axial
extension so that an inner face (17b) of the first an-
choring part at least partly abuts an outer face (18b)
of the second anchoring part, the inner face of the
first anchoring part and the outer face of the second
anchoring part being inclined in relation to the axial
extension in an opposite direction than that of the
first anchoring element.

13. An annular barrier according to any of the preceding

claims, wherein the expandable metal sleeve has a
second circumferential groove (10b) in which a seal-
ing unit (24) is arranged.

14. An annular barrier according to any of the preceding
claims, wherein the expandable metal sleeve com-
prises at least two sealing units and the anchoring
element is arranged between two sealing units.

15. Downhole completion system (100) comprising an
annular barrier (1) according to any of claims 1-14
and a well tubular metal structure (3).
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