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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an expandable
assembly for use in a wellbore formed in an earth forma-
tion, the assembly comprising a mechanism for in-
creased radial expansion upon expansion. More partic-
ularly, the invention relates to a radially expandable de-
vice that mechanically engages a borehole wall so as to
form an anchor.

BACKGROUND OF THE INVENTION

[0002] In the drilling of oil and gas wells, a wellbore is
formed using a drill bit that is urged downwardly at a lower
end of a drill string. After drilling a predetermined depth,
the drill string and bit are removed, and the wellbore is
typically lined with a string of steel pipe called casing.
The casing provides support to the wellbore and facili-
tates the isolation of certain areas of the wellbore, for
instance adjacent hydrocarbon bearing formations. The
casing typically extends down the wellbore from the sur-
face of the well to a designated depth. An annular area
is thus defined between the outside of the casing and the
earth formation. This annular area is filled with cement
to permanently set the casing in the wellbore and to fa-
cilitate the isolation of production zones and fluids at dif-
ferent depths within the wellbore.
[0003] Expandable tubular elements are finding in-
creasing application in the context of hydrocarbon drilling
and production. A main advantage of expandable tubular
elements in wellbores relates to the increased available
internal diameter downhole for fluid production or for the
passage of tools, compared to conventional wellbores
with a more traditional nested casing scheme. Generally,
an expandable tubular element is installed by lowering
the unexpanded tubular element into the wellbore,
whereafter an expansion device is pushed, pumped or
pulled through the tubular element. The expansion ratio,
being the ratio of the diameter after expansion to the di-
ameter before expansion, is determined by the effective
diameter of the expander.
[0004] When an expandable tubular is run into a well-
bore, it must be anchored within the wellbore at the de-
sired depth to prevent movement of the expandable tu-
bular during the expansion process. Anchoring the ex-
pandable tubular within the wellbore allows expansion of
the length of the expandable tubular into the wellbore by
an expander tool. The anchor must provide adequate
engagement between the expandable tubular and the
inner diameter of the wellbore to stabilize the expandable
tubular against rotational and longitudinal axial move-
ment within the wellbore during the expansion process.
[0005] The expandable tubular is often run into the
wellbore after previous strings of casing are already set
within the wellbore. The expandable tubular must be run
through the inner diameter of the previous strings of cas-

ing to reach the portion of the open hole wellbore slated
for isolation, which is located below the previously set
strings of casing. Accordingly, the outer diameter of the
anchor and the expandable tubular must be smaller than
all previous casing strings lining the wellbore in order to
run through the liner to the depth at which the open hole
wellbore exists.
[0006] Additionally, once the expandable tubular
reaches the open hole portion of the wellbore below the
previous casing or liner, the inner diameter of the open
hole portion of the wellbore is often larger than the inner
diameter of the previous casing. To hold the expandable
tubular in place within the open hole portion of the well-
bore, the anchor must have a large enough outer diam-
eter to sufficiently fix the expandable tubular at a position
within the open hole wellbore before continuing with the
expansion process.
[0007] US-7104322 discloses a method and apparatus
for anchoring an expandable tubular within a wellbore.
The apparatus includes a deployment system comprising
an inflatable packing element. The packing is arranged
inside the liner and is supported on the drill string. When
inflated, the packing radially expands an anchoring por-
tion of the expandable tubular. The outside of the anchor-
ing portion engages the wellbore wall and forms an an-
chor. The remainder of the expandable tubular can sub-
sequently be expanded using an expander tool. The hold-
ing power and shape of the anchoring portion may be
manipulated by altering the characteristics of the packer
such as the shape and wall thickness of the packer.
[0008] However, engagement of the tubular with the
formation, as disclosed in US-7104322, is limited by the
amount of expansion of the tubular element, which is
typically constrained by the mechanical limits of the ex-
pansion device. For instance in cases where the annulus
between the unexpanded tubular and the borehole wall
is relatively large, the amount of available mechanical
expansion may not be sufficient to cause the expanded
tubular to engage the borehole wall.
[0009] In addition, although the friction between the
outside of the tubular and the wellbore wall that keeps
the expandable tubular in position may withstand the re-
active forces induced on the expandable tubular by a
rotational expansion tool, the friction may be insufficient
to withstand the reactive force when pulling an expander
cone through the expandable tubular. If the friction is in-
sufficient, the expansion tool may move the expandable
element in axial direction during expansion, and the un-
expanded tubular may obstruct the previous casing. The
unexpanded element must then be removed, at consid-
erable costs, or the obstruction may render the wellbore
useless, at even greater expense.
[0010] US-6789622 B1 which is considered the closest
prior art document, discloses apparatus for anchoring an
expandable conduit. The apparatus comprises first and
second annular bands that extend circumferentially
around the outer surface of the expandable conduit.
[0011] Thus, it remains desirable to provide a device
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that will mechanically engage the borehole wall upon ex-
pansion of a tubular, even in instances where the ex-
panded tubular does not itself engage the borehole wall.

SUMMARY OF THE INVENTION

[0012] The present invention provides a tubing-mount-
ed device that will mechanically engage a borehole wall
upon expansion of a tubular, even in instances where
the expanded tubular does not itself engage the borehole
wall.
[0013] A system for anchoring an expandable tubular
to a borehole wall according to the present invention com-
prises: a support member having a first end fixed relative
to the outside of the tubular; and an anchor member hav-
ing a first end fixed relative to the outside of the tubular
and a second end extending toward the support member,
said second anchor end being movable relative to the
outside of the tubular, said anchor including at least one
hinge between said first anchor end and said second
anchor end, wherein the bending moment required to
bend said anchor member at the hinge is less than the
bending moment required to bend another portion of said
anchor member; said support member including a ramp
surface that tapers in the direction of said anchor mem-
ber; said first anchor end and said first support end de-
fining an initial axial device length L1 therebetween;
wherein L1 is selected such that expansion of the portion
of the expandable tubular between the first support end
and the first anchor end causes the axial device length
to shorten to L2, wherein the difference between L1 and
L2 is sufficient to cause the second anchor end to move
radially outward and engage the borehole wall as a result
of engagement with said ramp surface.
[0014] When subjected to force, the anchor will bend
first at the point of the at least one hinge. This enables
to design the anchor such that the free second end of
the anchor will lock itself into the borehole wall, thus in-
creasing at least one of the penetration depth, the contact
area between the anchor and the formation, and the an-
choring force.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The present invention is better understood by
reading the following description of non-limitative embod-
iments with reference to the attached drawings, wherein
like parts of each of the figures are identified by the same
reference characters, and which are briefly described as
follows:

Figure 1 is a schematic cross-section of a first em-
bodiment of the invention positioned in a borehole
before being expanded;
Figure 2 is a cross-sectional view of the device of
Figure 1 in an intermediate level of expansion;
Figure 3 is a cross-sectional view of the device of
Figure 1 fully expanded within the borehole;

Figure 4 is a cross-sectional view of a first alternate
embodiment of the present device in an intermediate
level of expansion;
Figure 5 is a cross-sectional view of the device of
Figure 4 fully expanded within the borehole;
Figure 6 is an enlarged view of an anchor suitable
for use in the system of Figure 4;
Figures 7-11 are enlarged views of alternative an-
chor configurations suitable for use in the present
invention;
Figure 12 is an enlarged perspective view of an em-
bodiment of the invention after being expanded;
Figure 13 is an enlarged perspective view of the de-
vice of Figure 10 after being expanded;
Figure 14 is an enlarged perspective view of the de-
vice of Figure 11 after being expanded;
Figure 15 is a schematic cross-section of another
embodiment of the invention in an intermediate level
of expansion;
Figure 16 is a perspective view of the device of Figure
15
Figures 17A-F are sequential cross-sectional illus-
trations showing operation of the device of Figure 15;
Figure 18 is a schematic cross-section of still another
embodiment of the invention in an intermediate level
of expansion;
Figure 19 is a perspective view of the device of Figure
18; and
Figures 20A-F are sequential cross-sectional illus-
trations showing operation of the device of Figure 18.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Figure 1 shows an expandable anchoring de-
vice 10 for anchoring an expandable tubular 20 to a bore-
hole wall 11 constructed in accordance with a first em-
bodiment of the present invention. The anchoring device
10 comprises an anchor 12 and a wedging member 16
both mounted on the outside of an expandable tubular
20 and separated by a first distance L1. The expandable
tubular 20 may include a single tubular element, or any
number of interconnected tubular elements. The tubular
elements can be interconnected using threaded connec-
tions known in the art (not shown). Anchor 12 includes a
fixed end 14 that is preferably affixed to tubular 20 by
welding or other means that prevents relative movement
between fixed end 14 and tubular 20. The other end of
anchor 12 extends toward wedging member 16 but is not
affixed to the outside of tubular 20, so that all of anchor
12 except fixed end 14 is free to move relative to tubular
20. Anchor 12 may be constructed such that its inner
diameter is the same as or, more preferably, greater than
the unexpanded outside diameter of tubular 20.
[0017] It will be understood that anchor 12 and fixed
end 14 can be formed as a single, integral component,
constructed from separate pieces that have been joined,
or comprise separate pieces that are not mechanically
joined. It is preferred that at least fixed end 14 be affixed
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to tubular 20, preferably but not necessarily by welding.
[0018] Similarly, wedging member 16 is preferably af-
fixed to tubular 20 by welding or other means that pre-
vents relative movement therebetween. Wedging mem-
ber 20 includes a ramp member 18 that extends toward
anchor 12. Ramp 18 may be constructed with any desired
surface angle.
[0019] The thicknesses of wedging member 16 and
anchor 12 are a matter of design, but are limited by the
maximum allowable diameter of the system prior to ex-
pansion, which is smaller than the inner diameter of the
previous casing string.
[0020] Anchor 12 and wedging member 16 can each
have either an annular or segmented construction. In a
segmented construction, anchor 12 and/or wedging
member 16 may comprise longitudinal strips, rods, or
plates. For example, eight strips, each extending around
45 degrees or less of the outer circumference of tubular
20 could be used. Alternatively, anchor 12 and/or wedg-
ing member 16 may include both an annular portion and
a segmented portion. In the latter case, it is preferred that
the annular portion lie outside of the separation distance
L1.
[0021] It is further preferred that any fixed end and/or
annular portion be made from a ductile material and have
sufficient thickness and length that it can be expanded
without requiring undue force. A suitable ductile material
is for instance carbon steel A333. The material has for
instance a modulus of elasticity with respect to tension
in the order of 30 or more and with respect to torsion in
the order of 11 or more.
[0022] Expandable anchoring device 10 is intended for
use in conjunction with an expandable tubular 20, which
in turn is expanded by an expansion device 30. As illus-
trated, expansion device 30 may comprise a cone having
a frustoconical expansion surface 32 that increases the
inside diameter of tubular 20 as expansion device 30 is
pushed or pulled through tubular 20, but it will be under-
stood that expansion device 30 can comprise any suita-
ble mechanism for applying a radial expansion force to
the inside of tubular 20.
[0023] Referring to Figures 2 and 3, it can be seen that
as expansion device 30 moves through tubular 20, tubu-
lar 20 shortens. Thus, as expansion device 30 moves
from one end of L1 to the other; the distance between
wedging member 16 and fixed end 14 of anchor 12 de-
creases. The final distance between wedging member
16 and fixed end 14 of anchor 12 is reached once ex-
pansion device 30 has moved past wedging member 16,
and is defined as L2. Because anchor 12 is not affixed
to tubular 20 apart from fixed end 14, the shortening of
tubular 20 has virtually no effect on the length of anchor
12.
[0024] For a given tubular and expansion ratio, the
amount of shortening that will occur if the tubular is not
constrained during expansion can be predicted. In a pre-
ferred embodiment, the distance L1 is selected such that
the amount of shortening, which can be expressed as

the difference between L1 and L2, is sufficient to cause
the anchor 12 to overlap wedging member 16 by a de-
sired longitudinal distance. The difference between L1
and L2 is a function of the expansion ratio, the expansion
mode and, less so, of the original tubing wall thickness
and can be predicted on the basis of those parameters.
[0025] As used herein, "expansion mode" distinguish-
es between so-called expansion in tension and expan-
sion in compression, which in turn are used to describe
stress states experienced by the tubular during expan-
sion. During expansion in tension, the expansion device
moves away from a location where the expandable tu-
bular is fixed, which is for instance the position of an
anchor. During expansion in compression the expansion
device moves towards the location where the expandable
tubular is fixed. The expandable tubular shortens approx-
imately two times more during expansion in compression,
than during expansion in tension. Shortening herein in-
dicates the difference in length of (a section of) the tubular
before and after expansion. During expansion of the tu-
bular, the mode of expansion may change. In addition,
the weight of the expandable tubular may introduce a
second order effect. However, in general the mode of
expansion is known, as is described in more detail below.
Thus, it is possible and desirable to calculate and use a
predetermined spacing L1 that will result in a desired
overlap and outward movement of anchor 12. During ex-
pansion of the expandable tubular element according to
the present invention, the section of the tubular that is
provided with the anchor of the invention is preferably
expanded in a first step. During this first step, gripping
means hold the unexpanded tubular element in a prede-
termined position until the anchor engages the wellbore
wall. Suitable gripping means that operate in conjunction
with an expansion device are for instance disclosed in
US-2009/0014172-A1, which is in this respect incorpo-
rated herein by reference. In a first expansion step, the
gripping means engage the wall of the tubular. Than, an
actuator, including for instance a hydraulic actuator, pulls
the expansion device through the tubular until the anchor
is activated. In a subsequent step, once the anchor has
engaged the borehole wall, the remainder of the tubular
element can be expanded by pulling the expansion de-
vice toward the surface. Expansion by pulling the ex-
pander toward the surface is relatively fast compared to
other ways of expansion. Expansion using the gripper
system can be nominated expansion in compression,
wherein pulling the expander to the surface when the
anchor is activated is called expansion in tension. Thus,
the mode of expansion may change when the anchor is
activated and engages the borehole wall.
[0026] As an alternative to the gripping system, the
string of expandable tubular elements 20 can be closed
at its downhole (not shown), forming a closed fluid pres-
sure chamber between the closed end and the expansion
device 30. I.e., the downhole end is closed at surface,
before introducing the expandable tubular including the
closed end and the expansion device in the wellbore.

5 6 



EP 2 456 949 B1

5

5

10

15

20

25

30

35

40

45

50

55

The expansion device 30 will be provided with a fluid
passage connecting the top and bottom end thereof. For
instance tubing of a hollow pipe string is connected to
the top end of the fluid passage, to pass fluid under pres-
sure from surface and through the expansion device into
the fluid pressure chamber, wherein the resulting pres-
sure in the fluid chamber pushes the expansion device
through the expandable tubular. Expansion using a pres-
sure chamber under the expansion device is called ex-
pansion in tension.
[0027] Referring now to Figures 4, 5, and 6, an alter-
native embodiment includes an anchor 42 having a fixed
end 44, a first portion 46 having cutting end 47, a second
portion 48, and a hinge 45 disposed between first and
second portions 46, 48. Hinge 45 is provided so that an-
chor 42 will deform plastically during the expansion proc-
ess. As wedging member 16 begins to slide under anchor
42, cutting end 47 will be pushed radially outward. Hinge
45 will provide a point of rotation for first portion 46 with
respect to second portion 48, allowing cutting end 47 to
rotate toward the formation.
[0028] In an embodiment, once hinge 45 has reached
the limit of its rotation and/or wedging member 16 reach-
es hinge 45 and slides under second portion 48 of anchor
42, second portion 48 will begin to rotate radially outward,
thereby increasing the angle at which cutting end 47 en-
gages the formation.
[0029] In Figures 4 and 6, hinge 45 is shown as a
groove or slot in the outside of anchor 42. In Figure 5,
the groove has closed as a result of the bending of anchor
42.
[0030] Figures 7-10 show alternative embodiments of
the anchor. In Figure 7, an anchor 52 has a tapered first
portion 53. In Figure 8, an anchor 54 has a first portion
55 with a reduced thickness. In Figure 9, anchor 56 has
a hinge comprising a rectilinear notch 57.
[0031] In Figure 10, anchor 58 has a first portion 59
having a reduced thickness and an enhanced cutting end
60 that includes a wedge- or blade-shaped tip that is
thicker than the rest of first portion 59. Two or more of
said tips may be arranged successively.
[0032] It will be understood that the foregoing are
merely illustrative embodiments and that a two-part an-
chor could have any of an infinite variety of shapes. In
each instance, an increase in thickness and therefore in
bending force that occurs at the junction between the first
portion and the second portion defines a hinge that in
turn defines the extent of bending and plastic deforma-
tion. Thus, the position of the hinge and the relative length
of the first portion determine the reach of the anchor into
the formation.
[0033] Figure 12 shows an anchor 12 having a sub-
stantially constant thickness, which after expansion slid
onto the wedging member 16. The end of the anchor is
provided with the enhanced cutting end 60 that includes
a wedge- or blade-shaped tip that is thicker than the rest
of the anchor. The cutting end 60 is pushed toward and
partly into the formation 72 to anchor the liner in the for-

mation. Penetration depth is schematically indicated with
L3. The angle of the ramp member 18 with respect to the
axis of the tubular and the contact lengths are designed
so as to avoid excessive loading of the liner during pulling
of the expansion device through the liner.
[0034] The expansion process of the expandable liner
20 actuates the anchoring device of the present inven-
tion. Due to the shortening of the liner as the expansion
device moves from one end of L1 to the other, the anchor
12 slides onto the ramp 18 of the wedging member 16.
In the absence of hinges, the free end of the anchor may
overlap the wedging member 16 by a desired longitudinal
distance L4 (Fig. 12). The length L4 of the overlap is pref-
erably minimized, in order to limit the increase in expan-
sion force.
[0035] The cutting end or tip 60 focuses the radial force
that the anchor exerts on the formation during expansion
of the liner 20 on the surface of the end of the tip. Thus,
the radial force that will be exerted per area of the for-
mation increases. The local resistance or strength of the
formation may be expressed as a resistive force per area
(e.g. in units psi or Pa). The formation resistance within
the wellbore may range between 500 psi up to 16000 psi,
and can for instance be measured or estimated. This
allows the contact area between the formation and the
tip, as well as the corresponding maximum radial force
on the tip to be designed such that the tip will penetrate
over a predetermined minimum penetration depth L3 into
the formation during expansion of the tubular element
(Fig. 12).
[0036] Improved embodiments of the anchor lock
themselves in the formation when they are subjected to
an external force. In other words, the design of the anchor
imposes that the tip end of the anchor tries to penetrate
further into the formation when subjected to such force,
as opposed to for instance chafing against the wellbore
wall. This is referred to as a self-locking effect. The ex-
ternal force includes for instance the upward force that
the expansion device 30 transmits to the tubular 20 during
expansion thereof when the expander is beyond the po-
sition of the anchoring device 10.
[0037] Figure 13 shows an anchor 12, which is provid-
ed with the first portion 59 having a reduced thickness
after being expanded and subjected to an additional ex-
ternal load. The tip end of the anchor has curled radially
outward with respect to the tubular 20 and into the for-
mation when subjected to force.
[0038] The tip curls outward, when the force moment
acting on the tip end of the anchor is greater than the
bending moment Mh of the weakest part of the anchor.
In the embodiment of Fig. 13, this is the first portion 59.
Typically, the force moment is a function of distance L5
between the wall of the tubular and the formation 72, the
external force Fe, and the resulting reaction force Fr (Fig.
13). Herein, Fr also depends on the formation hardness
and the penetration depth L3, as the formation will crum-
ble or otherwise granulate when the required force Fr per
area exceeds the strength (expressed in psi or Pa) of the
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formation. The above values however may differ on a
local scale. Approximately, the anchor will provide a self-
locking effect when Mh < L5 * Fr.
[0039] In another embodiment, the anchor includes
one or more hinges 57, 62, 66 (Figs. 11, 14). Now, the
bending resistance or strength of the anchor is the lowest
at the location of the hinges. Similar to the embodiment
described above, the tip end 60 of the anchor will curl or
bend radially outward and into the formation when sub-
jected to a force that provides a moment that exceeds
the bending moment of one or more of the hinges.
[0040] Referring to Figures 11 and 14, when subjected
to force, the anchor 12 will for instance bend first at the
point of hinge 62, so that tip 60 starts to curl toward the
formation and away from the tubular 20. When the hinge
62 closes, the anchor will bend at the point of hinge 66,
so that the tip 60 and section 64 will curl toward the for-
mation and away from the tubular 20. When the hinge
66 closes, the anchor will bend at the point of hinge 57,
so that the tip 60, section 64, and section 68 will curl
toward the formation and away from the tubular 20. When
hinge 57 closes, the anchor will reach the state shown
in Figure 14.
[0041] In embodiments where the hinge is provided as
a groove or notch (Figures 6, 9), the groove or notch may
close after some amount of deformation, thus ceasing to
operate as a hinge and restricting further deformation
(Figure 14). This is also referred to as self-locking and
may be desirable in some instances.
[0042] The maximum anchoring force is for instance
determined by one or more of the force needed to fold
the bending zones 59 or the hinges, the strength of the
formation in conjunction with the contact area between
the anchors and the formation perpendicular to the axis
of the tubular, the penetration depth, the number of an-
chors disposed around the circumference of the tubular
element, etc.
[0043] In still other embodiments, more than one hinge
may be provided, so that the deformed anchor has a
shape such as is illustrated in Figs. 11 and 14. The length
L6, L7 of respective sections between adjacent hinges
determines the reach of the anchor in the radial direction.
The thicker section in between the hinges prevents the
anchor from folding (Fig. 14), thus setting the reach of
the anchor into or towards the formation. The maximum
anchoring force increases with penetration depth, as the
anchoring force depends on the contact area between
the anchor and the formation.
[0044] Referring to Fig. 14, in embodiments that in-
clude one or more hinges, the relatively thicker parts 64,
68, 58 adjacent to the respective hinges will limit this
curling movement. The anchor will curl at the position of
the hinge, but this curling movement will end when the
thicker parts bordering the respective hinge come into
contact, as shown in Fig. 14. The lengths L6, L7 of thicker
parts 68, 64 thus determine the final shape of the anchor.
In the embodiment shown in Fig. 14, for instance, the
length L6 determines how far the end of the anchor will

extend away from the liner, as adjacent hinges 57, 66
will close and further folding of the anchor can only occur
when a greater force is applied thereto. Thus, the length
L6 enables the setting of a penetration depth L3, and/or
a minimal anchoring force. The penetration depth L3 of
the anchor 12 in the formation 72 depends in part on the
strength or hardness of the formation.
[0045] In another embodiment, shown in Figures 15 to
17, the anchoring device of the invention aims to provide
a maximum upward anchoring force to prevent move-
ment of the liner, and at the same time limit the radial
inward force on the liner, which could result in collapse
of the liner wall. The part of the anchor 12 that overlaps
the wedging member engages and pushes into the for-
mation, and the wall of the liner must be capable of pro-
viding a reaction force.
[0046] Referring to Figure 15, an anchoring device 110
constructed in accordance with a second embodiment of
the present invention comprises an anchor 112 and a
wedging member 116 both mounted on the outside of an
expandable tubular 20 and separated by a first distance
L1. Anchor 112 includes a fixed end 114 that is preferably
affixed to tubular 20 by welding or other means that pre-
vents relative movement between fixed end 114 and tu-
bular 20. The free other end of anchor 112 extends to-
ward wedging member 116 but is not affixed to the out-
side of tubular 20, so that all of anchor 112 except fixed
end 114 is free to move relative to tubular 20. The anchor
112 may be constructed such that its inner diameter is
the same as or greater than the unexpanded outside di-
ameter of tubular 20.
[0047] Similarly, wedging member 116 includes a fixed
end 117 that is preferably affixed to tubular 20 by welding
or other means that prevents relative movement between
fixed end 117 and tubular 20. The free other end of the
wedging member 116 extends toward the anchor 112
and defines a brace 115 having a length LB. Brace 115
is not affixed to the outside of tubular 20 and is free to
move relative to the tubular 20. At the free end, wedging
member 116 includes a ramp member 118 that extends
toward the anchor 112. The ramp 118 may be construct-
ed with any desired surface angle and may be integral
with or a separate piece from brace 115.
[0048] The thicknesses of wedging member 116 and
anchor 112 are a matter of design, but are limited by the
maximum allowable diameter of the system prior to ex-
pansion, which is smaller than the inner diameter of the
previous casing string.
[0049] Anchor 112 and wedging member 116 can each
have either an annular and/or a segmented construction.
In a segmented construction, anchor 112 and/or wedging
member 116 may comprise longitudinal strips, rods, or
plates. As shown in Figure 16, the anchor 112 and the
wedging member 116 each comprise for instance eight
strips 122, 124 respectively. The eight strips 122, 124
extend around the outer circumference of the tubular 20.
Optionally, the strips of the anchor 112 and/or the wedg-
ing member 116 include a segmented section, compris-
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ing strips or fingers 126 which have a smaller width than
the strips 122. The anchor and the wedging member may
include any number of strips 122 and/or corresponding
fingers 126 that is suitable with respect to the size of the
tubular 20.
[0050] Expandable anchoring device 110 is intended
for use in conjunction with an expandable tubular 20,
which in turn is expanded by an expansion device 30 as
illustrated generally in Figures 1 to 3. During expansion,
the expansion device moves in the direction of arrow 128.
[0051] Referring to Figures 17A to 17F, it can be seen
that as the expansion device (the position of which is
indicated by arrow 30) moves through tubular 20, tubular
20 shortens. Initially, the free end of the anchor 112
touches the ramp member 118 (Fig. 17A). Until the ex-
pansion device reaches the ramp member, the result of
the shortening is that the distance between ramp member
118 and fixed end 114 of the anchor 112 decreases. The
free end of the anchor will slide onto the ramp member
and toward to borehole wall 11, overlapping the ramp
member and extending away from the tubular 20. Pref-
erably, the length of the anchor 112 is chosen such that
the free end thereof engages the borehole wall 11 by the
time that the expansion device passes ramp 118 (Fig.
17B).
[0052] The expansion device subsequently progress-
es beyond the ramp member, and the tubular 20 contin-
ues to expand and shorten at the position of the expand-
er. Due to the shortening, fixed end 117 of wedging mem-
ber 116 moves toward anchor 112, and as a result ramp
member 118 is pushed against anchor 112 (Fig. 17C). If
the radial force on the free end of anchor 112, which is
induced by shortening of the tubular element 20 due to
expansion thereof, is greater than the local resistance or
strength of the formation, the tip 60 at the free end will
penetrate further into the formation (Fig. 17D).
[0053] However, if said radial force is smaller than or
equal to the local resistance or strength of the formation,
the tip 60 of the anchor will be unable to penetrate further
into the formation. In that case, anchor 112 will be held
in place by the formation and ramp member 118 will in
turn be held in place by anchor 112. With the brace 115
of wedging member 116 unable to slide further along the
outside of tubular 20, no further shortening can occur.
The final distance between fixed end 117 of wedging
member 116 and fixed end 114 of anchor 112 is reached
once the expansion device has moved past the fixed end
117 of the wedging member 116, and is defined as L8
(Fig. 17D). Because the tubular is prevented from short-
ening during a portion of the expansion process, the final
overall device length L8 for this embodiment may not be
as small as L2 for a device constructed in accordance
with the embodiment of Fig. 1 and having the same L1.
The difference is a result of the fact that tubular may have
been prevented from shortening as it traverses at least
some portion of the length LB of brace 115.
[0054] When the free end of the wedging member 116,
which comprises the ramp member 118, is held in place

by the anchor, the maximum load that is applied to the
wall of the liner 20 is about equal to the so-called fixed-
fixed load. The fixed-fixed load is the local load that is
applied to the liner wall when the expander moves be-
tween two points at which the liner is fixed, such that the
liner cannot shorten between the two points. As the fixed-
fixed load can be determined beforehand, for instance
during lab tests, the anchoring device 10 of the invention
can be designed such that the radial force exerted on the
formation does not exceed the maximum radial load of
the wall of the tubular 20. Thus, the anchoring device of
the present invention ensures that the tubular wall can
be sufficiently strong to withstand the maximum radial
force during expansion, so that the wall will remain sub-
stantially cylindrical, i.e. circular, when the anchor en-
gages the formation.
[0055] The embodiment shown in Figures 15 to 17 al-
lows the expandable tubular to be designed so as to avoid
collapse, even in the event that the formation is too hard
to receive anchor 112, as the maximum load on the tu-
bular wall will not exceed the fixed-fixed load, which can
be calculated or at least determined empirically. This will
prevent collapse, rupture, or similar damage to the tubu-
lar wall during expansion. As indicated above, if the ex-
pandable element were damaged, the entire downhole
section could be rendered useless and would then have
to be removed, at considerable costs. The expandable
tubular arrangement of the present invention thus greatly
improves reliability in this respect.
[0056] The radial load during expansion on the liner
and on the formation depends for instance on one or
more of the surface angle of the ramp 118, the friction
between the wedging member 116 and the liner 20, the
friction between the wedging member and the anchor
112, the formation hardness, the distance between the
tubular wall and the formation during expansion, etc. The
surface angle of the ramp is preferably designed such
that a maximum radial force is applied, whereas at the
same time the radial load remains within the radial col-
lapse load of the liner.
[0057] As the radial and axial load on the wall of the
tubular is limited, the embodiment of Figures 15 to 17 is
suitable for relatively hard formations, such as those, for
example, having a strength or hardness of for instance
3000 (20 MPa) to 4000 psi (28 MPa) or more. In addition,
the radial load on the tubular wall can be limited by limiting
the overlap between the anchor and the wedging mem-
ber, and/or by limiting the contact area between the an-
chor and the formation. The contact area between the
anchor and formation perpendicular to the radius of the
tubular is minimized to reduce the radial loading on the
liner. In a practical embodiment, the surface angle of the
ramp 118 is in the range of 30 to 60 degrees, for instance
about 45 degrees.
[0058] Referring to Figure 18, an anchoring device 210
constructed in accordance with still another embodiment
of the present invention comprises an anchor 212 and a
wedging member 216 both mounted on the outside of an
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expandable tubular 20. The anchor 212 includes a fixed
end 214 that is preferably affixed to tubular 20 by welding
or other means that prevents relative movement between
fixed end 214 and tubular 20. The free other end of the
anchor 212 extends toward wedging member 216 and is
not affixed to the outside of tubular 20, so that all of anchor
212 except fixed end 214 is free to move relative to tubular
20. The anchor 112 may be constructed such that its
inner diameter is the same as or greater than the unex-
panded outside diameter of tubular 20.
[0059] Likewise, the wedging member 216 includes a
fixed end 217 that is preferably affixed to tubular 20 by
welding or other means that prevents relative movement
between fixed end 217 and tubular 20. The free other
end of the wedging member 216 extends toward anchor
112 and is not affixed to the outside of tubular 20, so that
all of wedging member 216 except fixed end 217 is free
to move relative to tubular 20. The wedging member 216
may be constructed such that its inner diameter is the
same as or greater than the unexpanded outside diam-
eter of tubular 20.
[0060] A ramping member 218 is disposed between
the free ends of anchor 212 and wedging member 216.
Ramping member 218 includes an anchor ramp face
219a, which tapers in the direction of anchor 216, and a
wedging ramp face 219b, which tapers in the direction
of wedging member 216. Ramping member 218 is pref-
erably affixed to the outside of tubular 20 so as to prevent
relative movement therebetween.
[0061] The free end of anchor 212 may be provided
with a tip 60, having a slanted side 280 facing tubular 20.
Slanted side 280 cooperates with anchor ramp face
219a. The free end of wedging member 216 may be pro-
vided with a thickened end 282, having a slanted top
surface 284 and a slanted bottom surface 286. Slanted
surface 284 cooperates with anchor 218 as shown in
Figure 18. The slated bottom surface cooperates with
wedging ramp face 219b.
[0062] Anchor 212 and wedging member 216 can each
have either an annular and/or a segmented construction.
In a segmented construction, anchor 212 and/or wedging
member 216 may comprise longitudinal strips, rods, or
plates. As shown in Figure 19, the anchor 212 and the
wedging member 216 each comprise for instance eight
strips 222, 224 respectively. The eight strips 122, 124
extend around the outer circumference of the tubular 20.
Optionally, the strips of the anchor 212 and/or the wedg-
ing member 216 include a segmented section, compris-
ing strips or fingers 225, 226 which have a smaller width
than the strips 122. The anchor and the wedging member
may include any number of strips 222 and/or correspond-
ing fingers 226 that is suitable with respect to the size of
the tubular 20.
[0063] Referring to Figures 20A to 20F, it can be seen
that as the expansion device (the position of which is
indicated by arrow 30) moves through tubular 20, tubular
20 shortens. Initially, the free end of the anchor 212
touches the ramp surface 219a (Fig. 20A). Until the ex-

pansion device reaches the ramp member, the result of
the shortening is that the distance between ramp member
218 and fixed end 214 of the anchor 212 decreases. The
free end of the anchor will slide onto the ramp surface
219a of the ramp member and toward to formation, over-
lapping the ramp member and extending away from the
tubular 20. Preferably, the length of the anchor 212 is
chosen such that the free end thereof touches or extends
into the formation (Fig. 17B).
[0064] The expansion device subsequently progress-
es beyond the ramp member 218, and the tubular 20
continues to expand and shorten at the position of the
expander. Due to the shortening, fixed end 217 of wedg-
ing member 216 moves toward ramp member 218, and
as a result the bottom surface 286 slides onto the ramp
surface 219b, wherein the top surface 284 is pushed
against anchor 212 (Figs. 20D, 20E). If the radial force,
which is induced by shortening of the tubular 20 due to
expansion thereof, on the free end of anchor 212 exceeds
the local resistance or strength of the formation, the free
end will penetrate further into the formation (Fig. 20D).
However, if said radial force at the free end of anchor
212 is smaller than or equal to the local resistance or
strength of the formation, the tip 60 of the anchor will be
unable to penetrate the formation. In that case, anchor
212 will be held in place by the formation and the free
end of wedging member 216 will in turn be fixated against
the anchor 212. With the free end of ramp member 218
unable to slide further along the outside of tubular 20, no
further shortening can occur. The final distance between
fixed end 217 of wedging member 216 and fixed end 214
of anchor 212 is reached once the expansion device has
moved past the fixed end 217 of the wedging member
216, and is defined as L9 (Fig. 20D). Because the tubular
is prevented from shortening during a portion of the ex-
pansion process, L9 is not as small as L2 for a given L1.
[0065] When the free end of wedging member 216 is
held in place by the anchor, the maximum load that is
applied to the wall of the liner 20 is about equal to the
so-called fixed-fixed load. The fixed-fixed load is the local
load that is applied to the liner wall when the expander
moves between two locations at which the liner is fixed,
such that the liner cannot shorten between the two posi-
tions. As the fixed-fixed load can be determined before-
hand, for instance during lab tests, the liner wall can be
designed to be sufficiently strong to withstand the load
during expansion, so that collapse of the wall of the ex-
pandable tubular can be prevented. Consequently, the
device of Figures 18-20 is suitable for both soft and hard
formation. The anchor 212 can however extend further
away from the tubular wall and into the formation than
the anchors 12, 112, as the wedging member 216 can
push the anchor toward and into the formation. The an-
chor 212 can extend for instance about two to three times
further into the formation.
[0066] In a practical embodiment, the expandable tu-
bular element may be expanded such that its radius in-
creases up to about 30%, for instance about 10 to 15%.
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The length of the tubular may shorten for instance 5 to
10%.
[0067] For a tubular element having an external diam-
eter of 9 5/8 inch, the anchor and/or wedging members
may have a thickness in the range of 0.3 to 1 inch (1 to
2.5 cm), for instance about 0.5 inch (1.2 cm). The ramp
may typically have an angle with respect to the axis of
the tubular element in the order of 30 to 60 degrees, for
instance about 45 degrees. The overlap L4 is for instance
0.5 to 2 inch (1 to 5 cm). The length of the anchor may
be in the range of 3 to 16 inch (7.5 to 40 cm). The length
of the brace LB may be in the range of 4 to 20 inch (10
to 50 cm). The minimum penetration depth L3 may be in
the range of 0.2 to 1 inch (5 to 25 mm). The length L5
may be in the range of 1 to 4 inch (2 to 10 cm). The length
L6 may be in the range of 1 to 8 inch (2 to 20 cm).
[0068] A single anchoring device provided around the
circumference of the tubular can provide an anchoring
force up to for instance 3 to 4 MN, for instance about 2
MN. The tubular may be provided with any number of
consecutive anchoring devices, to increase the maxi-
mum anchoring force. The anchoring device of the in-
vention can be scaled up or down to match any size of
expandable tubular element that is commonly used when
drilling for hydrocarbons. The force that is required to
expand the expandable tubular element may increase
locally for instance about 5% to 50% along the length of
the anchoring member of the invention. The expansion
force increases for instance about 10% to 20% at the
position of the welds 14, 17. At the position of the ramp
member, the expansion force may increase about 20%
to 40% when the tip 60 engages the formation. During
fixed-fixed expansion, as described with respect to the
figures 17 and 20, the expansion force may increase in
the range of about 5 to 20%, for instance about 10%.
[0069] In a practical embodiment of the device shown
in Figures 18-20, the angle of anchor ramp face 219a
with respect to the tubular axis may be in the range of 40
to 50 degrees, for instance about 45 degrees. The angle
of wedging ramp face 219b with respect to the tubular
axis is for instance in the range of 25 to 40 degrees, for
instance about 30 degrees.
[0070] The angle of the slanted top surface 284 with
respect to the tubular axis is in the range of 30 to 45
degrees, for instance about 38 degrees. This angle is
chosen to create a sufficiently large area between the
anchor 212 and the wedging member 216 to avoid yield-
ing and stimulate relative sliding of the two components.
The angle of the slanted bottom surface 286 with respect
to the tubular axis is about equal to the angle of wedging
ramp face 219b (for instance about 45 degrees) to ensure
sufficient contact between the two components during
expansion.
[0071] All exemplary sizes and shapes provided above
could be scaled and adapted to the external diameter of
any expandable tubular element that is typically used for
the exploration and production of hydrocarbons.
[0072] The present invention is not limited to the

above-described embodiments thereof, wherein many
modifications are conceivable within the scope of the ap-
pended claims. Features of respective embodiments can
for instance be combined.

Claims

1. A system for anchoring an expandable tubular (20)
to a borehole wall (11), comprising:

a support member (16, 116, 216) having a first
support end (117, 217) fixed relative to the out-
side of the tubular;
characterised in that the system further com-
prises:

an anchor member (12, 42, 52, 54, 56, 58,
112, 212) having a first anchor end (14, 44,
114, 214) fixed relative to the outside of the
tubular and a second anchor end extending
toward the support member, said second
anchor end being movable relative to the
outside of the tubular, said anchor member
including at least one hinge (45, 57, 62, 66)
between said first anchor end and said sec-
ond anchor end, wherein the bending mo-
ment required to bend said anchor member
at the hinge is less than the bending mo-
ment required to bend another portion of
said anchor member;
said support member including a ramp sur-
face (18, 118, 218) that tapers in the direc-
tion of said anchor member;
said first anchor end and said first support
end defining an initial axial device length L1
therebetween;
wherein L1 is selected such that expansion
of the portion of the expandable tubular be-
tween the first support member end and the
first anchor member end causes the axial
device length to shorten to L2, wherein the
difference between L1 and L2 is sufficient to
cause the second anchor member end to
move radially outward and engage the bore-
hole wall as a result of engagement with
said ramp surface.

2. The system according to claim 1, wherein the bend-
ing moment Mh of the hinge (45, 57, 62, 66) is smaller
than a distance L5 between the wall of the tubular
and the formation times a reaction force Fr active on
the second anchor end, which reaction force is the
result of an external force Fe acting on the tubular
(20).

3. The system according to claim 1 wherein the hinge
includes a tapered portion (53) in which the thickness
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of the anchor member decreases in the direction of
the support member.

4. The system according to claim 1 wherein the hinge
includes a reduced-thickness portion (55, 57, 59) on
the outside or inside of the anchor member.

5. The system according to claim 4 wherein the re-
duced-thickness portion on the outside of the anchor
member is sized so as to cease operating as a hinge
after a predetermined amount of bending has oc-
curred.

6. The system according to claim 5, wherein the hinge
is sized to cease to operate when thicker potions
(64, 68, 58) bordering opposite sides of the reduced-
thickness portion contact each other.

7. The system according to claim 1 wherein the anchor
member includes at least two hinges (45, 57, 62, 66)
that are axially spaced apart.

8. The system according to claim 7 wherein the dis-
tance between at least two adjacent hinges L6 is se-
lected so as to provide a predetermined amount of
radial extension of the anchor member once expan-
sion of the tubular through the system is complete.

9. The system according to claim 1 wherein the second
anchor end includes an increased-thickness portion.

10. The system according to claim 9 wherein the in-
creased-thickness portion includes at least one tooth
tapered in the direction of the borehole wall.

11. The system according to claim 10, wherein the tooth
is a wedge- or blade-shaped tip bordering a reduced-
thickness portion.

12. The system of claim 1, wherein said ramp surface
(118) is axially spaced apart from said first support
end (117) by a distance LB and wherein said support
member includes a brace (115) extending between
said first support member end and said second sup-
port member end, said brace and said second sup-
port member end being movable relative to the out-
side of the tubular;
wherein the tubular and brace are designed so that
expansion of the portion of the expandable tubular
between the ramp surface and the first support mem-
ber end causes the axial device length to shorten
further unless the borehole wall prevents shortening,
whereupon the expandable tubular will be prevented
from shortening further by the brace.

13. The system according to claim 12 wherein L1 is less
than or about twice as great as LB.

14. The system according to claim 13, wherein L1 is
about 1.2 to about 1.6 times as great as LB.

15. The system according to claim 1 wherein the anchor
member and/or the support member includes at least
two segments extending longitudinally along the ex-
pandable tubular.

16. The system according to claim 15, wherein the at
least two segments include strips or plates (122, 124,
126, 222, 224, 225, 226) that enclose substantially
the circumference of the expandable tubular.

17. The system according to claim 15, wherein at least
one of the segments includes a segmented section,
including strips or fingers (126, 225, 226) having a
width that is smaller than the width of the respective
segment.

18. The system according to claim 1, comprising:

a ramping member (218) having an anchor ramp
face (219a) on one side and a support ramp face
(219b) on the opposite side, said ramping mem-
ber being fixed relative to the outside of the tu-
bular;
the second anchor end extending toward the an-
chor ramp face of the ramping member;
the second support end extending toward the
support ramp face of the ramping member;
wherein said second support end surface is ax-
ially spaced apart from said first support end
(217) by a distance LB and wherein said support
member includes a brace extending between
said first support end and said second support
end, said brace and said second support end
being movable relative to the outside of the tu-
bular;
wherein expansion of the portion of the expand-
able tubular between the first anchor end and
the ramping member causes the axial device
length to shorten sufficiently to cause the second
anchor end to move radially outward and en-
gage the borehole wall as a result of engage-
ment with said anchor ramp face, and
wherein expansion of the portion of the expand-
able tubular between the ramping member and
the first support end causes the axial device
length to shorten further to cause the second
support end to move radially outward and en-
gage the second anchor end as a result of en-
gagement with said support ramp face, unless
the borehole wall prevents shortening, where-
upon the expandable tubular will be prevented
from shortening further by the brace.

19. The system according to claim 18, wherein said sec-
ond support end includes a slanted top surface (284)
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that tapers in the direction of said anchor member
(212) to cooperate with the anchor member, and/or
a slanted bottom surface (286) that tapers in the di-
rection of said support ramp face (219b) to cooperate
with the ramping member (218).

20. The system according to claim 18, wherein said sec-
ond anchor end includes a slanted side (280) that
tapers in the direction of said anchor ramp face
(219a) to cooperate with the anchor ramp face.

21. The system according to claim 19, wherein the angle
of the slanted top surface (284) with respect to the
tubular axis is in the range of 30 to 45 degrees.

22. The system according to claim 19, wherein the angle
of the slanted bottom surface (286) with respect to
the tubular axis is about equal to the angle of the
support ramp face (219b).

23. The system according to claim 18, wherein said sup-
port member (216) including at least one hinge (57)
between said first support end and said second sup-
port end, wherein the bending moment required to
bend said support member at the at least one hinge
is less than the bending moment required to bend
another portion of said support member.

Patentansprüche

1. System zum Verankern einer verlängerbaren Röhre
(20) an einer Bohrlochwand (11), umfassend:

ein Halteelement (16, 116, 216) mit einem er-
sten Halteende (117, 217), das bezogen auf die
Außenseite der Röhre fixiert ist,
dadurch gekennzeichnet, dass das System
zudem umfasst:

ein Verankerungselement (12, 42, 52, 54,
56, 58, 112, 212) mit einem ersten Veran-
kerungsende (14, 44, 114, 214), das bezo-
gen auf die Außenseite der Röhre fixiert ist,
und einem zweiten Verankerungsende, das
in Richtung auf das Halteelement verläuft
und bezogen auf die Außenseite der Röhre
beweglich ist, wobei das Verankerungsele-
ment mindestens ein Gelenk (45, 57, 62,
66) zwischen dem ersten Verankerungsen-
de und dem zweiten Verankerungsende
enthält und das zum Biegen des Veranke-
rungselements an dem Gelenk erforderli-
che Biegemoment kleiner ist als das Biege-
moment, das zum Biegen eines anderen
Abschnitts von dem Verankerungselement
notwendig ist,
wobei das Halteelement eine Auflauffläche

(18, 118, 218) enthält, die sich in Richtung
auf das Verankerungselement hin verjüngt,
das erste Verankerungsende und das erste
Halteende zwischen sich eine Anfangs-
Achsenlänge L1 der Vorrichtung festlegen,
wobei L1 derart gewählt wird, dass eine Ver-
längerung der verlängerbaren Röhre zwi-
schen dem ersten Halteelementende und
dem ersten Verankerungselementende be-
wirkt, dass sich die Achsenlänge der Vor-
richtung auf L2 verkürzt und die Differenz
zwischen L1 und L2 genügend groß ist, dass
das zweite Verankerungselementende in-
folge des Angreifens an der Auflauffläche
radial nach außen bewegt wird und an der
Bohrlochwand angreift.

2. System nach Anspruch 1, wobei das Biegemoment
Mh des Gelenks (45, 57, 62, 66) kleiner ist als ein
Abstand L5 zwischen der Wand der Röhre und der
Formation mal einer Reaktionskraft Fr, die auf das
zweite Verankerungsende wirkt, wobei die Reakti-
onskraft die Resultierende einer äußeren Kraft Fe
ist, die auf die Röhre (20) wirkt.

3. System nach Anspruch 1, wobei das Gelenk einen
sich verjüngenden Abschnitt (53) enthält, an dem die
Dicke des Verankerungselements in Richtung auf
das Haltelement abnimmt.

4. System nach Anspruch 1, wobei das Gelenk einen
Abschnitt kleinerer Dicke (55, 57, 59) an der Außen-
oder Innenseite des Verankerungselements enthält.

5. System nach Anspruch 4, wobei der Abschnitt klei-
nerer Dicke an der Außenseite des Verankerungs-
elements derart bemessen ist, dass er nicht mehr
als Gelenk funktioniert, nachdem ein festgelegtes
Ausmaß an Biegen erfolgt ist.

6. System nach Anspruch 5, wobei das Gelenk derart
bemessen ist, dass es seine Funktion einstellt, wenn
dickere Abschnitte (64, 68, 58), die an die beiden
gegenüberliegenden Seiten des Abschnitts kleine-
rer Dicke angrenzen, miteinander in Kontakt kom-
men.

7. System nach Anspruch 1, wobei das Verankerungs-
element mindestens zwei Gelenke (45, 57, 62, 66)
enthält, die in Achsenrichtung voneinander beab-
standet sind.

8. System nach Anspruch 7, wobei der Abstand zwi-
schen mindestens zwei benachbarten Gelenken L6
derart gewählt wird, dass das Verankerungselement
um ein festgelegtes Ausmaß in radialer Richtung
verläuft, nachdem die Verlängerung der Röhre mit-
hilfe des Systems abgeschlossen ist.
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9. System nach Anspruch 1, wobei das zweite Veran-
kerungsende einen Abschnitt größerer Dicke ent-
hält.

10. System nach Anspruch 9, wobei der Abschnitt mit
größerer Dicke mindestens einen sich in Richtung
auf die Bohrlochwand hin verjüngenden Zahn ent-
hält.

11. System nach Anspruch 10, wobei der Zahn eine keil-
oder blattförmige Spitze ist, die einen Abschnitt klei-
nerer Dicke begrenzt.

12. System nach Anspruch 1, wobei die Auflauffläche
(118) von dem ersten Halteende (117) in Achsen-
richtung um einen Abstand LB beabstandet ist und
wobei das Halteelement eine Klammer (115) enthält,
die sich zwischen dem ersten Halteelementende
und dem zweiten Halteelementende erstreckt, wobei
die Klammer und das zweite Halteelementende be-
zogen auf die Außenseite der Röhre beweglich sind,
wobei Röhre und Klammer derart gestaltet sind,
dass eine Verlängerung der verlängerbaren Röhre
zwischen der Auflauffläche und dem ersten Halte-
elementende bewirkt, dass sich die Achsenlänge der
Vorrichtung solange weiter verkürzt, bis dies durch
die Bohrlochwand verhindert wird, wonach die ver-
längerbare Röhre durch die Klammer an einer wei-
teren Verkürzung gehindert wird.

13. System nach Anspruch 12, wobei L1 kleiner als oder
etwa zweimal so groß ist wie LB.

14. System nach Anspruch 13, wobei L1 etwa 1,2 bis
etwa 1,6 Mal so groß ist wie LB.

15. System nach Anspruch 1, wobei das Verankerungs-
element und/oder das Halteelement mindestens
zwei Segmente enthält/enthalten, die sich in Längs-
richtung entlang der verlängerbaren Röhre erstrek-
ken.

16. System nach Anspruch 15, wobei die mindestens
zwei Segmente Streifen oder Platten (122, 124, 126,
222, 224, 225, 226) enthalten, die im Wesentlichen
den Umfang der verlängerbaren Röhre umgeben.

17. System nach Anspruch 15, wobei mindestens eines
der Segmente einen segmentierten Abschnitt ent-
hält mit Streifen oder Fingern (126, 225, 226), deren
Breite kleiner ist als die Breite des entsprechenden
Segments.

18. System nach Anspruch 1, umfassend:

ein Auflaufelement (218) mit einer Veranke-
rungsauflauffläche (219a) auf einer Seite und
einer Halteauflauffläche (219b) auf der entge-

gengesetzten Seite, wobei das Auflaufelement
bezogen auf die Außenseite der Röhre fixiert ist,
das zweite Verankerungsende in Richtung auf
die Verankerungsauflauffläche des Auflaufele-
ments hin verläuft,
das zweite Halteende in Richtung auf die Halte-
auflauffläche des Auflaufelements hin verläuft,
wobei die Oberfläche des zweite Halteendes in
Achsenrichtung von dem ersten Halteende
(217) durch einen Abstand LB beabstandet ist
und wobei das Halteelement eine Klammer ent-
hält, die zwischen dem ersten Halteende und
dem zweiten Halteende verläuft, wobei die
Klammer und das zweite Halteende bezogen
auf die Außenseite der Röhre beweglich sind,
wobei eine Verlängerung des Abschnitts der
verlängerbaren Röhre zwischen dem ersten
Verankerungsende und dem Auflaufelement
bewirkt, dass sich die Achsenlänge der Vorrich-
tung so weit verkürzt, dass das zweite Veranke-
rungsende infolge des Angreifens an der Ver-
ankerungsauflauffläche radial auswärts bewegt
wird und an der Bohrlochwand angreift, und
wobei eine Verlängerung des Abschnitts der
verlängerbaren Röhre zwischen dem Auflauf-
element und dem ersten Halteende bewirkt,
dass sich die Achsenlänge der Vorrichtung wei-
ter verkürzt, so dass das zweite Halteende in-
folge des Angreifens an der Halteauflauffläche
radial auswärts bewegt wird und an dem zweiten
Verankerungsende angreift, bis die Verkürzung
durch die Bohrlochwand verhindert wird, wo-
nach die verlängerbare Röhre durch die Klam-
mer an einer weiteren Verkürzung gehindert
wird.

19. System nach Anspruch 18, wobei das zweite Hal-
teende eine abgeschrägte Oberseite (284) enthält,
die sich in Richtung auf das Verankerungselement
(212) verjüngt, so dass sie mit dem Verankerungs-
element zusammenwirkt, und/oder eine abge-
schrägte Unterseite (286), die sich in Richtung auf
die Halteauflauffläche (219b) verjüngt, so dass sie
mit dem Auflaufelement (218) zusammenwirkt.

20. System nach Anspruch 18, wobei das zweite Ver-
ankerungsende eine abgeschrägte Seite (280) ent-
hält, die sich in Richtung auf die Verankerungsauf-
laufffäche (219a) verjüngt, so dass sie mit der Ver-
ankerungsauflauffläche zusammenwirkt.

21. System nach Anspruch 19, wobei der Winkel der ab-
geschrägten Oberseite (284) in Bezug auf die Röh-
renachse im Bereich von 30 bis 45 Grad ist.

22. System nach Anspruch 19, wobei der Winkel der ab-
geschrägten Unterseite (286) in Bezug auf die Röh-
renachse etwa gleich dem Winkel der Halteauflauf-
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fläche (219b) ist.

23. System nach Anspruch 18, wobei das Halteelement
(216) mindestens ein Gelenk (57) zwischen dem er-
sten Halteende und dem zweite Halteende enthält,
wobei das zum Biegen des Halteelements an dem
mindestens einen Gelenk erforderliche Biegemo-
ment kleiner ist als das Biegemoment, das zum Bie-
gen eines anderen Abschnitts des Halteelements
notwendig ist.

Revendications

1. Système pour ancrer un élément tubulaire expansi-
ble (20) à une paroi de trou de forage (11),
comprenant :

un élément de support (16, 116, 216) ayant une
première extrémité de support (117, 217) fixe
relativement à l’extérieur de l’élément tubulaire ;
caractérisé en ce que le système comprend en
outre :

un élément d’ancrage (12, 42, 52, 54, 56,
58, 112, 212) ayant une première extrémité
d’ancrage (14, 44, 114, 214) fixe relative-
ment à l’extérieur de l’élément tubulaire et
une seconde extrémité d’ancrage s’éten-
dant vers l’élément de support, ladite se-
conde extrémité d’ancrage étant déplaça-
ble relativement à l’extérieur de l’élément
tubulaire, ledit élément d’ancrage incluant
au moins une charnière (45, 57, 62, 66) en-
tre ladite première extrémité d’ancrage et
ladite seconde extrémité d’ancrage, où le
moment de flexion requis pour faire fléchir
ledit élément d’ancrage à la charnière est
inférieur au moment de flexion requis pour
faire fléchir une autre portion dudit élément
d’ancrage ;
ledit élément de support incluant une surfa-
ce de rampe (18, 118, 218) qui diminue
dans la direction dudit élément d’ancrage ;
ladite première extrémité d’ancrage et ladite
première extrémité de support définissant
une longueur de dispositif axiale initiale L1
entre elles ;
où L1 est sélectionnée de telle sorte que
l’expansion de la portion de l’élément tubu-
laire expansible entre la première extrémité
de membre de support et la première extré-
mité de l’élément d’ancrage entraîne un rac-
courcissement de la longueur axiale du dis-
positif à L2, où la différence entre L1 et L2
est suffisante pour amener la seconde ex-
trémité de l’élément d’ancrage à se dépla-
cer radialement vers l’extérieur et à venir en

prise avec la paroi du trou de forage par
suite de la mise en prise avec ladite surface
de rampe.

2. Système selon la revendication 1, dans lequel le mo-
ment de flexion Mh de la charnière (45, 57, 62, 66)
est plus petit qu’une distance L5 entre la paroi de
l’élément tubulaire et les temps de formation d’une
force de réaction Fr, active sur la seconde extrémité
d’ancrage, ladite force de réaction est le résultat
d’une force externe Fe agissant sur l’élément tubu-
laire (20).

3. Système selon la revendication 1, dans lequel la
charnière comprend une portion diminuée (53) dans
laquelle l’épaisseur de l’élément d’ancrage diminue
dans la direction de l’élément de support.

4. Système selon la revendication 1, dans lequel la
charnière comprend une portion d’une épaisseur ré-
duite (55, 57, 59) sur l’extérieur ou l’intérieur de l’élé-
ment d’ancrage.

5. Système selon la revendication 4, dans lequel la por-
tion d’une épaisseur réduite sur l’extérieur de l’élé-
ment d’ancrage est dimensionnée pour arrêter de
fonctionner comme charnière après qu’une quantité
prédéterminée de flexion a été produite.

6. Système selon la revendication 5, dans lequel la
charnière est dimensionnée pour arrêter de fonction-
ner lorsque des portions plus épaisses (64, 68, 58)
au bord de côtés opposés de la portion d’une épais-
seur réduite viennent en contact l’une avec l’autre.

7. Système selon la revendication 1, dans lequel l’élé-
ment d’ancrage comprend au moins deux charnières
(45, 57, 62, 66) qui sont axialement espacées.

8. Système selon la revendication 7, dans lequel la dis-
tance entre au moins deux charnières adjacentes L6
est sélectionnée de manière à permettre une quan-
tité prédéterminée d’extension radiale de l’élément
d’ancrage lorsque l’expansion de l’élément tubulaire
à travers le système est complète.

9. Système selon la revendication 1, dans lequel la
deuxième extrémité d’ancrage comprend une por-
tion d’une plus grande épaisseur.

10. Système selon la revendication 9, dans lequel la por-
tion d’une plus grande épaisseur comprend au moins
une dent diminuée dans la direction de la paroi du
trou de forage.

11. Système selon la revendication 10, dans lequel la
dent est une pointe en forme de coin ou de lame
entourant la portion d’épaisseur réduite.
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12. Système selon la revendication 1, dans lequel ladite
surface de rampe (118) est axialement espacée de
ladite première extrémité de support (117) d’une dis-
tance LB, et où ledit élément de support comprend
une attache (115) s’étendant entre ladite première
extrémité de l’élément du support et ladite seconde
extrémité de l’élément de support, ladite attache et
ladite deuxième extrémité de l’élément de support
étant déplaçables relativement à l’extérieur de l’élé-
ment tubulaire ;
où l’élément tubulaire et l’attache sont désignés de
façon que l’expansion de la portion de l’élément tu-
bulaire expansible entre la surface de rampe et la
première extrémité de l’élément de support provo-
que encore un raccourcissement de la longueur de
dispositif axiale à moins que la paroi du trou de fo-
rage empêche un raccourcissement, et l’élément tu-
bulaire expansible sera empêché de se raccourcir
davantage par l’attache.

13. Système selon la revendication 12, dans lequel L1
est plus petit que ou représente environ le double
de LB.

14. Système selon la revendication 13, dans lequel L1
est environ 1,2 à environ 1,6 fois aussi grand que LB.

15. Système selon la revendication 1, dans lequel l’élé-
ment d’ancrage et/ou l’élément de support com-
prend au moins deux segments s’étendant longitu-
dinalement le long de l’élément tubulaire expansible.

16. Système selon la revendication 15, dans lequel les
au moins deux segments comprennent des bandes
ou plaques (122, 124, 126, 222, 224, 225, 226) qui
renferment sensiblement la circonférence de l’élé-
ment tubulaire expansible.

17. Système selon la revendication 15, dans lequel au
moins un des segments comprend une section seg-
mentée, incluant des bandes ou doigts (126, 225,
226) d’une largeur qui est plus petite que la largeur
du segment respectif.

18. Système selon la revendication 1, comprenant :

un élément de rampe (218) ayant une face de
rampe d’ancrage (219a) sur un côté et une face
de rampe de support (219b) sur le côté opposé,
ledit élément de rampe étant fixe relativement à
l’extérieur de l’élément tubulaire ;
la deuxième extrémité d’ancrage s’étendant
vers la face de rampe d’ancrage de l’élément de
rampe ;
la deuxième extrémité de support s’étendant
vers la face de rampe de support de l’élément
de rampe ;
où ladite deuxième surface d’extrémité de sup-

port est axialement espacée de ladite première
extrémité de support (217) d’une distance LB, et
où ledit élément de support comprend une atta-
che s’étendant entre ladite première extrémité
de support et ladite seconde extrémité de sup-
port, ladite attache et ladite deuxième extrémité
de support étant déplaçables relativement à
l’extérieur de l’élément tubulaire ;
où l’expansion de la portion de l’élément tubu-
laire expansible entre la première extrémité
d’ancrage et l’élément de rampe entraîne un rac-
courcissement suffisant de la longueur de dis-
positif axiale pour amener la seconde extrémité
d’ancrage à se déplacer radialement vers l’ex-
térieur et à venir en prise avec la paroi du trou
de forage par suite de la mise en prise avec la-
dite face de rampe d’ancrage, et
où l’expansion de la portion de l’élément tubu-
laire expansible entre l’élément de rampe et la
première extrémité de support provoque encore
un raccourcissement de la longueur axiale de
dispositif pour amener la seconde extrémité de
support à se déplacer radialement vers l’exté-
rieur et à venir en prise avec la seconde extré-
mité d’ancrage par suite de la mise en prise avec
ladite face de rampe de support, à moins que la
paroi du trou de forage n’empêche un raccour-
cissement, et de ce fait l’élément tubulaire ex-
pansible sera empêché de se raccourcir davan-
tage par l’attache.

19. Système selon la revendication 18, dans lequel la-
dite seconde extrémité de support comprend une
surface supérieure inclinée (284) qui diminue dans
la direction dudit élément d’ancrage (212) pour coo-
pérer avec l’élément d’ancrage, et/ou une surface
inférieure inclinée (296) qui diminue dans la direction
de ladite face de rampe de support (219b) pour coo-
pérer avec l’élément de rampe (218).

20. Système selon la revendication 18, dans lequel la-
dite seconde extrémité d’ancrage comprend un côté
incliné (280) qui diminue dans la direction de ladite
face de rampe d’ancrage (219a) pour coopérer avec
la face de rampe d’ancrage.

21. Système selon la revendication 19, dans lequel l’an-
gle de la surface supérieure inclinée (284) relative-
ment à l’axe tubulaire est dans la plage de 30 à 45
degrés.

22. Système selon la revendication 19, dans lequel l’an-
gle de la surface inférieure inclinée (286) relative-
ment à l’axe tubulaire est environ égal à l’angle de
la face de rampe de support (219b).

23. Système selon la revendication 18, dans lequel ledit
élément de support (216) comprend au moins une
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charnière (57) entre ladite première extrémité de
support et ladite seconde extrémité de support, où
le moment de flexion requis pour le fléchissement
dudit élément de support à la au moins une charnière
est plus petit que le moment de flexion requis pour
le fléchissement d’une autre portion dudit élément
de support.
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