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(57) Abstract: Apparatus, such as a liner, 
adapted to be hung in a downhole tubular 
such as casing is described. The appara­
tus includes one or more circumferentially 
distributed abrasive portions, arranged to 
be movable radially outwards by a dimple 
former or an expander. In an embodiment, 
the abrasive portions are provided on disks 
(21) movable in recesses (20) in the outer 
diameter (19) of the apparatus being hung. 
In an embodiment, the apparatus is hung 
by operating a dimple former provided on 
the running tool.
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Improved hanging apparatus and method

The present invention relates to an apparatus and a 
method for hanging apparatus on the inner diameter of a 
downhole tubular, such as an existing casing string in a 
wellbore. In one of its aspects, the invention relates 
to an improved liner and a method of hanging a liner from 
an existing casing section or other tubular in a 
wellbore.

In the field of wellbore operations, liners are strings 
of pipe, used to case open holes below an existing 
casing. It is known to use liner hangers to anchor a 
liner to the inner diameter of an existing casing string. 
A number of techniques have been employed to meet these 
aims .

It is often necessary to anchor apparatus and tools other 
than liners in downhole tubulars, for example to cover up 
holes in casing. Examples include the hanging or 
anchoring of packers, plugs, bridge plugs, sandscreens, 
scab liners or other apparatus.
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Generally, existing hanging methods are unsuitable for 
tight tolerance or close clearance casing schemes. The 
tolerance of standard casing is not tight enough to allow 
for substantial surface variations on a tubular or tool 
being hung, such as surface irregularities, without risk 
of the tubular or tool jamming within the casing.

PCT Application Number PCT/GB03/01895 describes a method 
and apparatus for expanding tubulars. This involves 
radially expanding a first smaller diameter tubular into 
frictional contact with a second larger diameter tubular 
or well bore. The disadvantage of this method is that an 
expanding helical band, such as therein described, is 
weakened as it is expanded and will part if put under too 
much pressure. Additionally radial deformation of the 
first tubular will lead to a decrease in the tensile 
strength of the first tubular.

US Patent Number 6,223,823 describes a method of 
installing a casing section in a well, where in one 
aspect a technique known in the art as dimpling is used. 
Here, discrete sections of the liner profile are forced 
to expand into' corresponding eccentric undercuts of the 
existing casing in order to fix the casing being 
installed in the required position. This is achieved by 
means of forcing a number of pellets or dimple formers 
radially outwards into the liner.

A disadvantage of this technique is that dimpling alone
is insufficient to sustain a high hanging load and
slippage often occurs. Furthermore this technique
requires an eccentric undercut being formed on the
existing casing. This is another distinct disadvantage
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1 as it is difficult Lb make such undercuts inside a casing when
2 already in place, iherefone, such formations must be carried
3 out well in advance, or a compatible casing must have been
4 installed when the bore was cased.

5 The above references to and descriptions of prior proposals or
6 products are not intended to be, and arc not to be construed
7 as, statements or admissions of common general knowledge in
8 the art. In particular, the above prior art discussion does
9 not relate to what is commonly or we Ϊ1 knowii by the person

10 skilled in the art; but assists in the understanding of the
11 i nve nt.t v e s t op of the present invention of which the
12 identification ( Γ pertinent prior a r t. ρ ropo s a ..1.. s i s but one
13 part,

14 it is desirable that at least one embodiment of 'the pre..·nt
IS invention provides an apparatus for anchoring to an existing
16 c a s i ng sL r i ng that obviates and mitigates dllo or more
17 disadvantages and limitations of the prior art.

18 Moreover, it is desirable that. at. least one embodiment of the
19 present invention provides a means for- hanging apparatus in an
20 existing casing string that i.s integral to the wall thickness
21 of the apparatus.

72 It is a further desirable fhat at least one embodiment of the
23 invention provides a method and apparatus lor suspending,
24 anchoring or hanging apparatus from the inner diameter of an
25 existing downhole tubular" in a wellbore which obviates or
26 mitigates the disadvantages and drawbacks associated with, the 
2/ prior art .

28 In an aspect of the present invention, there is provided an
29 apparatus adapted to be hung in a downhole tubuldr using one
30 or more dimple f oriiierS, the apparatus comprising a tubular-
31 member of a circular cross-section having an outer surface and

COMS ID No: ARCS-344128 Received by IP Australia: Time (H:m) 17:34 Date (Y-M-d) 2011-11-08
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1 an inner surface wherein the outer surface includes one or
2 more circumf erent idlly distributed. abrasive inserts lc the
3 tubular member, the said one or more abrasive inserts located
4 in one or more receEjseh on the outer surface oi. the circular
5 cross-section of the tubular member, the abrasive inserts
6 being arranged, to be movable radially outwards and with
7 respect to the outer Surface of the tubular member by the
8 dimple formers, to brine) said abrasive inserts .into frictional
9 contact with a downhole tubular.

10 in another aspect, there is provided a liner, .for Hanging .in a
11 casing using one of mohe dimple formers, the 1ίnet comprising
12 a tubular member of a circular cross-section with a hollow
13 boro therethrough, having an outer surface ai'i'd an inner
14 surface wherein the outer surface includes ohe or more
15 circumferentially distributed abrasive inserts td the tubular
16 member, the said ohe or more abrasive inserts located in one
17 or more recesses oh thd outer surface of the circular cross-
18 section of the tubular member, wherein the said one or more
19 abrasive inserts are arranged to bo movable radially outwards
20 and with respect to the outer surface of the tubular member by
21 the dimple formers to bring said abrasive portions Li», to
22 frictional contact With the casing into which Che liner lias
23 been inserted.

24 In yet another aspect, there ia provided a method of hanging
25 an apparatus in a downhole tubular, the method cofiip rising the
26 steps of :

2/

28
29
30
31

(a) Running the apparatus into the downhole tubular,, the 
apparatus comprising a tubular member of circular 
cross-section having an outer surface and an inner 
surface, Wherein 1..be outer surface comprises one or 
more circumferentially distributed abrasive inserts

COMS ID No: ARCS-344128 Received by IP Australia: Time (H:m) 17:34 Date (Y-M-d) 2011-11-08
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located in one or more recesses on the outer surface 
of the circular cross -section of the tub ..bur member;

(b) Upon reaching a desired pos.1 Lion iii the tubular, 
locating One or more dimple formers on the .inner 
surface of Llife tubular member corresponding to the 
locations of the one or more abrasive inserts on. the 
outer surface; an d

(c) Moving' the abrasive inserts radially out wards and 
with respbet to the outer surface of the tubular 
member by moving the dimple formers t6 contact on 
the inner surface of the tubular member, such that 
the abrasive inserts are moved into frictional 
adherence with the downhole tubular.

16 According to a first aspect of the invention, there is
17 provided apparatus adapted to be hung in a downhole tubular,
18 the apparatus comprising a tubular member having an outer
19 surface and ail idiier surface wherein the outer surface 
?0 includes one or mdfo circumferentially distributed abrasive
21 portions, the said dine or more abrasive portions being

22 arranged to be. movable radially outwards and with, respect to
23 the outer surface of. the tubular member, lo bring baid
24 abrasive portions into frictional contact with a downhole
25 tubular'.

26

27

COMS ID No: ARCS-344128 Received by IP Australia: Time (H:m) 17:34 Date (Y-M-d) 2011-11-08
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In the context of this specification, the term "one or 
more circumferentially distributed abrasive portions" 
means either a single abrasive portion extending fully or 
partially in a circumferential direction, or a plurality 
of discrete abrasive portions separated 
circumferentially. The one or more abrasive portions may 
also have a degree of axial separation and/or 
distribution.

By increasing friction between the apparatus and the 
downhole tubular, this will improve the possible hanging 
load over that achievable by dimpling alone.

Preferably the one or more abrasive portions are disks on 
the outer surface of the'tubular member, each comprising 
an abrasive surface.

Optionally the one or more abrasive portions are located 
in one or more recesses on the outer surface of the 
apparatus. Preferably the one or more recesses are 
machined.

Most preferably the recesses are sized that the disks are 
flush with the outer diameter of the tubular member. 
Optionally the recesses are sized that the disks are 
beneath the outer diameter of the tubular member.

Having the disks flush or beneath the outer diameter of 
the tubular member ensures that the risk of snagging 
between the abrasive surfaces and the downhole tubular or 
casing is minimised.
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5
Most preferably the material of the one or more abrasive 
portions is harder than the material of the tubular 
member.

Optionally each abrasive surface comprises one or more 
formations extending from the surface of the disk to a 
first height, and one or more formations extending from 
the surface of the disk to a second height, greater than 
the first height.

Preferably, the one or more formations extending to the 
second height provides a pivot about which the disk is 
able to tilt on application of a force in an axial 
direction of the tubular member. More preferably, the 
one or more formations extending to the first height are 
shaped to provide an opposing force in an axial direction 
of the tubular member.

The formations extending to the first height may thereby 
be shaped to provide bite in an upward or lower 
direction. The design of the disk is bi-directional in 
that it provides forces opposing compressive or tensile 
forces applied to one or other of the tubulars.

Optionally each abrasive surface is a machined surface of 
the disk.

Most preferably each abrasive surface is a sequence of 
ridges .

Alternatively each abrasive surface is a plurality of
teeth.
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In a further alternative, each abrasive surface is 
knurled. Optionally the knurled surface is hardened.

Preferably when one abrasive portion is provided it is a 
single circumferential band around the liner. 
Advantageously a plurality of portions is provided, 
distributed equidistantly around the liner. This allows 
an abrasive portion to be provided for each dimple of the 
dimple former.

In a further alternative, each abrasive surface comprises 
one or more abrasive inserts.

Preferably the one or more inserts are made of hard 
steel.

Preferably the one or more recesses have a base which is 
spherical in relief, in order to spread the load into the 
one or more abrasive portions evenly.

Optionally, the apparatus is adapted to be hung in the 
tubular member using one or more dimple formers, and the 
one or more abrasive portions are arranged to be movable 
radially outwards by the dimple formers.

Optionally, the apparatus is adapted to be hung in the 
downhole tubular using one or more expanders, and the one 
or more abrasive portions are arranged to be movable 
radially outwards by employing the one or more expanders.

Preferably, the apparatus is a liner. More preferably,
the the downhole tubular is casing.
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According to a second aspect of the invention there is 
provided a liner for hanging in a casing using one or 
more expanders, the liner comprising a tubular member 
with a hollow bore therethrough, having an outer surface 
and an inner surface wherein the outer surface includes 
one or more circumferentially distributed abrasive 
portions, wherein the said one or more abrasive portions 
are arranged to be movable radially outwards and with 
respect to the outer surface of the tubular member by 
employing the one or more expanders to bring said 
abrasive portions into frictional contact with the casing 
into which the liner has been inserted.

Optionally the liner further comprises a sealing means to 
form a seal between the liner and the casing when the one 
or more expanders are employed.

Optionally the sealing means comprises 
coating on the outer surface of 
Advantageously the rubberised coating is 
the abrasive portions.

a rubberised 
the liner, 

distinct from

In this way, when the liner is expanded the abrasive 
portions come into frictional contact with the casing to 
support the load of the hanging liner. Furthermore, the 
rubberised coating is trapped between the liner and the 
casing forming a seal.

According to a third aspect of the invention, there is
provided a liner, for hanging in a casing using one or
more dimple formers, the liner comprising a tubular
member with a hollow bore therethrough, having an outer
surface and an inner surface wherein the outer surface
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8
includes one or more circumferentially distributed 
abrasive portions, wherein the said one or more abrasive 
portions are arranged to be movable radially outwards by 
the dimple formers to bring said abrasive portions into 
frictional contact with the casing into which the liner 
has been inserted.

Preferably, the abrasive portions are adapted to be 
moveable with respect to the outer surface of tubular 
member.

According to a fourth aspect of the invention, there is 
provided a method of hanging apparatus in a downhole 
tubular, the method comprising the steps of:

(a) Running the apparatus into the downhole
tubular, the apparatus comprising a tubular 
member having an 'outer surface and an inner 
surface, wherein the outer surface comprises 
one or more circumferentially distributed 
abrasive portions;

(b) Upon reaching a desired position in the 
tubular, locating one or more dimple formers on 
the inner surface of the tubular member 
corresponding to the locations of the one or 
more abrasive portions on the outer surface; 
and

(c) Moving the abrasive portions radially outwards 
by moving the dimple formers to contact on the 
inner surface of the tubular member, such that
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9

the abrasive portions are moved into frictional 
adherence with the downhole tubular.

Preferably, the method includes the step of moving the 
abrasive portions with respect to the tubular member.

Optionally, the method comprises the additional step of 
selecting the tubular member to have an outer diameter 
such as to form an interference fit with the downhole 
tubular.

Optionally the method comprises the step of selecting 
dimple formers which are located on a running tool which 
runs the tubular member into the downhole tubular. 
Alternatively the method comprises the step of selecting 
dimple formers which are features of a separate downhole 
tool run into the tubular member once it is already 
positioned within the downhole tubular.

In this way, the apparatus can be located and hung within 
the tubular in a single running operation, or can be 
located within the downhole tubular in one running 
operation then hung within the downhole tubular in a 
further running operation.

Preferably and advantageously, the method comprises the 
additional step of moving the abrasive inserts by the 
distance required to impress the abrasive portions into 
frictional adherence with the downhole tubular.

Preferably the method comprises the step of selecting a
material for the one or more abrasive portions that is
harder than the material of the downhole tubular.
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The depth of impression required will vary depending on 
the tubular, the material of the apparatus, and the 
material and design of the abrasive inserts.

Most preferably the method comprises the step of 
selecting a downhole tubular that has an inner diameter 
machined or manufactured to a high tolerance.

Preferably the method comprises the step of selecting a 
liner that is machined or manufactured to form a close 
clearance fit within the downhole tubular.

A high tolerance inner diameter ensures that the close 
fitting liner is able to form as close a fit as possible 
while preventing the possibility of the apparatus, such 
as a liner, jamming within the downhole tubular. The - 
tolerance of standard tubulars is not tight enough to 
ensure that the one or more abrasive portions would reach 
the inner, diameter of the downhole tubular without the 
apparatus being too big to fit in the tubular.

Optionally the method comprises the step of hanging the 
apparatus in casing. Alternatively, the method comprises 
the step of hanging the apparatus in a pipe or a 
dedicated joint which has been deployed within a 
previously set tubular.

According to a fifth aspect of the invention there is
provided a method of hanging apparatus in a downhole
tubular, the method comprising the steps of:
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(a) Running the apparatus into the downhole 
.· tubular, the apparatus comprising a tubular
member having an outer surface and an inner 
surface, wherein the outer surface comprises 
one or more circumferentially distributed 
abrasive portions;

(b) Upon reaching a desired' position in the 
downhole tubular, locating one or more 
expanders on the inner surface of the tubular 
member corresponding to the locations of the 
one or more abrasive portions on the outer 
surface; and

(c) ' Moving the abrasive portions radially outwards
and with respect to the outer surface of the 
tubular member by moving the one or more 
expanders to contact on the inner surface of 
the tubular member, such that the abrasive 
portions are moved into frictional adherence 
with the downhole tubular.

Preferably the method comprises the preliminary step of 
coating the outer surface of the apparatus with a 
rubberised coating. Advantageously the method further 
comprises the step of ensuring that the rubberised 
coating is distinct from the abrasive portions.

Most preferably and advantageously the method comprises
the step of selecting the one or more expanders to
comprise at least two distinct diameters, one of which is
larger than the inner diameter of the tubular member and



WO 2006/038033 PCT/GB2005/003886

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31
32
33

12

another of which is smaller than the inner diameter of 
the tubular member.

Preferably the method comprises the step of selecting the 
one or more expanders to be shaped as cones. Optionally 
the method comprises the step of selecting the one or 
more expanders to be shaped as conical frustums.

Preferably the method comprises the additional step of 
running the expander through the apparatus from bottom to 
top. Alternatively the method comprises the additional 
step of running the expander through the apparatus from 
top to bottom.

As the expander moves along the inner diameter of the 
tubular member, the tubular member is expanded by virtue 
of the larger diameter of the expander. The abrasive 
portions thus come into frictional contact with the 
downnhole tubular or casing.

Most preferably and advantageously the method comprises 
the step of locating the expander within the apparatus 
below the abrasive portions, the smaller diameter of the

Ί

expander topmost, such that the expander can be run 
upwards through the apparatus.

The upwards motion of the expander expands the tubular 
member, and in the locations where the tubular member 
overlaps the downhole tubular the apparatus is brought 
into contact with the casing. The abrasive portions thus 
come into frictional contact with the tubular to allow 
the apparatus to hang.
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Preferably the method comprises the step of selecting the 
abrasive portions to be disks located within recesses on 
the outer diameter of the liner, the disks being radially 
movable within the recess and each disk comprising an 
abrasive surface.

According to a sixth aspect of the present invention, 
there is provided a liner for hanging in a casing using 
one or more expanders, the liner comprising a tubular 
member with a hollow bore there through, having an outer 
surface and an inner surface wherein the outer surface 
includes one or more circumferentially distributed 
abrasive portions, wherein the said one or more abrasive 
portions are arranged to be movable radially outwards by 
employing the one or more expanders to bring said 
abrasive portions into frictional contact with the casing 
into which the liner has been inserted.

According to a seventh aspect of the present invention, 
there is provided a method of hanging a liner in a 
tubular, comprising the steps of:

(a) Running the liner into the tubular, the liner
comprising a tubular member with a hollow bore there
through, having an outer surface and an inner
surface, wherein the outer surface comprises one or 
more circumferentially distributed abrasive 
portions;

(b) Upon reaching a desired position in the tubular,
locating one or more dimple formers on the inner
surface of the liner corresponding to the locations
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of the one or more abrasive portions on the outer 
surface.; and

(c) Moving the abrasive portions radially outwards by 
moving the dimple formers to contact on the inner 
surface of the liner, such that the abrasive 
portions are moved into frictional adherence with 
the tubular .

According to an eighth aspect of the present invention 
there is provided a method of hanging a liner in a 
tubular, comprising the steps of:

(a) Running the liner into the tubular, the liner
comprising a tubular member with a hollow bore there
through, having an outer surface and an inner
surface, wherein the outer surface comprises one or
more circumferentially distributed abrasive 
portions;

(b) Upon reaching a desired position in the tubular, 
locating one or more expanders on the inner surface 
of the liner corresponding to the locations of the 
one or more abrasive portions on the outer surface; 
and

(c) Moving the abrasive portions radially outwards by 
moving the one or more expanders to contact on the 
inner surface of the liner, such that the abrasive 
portions are moved into frictional adherence with 
the tubular.
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The present invention will now be described by way of 
example only and with .reference to the accompanying 
figures in which;

Figure 1 illustrates in 
longitudinal cross section

schematic form a 
of the liner in

accordance with an aspect of the present invention;

Figure 2 illustrates in schematic form a lateral 
cross section of the liner in accordance with the 
liner of Figure 1;

Figure 3 illustrates in schematic form a 
longitudinal cross section of the liner in casing in 
accordance with the liner of Figure 1;

Figure 4 illustrates in schematic, form the liner in 
accordance with another aspect of the present 
invention;

Figure 5 illustrates schematically an abrasive disk 
in accordance with yet another aspect of the present 
invention;

Figure 6 illustrates schematically an abrasive disk 
in accordance with an alternative aspect of the 
present invention;

Figure 7 illustrates schematically an expander 
within a liner during a hanging procedure within a 
casing;
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Figure 8 illustrates schematically a liner that has 
been hung within a casing;

Figure 9 illustrates schematically a liner that has 
been hung within a casing, with a seal therebetween;

Figures 10A to 10C illustrate schematically an 
abrasive portion in accordance with an alternative 
embodiment of the invention;

Figures 11 and 12 illustrate schematically abrasive 
portions in accordance with further alternative 
embodiments of the invention;

Figures 13A to 13C illustrate schematically a 
tubular connection in accordance with an embodiment 
of the invention, incorporating the abrasive disk of 
Figure 12.

With reference to Figures 1, 2 and 3, there is presented 
a liner 10 that functions to anchor on existing casing 1 
as described in detail below.

The liner 10 comprises a hollow cylindrical body 2, a 
cross section of which is shown in Figure 1. In this 
embodiment, there are eight discrete circular recesses 6 
machined into the outer surface of the liner 2. The 
recesses are located at the upper end of the liner 2, as 
is indicated in Figure 3, in the section where the liner 
2 overlaps the casing 1. These recesses 6 are 
equidistantly distributed around the circumference of the 
outer surface of the liner 2. In this particular 
embodiment, the depths of the recesses 6 are half the
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thickness of the liner 2. Additionally the bases of the 
recesses have a spherical relief. This combination.means 
that the deformation of the liner 2 in the localities of 
the recesses 6 requires less force than in prior art 
liners of full thickness, as the liner 2 is considerably 
thinner at these points.

Additionally, the locations of the recesses 6 are chosen 
to coincide with the locations of the dimple formers 4 
being used, as shown in Figure 1. It is these dimple 
formers 4 which provide the radial force required to 
deform the liner 2 in the localities of the recesses 6.

Inside the eight recesses are located eight circular 
disks 3. The material of the circular disks '3 is 
significantly harder than the material of the liner 2 and 
the casing 1. Each circular disk 3 sits within its 
respective recess 6 such that the outermost surfaces of 
the circular disks 3 are flush with the outer surface of 
the liner 2. On the outermost surface of each circular 
disk 3 is a series of evenly distributed teeth 5, which 
are designed to be impressed into a casing 1.

As demonstrated in Figure 3, the liner 2 is inserted into 
an existing casing 1, with an overlap which at least 
covers the section including the dimple formers 4 and 
circular disks 3. When the liner 2 is at the desired 
position, the dimple formers 4 are forced radially 
outwards by some actuation means 7. The liner 2 is then 
deformed at the localities of the recesses 6 in order to 
force the circular disks 3 radially outwards to impress 
the teeth 5 into the inner surface of the casing 1.
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With further reference to Figure 2, an individual dimple 
former 4 is shown in progressive stages of the hanging 
procedure. The dimple former 4 is initially at a first 
position A and at a final position D with intermediate 
positions B and C, respectively.

Position A shows the dimple former 4 and circular disk 3 
configuration before actuation. The dimple former 4 is 
located radially coincident with the recess 6, to impart 
as much of the radial force into deforming the liner 2 at 
this location.

Position B shows the relative position of the dimple 
former 4 immediately following actuation where slight 
pressure is now exerted on' the inner diameter of the 
liner 2. The recess 6 has begun to deform, the spherical 
relief now deformed such that the base of the recess 6 is 
substantially in contact with the circular disk 3.

Position C shows how the inner diameter of the liner 2 
deforms under continued pressure from the dimple former 4 
which begins forcing the circular disk 3 outwards towards 
the existing casing 1. In this position the teeth 5 have 
started to impress into the casing 1.

Finally position D shows the dimple former 4 at its 
outermost extreme of travel where the inner diameter of 
the liner 2 has deformed sufficiently to force the teeth 
5 completely into the existing casing 1. The grip of the 
teeth 5 into the casing 1 ensures that the risk of 
slippage is minimal. Furthermore, a substantial portion 
of each of the circular disks 3 are still located within 
the recesses 6, which holds the liner 2 in place. As the
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base of the recesses 5 have been deformed and are hence 
still-· in contact with the circular disks.· 3, there is a 
solid locating of the liner 2 within the casing 1 which 
should not slip.

Although eight recesses 6 and eight circular disks 3 have 
been demonstrated in this embodiment, it will be 
appreciated that any number of such recesses and disks 
could be used. In practice, the number and indeed 
locations of the recesses 6 and circular disks 3 will be 
chosen to coincide with a particular set of dimple 
formers 4.

Furthermore, it will be appreciated that the recesses 6 
need not be circular. For example, a hexagonal or other 
cornered shape could be used to locate a similarly shaped 
disk. . This would facilitate inserting disks whose 
abrasive surfaces are particularly effective in a certain 
orientation, and thus require to be held in place to 
preserve this orientation.

In alternative embodiments the disks or formations in the 
teeth may extend slightly from the surface of liner, to 
provide a degree of stand-off. Alternatively, or in 
addition, the recesses may be provided with an extended 
lip, providing stand-off from the liner outer diameter 
and a support for the disk as it moves outwardly from the 
liner.

Figure 4 illustrates a liner 2 in accordance with another
aspect of the present invention. This liner 2 has two
sets of longitudinally separated abrasive portions 8.
These sets comprise, in this embodiment, two discrete
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circumferentially distributed abrasive portions 8, 
although it will -■ be appreciated that any number of 
abrasive portions 8 can be chosen.

Each abrasive portion 8 takes the form of a spherical 
recess 9, machined into the outer surface of the liner 2. 
The depth of the spherical recess 9 corresponds to more 
than half of the thickness of the liner 2. However, in 
practice, the depth of the recess 9 will be chosen to 
find a suitable compromise between ease of deformation 
and tensile strength of the liner 2.

On the innermost surface of the spherical recess 9 is 
located a number of teeth 5, machined into the surface of 
the liner 2. The' dimple formers 4, are again located 
radially coincident with the recesses 9. The actuation 
means 7, illustrated here only schematically, will force 
the dimple formers 4 radially outwards to impact on the 
inner surface of the liner 2.

As was the case with the previously discussed embodiment, 
the spherical recesses 9 will deform outwards towards the 
casing 1 (not shown) such that the teeth 5 will be 
impressed into the casing 1. As the teeth 5 in this 
embodiment form part of the liner 2, the liner 2 will 
thus be affixed to the casing 1.

The spherical recesses 8 provide a thinned section of 
liner 2 which can be deformed with less force than is 
required to deform an entire thickness of liner 2. The 
previous embodiment also offers this advantage, which is 
expected to reduce the risk of the actuation mechanism 7 
from jamming under excessive loads.
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Although this embodiment demonstrates discrete spherical 
recesses in the outer surface of the liner, it will be 
appreciated that any shape of recess could be used. 
Furthermore, the recess could extend completely around 
the circumference of the liner, forming a continuous 
abrasive portion in the form of a band.

Indeed the location of the abrasive portions 8 and the 
separation of the sets of abrasive portions 8 will be 
chosen, in practice, to coincide with a particular set of 
dimple formers 4.

Figure 5 shows an abrasive disk, comprising a circular 
disk 11 of hard material and a series of sharp ridges 12. 
These sharp ridges 12 provide the abrasive surface that 
will impressed into the casing 1.

By choosing a material for the circular disk 11 that is 
harder than the liner 2, the disk should not be deformed 
by the liner 2 as it deforms. This will maximise the 
transfer of radial force into displacement of the 
circular disk 11.

By using a series of sharp ridges, the potential for 
slippage is low, as the extreme points of impression 
extend forming a barrier to slippage.

Figure 6 shows an alternative abrasive disk, comprising a
circular disk 11 of hard material, and a plurality of
uniformly distributed teeth 13. These teeth provide the
abrasive surface that will impress into the casing.
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Using teeth ensures that there are many discrete 
locations at which the disk is able to make an impression 
into the casing. Although the grip may not be as high as 
that afforded by using ridges, the likelihood of forming 
an impression is higher.

The disks of Figures 5 and 6 are demonstrative of two 
kinds of disk that can be used in the liner 2 
demonstrated in Figures 1 to 3.

Figure 7 shows an alternative embodiment of the present 
invention, in which a liner 15 is located within a casing 
16. The liner 15 has an upper end 17, and the casing 16 
a lower end 18. The liner 15 is located within the 
casing 16 such that there is a significant overlap region 
between the liner 15 and the casing 16.

Within this overlap region, machined into the outer 
surface 19 of the liner 15, are a number of circular 
recesses 20. Located within each of these recesses 20 is 
an abrasive disk 21. The recesses 20 are deep enough 
that the abrasive disks 21 sit flush with the outer 
surface 19 of the liner 15, as indicated at Position X.

Additionally there is an expander 22, which takes the 
form of a conical frustum 23, pointing upwards. The 
expander 22 has a base diameter 24 larger than the 
initial inner diameter 25 of the liner 15. When the 
expander 22 is moved upwards through the liner 15, the 
larger base diameter 24 of the expander 22 forces 
expansion of the inner diameter 25 of the liner, bringing 
the abrasive disks 21 into frictional adherence with the 
casing 16. This is indicated by position Y. Position X
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indicates the initial condition of the liner 15 and 
abrasive disks 21 before expansion of the liner 15 by the 
expander 22.

Figure 8 shows the condition of the liner 15 after the 
expander 22 has passed completely through the liner 15. 
The abrasive disks 21 have been impressed into the casing 
16 and are supporting the hanging load of the liner 15. 
Figure 8 demonstrates how the hanging method leaves an 
annular space 26 between the liner 15 and the casing 16 
through which liquids or small solids would be able to 
flow.

The outer surface 19 of the liner 15 can be coated with a 
rubber material 27 and the outer diameter 28 of the liner 
15 chosen such that the liner 15, when expanded, forms a 
seal 29 between the liner 15 and the casing 16. This is 
demonstrated by Figure 9. The seal 29 formed by the 
rubber material 27 will prevent unwanted flow paths being 
established between the liner 15 and the casing 16.

Figures 10A to 10C illustrate schematically an abrasive 
disk, generally depicted at 30, in accordance with an 
alternative embodiment of the invention. Figure 10A 
shows the disk in plan view, and Figure 10B shows the 
cross section of the disk 30 through the line A-A.

The disk 3 0 is substantially circular, but has a 
flattened edge 31. This flattened edge 31 corresponds to 
the shape of the corresponding recess in the liner, and 
prevents the disk from being positioned in an incorrect 
orientation with respect to the liner. The disk is made
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of relatively hard material, in accordance with the 
previously described embodiments.

As most clearly shown in Figure 10B, the disk includes a 
series of sharp ridges 32. In this example, three ridges 
are provided and include a central ridge 33, an upper 
ridge 34 and a lower ridge 35. The central ridge 33 is 
raised higher relative to the disk surface compared with 
the upper and lower ridges 34, 35.

The upper and lower ridges 34, 35 are shaped 
asymmetrically .to are profiled such that the angle of 
inclination from the disk surface is steeper for the 
outer surfaces of the ridges than the angle of 
inclination of the inner surfaces of the ridges. This 
provides directionality to the upper and lower ridges as 
described in more detail below.

Figure 10C is a side elevation of the disk 30. In this 
example, the profile of the disk surface and the ridges 
is slightly convex, such that the height of the ridges 
relative to the disk base is greater along the central 
line A-A.

Figures 11 and 12 show disks according to alternative 
embodiments of the invention. In these examples, the 
disks are similar to the shown in Figure 10A to 10C, but 
differ in that they' are provided with a surface profile 
that affects the degree of pivoting in use. In the 
example of Figure 11, the disk 40 is provided with upper 
and lower segments 42 of reduced height relative to the 
base of the disk. This provides clearance when the disk 
40 pivots around the central ridge.
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In an alternative embodiment, shown in Figure 12- as disk 
50, upper and lower segments 52 of increased height 
relative to the base of the disk are provided to restrict 
the pivoting of the disk about the central ridge. These 
segments 52 of increased height may be formed of the same 
hardened material of the disk itself, or alternatively 
may be pads formed from a different material of reduced 
or increased hardness.

Figures 13A to 13C show schematically the disk of Figure 
11 in use in hanging a liner 61 from casing 62. Figure 
13A shows schematically the position of the disk 40 after 
dimple forming. The dimple 63 forces the disk 40 into 
engagement with the outer tubular in the manner described 
with reference to the embodiments of Figures 1 to 9. The 
ridges of the disk impress, into the casing 62 as before. 
The raised height of the central ridge relative to the 
upper and lower ridges causes a greater indentation of 
the central ridge into the casing, by virtue of the same 
setting load being applied over a smaller contact area.

Figure 11B shows the arrangement of Figure 11A where a 
downward load is applied to the liner 61. The relative 
difference in the ridge heights causes the disk 40 to 
tilt, causing the lower ridge to come into contact with 
the casing and provide a force in an opposing, upward 
direction.

Figure lie shows the arrangement of the Figure 11A having
an upward force applied to the liner. The reversal of
the load from a downward to an upward direction causes
the disk to pivot over the centre ridge, allowing the



WO 2006/038033 PCT/GB2005/003886

1
2
3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

26

upper tooth to bite into the casing and provide a force 
in the opposing, downward-direction.

The upper and lower ridges are shaped to provide bite in 
an upward or lower direction. The design of the disk is 
bi-directional in that it provides forces opposing 
compressive or tensile forces applied to one or other of 
the tubulars .

In an alternative arrangement, the disk comprises a 
plurality of teeth, a subset of which extend to a height 
above the remainder of the teeth. The subset of teeth at 
extended height function as the pivot in the same manner 
as the central ridge of the embodiments of Figures 10 to 
13 .

The foregoing description . relates to a method and 
apparatus for hanging a liner on a casing set into a 
wellbore. Although the techniques described are 
particularly suited to this application, the invention is 
not limited to such. For example, the techniques 
described are applicable to the hanging of a liner in a 
dedicated pipe or joint run in with the casing, or indeed 
in other downhole tubulars.

In addition, the techniques are applicable to the hanging 
of apparatus other than liners in downhole tubulars. For 
example, it may be necessary to hang packers, plugs, 
bridge plugs, sandscreens, scab liners or other apparatus 
in downhole tubulars. The arrangements of abrasive 
portions and the dimple forming or expanding techniques 
of the invention could be adapted for use in these 
applications .
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A .number of advantages can be had over the state of the
art with regard to a number of features of the apparatus
of the invention. In the first instance, using abrasive
disks vastly improves the frictional adhesion of the
apparatus to the existing casing.

A further advantage of aspects of the present invention 
is that scatter dimpling maintains the tensile strength 
of the pipe. This is because any deformation is kept to 
a local level, minimising unnecessary damage.

The advantage of using toothed disks in machined recesses 
is that less load is required to push the teeth into the 
casing by a fixed displacement than to deform an entire 
thickness of the tubular member into the existing casing. 
This offers the .additional advantage that as the load is 
not too high the actuation tool is less likely to jam.

A further advantage of the present invention is that the 
hanging can be achieved without it being necessary to 
modify the existing casing or casing the wellbore with a 
specifically designed tubular.

Furthermore, techniques like nitride hardening, which is 
one of the best available hardening methods, can be used 
for discrete abrasive portions to increase the local 
hardness. Otherwise this technique could not 
realistically be used as if the whole circumference was 
hardened in this way then upon expansion the tubular 
member would shatter.
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1 The principal advahbagd of the present invent ion is that it
2 provides anchoring of apparatus to an existing downhole
3 tubular with suffieicnt strength to sustain ai substantial
4 hanging load while maintaining the tensile Strength of the
5 apparatus and downtole Lubular. Furthermore, it will be of
6 particular benefit to anchoring expandable tubulars whereby
7 the use of abrasive portions will increase the hanging 'load
8 that can be supported.

9

10 Further modi Cleatidt'is and improvements may be added without
11 departing from the scope of the invention herein described.
12 For example the rdVers'e process may be carried out whereby
13 abrasive portions for gripping surfaces are dimpled or
14 deformed inwards frpfri the casing to the self contained liner.
15 Furthermore, the expander might take an alternative form, for
16 example a ball, or a dart.

1/

18 Throughout the specification and claims the word "comprise"
19 and its derivatives are intended to have an inclusive rather
20 than exclusive meanihg unless the contrary is expires sly stated
21 or the context requites otherwise. That is»/ the word
22 "comprise" and its derivatives will be taken to indicate the 
2.3 inclusion of not only the listed components, steps or features
24 that it directly referehces, but also other compor onto, steps
25 or features not specifically listed, unless the contrary is
26 expressly stated or the context requires otherwise.
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Claims

1 . An Apparatus adapted to be hang in a downhole 
tabular Using one or more dimple formers, the

5 apparatus} comprising a. tubular member of a
circulaf· cross-section having an outer1 surface 
and ati inner surface wherein the outer surface 
includes one or more circumferentially 
distributed abrasive inserts to the tubular

10 member, the sa i.d one or' more abrasive inserts
located in one or more recesses on the outer

surface df the circular cross-section, of the 
tubular rilember, the abrasive inserts; being 
arranged to be movable radially outwatdb and with

15 respect to tile Outer surface of the L.ubular
member by the dimple formers, to bring said 
abrasive inserts into frictional contact with a. 
downhole! tubular1.

20 2. The apparatus as claimed in Claim 1 wherein the
material of the one or more abrasive i... fiber to is 
harder than the material of the tubular member.

3 ,
25

The uppabatUo as claimed in. Claim 1 or Claim 2 
wherein the bne or more abrasive inserts are 
disks, each disk comprising an. abrasivb surface,

4 . The apparatus as claimed in any prebcditlg Claim 
wherein the bnb or' more recesses are machined.

30
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The apparatus a$ claimed in Claim 3 οχ- Claim 4
wherein the recesses are si '-.ed each that the
disks aids flash with the outer diameter of the
L ubu 1 a r mornb c 1' -

5

6. The apparatus as claimed .in Claim 3 or Claim 4 
wherein, the recesses arc sized such that the 
disks ate beneath the outer diameter of the 
t. abu lhr file mb e r ,

10

1, The apparatus ae claimed in any preceding Claim 
wherein the one or more recesses have a base, 
which, is spherical in relief .

15 g, The apparatus an claimed in any one of Claims 3 
to 7 whefeih eafih abrasive surface is a machined 
surface bf the disk.

9< The apparatus SD claimed in any one of Claims 3 
20 to 8 whdbeih each abrasive, surface comprises otio

or more fodnatiOns extending from the surface of 
the disk to a first be-ight, and one or tftore 
formations extending from the surface Of the disk 
to a seo&nd height, greater than the first

25 height .

10. The apparatus an claimed in claim 9 where!n one
or more formations extending to the second height 
provides! a. p-i.vOt about which the disk is able to

30 tilt On application of a. force in ail axialdirect ion of the tubular member.
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11, The apparatus afl claimed in Claim 9 or Claim 10
wherein one or more formations extendin'· to the
first height are shaped to provide a force on the

5 tubular member havi ng a component in an axial

directiorl of the tubular member.
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12. The apparatus as claimed i.n any one of Claims 9 
to 11 wherein the one or more format ion:

10 extending from the surface of the disk, to the
first hei ght, and the one or more formations 
extending from the surface of the disk to the 
second height, comprise a series of ridges .

15 13. The. appa.lal.Us as claimed in any one of Claims 9
to 12 wherein the formations comprise. /¾ plurality 
of teethi

1.4. The apparatus as claimed in any of Claims 3 to 13 
20 wherein each abrasive surface .is knurled.

1.5. The apparatus as claimed Claim 14 wherdim the 

kimrled Surface is hardened.

25 16. The appdfatus as claimed in any preceding claim
wherein a plurality of abrasive inserts is 
provided> the abrasive inserts being distributed 
equidistantly around the fool.
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1.7 . The apparatus as claimed in any preceding Claim

wherein the tone or more abrasive inserts comprise 

hardened steel.

18. The apparatus as claimed in any preceding Claim 
wherein the apparatus is a liner.

19. The apparatus as claimed in any preceding Claim 
wherein the downhole tubular- is casing,

20. .A lx tier > for hanging in a casing using One or 
more dimpld footers, the liner comprising a 
tubular member of a circular cross-section with a 
hollow bore therethrough, having an outer surface 
and. an Diner surface wherein the outer surface 
includes one or more circumferentially 
distributed abrasive inserts to the tubular 
member, Che said one or more abrasive inserts 
located ίη One Or more recesses on the:' outer 
surface of the Circular cross-section bf the 
tubular member, wherein the said οήέ of more 
abrasive Inserts are arranged to be movable 
radially outwards and wj.L.h respect to the. outer 
surface of the tubular member by tlie; dimple 
formers to bring said abrasive portion'd into 
frictional contact, with the easing into which the 
liner hah been inserted.

21. A method of hanging an. apparatus in a downhole 
tubular, the method comprising the Steps of:

COMS ID No: ARCS-344128 Received by IP Australia: Time (H:m) 17:34 Date (Y-M-d) 2011-11-08
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(a) Running the apparatus into the downhole 
tubular; the apparatus comprising si tubular 
iiiembcr of circular cross-sect ion hh'ving an 
outer surface and an inner surface, wherein

5 the outer Surface comprises one or niore
e.1ircurnferentially dist.ributed abrasive 
inserts located in one or more reqCiases oil 
the oui.er tfurface oi the circular ctnss- 
sdction of the tubular member;

10
(b) Upoii reaching a desired position ill the 

tubular, locating one or more dimple formers 
on file inner surface, of the tubular member 
corresponding to the locations of the one or

15 more abrasive inserts on the outer Surface;
and

(c) Moving the abrasive inserts radially outwards 
and With respect, to the outer surface of the

20 tubular member by moving the dintpld formers
to contact cm the inner surface of the 
tubular member, such, that the abrahive 
insefts· are moved into frictional adherence 
Witli the downhole tubular.

25
22. The method as Claimed in Claim 21 comprising the 

addit ional step of selecting the appa rMar.s to 
have an outer diameter such as to form' an 
interfet'bnch fit with the downhole tubular.

30
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23 . The method as claimed 1 n Claim 21 or Claim 2 2 
comprisirig the step of using dimple foi'iliers 
located ©n a running tool which runs the 
apparatus into the downhole tubular.

5

24. The method as claimed in Claim 21 or Claim 22 
comprising the step of using dimple iorlmers on a 
separate downhole tool run into the apparatus, 
once thd apparatus is positioned in the downhole

10 tubular.·

25. The method as claimed in any of Claims ,21 to 24 
comprising the additional step of moving the 
abrasive* inberts by the distance requited to

15 impress the abrasive portions into frictional

adherence with the downhole tubular.

26. The method As claimed in any of Claims 21 to 25 
comprising the step of selecting a dowhhole

20 tubular that has an inner diameter machined or
manufactured to a high tolerance.

27. The methdd ds claimed in Claims 21 to 26 
comprising the step of selecting apparatus that

25 is machilled. or- manufactured to form a close
clearance fit within the downhole tubular.

28. The method as claimed in any of Claims 2.1 to 27 
wherein the downhole tubular is casing,

30
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2‘3. The method ad claimed in any of Claims .21 to 26 

wherein the dowlihole tubular is a pipe or a 
dedicated joint which has been deployed within a 
previously set tubalar.

5
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