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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 1in 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 éxpanding tubularé. 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 iL ls difficult ubo make such underculs inside a casing when

— 2 already in place. Therelore, such formations must be carvied

—

O 3 out well in advance, or a couwpatible caging must have been

(: 4 inastalled when the bore was cased.

o

Z 5 The abhove refcrences to and descriptions of prior proposals or

% 6 products are not intended to be, and arc not to be construed
7 ag, stalements or admigsicns of common general Enowledge in
8 the art. In partidtilar, the above prior art discussion does
9 mnot relate to what 1s commonly or well knowh By the paormon

10 skilled in the art; bul apssists in the understanding of the
11  inventive step of the pregent invention of which ithe

12 ddentification of pértinent prior art proposals is but one

2005291023

13 rart.

14 It is desirable that at least one enbodiment of the present
15 invention provides én apparatus for anchoring Lo an exisl ing
16 casing slring  that obviates and witigates @fic or  wore

17 disadvantages and limitations of the prior art.

18 Moreover, il is dedirable that at least one embodiment of the
18 present invenLion pfovides a means for hanging appdratus in an
20 exigting casing string that is inlegral to the wall thicknsse

21 of the apparatus.

22 Tt is a further desira b Te Lhat at least one embodiment. of the
23 invention provides a method and apparatus Lor sus pend iy,

24 anchoring or hangling appar atus from the irner diameter of an
?5  existing downhole Etubhlar Iin a wellbore which obviates orv
26 mitigates Lhe disadvant ages and drawbacks associated with the

2/ prior art.

28 In an aspect of the pregedt invention, there isg provided an
29  apparatius adapted te be hung in a downhole tubulidr using one
30 or more dimple foriiers, the apparatus comprisivg a tubular

31 member of a c¢ircular cross-scoction 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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an inner gsurlface wheréin the ouler surface inclides one or
more circumferentidally distributed abrasive ingsrts Lo the

tubular member, the waid one or more abrasive ingéyrts located

BW N

in one or more recgssed on the outer surface of khe circular
croga-gdection of tHe tubular member, the abragive inserts

being arrangcd to be movable radially outwards and with

08 Nov 2011

respect to the outé&r surface of the tubular member by the
dimple formers, to Bring snid abrasive ingerlg into frictional

contacl. with a downhole tubular.

10 In another aspect, there is provided a liner, for lianging in a
11 casing using one or more dimple formers, the liner comprising

12 a tubular member of a circular cross-section with a haoliow

2005291023

13 borc therethrough, héving an outer gurlface and an  inber
14 surface whercin the outer guriace includes one  or  more
15  circumferentially distributed abrasive inserts to the tubular
16 menboer, the =gaid otie or mure abrasive ingerts lowated 1in onc
17 or mors recesses ol thé outer surface of the circular crosa-
18 section of Lhe tubllar member, wherein the said one or mhore
19  abrasive inserts are afkamged to be movable radially oubtwards
20 and wilh respect to the outer suartace of the tubular member by
21 the dluwple formersd to bring said abrasive pottiong Lloto
22 frictional c¢ontact with the caging into which the liner has

23 been inserted.

24 In yet another appdéut, there ig provided a method of hanging
25 an apparatus in a déwnhole tubular, the method comprising the

26 steps of:

27 (a) Running the apparatus into the downhﬁ]e tubular, the
28 Apparatus comﬁriﬂinq a Lubular wmember of circular
29 crogg-section having an outer surface &nd an inner
20 surface, wher&in Lhe outer surface ébmpfise& QL Or
31 more Circumfafentially distribuled abraglve inseris

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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3b
1 located iH one or move recoesses on the outer surface
—_— 2 of the circular cross-gectlon of the tubular member:
—
-
(@ I
% .
2: 4 (b) Upon readlling a desirced position ih the tubulnt,
oo 5 locating one or more dimple formers &1 the inner
o 6 surface of Lhe tubular member corrésponding to fhe
7 Jocations of the one or more abrasive itderts on the
(a8) 2
oy 8 outer surface; and
-
—
AN 9
@\
O 10 (¢) Moving the abrasive inserts radially oulwards and
o 11 with respect to the outer surtace of the Lubualar
12 member by moving Lhe dimple formers ¢ contact on
13 the inner surface of the tubular membei, gsuch tvhat
14 the abrapive inscrts are moved inte fricticnal
15 adherence Wwith the downhole tubular.

16 According to a firsﬁ agpeclt of the inventioﬁ, there  1is
17 providéed apparatus &Adapted to be hung in a downlicle tubular,
18 the apgaratus comp¥ising a tubular member having an outer
19 surface and an inher gurface wherein the ooter surface
20  includes one or mére circumferentially distributed abraﬁive
21  portions, the gaid one or more abrasive portions being
22 arranged Lo be movidble radially outwards and with respaect to
23 the outcr surface of thé tubular member, to bring wsaid
24  abragive portiohs inte  rictional contact with a downhole

25 f.ubulaz.

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 direétion, 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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Most preferably the material of the one or more abrasive
portions 1is 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 heighﬁ.

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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6
1 In a further alternative, each abrasive surface is
2 knurled. Optionally the knurled surface is hardened.
3
4 Preferably when one abrasive portion is provided it is a
5 single circumferential band around the liner;
6 Advantageously a plurality of portions is provided,
7 distributed equidistantly around the liner. This allows
8 an abrasive portion to be provided for each dimple of the
9 dimple former. A . -
10

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

13

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

16

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

20

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

25

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

30

31 Preferably, the apparatus 1s a liner. More preferably,
32 the the downhole tubular is casing.

33
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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 1liner 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
respeét to the outer éurface of the ﬁubular‘ 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 a rubberised
coating on the outer surface of the liner.
Advantageously the rubberised coating is. distinct from

the abrasive portions.

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 1liner comprising a tubular
member with a hollow bore therethrough, having an outer

surface and an inner surface wherein the outer surface



W o 3 o T B W N B

(O O N O R S S R e S R S R S S S S o T e e e R N e B e )
N PO W o U WN PO VW oy U W NP o

WO 2006/038033 PCT/GB2005/003886
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 1liner

has been inserted.

Preferably, the abrasive portions are adapted to be
moveable with respect to 'the outer surfacé 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 1locations 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
1 the abrasive portions are moved into frictional
2 adherence with the downhole tubular.
3
4 Preferably, the method includes the step of moving the
5 abrasive portions with respect to the tubular member.
6
7 Optionally, the method comprises the additional step of
8 selecting the tubular member to have an outer diameter
9 such as to form an interference fit with the downhole
10 tubular.
11

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

19

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

25

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

30

31 Preferably the method comprises the step of selecting a
32 material for the one or more abrasive portions that is

33 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 i1s 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, Jjamming 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 comprising1 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 tﬁbular, locating‘ one or moré
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
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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 combrises 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

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 éxpanders, the liner comprising é 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 1liner into the tubulaxr, 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 1liner, 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 1liner 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 schematic form a

longitudinal cross section of the liner in

accordance with an aspect of the present invention;

Figure 2 illustrates in schematic form a laterél

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;



O W 0 N o0 LB W N

wWw W W W D D D D DD DD DD R R, PR R R R R
W N PO VW 0 J o0 L i W D P O O 0 3 o0 1 W N K

WO 2006/038033 PCT/GB2005/003886

16

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 1in 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 1liner 2. In this particular

embodiment, the depths of the recesses 6 are half the
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1 thickness of the liner 2. Additionally the bases of the

2 recesses have a spherical relief. This combination.means

3 that the deformation of the liner 2 in the localities of

4 the recesses 6 requires less force than in prior art

5 1liners of full thickness, as the liner 2 is considerably

6 thinner at these points.

7

8 Additionally, the locations of the recesses 6 are chosen
| 9 to coincide With the 1ocatioﬁs of the dimple.formers 4
10 being used, as shown in Figure 1. It is these dimple

11 formers 4 which provide the radial force required to
12 deform the liner 2 in the localities of the recesses 6.

13

14 1Inside the eight recesses are located eight circular
15 disks 3. The material of the circular disks '3 is
16 significantly harder than the material of the liner 2 and
17 the casing 1. Each circular disk 3 sits within its
18 respective recess 6 such that the outermost surfaces of
19 the circular disks 3 are flush with the outer surface of
20 the liner 2. On the outermost surface of each circular
21 disk 3 is a series of evenly distributed teeth 5, which
22 are designed to be impressed into a casing 1.

23

24 As demonstrated in Figure 3, the liner 2 is inserted into
25 an existing casing 1, with an overlap which ‘at least
26 covers the section including the dimple formers 4 and
27 circular disks 3. When the liner 2 is at the desired
28 position, the dimple formers 4 are forced radially
29 outwards by some actuation means 7. The liner 2 is then
30 deformed at the localities of the recesses 6 in order to
31 force the circular disks 3 radially outwards to impress
32 the teeth 5 into the inner surface of the casing 1.

33
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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 1s 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
stilliin 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
couid be used. Iﬁ practice, the Anumber and indeéd
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 1longitudinally 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
practicé, the depth of the recess 9 wili 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 1liner 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 1liner, 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 thé
transfer of radial force into displacement of the

circular disk 11.

By using a series of sharp ridges, the potential for
slippage is 1low, 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 1liner 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 1liner 15 1is 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 1liner 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 1is 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 Iliner 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 1liner 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 demonstraﬁes how the hanging method leaveé an
annular space 26 between the liner 15 and the casing 16
through which ligquids or small solids would be able to
flow.

The outer surface 19 of the liner 15 can be coated with a
rubber ma£erial 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 30 1is 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. 1In 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 up?er and lower ridées 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 1is 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 wuse. In the
example of Figure 11, the disk 40 is provided with upper
and  lower segments 42 of feduced 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 dJreater 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 11C 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
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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 wvastly 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 stréngth
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 1local
hardness. Otherwise this technigue 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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The principal a.dvéc.ri L dge ot the present lnvenlion is that it
provides anchoring of apparatus to an existing downhole
tubular with suffificnt strength to sustain a substazital
hanging load while maihtain ing the tengile &trength of the
apparatus and downhHle Lubular. Furthermore, it will be of

particular benefit to anchoring expandable trubulars whereby

08 Nov 2011

the use of abrasive portions will increage the hanging load

[o¢]

that can be supportod.

10  Further wmodi(icatiociis and improvements may be added without

11 departing from the gcdpe of the invention herein described.

2005291023

12 For example the rever '= 2 process may be carried out  whereby
13 abrasive portions for gripping surfaces are dimpled o
11  deformed inwards frém lh e casing to the self contained 1 1 Pl

15 Furthermore, the expan'd er might Lake an altcermative form, for

16 example a ball or a darl.

17

18 Throughout the specdifidation and claims the word “compri
19 and its derivatives are intended to have an inclisive rathor
20 than exclusive meanifng unless the contrary ig expreéssly stubed
21 or the context x“e.'.'qui fers  otherwisc. That 18, the word
22 “comprige” and its de I-ivat- ives will be taken to indicate the
23 inclusion of not only thHe listed com ponent:s, st;ei:) g or features
24  that it divectly réferdhces, but also other components, steps
25 or features not gpécillcally listced, unless the «ont rary is

26 expressly stated or the contiext requires othcrwise.
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Claimg
1. An Apparitus adapted to be hung in a downhole

tubular iising one or more dimple formers, the
apparatis cemprising a tubular member of a
circular crdss-sgection having an outcr surface
and an limer surface whoerein the outer gpurface
includesd ona or more circumferentiaily
distributed abrasive inserts to the Lublilar
member, Lhe gaid ane or more abragive iﬁBeth
located in one or more recosses on the cuter
surfface of the circular crosg-section of Lhe
tubular member, the abragive inserts beilng
arranged to be movable radially outwards and with
respect to the outer surtace of the Lubular
member hy Lhe dimple formers, Lo bring asaid
abragsivé ingerts into frictional contaclt with a

downholeé tubular.

The appatratus as claimed in Claim 1 wherein the
waterial of the one or more abrasive Liiserts Lz

hardery than the material of the tubular member.
The apparalus as ¢laimed in Claim 1 or Claim 2
whereln the one or more abragive inscrts are

diska, éach digk compriging an abrasive surface,

The apparatus asg claimed in any preacdibiy Claim

wherein the one or more recesses are machined,

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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The apparatus as claimed in Claim 2 or laim 4
wherein the recasses are gized such that the
disks are [lushh with the ouler diameter of the

tubular ifember.

The appédratus as claimed in Claim 2 or Claim 4
wherein the recesses arce sized such Lhat the
disks are peéncath the ourer diamoter of the

Lubuldr flember .

lhe appdratug aps claimed in any preceding Claim
wherein the one or more rocesses have & base

which i& spherical in reliefl,

The appa¥atiis ag c¢laimed in any one of Claims 2
TO 7 wherein eath abragive murface is a machined

surface of the disk.

'he apparatiue ag® claimed in any one of Claims 3
to 8 wheé¥ein each abragsive aurface comprizes one
or more formalivns extending from the gidrtace of
the digk to a first height.,, and one or @wore
formaticns exlLending from the ﬂurﬁaée of the disk
Lo a scadnd height, grealer than the first

height.

'he apparvatus ag claimed in Claim 9 wheraein one
Or omore formations extending to the sceeond helght
provided a pivot about which the digk is ablce Lo
Lilt on éppiicanion of a force in an axial

directioh df L& tubular member.
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The apparatus as claimed in Claim 9 o1 ©laim 10
wherein one or more formations extendiryg to the
firat heighﬁ are shaped to provide a force on the
Lubular sember having a component in an axial

direction df the tubular member.

The appahatﬁﬂ ap claimed in any one of laims B
to 11 whérein the one or more formatlonsz
extending from the surfacce of the disk to the
lirat height and the one or more formations
extending from the surface of the disk Lo the

socond height comprise a series of ridges.

The apparal.uz ag claimed in any one of Claims 9
to 12 wherein the formations comprise & pluraliny

of teetli.

The appéa¥atus as claimed in any of Claimz 3 Lo 13

, . . . - . . b
wherein sach abrasive surlace g knurled.

The appdfatus as claimed Claim 14 whersin the

knurled #urface is hardened.

The appd¥atus ag claimed iln aony preceding Claim
wherein a plurality of abrasive insartg is
provided; the abrasive inserts being distributed

equidistantly around the Lool.

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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The appdratus az claimed in any precedidsy Claim
wherein £hc one or more abrasive inserty comprige

hardened steel.

The apparatugs as claimed in any precedidg Claim

whersin theé apparatus is a liner.
The appdratus ap claimed in any precedifly Claim
A liner, for hanging in a casing uging one or

motre dimple formerg, the liner comprising a

tubular stenber Of a circular cross-gection with a

surtace

hollow Béore therethrough, having an oufiar
and an iuner surface wherein the outcr surface
includes one or morce circumferentially
distributed abrasive ingerts to the tubular
member, {he said one or more abrasive iligerts
located in one or more recegged on the outer
surface &f ﬁhe circular crossa-gsection of the
Lubulazr memBer, wherein the said ona oy motre
abragivé inserts aro arranged to be movable
radially outwards and wilh rcspect to the outer
surface of Lhe tubular member by thes dimple
formers to bring said ubrasive portiliong into
frictional éontact with Lhe casing int¢ which tlis

linet h&dg been ingerted.

A method of hanqing an apparatus in a downhole

tubular,; Lhe method compriging the stepe 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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Running the apparatus into the downhole
tubular, the apparatus comprising & tubulatr
nmembor of circular cross-section hdving an
outer ﬁprfaﬁe and an inner surface, wheretln
the duter gurface comprises one or more
circlimférentially distributed abrasive
insérts located in one or more roceéwses on
the ouler gurface of Lhe c¢irculadr <rogs-

gection of the tubular member;
Uporn reaching a desired position ifi the

on the inner surtface ol the tubulay member
correaponding to the locations of tie one or
more abrasive inserts on the outer purface:

and

Movitig the abrasive inserts radially outwards
and with respect to the outer surtace of the
tubular member by moving the dimple former:s
Lo éontact on the inner surface of the
rubular member, such Lhat Lbhe abrawive
ingérts are moved into frictional adherence

witHi the downhole tubular.

The method as claimed in Claim 21 compilsing the

additional stop of sclecting the appatbatus Lo

have an outer diameter such ags Lo form an

interferince fit with the downhole tubular.
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The methdd as claimed in Claim 21 or claim 22
comprisiig the step of using dimple foiiers
located on a running tool which runs the

apparatus into the downhole tubular.

The method as claimed in Claim 21 or Claim 22
comprisiilg the step of using diwple Lormers on a
separate downhole tool run into the apparatus,
once thé apparatus is positioned in the downhola

t.ubular.

The method as claimed in any of Claims #1 to 24

comprigifg the additional step of movi Lhe
abrasive ingerts by the distance requirved to

impresa the abragsive portions into frictional

adherence with the downhole Lubular.

the metliod as alaimed in any of Claimeg 21 to 25
comprising the gtep of selecting a downhole
tubular #hat has an inncer diameter machined oy

manufactiired to a high tolerance.

The method as ¢laimed in Claims 21 to @6
comprigifiq the step of selecting apparatus that
ig machinded or manufactured to form a ¢loge

clearance fit within the downhole tubular.

The metHod as claimed in any of Claimg 21 to 27

wherein fhe downhole tubular is casing.
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@\ 29. The method af ¢laimed in any of Claimsg 21 to 26
g wherein the dowrhole tubular is a pipe &r a
Z dedicated joint which has been deplt;')'ycfd" within u
O previocusly set tubular.
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