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PACKER END RING WITH POLYMER GRIPPING DEVICE

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in one example described below, more particularly
provides a packer end ring with a polymer gripping device

for gripping a base pipe.

BACKGROUND

Packers are used in wells to seal off annuli formed
between tubular strings, or between a tubular string and
another surface, such as a wall of a wellbore. It is
important to construct packers so that they can reliably
withstand substantial differential pressure, but it is also
important to construct packers in an economical and

expeditious manner.

Therefore, it will be appreciated that improvements are
continually needed in the art of constructing packers for

use in wells.

CONFIRMATION COPY
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SUMMARY

In this disclosure, systems and methods are provided
which bring improvements to the art of constructing packers.
An example is described below in which a gripping device is
contained in an end ring, so that the gripping device grips
a base pipe and prevents longitudinal displacement of a seal

element relative to the base pipe.

A packer is provided to the art by the disclosure
below. In one example, the packer can include an end ring
positioned proximate a seal element on a base pipe, and a
gripping device positioned in an annular space between the
end ring and the base pipe. The gripping device can comprise

a polymer composition material.

A method of constructing a packer is also described
below. In an example, the method comprises: positioning an
end ring on a base pipe, and then injecting a gripping
device into an annular space between the end ring and the

base pipe, whereby the gripping device grips the base pipe.

Another method of constructing a packer can include:
positioning an end ring on a base pipe, and positioning a
gripping device in an annular space between the end ring and
the base pipe, so that the gripping device grips the base
pipe, the gripping device comprising a polymer composition

material.

These and other features, advantages and benefits will
become apparent to one of ordinary skill in the art upon
careful consideration of the detailed description of
representative embodiments of the disclosure below and the

accompanying drawings, in which similar elements are
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indicated in the various figures using the same reference

numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative cross-sectional view of a
well system and associated method which can embody

principles of this disclosure.

FIG. 2 is an enlarged scale representative cross-
sectional view of a packer which may be used in the system
and method of FIG. 1, and which can embody the principles of

this disclosure.

FIG. 3 is a further enlarged scale representative

cross-sectional view of a portion of the packer.

FIG. 4 is a representative cross-sectional view of an

end ring of the packer.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a system 10
for use with a subterranean well, and an associated method,
which can embody principles of this disclosure. However, it
should be clearly understood that the system 10 and method
are merely one example of an application of the principles
of this disclosure in practice, and a wide variety of other
examples are possible. Therefore, the scope of this
disclosure is not limited at all to the details of the
system 10 and method described herein and/or depicted in the

drawings.

In the FIG. 1 example, a packer 12 is interconnected in
a tubular string 14 and positioned in a wellbore 16. The

packer 12 includes a seal element 18 which extends radially
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outward into sealing engagement with the wellbore 16,
thereby sealing off an annulus 20 formed radially between

the tubular string 14 and the wellbore 16.

In this example, the wellbore 16 is lined with casing
22 and cement 24. In other examples, the wellbore 16 could
be uncased or open hole, in which case the seal element 18
could sealingly engage a wall 26 of an earth formation 28

penetrated by the wellbore 16.

The seal element 18 can comprise a swellable material
which swells in response to contact with a particular fluid
in the well. The term “swell” (and similar terms, such as,
“gswellable,” “swelling,” etc.) is used herein to indicate an
increase in volume of a material. A seal element can expand
outward without swelling (e.g., as in inflatable or
compression-set packers, etc.). However, if the material is
to be considered swollen, the seal element material itself

must increase in volume.

Preferably, the swellable material swells when it is
contacted with a particular swelling fluid (e.g., oil, gas,
other hydrocarbons, water, etc.) in the well. The swelling
fluid may already be present in the well, or it may be
introduced after installation of the packer 12 in the well,
or it may be carried into the well with the packer, etc. The
swellable material could instead swell in response to
exposure to a particular temperature, or upon passage of a

period of time, or in response to another stimulus, etc.

End rings 30 longitudinally straddle the seal element
18 on a base pipe 32, in order to restrict longitudinal
displacement of the seal element 18 on the base pipe 32. In
most situations, it is desired for the end rings 30 to
substantially prevent any displacement of the seal element

18 relative to the base pipe 32, so that a desired
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differential pressure can be sealed against in the annulus

20.

The end rings 30 may directly abut opposite
longitudinal ends of the seal element 18 as depicted in FIG.
1. In other examples, components such as backup rings, etc.
may be interposed between the end rings 30 and the seal

element 18.

In further examples, multiple seal elements 18 could be
straddled by the end rings 30, and an end ring could be
positioned between a pair of seal elements. Thus, it should
be clearly understood that the scope of this disclosure is
not limited at all to any of the details of the packer 12,
or seal element 18, end rings 30 and base pipe 32, as

illustrated in the drawings or described herein.

Referring additionally now to FIG. 2, an enlarged scale
cross—sectional view of the packer 12, apart from the
remainder of the FIG. 1 system 10, is representatively
illustrated. The packer 12 could, however, be used in other
systems and methods, in keeping with the scope of this

disclosure.

In this view, it may be seen that the seal element 18
comprises a swellable seal material 34, and encircles the
base pipe 32. The base pipe 32 may be provided with end
connectors (not shown) for interconnecting the packer 12 in

the tubular string 14.

The end rings 30 are positioned at opposite ends of the
seal element 18. The end rings 30 can serve to protect the
seal element 18 as the packer 12 is being conveyed into the
wellbore 16, as well as to prevent displacement of the seal

element 18 relative to the base pipe 32.
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In the FIG. 2 example, a gripping device 36 is
positioned in each of the end rings 30. The gripping devices
36 secure the end rings 30 against longitudinal displacement
relative to the base pipe 32, so that the seal element 18 is
also secured against longitudinal displacement relative to

the base pipe.

A further enlarged scale cross-sectional view of a
portion of the packer 12 is representatively illustrated in
FIG. 3. In this view, further details of the end ring 30 and

gripping device 36 may be more clearly seen.

The gripping device 36 in the FIG. 3 example is
interposed radially between the end ring 30 and the base
pipe 32. The gripping device 36 can adhesively bond to an
exterior surface 44 on the base pipe 32 and/or to an

interior surface 38 in the end ring 30.

Preferably, the gripping device 36 comprises a polymer
composition material 42, which is injected into an annular
space 46 formed radially between the end ring 30 and the
base pipe 32, after the end ring has been positioned on the
base pipe. Set screws or another type of centralizers 40 are
used to centralize the end ring 30 relative to the base pipe

32.

The centralizers 40 can also retain the end rings 30 in
position (longitudinally, rotationally and laterally)
relative to the base pipe 32 while the polymer composition
“sets” or hardens in the annular space 46 between the end
ring and the base pipe. Preferably, a shear strength of the
material 42 increases after it has been injected into the

annular space 46.

Since the centralizers 40 may only be desired for
positioning the end ring 30 on the base pipe 32, it is

preferably not necessary for special materials to be used in
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the centralizers. For example, relatively high cost
materials, such as Inconel, etc., may not be needed in the

centralizers 40.

In addition, fewer centralizers 40 may be needed in the
end ring 30 of the packer 12, as compared to a conventional
swellable packer in which many set screws are used to
prevent longitudinal displacement of a seal element and an

end ring in a well.

Suitable polymer compositions for use as the material
42 can include PROTECH CRB (TM) and PROTECH DRB (TM) casing
centralizer resin marketed by Halliburton Energy Services,
Inc. of Duncan, Oklahoma USA, and BELZONE 1591 (TM) marketed
by Belzona Inc. of Miama, Florida USA. Rubber (preferably
vulcanized) can be used in the gripping device 36, if

desired.

In some examples, the material 42 may comprise a
swellable material so that, as the material swells, it
applies an increased gripping force between the end ring 30
and the base pipe 32. The material 42 could swell prior to,
during and/or after installation of the packer 12 in the

wellbore 16.

In some examples, the material 42 may not be injected
between the end ring 30 and the base pipe 32, and in other
examples the material may not be inserted between the end
ring and the base pipe after the end ring is positioned on
the base pipe. Thus, it should be understood that the scope
of this disclosure is not limited to the specific details of

the examples described herein and depicted in the drawings.

When the gripping device 36 engages the external
surface 44 on the base pipe 32, the gripping device also
closes off a radial gap G between the end ring 30 and the

base pipe. This can prevent extrusion of the seal element 18
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through the gap G, which can increase a differential

pressure resisting capability of the packer 12.

A further increase in the differential pressure
resisting capability is provided by internal inclined
surfaces 48 which taper radially inwardly toward opposite
ends of the end ring 30. These surfaces 48 tend to compress
the gripping device 36 between the end ring 30 and the base
pipe 32 (and thereby increase the gripping force applied
between the end ring and the base pipe) in response to
longitudinal displacement of the end ring relative to the

base pipe, or in response to swelling of the material 42.

A still further increase in the differential pressure
resisting capability can be obtained by including
reinforcement in the material 42. For example, if the shear
strength of the material 42 limits the gripping capability
of the device 36, inclusion of a reinforcement having an
increased shear strength in the material can increase the

gripping capability.

In some examples, the reinforcement could comprise very
small particles, and in other examples the reinforcement
could comprise relatively large elements. The relatively
large elements (e.g., steel spheres, etc.) could be larger
than the gap G between the end ring 30 and the base pipe 32.
This can aid in closing off the gap G to extrusion, and in

enhancing the shear strength of the material 42.

Referring additionally now to FIG. 4, the end ring 30
is representatively illustrated, apart from the packer 12.
The end ring 30 may be used with packers other than the

packer 12, in keeping with the scope of this disclosure.

In the FIG. 4 example, four threaded openings 50 (one
of which is not visible) are used to receive the

centralizers 40. Of course, if another type of centralizer
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is used (e.g., biasing devices, etc.), then the threaded
openings 50 may not be used. Any number of the openings 50

and/or centralizers 40 may be used, as desired.

One or more of the openings 50 (or another opening,
etc.) may be used to inject the material 42 into the annular
space 46 between the end ring 30 and the base pipe 32. If
the material 42 is not injected into the annular space 46,
then another device may be used to retain the material

between the end ring 30 and the base pipe 32.

It may now be fully appreciated that the above
disclosure provides significant advances to the art of
constructing packers for use with a well. In examples
described above, the end rings 30 and gripping devices 36
can effectively retain the seal element 18 on the base pipe
32, while being economical to manufacture and convenient to

install.

The above disclosure provides to the art an improved
packer 12. In one example, the packer 12 can include an end
ring 30 positioned proximate a seal element 18 on a base
pipe 32, and a gripping device 36 positioned in an annular
space 46 between the end ring 30 and the base pipe 32, the
gripping device 36 comprising a polymer composition material

42.

The polymer composition material 42 may be injected
between the end ring 30 and the base pipe 32. The polymer
composition material 42 may set and/or harden in the annular
space 46. A shear strength of the polymer composition

material 42 can increase in the annular space 46.

The polymer composition material 42 can comprise a
swellable material. The polymer composition material 42 may
swell and thereby apply increased gripping force to the base

pipe 32.
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The gripping device 36 may encircle the base pipe 32
and be compressed radially inward by a surface 48 formed in
the end ring 30. The gripping device 36 can increasingly
grip the base pipe 32 in response to longitudinal
displacement of the end ring 30 relative to the base pipe
32.

The seal element 18 can comprise a swellable material

which swells in response to contact with a fluid.

The gripping device 36 may close off a gap G formed
radially between the base pipe 32 and the end ring 30.

The packer can also include a reinforcement in the
polymer composition material 42. The reinforcement can have
a dimension larger than the gap G formed radially between

the base pipe 32 and the end ring 30.

A method of constructing a packer 12 is also described
above. In one example, the method can include positioning an
end ring 30 on a base pipe 32, and then injecting a gripping
device 36 into an annular space 46 between the end ring 30
and the base pipe 32, whereby the gripping device 36 grips
the base pipe 32.

The method can also include the gripping device 36
swelling, thereby increasing a gripping force applied by the

gripping device 36 to the base pipe 32.

Another method of constructing a packer 12 is described
above. The method can include positioning an end ring 30 on
a base pipe 32, and positioning a gripping device 36 in an
annular space 46 between the end ring 30 and the base pipe
32, so that the gripping device 36 grips the base pipe 32,
the gripping device 36 comprising a polymer composition

material 42.
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The gripping device positioning can be performed after
the end ring positioning. The gripping device positioning

may be performed concurrently with the end ring positioning.

Although various examples have been described above,
with each example having certain features, it should be
understood that it is not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.

It should be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of this disclosure. The embodiments are described
merely as examples of useful applications of the principles
of the disclosure, which is not limited to any specific

details of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“ypper,” “lower,"” etc.) are used for convenience in

referring to the accompanying drawings. However, it should
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be clearly understood that the scope of this disclosure is

not limited to any particular directions described herein.

The terms *“including,” *“includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, in
other examples, be integrally formed and vice versa.
Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the invention being

limited solely by the appended claims and their equivalents.
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IS:

1. A packer, comprising:

PCT/IB2012/000394

an end ring positioned proximate a seal element on a

base pipe; and

a gripping device positioned in an annular space

between the end ring

comprising a polymer

2. The packer
composition material

the base pipe.

3. The packer

composition material

4, The packer

composition material

5. The packer

the polymer composition material

space.

6. The packer

composition material

and the base pipe, the gripping device

composition material.

of claim 1, wherein

is injected between

of claim 1, wherein

sets in the annular

of claim 1, wherein

the polymer

the end ring and

the polymer

space.

the polymer

hardens in the annular space.

of claim 1, wherein

of claim 1, wherein

comprises a

a shear strength of

increases in the annular

the polymer

swellable material.
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7. The packer of claim 1, wherein the polymer
composition material swells and thereby applies increased

gripping force to the base pipe.

8. The packer of claim 1, wherein the gripping device
encircles the base pipe and is compressed radially inward by

a surface formed in the end ring.

9. The packer of claim 8, wherein the gripping device
increasingly grips the base pipe in response to longitudinal

displacement of the end ring relative to the base pipe.

10. The packer of claim 1, wherein the seal element
comprises a swellable material which swells in response to

contact with a fluid.

11. The packer of claim 1, wherein the gripping device
closes off a gap formed radially between the base pipe and

the end ring.

12. The packer of claim 1, further comprising a

reinforcement in the polymer composition material.

13. The packer of claim 12, wherein the reinforcement
has a dimension larger than a gap formed radially between

the base pipe and the end ring.
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14. A method of constructing a packer, the method

comprising:
positioning an end ring on a base pipe; and

then injecting a gripping device into an annular space
between the end ring and the base pipe, whereby the gripping

device grips the base pipe.

15. The method of claim 14, further comprising the
gripping device swelling, thereby increasing a gripping

force applied by the gripping device to the base pipe.

16. The method of claim 14, further comprising the
gripping device closing off a gap formed radially between

the base pipe and the end ring.

17. The method of claim 14, further comprising the
gripping device being compressed radially inward by a
surface formed in the end ring, the surface encircling the

base pipe.

18. The method of claim 17, further comprising the
gripping device increasingly gripping the base pipe in
response to longitudinal displacement of the end ring

relative to the base pipe.

19. The method of claim 14 wherein the gripping device

comprises a polymer composition material.
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20. The method of claim 14, further comprising a
material of the gripping device setting in the annular

space.

21. The method of claim 14, further comprising a
material of the gripping device hardening in the annular

space.

22. The method of claim 14, further comprising a shear
strength of a material of the gripping device increasing in

the annular space.

23. The method of claim 14, wherein the end ring
restricts longitudinal displacement of a seal element
relative to the base pipe, and wherein the seal element
comprises a swellable material which swells in response to

contact with a fluid.

24. The method of claim 14, further comprising a

reinforcement in a material of the gripping device.

25. The method of claim 24, wherein the reinforcement
has a dimension larger than a gap formed radially between

the base pipe and the end ring.
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26. A method of constructing a packer, the method

comprising:
positioning an end ring on a base pipe; and

positioning a gripping device in an annular space
between the end ring and the base pipe, so that the gripping
device grips the base pipe, the gripping device comprising a

polymer composition material.

27. The method of claim 26, wherein the gripping
device positioning is performed after the end ring

positioning.

28. The method of claim 26, wherein the gripping
device positioning is performed concurrently with the end

ring positioning.

29. The method of claim 26, wherein the gripping
device positioning further comprises injecting the polymer

composition material into the annular space.

30. The method of claim 26, further comprising the
polymer composition material swelling, thereby increasing a

gripping force applied by the gripping device.

31. The method of claim 26, further comprising the
gripping device closing off a gap formed radially between

the base pipe and the end ring.
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32. The method of claim 26, further comprising the
gripping device being compressed radially inward by a
surface formed in the end ring, the surface encircling the

base pipe.

33. The method of claim 26, further comprising the
gripping device increasingly gripping the base pipe in
response to longitudinal displacement of the end ring

relative to the base pipe.

34. The method of claim 26, further comprising the

polymer composition material setting in the annular space.

35. The method of claim 26, further comprising the

polymer composition material hardening in the annular space.

36. The method of claim 26, further comprising a shear
strength of the polymer composition material increasing in

the annular space.

37. The method of claim 26, wherein the end ring
restricts longitudinal displacement of a seal element
relative to the base pipe, and wherein the seal element
comprises a swellable material which swells in response to

contact with a fluid.

38. The method of claim 26, further comprising a

reinforcement in the polymer composition material.
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39. The method of claim 38, wherein the reinforcement
has a dimension larger than a gap formed radially between

the base pipe and the end ring.



WO 2013/128222 PCT/IB2012/000394

1/4

10
s B h\/\—‘ .
\\/r.;//\ \/\7.:7\' /
B K
A% D N UK
,\\ N N : 4
// : N «
S B
7
16—'—_—"4.-/ /a‘; 14
w 4 A S/“\ZG
A 7o 30
L A a )
% g
¥ Lk
g B
b ARG
i . . //\
INGY
28 - R
a .
24 B '
N -4 .
N . .
,\// .
4 7
\\ % 4
B
7 .
1 -
. /",. )
H Pa.
e -
32 1< L ——30
: Jool—
" - 4
N fen 22
)/. : / aE/
7 zc-‘ N A -
'\\\///' N X L ///\
\\ L - L1 - /<
‘\ ‘a 1 N 4. - /4
.\< ; ; [\ N Bk ¥
. “v /‘ ’ 1
” L;;J\/§’\/‘qu\J‘/

FIG.1



PCT/IB2012/000394

WO 2013/128222

12

o] ©0
A M
Lp ]
\
A
\
\
\
\
\w‘ ||||| -~
padl a3 v 7
D RANEN / AN SNONN SN NNNNANN NSNS NN SNNANNANN SN NN NN AN
/ \
ﬂ / \
N | )
\ /
/ \
DNNNN NSONNXON NN NN NONNNNNNNANY NONN NN NN N N
o Z 7 2717 ya
0O ~+ N
MM M M R

FIG.2



3/4

12

18

o
-

36

40— |

A 3 S
\ ; \/\b
AN SO
/]
NS DO
) pj 777

V

FIG.3



WO 2013/128222 PCT/IB2012/000394

4/4
50

[
=¥

30

/

\\ 38 /‘48
/
7B

50

FIG.4



INTERNATIONAL SEARCH REPORT

International application No.

PCT/1B2012/000394

A. CLASSIFICATION OF SUBJECT MATTER
E21B 33/12 (200601)

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

E21B

Minimum documentation searched (classification system followed by classification symbols)

NO, DK, Fl, SE as classes above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPODOC, WPI

Electronic data base consulted during the international search (name of data base and, where pracncable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0083861 A1 (ALLISON, D. B. et al.), 2011.04.14, 1-3, 5-10, 12, 14,
paragraph 49 and 78. 15, 17-20,

22-24,26-30,
32-34 and 36-38
Y 4,6, 11, 13, 16,
21, 25, 31, 35
and 39
L US 7059415 B2 (BOSMA, M. C. R.), 2006.06.13, paragraph 13,
‘ (US 2011/0083861 A1 incorporates the entire document as a
reference, cf. paragraph 27)
Y US 2009/0179383 A1 (KOLOY, T. R. et al.) 2009.07.16, paragraph 4,21 and 35
37 and 55
A US 2010/0138158 A1 (NUTLEY, K. et al.), 2010 06.03, whole 1-39
document

& Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

earlier appllcatmn or patent but published on or after the international
tiling date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use. exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

wp

w0y

“pr

“T” later document published atter the international filing date or priority
date and not in contlict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive
step when the document is taken alone

*Y™ document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the arnt

“&" document member of the same patent family

Date of the actual completion of the international search

25/09/2012

Date of mailing of the international search report

26/09/2012

d, mg |]msg[ri{ulﬂgress of the ISA/

H dlc aten

Helgeshoj Allé 81, DK-2630 Taastrup, Denmark

Facsimile No. (+45)43 50 80 08

Authorized officer

Lovas, Bjern
Telephone No. (+47) 22 38 75 30

| PRI + 7801 LS Wie N 4 IV IFPNPASDS PN NP N EF) PP TATA T4 )Y




INTERNATIONAL SEARCH REPORT International application No.

PCT/1B2012/000394

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2011/110819 A2 (TENDEKA B.V.), 2011.09.15, page 10 and 11, 13, 16, 31 and
1 39
A US 2011/0297368 A1 (LEMBEKE, J.), 2011.12.08, whole document | 1-39

Form PCT/ISA/210 (continuation ot second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

. . - [nternational application No.
Information on patent family members PP

PCT/IB2012/000394
Patent documents Publication Patent family Publication
cited in search report date member(s) date
US 2011083861 A1 2011.04.14 US 2008110626 A1 2008.05.15
WO 2008060297 A2 2008.05.22
EP 2087199 A2 2009.08.12
US 2004261990 A1 2004.12.30 WO 03008756 A1 2003.01.30
CA 2453660 A1 2003.01.30
NO 20040188 A 2004.03.05
EP 1407113 A1 2004.04.14
BR 0211253 A 2004.07.27
CN 1533465 A 2004.09.29
EA 005440 B1 2005.02.24
AT 321188T T 2006.04.15

DE 60210113T T2 2006.11.02
AU 2002331271B B2 2007.05.31

MY 135121 A 2008.02.29
US 2009179383 A1 2009.07.16 WO 2009088502 A2 2009.07.16
US 2010138158 A1 2010.06.03 CA 2683430 A1 2010.04.28
EP 2182166 A2 2010.05.06
GB 2464823 A 2010.05.05
BRPI 0905800 A2  2011.03.29
GB 2475450 A 2011.05.18
WO 2011110819 A2 2011.09.15 AU 2011225863 A1 2012.07.26
US 2011297368 A1 2011.12.08 CA 2734420 A1 2011.12.07
GB 2481088 A 2011.12.14

Form PCT/ISA/210 (patent family annex) (July 3099)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

