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(57) Abregée/Abstract:

A method of coupling first and second expandable tubulars comprises providing a male tubular connector portion and a female

tubular connection portion having greater yield strength, coupling the connector portions together, and expanding the couplea
connector portions. The coupled connector portions may be expanded downhole.
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ABSTRACT

A method of 'coupling first and second expandable
tubulars comprises pro‘viding a male tubular connector
portion and a female tubular cdnnection portion having
greater yield strength, coupling the 'connectOr portions
together, and expanding the. coupled connéi:tor_ portions.

The coupled connector portions may be expanded downhole.
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TUBING CONNECTOR

FIELD OF THE INVENTION

The present invention relates to a tubing connector.
In particular, the invention relates to an expandable

tubing connector,

BACKGROUND OF THE INVENTION

In the o0il and gas exploration and extraction
indﬁstry, well bores are lined with metal tubing.
Typically,.the‘majority_of a well will be lined with tubing
kﬁown as casing, while the distal end of the well 1is
provided with smaller diametet tubing known as liner.
éénerally, the section oftheweli provided with the liner
wiil intersect the hydrocarbon—bearing formation.

Both the casing and the liner will typically be formed
of tube sections with threaded or otherwise formed ends,
such that the tube sections may be joined end-to-end to
form longer tubiﬁg strings. The tube section ends may be
formed to provide male and female éoupling portions,
generally known as pin and box couplings, or may be formed
as male poftions adapted to co-operate with external
cénhectors or sleeves.

In recent years there have been numerous proposals to

provide downhole tubing which is expanded downhole, that is
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casing, liner or other tubing of a first diameter which is
run into a bore and then expanded to a larger second
diameter. However, difficulties have’beenexperienced in
creating tubiling connecitions which will maintain their
integrity following expansion. In particular, threaded
connections tend to lcocosen or separate on expansion, and
there have been numerous proposals for connections with,
for 'example, different thread forms, with a view to
éountering~this difficulty.

It is ameng the ,objectives of embodiments of the

invention to provide an expandable tubing connector which

will maintain integrity post-expansion.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention
there is provided a method of coupling first and second
eXpandable,tubulérs, the method comprising:

providing a male tubular connector portion having a
first yield strength;

providing a female tubular connection portion having a
second vyield strength greater than said first vyield

strength:;
coupling the connector portions tcgether; and
expanding the coupled connector portions.

According to a second aspect of the present invention

there is provided a method of coupling first and second
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expandable tubulars, the method comprising:

providlng a femalé tubular connector portion having a
second modulus of elasticity lower than said first modulus
of elésticity:

coupiing the'connector portions tcgether; and

expanding the coupled connector portions.

The invention also relates to ah expandable cdnnector-

In both aspects of the present invention, selection of
the material ' p'roperties of the connector porti:orié.
facilitates maintenance or even enhancement of a ‘se_cure
coupling between the male aﬁd ‘female connector portions
following e:{pansio‘n; . the e.lastic. recﬁvery of the outer
female conneCtion:portion will be greater than the elastic
recovery of the inner male connector portion.'

Thesé aspects of the invention have_paiticular utility
'in downhole applications where tubulars, such as liner or
casing séctions, may be coup;ed to form tubing strings. In
suc'h‘ applications 1t 1is of course prefefred that the
coupling between the connector, portions retains both
mechanical and pressure integrity post expansion.

One or both of the cohnector portions may be mounted
to an end of a tubing section'tc, for example, form pin and

box connectors. In other embodiments, one of the connector
portions may be in the form of an inner or outer sleeve

adapted to co-operate with one or two other female or male

connector portions.
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Préferably, the connector porticons are threaded.
Alternatively, or in addition, other coupling arrangements
may be provided, including but not limited to co-operating
tapers, snap rings or other coupling members, pins, SCrews,
welding, keys or dogs.

' The material properties, that is the yield strength or
elastic or Young's modulus, of a tubular connector portion
may be substantially constant 'acr'oss the thickness or
Iength'of the portion wall. Alternatively; the material
properties may vary across the thickﬁess of the Walli This
- may be achieved by a numbexr of‘means, for examéle selective
locaiised heat treatment of a 'portion of the wall.'. In
otherexamples,'the wall may comprise Lwo or mbre different
materials, for example thé wall may lncorporate one or more
bands of different materials having different properties.
The different materials may be“integral oi may be present
as separate members. In one embodiment a ring br sleeve of
'relatively high yield' strength or low' modulﬁs material,
' such as titanium alloy, may be provided externally of an
otherwise conventional female tubular connector ﬁortion.
The ring or sleeve may be.located by ény sﬁitable.means,
including shrink fitting or an interference fit.  Thus

embodiments of the invention may be provided utilising

substantially conventional connector portions, which may
even be of the same material, by providing a close-fitting

ring or band of a material such as titanium alloy around
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the female portion. In another embodimegt, a high yield
strength or low modulus 1insert may be incorporated,
externally or internally, inthe'female.connector portion.

The coupled connector portions maysbe expanded by any
appropriate method, including forcing an expansion swage,
cone or mandrel through the coupling, or applying an
elevated hydraﬁlic pressure to the inner diameter of the
male portion, or a combination of both. The swage or cone
may take any appropriate form, and méy include rolling or
~low friction sﬁrfaces to facilitate translation of the
expénsion' devicé through t’hé C-ouél.ing'; Such expansion
induces -circumferehtial- stretching or stréin in the
tybulars. For such mechanisms, it 1is important that the
female portion is free to expandg

Alternatively, or 1in additibn, 1t may be possible to
expand the coupling utilising a rolling br rotary expansion
‘device, which may or may not be c¢ompliant, such as the
various expansion device.s which are available from the
applicants, and as described in WO00\37766 and US
03\469, 690, the disclosures of ‘whiéh' are incorporated
herein by reference,

Spacing, sealing or gripping members may be provided
on one or both of the connecﬁion portions, or for location
between the portions. The sealing members may i1nclude
elastomeric rings or sleeves, or rings or bands of formable

material, such as relatively soft metal such as lead or
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For the first‘aspect, the materials utilised to form
‘the couplings may have the same or similar elastic moduli.

Of course the aspects of the 1invention may be
combined, that is by providing a female tubular connector
portion with & greater yield strength and a lower modulus

of elasticity.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present lnvention will
now be described, by way of example, with reference to the
accompanying drawings, in which: .

Figures 1 and 2 are schematic sectional views of steps
in expanding a tubing connector in accordance with an
empbodiment of the presentinvention: and
. Figures 3 and 4 are sectional schematic views of
tubing connectors in accordance with.further embodiments of

the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS'

Reference is first made to Figure 1 of the drawings,
which illustrates a section of a drilled bore 10 into which
a tubular, in the form of a casing string 12, has been run.

The éasing 12 has an outer diameter smaller than the

inner diameter of the bore 10, to allow the casing 12 to be

run into the bore 10 and suybsequently expanded, as
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illustrated in Figure 2 of the drawings.

‘The casing string 12 is formed of a plurality of
tubing sections 14, end portions of two of which are shown
in the Figure. The tubing sections 14 are provided with
end connector portions'lG, 18, the upper connector peortion
being a threadéd pin connector 16 and the lower connector
portion being a complemehtary threaded box connector 18.

The form of the connectors 16, 18 is substantially
cohventio‘nal‘, ‘and the connectors 16, ‘18 are made up on
surface in slubstantially conventional fashion. However,
the conn-ec:tors 16, 18 are formed of differént materials.
In particular, the pin 16 is formed ' of steel héving a
Young's modulus of elasticity (E) of 29 - BO x.lﬁé;psi (180
- 210 gPa), whereas the box 18 is formed of titanium alloy,
with a modulus of lS -wl7x 10° psi.

After the casing string 12 has been made up, run 1into
the bore 10, and fixed in place, an ekpansion device 20 is
run through the string 12 and expands the c:dsing from an
initial diameter Dl to a larger, expanded diameter D2.‘ In
this example, the expansion device is a rotary expander and
features a number of rollers which are urged radially
outwards into contact with the inner wall of the casing.
The rollers produce localised compressive yield of the
casing wall, reducing the wall thickness of the casing and

producing a corresponding increase 1in diameter. At the

connectors 16, 18, the pin 1s expanded 1n this manner,
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however the box 18 is QXpanded from contact with the
expanding pin 16. Of course, in other embodiments other
forms of expander, such as a cone or mandrel, or fluid
préssure, may be utilised.

Of céurse the casing wall passes through'yield during
the expansion process, but once the expansion device 20 has
passed through a casing section the expanded s‘éction
expérienée a dégree‘of elastic recovery. At the connector
portions 16, 18, the differing material§ of’thexconﬁector
portions 16, 18 result ih the box 18 experiencing twice the
degreé-of iecovery.of-the pin 16. Of course this creates é
significént' contact pressure between the pin and box 186,
18, maintaining the mechanical and pressure integrity of
the connection. .

Reference 1s now made to Figure 3 of the drawings,
which illustrates a casing connector 30 in accordance with
a further embodiment 'of' the present invention. In this
connector 30, the pin and box connector portions 32, 34 are
for;ned of the same materials. ‘However, a titaniuﬁl alloy
band 36 is provided around the box 34.

When the conneétor 30 1s expanded, the greater elastic
recovery of the titanium band 36 compresses the box 34 to
create a contact pressure beﬁween the opposing surfaces of
the pin and box -32-, 34; 1n 'the abpsence of the band 36,
there would be a possibility of the slightly greater degree

of elastic recovery of the pin 32 resulting in separation
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of the pin 32 and box 34, and a loss of mechanical and
pressure integrity at the connector 30,

In other embodiments the band 36 may be shorter than
the box'34 or may be positioned on the box 34 externally of
a seal location, for éxample an elastomeric seal may be
provided within the box and located relative to the ring or
band 36 ﬁo ensure that the seal 1s under compression in the
expanded connector. Further, the pin 32 may be recéssed at
the location of the band 36, to facilitate positive
interference between the pin and box.

A somewhat similar effect to that provided by the band
36 is achieved in the connector 40 illustrated in Figute 4
of the drawings, by providing a dovetail sectioh titanium
alloy insert 42 in the box connector portion 44, which is
otherwise of the same material és'the pin connector portion
46. Post expansion, the §reater degree of elastic recovery
of the insert 42 ensures that the integrity of the expanded
connector 40 is maintained.

- The insert 42 may be'initially fixed in the box 44 or
may be floating. .

It will be apparent to those of skill-in the art that

the appropriate seleétion of material properties of

elements of an expandable connector facilitates achieving a

secure and reliable coupling between expanded tubulars. 1In
other aspects of the invention material properties other

than yield strength and elastic modulus may be determined
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and selected with a view to ensuring that a secure coupling

is achieved.
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CLAIMS

1. A method of coupling first énd second exXpandable
tubulars, the method comprising:

‘providing a male tubular connector portion having a
first yield s£rength: .

providing é female tubular connection portion héving a

second vyield strength greater than said \first' yield
strength; .

- coupling the connector portions together; .and

expanding the coupled connector portibns.

2. The method of claim 1, comprising éxpanding the

coupled connector portions downhole.

3. The method of claim 1 or 2, comprising mounting at
least one of the connector portions on an end of a tubing

section.

4. The method of any of the preceding claims, wherein the
connector portions are in the form of pin and box

connectors.

5. The method of any of claims 1 to 3, wherein the female

connector portion is in the form of a sleeve.
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6. The method of any of the preceQihg,claims, wherein the
connector portions are threaded and are made up by relative

rotation.

7. The method of any of the preceding claims, comprising
mounting at least one of the connector portions on a length

cf liner.

8. The method of any of the preceding claims, comprising
mounting at least one of the connector portions on a length

of casing.

9. The method of any of the preceding claims, further
'COmprising forming a fluid seal between the connector

portions,

10. The method of any of the preceding claims, comprising
expanding the coupled connector portions by forcing an

expansion cone through the portions,

11. The method of any of the preceding claims, comprising
expanding the coupled connector portions by rotary

expansion.

12. The methed of any of the preceding claims, comprising

selecting the materials utilised te form the connector
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portions such that the portions have similar elastic

moduli.

13. The method of any of claims 1 to 11, comprising
selecting the materials utilised to form the connector
portions such that the second tubular has a lower elastic

modulus than the first tubular.

14. An expandable connector comprising:

an expéndable male tubular coﬁnector portion haVing a
first yield strength; and

an expandable female tubular connector portion adapted
" to engage with the male tubular connector and havirig a
second vyield strength greater than Said first vyield

strength.

15. The connector o¢f claim 14, wherein the connector

portions are adapted for location downhole.

16. The connector of claim 14 or 15, wherein at least one

of the connector portions is mounted on an end of a tubing

"gsectyion.

17. The connector of any of claims 14 to 16, wherein the
connector portions are 1in the form of pin and box

connectors.
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18. The connector ¢cf any of claims 14 to 17, wherein the

female connector portion is in the form of a sleeve.

19. The connector of any of claims 14 to 18, wherein the

connector portions are threaded.

20. The connector of any of claims 14 to 19, wherein at
least one of the connector portions is mounted on a length

of liner.

21. The connector of any of claims 14 to 19, wherein at
least one of the connector portions is mounted on a length

of casing.

22. The connector of any of claims 14 to 21, wherein a

fluid seal is provided between the connector portions.

23. The connector of any of claims 14 to 22, wherein a
portion of said female connector portion has different
material properties from another portion of the connector

portion.

24. The connector of claim 23, wherein said portions of
the female connector portion comprise inner and outer wall

portions having different material properties.

25. The connector of claim 24, wherein said outer wall
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portion has a yield strength higher than said inner wall

portion.

26. The connector of claim 24 or 25, where in said outer

wall portion extends over the length of the female

connector portion.

27. The connector of claim 24 or 25, whereln sald outer
wall pdrtion extends over only part of the length of the

female connector portion.

'28.. The connector of any of claims 24 or 27, wherein said

inner and outer wall portions are integral.

29. The connector of any of claims 24 or 27, wherein said
inner and outer wall portions comprise separate members.
30. The connector of c¢laim 29, wherein said outer wall

portion comprises a ring of relatively high yield strength.

31. The connector cf any of claims 24 to 30, wherein a
seal member 1s provided on one of the connector portions

internally of said outer wall portion.

32. The connector of claim 23, wherein said connector

portion comprises a relatively high yield strength insert,

33. The c¢onnector of any of c¢laims 14 to 32, wherein the
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materials utilised to form the connector portions have the

same or similar elastic moduli.

34. The‘connector of any of claims 14 to 33, wherein the

female connector portion has a lower modulus of elasticity

than the male connector portion.

35. A method' of coupl\ing first and second expandable
tubulars, the method comprising:

providing a female tubular connector portion having 3
second modulus of elasticity lower than.said first modulus
-of elasticity;
coupling the connector-portions tégether; and

expanding the coupled connector portions.

36. The method of claim 35, comprising expanding the

coupled connector portions downhole.

37. The method of claim 35 or 36, comprising mounting at

least one of the connector portions on an end of a tubing

section.

38, The method of any of claims 35 to 37, wherein the

connector portions are in the form of pin and box

connectors.

38, The method of any of claims 35 to 37, wherein the
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female connector portion is 1n the form of a sleeve.

40. The method of any of claims 35 teo 39, wherein the
connector portions are threaded and are made up by relative

rotation.

41. The method of any of claims 35 to 40, ¢omprising
mounting at least one of the connector portions on a length

of liner.

42. The method of any of claims 35 to 40, comprising
mounting at least one of the connector portions on a length

of casing.

43, The method of any of claims 35 to 42, further
comprising forming a fluid seal between the connector

portions.

44, The method of any of claims 35 to 43, comprising
expanding the coupled connector portions by forcing an

expansion cone through the portions.

45, The method of any of claims '35 #o 44, comprising

expanding the coupled connector portions by rotary

“expansion.

46. The method of any of claims 35 to 45, comprising
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selecting the yield strength of the male connector portion
to be lower than the vield strength of the female cohnector

portion.

47. An expandable connector comprising:

an expandable male tubular connector having a ..first
modulus of elastibity; and

a corresponding. expandable female tubular connector
portion .havir_l_g a second- modulus of elasticity less than

salid first modulus.

48 . The connector of claim 47, wherein the connector

portions are adapted for location downhole.

49. The connector of claim 47 or 48,'wherein at least one
of the connector portions is mounted on an end of a tubing

section.

50. The connector of any of claims 47 to 49, whereln the
connector portions are in the form of pin and box

connectors.

51. The connector of any of claims 47 te 50, wherein the

female connector portion is in the form of a sleeve.

52. The connector of any of c¢laims 47 to 51, wherein the

connector portions are threaded.
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53. The connector of any of <¢laims 47 to 52, wherein at
least one of the connector portions is mounted on a length

of liner.

S54. The connector of any claims 47 to 52, wherein at least

one of the connector portions is mounted on a length of

casing.

55. The connector of any of claims 47 to 54, _wherein a

fluid seal is provided between the connector portions.

56. The connector of any of claims 47 to 55, wherein a
portion of said female connector portion has different

material properties from another portion of the connector

portion.

57. The connector of claim 56, wherein said portions of
the female connector portion comprise inner and outer wall

portions having different material properties.

58. The connector of claim 57, wherein said outer wall

portion has a modulus lower than said inner wall portion.

59, The connectcor of claim 57 or 538, wherein sald outer

"wall portion extends over the length of the female

connector portien.
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60. The connector of any of claims 57 or 58, wherein said
outer wall portiocn extends over only a part of the length
of the female connector portion,'

61. The connector of any of claims 57 to 60, wherein said

inner and outer wall portions are integral.

 62. The connector of any of ;laims 57 to 61,-wherein sald

inner and outer wall portions comprise separate members.

- 63. The connector of claim 60, \wherein said outer wall
portion comprises a ring or sleeve of relatively low

modulus material.

64. The connector of any of claims 57 to. 63, wherein a
seal member is provided internally of said outer wall

portion.

65. The connector of claim 56, wherein said connector

portion comprises a relatively low modulus insert.

66. The connector of’any of claims 47 to 65, wherein the

materials utilised to form the connector portions have the

same or similar yield strength.

6€7. The connector of any of claims 47 to 65, wherein the

female.connector portion has a higher yield strength than
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the male connector portion.
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Fig. 4
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