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Gas tight tubular joint or connection

The present invention relates to a gas tight tubular joint or connection, particularly

related to mono diameter pipe or casing being used in connection with the production of

oil and/or gas, where the pipes or casings are manufactured from tubular sections and

where the tubular sections, after being interconnected at their respective ends, are

finally formed by expansion.

Expandable tubular casings have traditionally been used in the oil and gas industry to

solve operational challenges met during the drilling and maintenance of wells. The

technology covers applications such as:

Drilling liners - Expandable tubular used to case off a drilled section in a well. The

expandable tubular is hung off in the previous casing or liner either prior to or

after radially expanding the tubular. The result is a minimum or no loss in internal

diameter in the wellbore. Expandable drilling liners are designed to endure the

loads that the tubular casings may be exposed to during drilling, i.e. the

mechanical loads during a gas kick situation.

Casing repair - Expandable tubular used to restore the mechanical integrity of

mechanically damaged or eroded casings. By radially expanding the expandable

tubular against the internal diameter of an existing damaged or eroded casing,

the expandable tubular will replace the mechanical integrity that the original

casing had before damage or erosion occurred. The interface between the



expandable tubular and the original casing may be metal to metal with or without

elastomer packing for fluid pressure integrity purposes

Cladding in open hole - Expandable tubular used to create a mechanical shield against

unstable formations, i.e. mechanically weak formation or formation where fluid

loss may occur

Expansion of a tubular is performed by inflicting stress to the material that forces the

material from elastic deformation into plastic deformation. This permanently deforms the

material to a pre-designed shape, i.e. radially deform a tubular by increasing the internal

and external diameter. There are presently several expansion mechanisms for

expanding metal tubular, including fixed cone, flexible cone and rotating expansion

device driven by an axial mechanical force through the drillstring or by utilizing hydraulic

power through the injected wellbore fluid, i.e. mud.

In the oil and gas industry there is a great expectation to the future applications of

expandable tubular technology, aiming towards replacing the traditional nested casing

design with a design that allows one internal diameter from top to bottom in a well. This

future application is commonly referred to as "mono diameter" or "mono bore" and has

potential to dramatically reduce field development cost, reduce environmental impact

and increase safety within the drilling industry. The full potential may be revealed when

achieving expandable tubular connections properties that satisfies production casing

requirements, i.e. maintaining post-expansion gas pressure integrity.

A low gas pressure rating constitutes a limitation in the application of expandable

tubular casings. When designing a well, different mechanical load scenarios are

simulated to ensure mechanical integrity in the well during its full lifetime. A tubular

casing with a relatively low gas pressure integrity may i.e. be used for drilling purposes

but not be used as a fully qualified production casing, i.e. endure loads encountered if

there is a leak in the production tubing allowing gas pressure against the production

casing acting as a secondary barrier.



Challenges have been met with regard to achieving gas pressure integrity when using

conventional connections between the expandable tubular joints, i.e. the threads

dislocate and deform during the expansion process, reducing or eliminating interfacial

residual stress, causing an absence of gas pressure integrity.

There exists several methods of joining expandable tubular, e.g. US patent No.

6409175 and US patent application No. 2003/0234538.

US 6409175 B 1 relates to a method and apparatus are provided for obtaining a

mechanical connection and pressure tight seal in the overlapping area of two

telescoping tubular bodies where the two bodies are radially expanded and where the

expansion forces an annular seal of Teflon in the overlapping area into a pressure

sealing engagement between the bodies. Such seal is, however, not gas tight and

accepted to be used in casings of well bores.

US patent application No. 2003/0234538 relates to a conventional threaded connection

between segments expandable tubulars that provides multiple sealing points along the

pin and box. members that can withstand high pressures. This solution is neithter gas

tight.

The present invention relates to a gas tight expandable tubular joint or connection

which overcomes the disadvantages with the known solutions and which is mechanically

strong, potentially with metal sealing, and which is gas tight and complies with the

requirements of casings in well bores. The joint or connection of an expandable tubular

represents the weakest point of such tubular, and with the present invention is in

particular obtained a lengthwise distribution of the connecting surfaces covering a larger

area, thereby obtaining the increased local strength of the joint or connection.

The invention is characterized by the features as defined in the attached, independent

claim 1.

Claims 2 - 5 define preferred embodiments of the invention.

The present invention will be described in further detail in the following by way of

examples and with reference to the figures, where:



Fig. 1 shows a) in perspective a tubular body in the form of a pipe casing, and b)

a cross section of a part of the tubular body along section line A - A in a)

above,

Fig. 2 shows a sketch illustrating one principle according to the present invention

of obtaining residual compressive stresses on the interface between

tubular sections inside one another, from which sealing is accomplished,

Fig. 3 shows a sketch illustrating another principle according to the present

invention of obtaining residual compressive stresses on the interface

between tubular sections inside one another, from which sealing is

accomplished,

Fig. 4 shows a sketch illustrating a third principle according to the present

invention of obtaining residual compressive stresses on the interface

between tubular sections inside one another, from which sealing is

accomplished,

Fig. 5 shows a sketch illustrating a fourth principle according to the present

invention of obtaining residual compressive stresses on the interface

between tubular sections inside one another, from which sealing is

accomplished,

Fig. 6 shows in cross section three examples of connections based on the

principles according to the invention.

The present invention is based on the general principle that the pipes or casings are

formed from at least two, one outer and one inner tubular section. The ends of each of

said respective tubular section is overlapping the next, succeeding tubular section,

whereby one or more of the inner, intermediate or outer tubular sections are of different

metallic materials and/or different thickness, and under the deformation process, is

plastified or plastically deformed in the overlapping zone forming a metallic seal in such



zone and thereby providing gas pressure integrity between the inside and outside of the

expanded tubular pipe/casing.

Fig. 1 shows an example of a tubular connection according to the invention. More

specifically Fig. 1 a) shows, in perspective, a tubular body in the form of a pipe casing,

and Fig. 1 b) a cross section of a part of the tubular body along section line A - A in Fig.

1a). In order to maintain gas pressure integrity after expansion, the tubular casing is

composed of 2 or more pipes 1, 2, 3, inside one another over the connection, each one

with its own connection. The different pipes, and therefore also the connections 4, 5, 6,

are axially displaced relative to one another. The metal to metal overlap between the

connections, pressed against each other by the residual stress, will form the seal post

expansion. The same principle applies if only the connection area are sectioned with

multiple tubulars over the wall thickness, while the bulk of the casing remains like

conventional casing; one solid wall over the entire wall thickness.

The Invention will obtain a satisfactory gas pressure integrity for production loads in an

expandable tubular connection after being exposed to an expansion process, thereby

removing the present restriction in application, i.e. application as a production casing,

seen in expandable tubular technology.

The connections 4, 5, 6 for each pipe is based on conical, or straight treads . While

most treads in conventional casing connections are made out of one continuous tread

forming one tread area over the entire wall thickness of the tubular, this technology may

enable splitting of the treaded area in two or more treads over the wall thickness of the

casing. Each treaded area is positioned an axial distance, δ, from the adjacent

connections. The overlapping area, δ, between two adjacent treads, represents the

post expansion seal partly or fully. The sealing capacity of the overlapping area, δ, at

any time is directly linked to the residual stresses between two overlapping surfaces

superposed the operational stresses induced to the same surfaces during operation.

Both external and internal overpressure will increase this sealing stress.

The residual stresses are generated through the expansion process by for instance a

conical expansion tool (e.g. cone or roller). Two main deformation modes interact:



Tension in the θ-direction and bending in the r-z plane. Bending is energised by the

cone. Initially, as the cone meets the pipe, the straight pipe is bent outwards as can be

seen in Fig. 2 A, dashed body. Since the pipe is a continuous round body around the

perimeter, this bending will meet resistance from the membrane stresses and will be

pulled back towards the original straight state, though with a larger pipe diameter as can

be seen in Fig. 2 A. full body. If the pipe wall once again meets the cone, this process

will repeat. If the pipe wall does not meet the cone, the final shape has been reached.

The residual stress can be obtained if the pipe bent outwards meets a barrier before the

pipe itself redirect the wall into straight orientation. In such case the barrier will apply a

force to the bent pipe wall, which will redirect the pipe into a straight orientation as is

shown Fig. 2 B. The elasto-plastic deformation resulting from the force induced by the

barrier, will create a spring back force (elastic relaxation stress/strain), referred to herein

as residual stresses. These stresses will form the initial sealing force. The barrier in

this case is a pipe with larger diameter outside the deforming pipe in qestion.

The residual stress can also be obtained by a different relative stiffness between

adjacent tubular sections. Such stiffness variation can be effectuated by differences

between the two bodies, such as different wall thickness or mechanical strength. With

different stiffness in the two bodies, the resulting radii of an induced bending by e. g. a

cone will be different as is shown in Fig 3 A and B. If the body with the smallest bending

radius is the outer tubular section, there will be an interaction between the two bodies

before the membrane stresses have pulled the pipes straight. The result will be a

residual stress between the two tubular sections.

Residual stresses in the interface between two adjacent tubular sections inside one

another after an expansion can also come about using different base material properties

(rheology) in the tubular sections. To achieve residual interfacial stress in this manner

the outer tubular sections must have a higher yield stress than the inner pipe in the state



of relaxation. In this way the elastic spring-back of the outer tubular section is longer

than the inner tubular section. At one point the inner tubular section is relaxed while the

outer tubular continues to retract as is shown in Fig. 4. From here, the system will go

into equilibrium by the inner tube retracted to compression, oppositely balanced by

some remaining tension in the outer tube. This induces the sealing stress between the

tubular sections.

Residual stresses can be generated by the special shape occurring in the two ends of a

pipe expanded by a conical device. The effects taking place in the ends are the end-

tips bending towards the centre line as can be seen in Fig. 5 B. This effect comes as a

result of the interaction between the stiffness of the bend in the pipe as it leaves the

cone, and the forces pulling the pipe straight after having left the cone. The force

pulling the pipe straight is the adjacent pipe material. In the case of the ends, no

material is left to pull the end straight in one of the directions. The result is a residual

bending after the pipe has left the cone. Residual stresses can be generated if the bent

segment of a pipe meets a straight pipe segment inside itself forcing the inwards

bending into more straight shape as is shown in Fig. 5 C.

The invention as defined in the attached claims are not limited to the examples as

described above. Thus, the tubular connection may as shown in Fig. 6, example

denoted A), consist of tubular sections 8, 9 connected by conical, female respectively

male treaded sections and where outer and inner "pipe sections" are in the form of

outer and inner rings or bushings 10, respectively 11 are provided around a connected,

treaded section 7. The bushings 10, 11, stretching over and lengthwise beyond the

threaded section, is preferably connected to the inner tubular body at one end by means

of welds 12 to keep the bushing in place under the expansion operation. The outer

bushing has reduced thickness compared to the inner tubular section to obtain residual

stress as described above. In the example shown in Fig. 6, A) the rings or bushings 10,

11 are provided in recesses in the pipe sections 8, 9 . This is not a requirement as they



may be provided completely on the inside or outside of the pipe sections, without such

recesses.

Further, as shown in Fig. 6, example denoted B), the connection may consist of an inner

tubular section 13 with a radially protruding, rounded party 14 having a larger diameter

and extending into an outer tubular section 15 with a corresponding inwardly extending,

rounded party 16 with larger diameter. The residual stress is in this example obtained,

as in example A) above, by the different relative stiffness between the adjacent tubular

sections 13, 15 due to different wall thickness for the outer and inner tubular sections.

The residual stress can optionally be enforced by introducing a more formable metal 19

in-between two adjacent tubular sections 17, 18 as shown in Fig. 6, example denoted

C), enhancing the metal to metal sealing capacity of the connection. The formable

metal 19 may be provided between treaded sections 20, 2 1 as shown in the figure and

can act as:

i) separator between the two tubular sections to enhance the effect described

above,

ii) chemical interfacial bounding energised by metal flow during the expansion

process, causing oxide film breakage and nascent metal to metal contact,

iii) a metal "gasket" component filling all available space.

The API demand for metal to metal sealing in gas tight connections limits the "gasket"

material to metals. Pure aluminium is such a metal, which is highly formable and

establish good chemical bonding with steel when pressure and deformation causes the

oxide films to break, and intimate steel to aluminium contact is made.

Another material is silver, which has excellent corrosion resistance in intimate contact

with steel.

An alternative would also be a chemical bonding, e.g. a metal with low yield strength

creating inter-metallic bonds with the pipe metal or a chemical reaction after intimate

contact (and possibly raised temperature/pressure) between different elements

(reactants) or pipe metal after expansion.



Steel is by far the most commonly used material for casing applications today. The

base casing and the connections for this technology can be the standard API 5CT L80

or X80 widely used for conventional casing. Alternatively one could use a material with a

higher elongation to accomplish a higher margin to failure by rupturing through the

expansion process.

As described above sealing may be energised by different mechanical properties.

In combination with standard L80 casing, a material with higher yield stress outside the

L80 would be needed, or a material with a lower yield stress inside L80.



Claims

1. Gas tight tubular joint or connection, particularly related to mono diameter tubular

body in the form of a pipe or casing for instance being used in connection with

the extraction or production of oil and/or gas, where the pipes or casings are

manufactured from tubular sections and where the tubular sections, after being

interconnected at their respective ends, are finally formed by expansion,

c h a r a c t e r i s e d i n that

the pipes or casings are formed from at least two, one outer and one inner

tubular section, the ends of each of which respective section is overlapping the

next, succeeding tubular section, whereby one or more of the inner, intermediate

or outer tubular sections are of different metallic materials and/or different

thickness, and under the deformation process, is plastified or plastically deformed

in the overlapping zone forming a metallic seal and thereby providing gas

pressure integrity between the inside and outside of the expanded tubular

pipe/casing.

2. Gas tight tubular connection according to claim 1,

c h a r a c t e r i s e d i n t h a t

the connection includes one inner tubular body (8) where the tubular sections (9),

(10) are interconnected connected by conical, female respectively male treaded

sections and where an outer ring or bushing ( 1 1) is provided as the outer tubular

section, whereby the bushing ( 1 1) stretching over and lengthwise beyond the

threaded section and is preferably connected to the inner tubular body at one end

by means of a weld (12) to keep the bushing in place under the expansion

operation.



3. Gas tight tubular connection according to claim 1,

c h a r a c t e r i s e d i n t h a t

the connection consists of an inner tubular section (13) with a radially protruding,

preferably rounded party (14) having a larger diameter than the outer diameter of

the inner tubular section and extending into an outer tubular section ( 1 5) with a

corresponding outwardly extending, rounded party (16) having a larger diameter

than the inner diameter of the tubular section.

4 . Gas tight tubular connection according to claim 1,

c h a r a c t e r i s e d i n t h a t

a metal bonding based on a chemical reaction and/or a formable material

preferably metal (19) is provided in-between two adjacent tubular sections (17,

18), whereby the formable material is provided between treaded sections (20, 21)

of each of the connections between the adjacent sections (17, 18).

5. Gas tight tubular connection according to claim 1,

c h a r a c t e r i s e d i n t h a t

the tubular ' casing is composed of three or more pipes ( 1 , 2, 3) inside one

another Over the connection, each one with its own connection, whereby the

different pipes and the connections (4, 5, 6) are axially displaced relative to one

another with a distance δ.















A. CLASSIFICATION OF SUBJECT MATTER

A
I
c
P
o
C
rd
:
ing t

s
o
e
I
e
nter

e
n
x
a t
t
io
r
n
a
al P

s
a
h
te
e
n
e
t C
t

lassification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: E21B, F16L

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

SE, DK, FI, NO classes as above

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

EPO-INTERNAL, WPI DATA, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 20040017081 Al (N. A .A . SIMPSON ET AL), 1,2
29 January 2004 (29.01.2004), whole document

Y

US 20040007364 Al (N. A .A . SIMPSON), 1,2
15 January 2004 (15.01.2004), whole document

WO 0037772 Al (PETROLINE WELLSYSTEMS LIMITED ET
AL), 29 June 2000 (29.06.2000), whole document

US 5787933 A (J. RUSS ET AL), 4 August 1998 1-5
(04.08.1998)

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or pπ onty
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance: the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance: the claimed invention cannot be

considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other

means combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the pno π ty date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

2 5 May 2007 2 8 -05- 2007

Name and mailing address of the ISA/ Authorized officer

Swedish Patent Office
Box 5055, S-102 42 STOCKHOLM Christer Backnert / MRo
Facsimile No. + 46 8 666 02 86 Telephone No. + 46 8 782 25 00

Form PCT/ISA/21 0 (second sheet) (April 2007)



International patent classification (IPC)

E21B 17/08 (2006.01)
E21B 43/10 (2006.01)
F16L 13/14 (2006.01)

Download your patent documents at www.prv.se
The cited patent documents can be downloaded at www.prv.se by
following the links:

• In English/Searches and advisory services/Cited documents
(service in English) or

• e-tjanster/anf δrda dokument (service in Swedish).
Use the application number as username.
The password is DPGJCXNUFV .

Paper copies can be ordered at a cost of 50 SEK per copy from
PRV InterPat (telephone number 08-782 28 85) .

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/210 (extra sheet) (April 2007)



US 20040017081 Al 29/01/2004 AU 2003251145 A 23/01/2004
CA 2491300 A 15/01/2004
EP 1520083 A 06/04/2005
EP 1762697 A 14/03/2007
GB 0215668 D 00/00/0000
WO 2004005665 A 15/01/2004

US 20040007364 Al 15/01/2004 AU 2002352359 A 17/06/2003
CA 2469361 A 12/06/2003
GB 0129193 D 00/00/0000
GB 0412618 D 00/00/0000
GB 2401132 A,B 03/11/2004
US 6942029 B 13/09/2005
WO 03048521 A 12/06/2003

Form PCT/ISA/210 (patent family annex) (April 2005)



WO 0037772 Al 29/06/2000 AU 765292 B 11/09/2003
AU 766437 B 16/10/2003
AU 766855 B 23/10/2003
AU 772327 B 22/04/2004
AU 772473 B 29/04/2004
AU 772586 B 29/04/2004
AU 1867900 A 12/07/2000
AU 1868700 A 12/07/2000
AU 1868800 A 12/07/2000
AU 1868900 A 12/07/2000
AU 1876600 A 12/07/2000
AU 1876800 A 12/07/2000
CA 2356130 A 29/06/2000
CA 2356131 A 29/06/2000
CA 2356144 A ,C 29/06/2000
CA 2356148 A ,C 29/06/2000
CA 2356184 A 29/06/2000
CA 2356194 A,C 29/06/2000
CA 2497854 A ,C 29/06/2000
CA 2557965 A 29/06/2000
CA 2560501 A 29/06/2000
CA 2564290 A 29/06/2000
CA 2565202 A 29/06/2000
DE 69922541 D 00/00/0000
DE 69922543 D 00/00/0000
DE 69926802 D 00/00/0000
DE 69928007 D 00/00/0000
EP 1141515 A 10/10/2001
EP 1141517 A,B 10/10/2001
EP 1141518 A,B 10/10/2001
EP 1144802 A,B 17/10/2001
EP 1147287 A,B 24/10/2001
EP 1151180 A 07/11/2001
EP 1505251 A 09/02/2005
EP 1510651 A 02/03/2005
EP 1582274 A 05/10/2005
GB 0305872 D 00/00/0000
GB 0306256 D 00/00/0000
GB 0306257 D 00/00/0000
GB 2345308 A ,B 05/07/2000
GB 2346400 A,B 09/08/2000
GB 2346632 A,B 16/08/2000
GB 2346909 A,B 23/08/2000
GB 2347445 A,B 06/09/2000
GB 2382832 A,B 11/06/2003
GB 2383065 A ,B 18/06/2003
GB 2383361 A 25/06/2003
GB 9828234 D 00/00/0000
GB 9928941 D 00/00/0000
GB 9930166 D 00/00/0000
GB 9930396 D 00/00/0000
GB 9930397 D 00/00/0000
GB 9930398 D 00/00/0000
NO 20012596 A 27/07/2001
NO 20012597 A 27/07/2001

Form PCT/ISA/210 (patent family annex) (April 2005)



31/03/2007 PCT/N02007/000058

WO 0037772 Al 29/06/2000 NO 20012598 A 30/07/2001
NO 20012599 A 30/07/2001
NO 20012600 A 30/07/2001
NO 20012865 A 07/08/2001
US 6425444 B 30/07/2002
US 6446323 B 10/09/2002
US 6457532 B 01/10/2002
US 6527049 B 04/03/2003
US 6543552 B 08/04/2003
US 6688400 B 10/02/2004
US 6702029 B 09/03/2004
US 6702030 B 09/03/2004
US 6742606 B 01/06/2004
US 6923261 B 02/08/2005
US 6976539 B 20/12/2005
US 7117957 B 10/10/2006
us 7124821 B 24/10/2006
us 7124826 B 24/10/2006
us 7168497 B 30/01/2007
us 7188687 B 13/03/2007
us 20020060079 A 23/05/2002
us 20020079106 A 27/06/2002
us 20020112338 A 22/08/2002
us 20020145281 A 10/10/2002
us 20020166668 A 14/11/2002
us 20020195256 A 26/12/2002
us 20030019638 A 30/01/2003
us 20030132032 A 17/07/2003
us 20030136561 A 24/07/2003
us 20040079528 A 29/04/2004
us 20040149454 A 05/08/2004
us 20040216878 A 04/11/2004
us 20040216925 A 04/11/2004
us 20040226723 A 18/11/2004
us 20050121232 A 09/06/2005
us 20050127673 A 16/06/2005
us 20050252662 A 17/11/2005
WO 0037766 A 29/06/2000
WO 0037767 A 29/06/2000
WO 0037768 A 29/06/2000
WO 0037771 A 29/06/2000
WO 0037773 A 29/06/2000
AU 2946099 A 11/10/1999
GB 0025433 D 00/00/0000
GB 2353387 A ,B 21/02/2001
GB 9900835 D 00/00/0000
GB 0006215 D 00/00/0000
GB 9923783 D 00/00/0000
GB 9924189 D 00/00/0000

Form PCT/ISA/21 0 (patent family annex) (April 2005)



US 5787933 A 04/08/1998 DE 4406167 A ,C 31/08/1995
DE 59408009 D 00/00/0000
EP 0669490 A,B 30/08/1995
SE 0669490 T3
ES 2132276 T 16/08/1999
JP 7236924 A 12/09/1995

Form PCT/IS A/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

