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(57) ABSTRACT 

Amethod of forming a pro?le (10) in a section of tubing (12) 
comprises; providing an expander device (14) having at least 
one radially extendable expander member (22), positioning 
the device (14) at a predetermined location in the tubing 
(12); and extending the member (22) to deform the tubing 
(12) to create a pro?le (10). 
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PROFILE FORMATION 

[0001] Thin invention relates to doWnhole pro?le forma 
tion, and in particular the formation or provision of pro?les 
in, cased boreholes. The invention also relates to cutting or 
otherWise forming casing. 

[0002] In the oil and gas exploration and production 
industries, subsurface hydrocarbon-bearing formations are 
accessed via drilled boreholes lined With steel tubing, knoWn 
as casing. The casing Will often de?ne pro?les, typically 
annular recesses or annular restrictions, to facilitate the 
location and mounting of tools and devices in the borehole. 
The pro?les are formed in the casing before it is run into the 
borehole, and are positioned in the string of casing at 
predetermined locations. This places restrictions on the 
subsequent placement of tools and devices in the bore, and 
the original pro?le locations may prove not to be appropriate 
as the Well is developed. Further, different tool manufactur 
ers utilise different pro?les, and once the casing is in place 
an operator may be committed to obtaining tools from a 
single source throughout the life of the Well. 

[0003] It is among the objectives of embodiments of the 
invention to obviate and mitigate these dif?culties. 

[0004] According to a ?rst aspect of the present invention 
there is provided a method of forming a pro?le in a section 
of tubing, the method comprising: 

[0005] providing an expander device having at least 
one radially extendable expander member; 

[0006] positioning the device at a predetermined 
location in a section of tubing; 

[0007] extending the member to deform the tubing at 
said location to create a pro?le therein. 

[0008] The invention facilitates the formation of a pro?le 
at a desired location in a section of tubing, such that, for 
example, an operator is not constrained to utilising pre 
formed pro?les of particular con?guration at ?xed locations 
in the tubing. 

[0009] The pro?le may take any appropriate form, includ 
ing one or more annular recesses, one or more circumfer 

entially spaced recesses and a female thread. As such, the 
pro?le may permit or facilitate the location of tools or 
devices in the tubing at the pro?le location. Alternatively, the 
pro?le may serve as a reference point. 

[0010] Preferably, the tubing is deformed by rolling 
expansion, that it an expander member in rotated Within the 
tubing With a face in rolling contact With an internal face of 
the tubing. Such rolling expansion may cause compressive 
plastic deformation of the tubing and a localiZed reduction 
in Wall thickness resulting in a subsequent increase in tubing 
diameter. Alternatively, Where the tubing is constrained, for 
example by outer tubing or surrounding rock or cement the 
tubing material may ?oW by virtue of the compressive 
plastic deformation to create a groove or raised pro?le, The 
tubing expander may take any appropriate form, and the 
expander member may be mechanically or ?uid pressure 
activated. Conveniently, the expander member is in the form 
of a roller, and may de?ne a raised circumferential rib or 
other pro?le to provide a high pressure contact area and to 
create a pro?le in the tubing of a predetermined form. 
Preferably, the expander member is extended by application 
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of ?uid pressure. In the preferred form, the expander mem 
ber is in the form of a roller having a tapered end and is 
operatively associated With an axially movable piston and 
cam or Wedge, although in other embodiments the member 
may itself de?ne a piston Which is radially movable in 
response to internal expander tool pressure. Preferably, a 
plurality of expander members are provided, and most 
preferably a plurality of the expander members are radially 
extendable. 

[0011] Preferably, the expander member is run into the 
tubing on a running string, Which may be reelable, such as 
coil tubing. The running string may be rotated to create the 
pro?le, or a motor may be mounted in the running string to 
rotate the expander. 

[0012] The tubing may be in the for of a riser tube, as used 
to connect an offshore platform, rig or ship to a subsea 
Wellhead assembly, Alternatively, the tubing may be in the 
form of bore-lining tubing, such as casing or liner, or may 
be production tubing. 

[0013] According to a second aspect of the present inven 
tion there is provided a method of forming a pro?le in a 
Section of tubing, the method comprising deforming a 
section of tubing by rolling expansion to create a pro?le 
therein. 

[0014] According to another aspect of the present inven 
tion there is provided a method of providing a pro?le in a 
section of tubing, the method comprising; 

[0015] providing a ring of deformable material; 

[0016] providing an expander device having at least 
one radially extendable member; 

[0017] positioning the ring and the device at a pre 
determined location in a section of tubing; 

[0018] extending the member to deform the ring such 
that the ring engages the tubing at said location to 
create a pro?le therein. 

[0019] According to a further aspect of the present inven 
tion there is provided apparatus for providing a pro?le in a 
section of tubing, the apparatus comprising: a ring of 
deformable material, and an expander device having at least 
one radially extendable member, the device being locatable 
Within the ring and the member being extendable to deform 
the ring into engagement With surrounding tubing to create 
a pro?le therein. 

[0020] These aspects of the invention afford additional 
advantages to the aspects of the invention described above. 
In certain applications it may be dif?cult to deform existing 
tubing, Which Would be the case With, for example, heavy 
gauge cemented casing or hardened tubing, and theme 
aspects of the invention obviate these dif?culties by locating 
a ring in the casing. Further, the ring may provide a 
restriction in the tubing, Which may be utiliZed as a “no-go” 
to locate tool and other devices in the tubing. The ring may 
be preformed to de?ne any predetermined pro?le, for 
example a thread, lip, recess or Wedge. 

[0021] Preferably, the ring and the expander device are run 
into the tubing together. Most preferably, the expander 
member in pro?led to provide a mounting for the ring. 
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[0022] Preferably, the ring is deformed to form an inter 
ference ?t With the tubing, most preferably by increasing the 
diameter of a section of the ring. Most preferably, the ring 
is deformed by rolling expansion, that is an expander 
member is rotated Within the ring With a face in rolling 
contact With a internal face of the ring. Such rolling expan 
sion causes compressive plastic deformation or yield of the 
ring and a localised reduction in Wall thickness resulting in 
a subsequent increase in ring diameter. 

[0023] The ring may comprise a relatively ductile portion 
Welded or otherWise connected to a relatively in?exible 
portion, the deformation of the ring being restricted to the 
relatively ductile portion. 

[0024] The ring may carry grip banding or the like on an 
outer surface to facilitate secure location relative to the 
tubing. The grip banding may comprise relatively hard 
elements such as grit or balls formed of hard material such 
as tungeten carbide. 

[0025] According to yet another aspect of the present 
invention there is provided a method of providing a pro?le 
in a section of tubing, the method comprising deforming a 
ring of material by rolling expansion Within a section of 
tubing much that the ring engage the tubing at said location 
to create a pro?le therein. 

[0026] According to a still further aspect of the present 
invention there is provided a method of cutting a section of 
tubing, the method comprising: 

[0027] providing a cutting device having at least one 
radially extendable rolling member de?ning a raised 
circumferential portion; 

[0028] positioning the device at a predetermined 
location in a section of tubing; 

[0029] extending the member to contact the tubing at 
said location and rotating the device to deform the 
tubing, the degree of deformation being such that the 
tubing is cut at said location. 

[0030] This aspect of the invention may be used in many 
different applications, for example severing a riser Which 
cannot be released from a Wellhead assembly, or cutting a 
section of casing or liner. 

[0031] Preferably, the cutting device im provided With a 
plurality of rolling member, Which progressively compress 
the tubing Wall and reduce the Wall thickness thereof. 

[0032] These and other aspects of the present invention 
Will noW be described, by Way of example, With reference to 
the accompanying draWings, in Which; 

[0033] FIG. 1 is a schematic sectional vieW of a stage in 
a method of forming a pro?le in a section of tubing in 
accordance With an embodiment of an aspect of the present 

invention; 
[0034] FIGS. 2 and 3 are schematic sectional vieWs of 
stages in a method of providing a pro?le in a section of 
tubing in accordance With an embodiment of another aspect 
of the present invention; 

[0035] FIGS. 4, 5 and 6 are schematic sectional vieWs of 
stages in a method of providing a pro?le in a section of 
tubing in accordance With a second embodiment of said 
another aspect of the present invention; and 
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[0036] FIG. 7 is a schematic sectional vieW of a stage in 
is a method of cutting tubing in accordance With an embodi 
ment of a further aspect of the present invention (on same 
sheet as FIG. 1). 

[0037] Reference is ?rst mare to FIG. 1 of the draWings, 
Which is a schematic sectional vieW of a stage in a method 
of forming a pro?le 10 a section of doWnhole tubing 12 in 
accordance With an embodiment of an aspect of the present 
invention. In this example the tubing 12 is in the form of 
bore-lining casing. The pro?le 10 is useful for locating tools 
and devices in the tubing 12 and is formed using an expander 
device 14 as Will be described. 

[0038] The expander device 14 in run into the tubing 12 on 
a tool string 18 and comprises a body 20 carrying three 
radially extendable rollers 22, each de?ning a raised central 
rib 24. The rollers 22 have tapered ends and are mounted on 
cones coupled to a piston Which is axially movable in 
response to pressure applied to the interior of the expander 
body 20 via the tool string 19. 

[0039] In use, the device 14 is run into the tubing 12 With 
the rollers 22 in the retracted con?guration. Once at a 
desired location in the tubing 12 the device 14 in activated 
by applying pressure through the string 18, to urge the rollers 
22 radially outWardly. At the same time, the string is rotated 
from surface, or from an appropriate doWnhole motor, such 
that the rollers 22 are in rolling contact With the inner Wall 
of the tubing 12 and subject the tubing Wall to pressure 
suf?cient to induce compressive yield and a localiZed reduc 
tion in Wall thickness. This in turn causes the diameter of the 
tubing to increase, and creates the pro?le 10. 

[0040] Pro?le may be provided at any location in the 
tubing 12 Which may accommodate the necessary deforma 
tion. HoWever, in some situations, it may be dif?cult to 
create the necessary deformation; cemented heavy gauge 
coming may be dif?cult to deform to any signi?cant extent. 
In this case, a pro?le may be provided in the tubing, an Will 
noW be described With reference to FIGS. 2 and 3 of the 
draWings. 
[0041] In other embodiments of this aspect of the inven 
tion, particularly When the tubing 12 is constrained Within a 
bore or other tubing or by surrounding rock or cement, 
Where it not possible for the tubing diameter to expand, the 
deformation mechanism is someWhat different in that the 
material of the tubing subject to compressive plastic defor 
mation or yield Will tend to How to create the pro?le, Without 
the creation of a corresponding “bulge” in the outer Wall of 
the tubing, 

[0042] FIG. 2 is a schematic sectional vieW of a stage in 
a method of providing a pro?le 30 in a section of tubing 32 
in accordance With an embodiment of another aspect of the 
present invention. The pro?le 30 is formed in a ring 34 
Which is located in the tubing 32, as described beloW, 
utilising an expander device 36 generally similar to the 
device 14 described above. 

[0043] The ring 34 is initially generally cylindrical and 
comprises an relatively ductile anchoring portion 34a Which 
carried grip bands of tungsten carbide chips 38 on its outer 
face. The anchoring portion 34a is Welded to a portion 34b 
or harder material Which de?nes the pro?le 30. 

[0044] In use, the ring 34 is run into the tubing 32 With the 
expander device 36 located in the anchoring portion 34a. On 
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reaching the desired location, the expander device rollers 40 
are ?rst extended to deform the anchoring portion 34a to a 
generally triangular form, much that areas of the portion 34a 
corresponding to the roller locations are pushed into contact 
With the tubing Wall. Such contact prevents relative rotation 
of the ring 34 relative to the tubing 32. The device 40 is then 
rotated relative to the ring 34 and tubing 32. In a someWhat 
similar manner to the tubing 12 of the ?rst described 
embodiment, the anchoring portion 34a in then deformed by 
compressive yield and thus circumferentially extended to 
create an annular area of interference ?t With the tubing 32, 
The expander device 36 is then retracted, leaving the ring 34 
locked in the tubing 32, as illustrated in FIG. 3, and the 
pro?le 30 ready to, for example, locate and provide mount 
ing for a valve or the like. 

[0045] Reference is noW made to FIGS. 4, 5 and 6 of the 
draWings, Which illustrate stages in a method of providing a 
pro?le 60 in a section of tubing 62 in accordance With a 
second embodiment of said another aspect of the present 
invention. The pro?le 60, in the form of a bore restriction or 
reference point, is provided by a ring 64 of expandable 
metal. The ring 64 is set using an expander 66 similar to that 
described With reference to FIG. 2 and, in the interest of 
brevity, the setting operation Will not be described in detail. 
HoWever, the ring 64 is relatively short, and indeed is shorter 
in length than the expander rollers 68. This alloWs provision 
of a simpli?ed ring-mounting arrangement. In particular, the 
rollers 68 are pro?led, each de?ning a central recess 70 to 
receive the undeformed ring 64. On reaching the desired ring 
location, the rollers 68 are actuated and deform the ring 64 
to engage the tubing 62, and the expander 66 is then rotated 
relative to the ring 64 and the tubing 62 to progressively 
deform the ring 64 to create the desired interference ?t With 
the tubing 62. The rollers 68 are then retracted, and the 
expander 66 retrieved from the tubing 62. 

[0046] Reference is noW made to FIG. 7 of the draWings, 
Which in a schematic sectional vieW of a stage in a method 
of cutting tubing 50 in accordance With an embodiment of a 
further aspect of the present invention. The method utilises 
a cutter 52 of similar form to the expanders 14, 36 described 
above, other than the provision of a more pronounced and 
hardened rib 54 on each roller 56. 

[0047] In use, the cutter 52 is run into the tubing to the 
desired location and energised, by application of ?uid pres 
sure via the supporting tool string 58 and simultaneously 
rotated. This extends the rollers 56 and urges the ribs 54 into 
rolling contact With the tubing 50. The high pressure forces 
created at the small area contact betWeen the ribs 54 and the 
tubing 50 result in compressive yield of the tubing 50 and a 
localiZed reduction in tubing Wall thickness. The progressive 
reduction in the Wall thickness eventually results in the 
tubing being severed. 

[0048] The behaviour of the material of the tubing 50 
subject to compressive plastic deformation may vary 
depending on the tubing location. Where the tubing 50 is 
constrained, for example Within an outer tubing, and the 
tubing diameter in not free to increase, the material of the 
tubing, typically steel, Will ?oW aWay from the area subject 
to highest pressure. With appropriate roller con?guration, it 
is therefore possible to cut inner tubing located Within a 
larger diameter outer tubing, or tubing located Within a 
device or tool. 
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[0049] As Will be Apparent to those of skill in the art, this 
ability to cut tubing doWnhole as many applications. 

[0050] It Will further be apparent to those of skill in the art 
that the above described embodiments are merely exemplary 
of the various aspects of the present invention and that 
various modi?cations and improvements may be made 
thereto Without departing from the scope of the invention. 

1. Amethod of forming a pro?le in a section of tubing, the 
method comprising; 

providing an expander device having at least one radially 
extendable expander member; 

positioning the device at a predetermined location in a 
section of tubing; and 

extending the member to deform the tubing at said 
location to create a pro?le therein. 

2. The method of claim 1, Wherein the pro?le is in the 
form of at least one annular recess. 

3. The method of claim 1 or 2, Wherein the tubing in 
deformed by rolling expansion, an expander member being 
rotated Within the tubing With a face in rolling contact is With 
an internal face of the tubing. 

4. The method of claim 1, 2 or 3, Wherein the tubing is 
deformed by compressive plastic deformation, producing a 
localised reduction in Wall thickness and a subsequent 
increase in tubing diameter. 

5. The Method of claim 1, 2, 3 or 4, Wherein the tubing 
is deformed by compressive plastic deformation, producing 
?ow of Wall material to create the pro?le. 

6. The method of any of the preceding claims Wherein the 
expander member is in the form of a roller. 

7. The method of claim 6, Wherein the roller de?nes a 
raised circumferential pro?le to provide a high pressure 
contact area and to create a pro?le in the tubing of a 
predetermined form. 

8. The method of claim 7, Wherein the expander member 
is extended by application of ?uid pressure. 

9. The method of claim 8, Wherein a plurality of radially 
extendable expander members are provided. 

10. The method of any of the preceding claims, Wherein 
the expander member is run into the tubing on a running 
string. 

11. The method of any of the preceding claims, Wherein 
is expander in rotated to create the pro?le. 

12. Amethod of providing a pro?le in a section of tubing, 
the method comprising: 

providing a ring of deformable material; 

providing an expander device having at least one radially 
extendable member; 

positioning the ring and the device at a predetermined 
location in a section of tubing; and 

extending the member to deform the ring such that the 
ring engages the tubing at said location to provide a 
pro?le therein, 

13. The method of claim 12, Wherein the ring is preformed 
to de?ne a predetermined pro?le. 

14. The method of claim 13 or 14, Wherein the ring ad the 
expander device are run into the tubing together. 

15. The method of claim 12, 13 or 14, Wherein the ring is 
deformed to create an interference ?t With the tubing. 
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16. The method of claim 15, wherein the ring im 
deformed to increase the diameter of a section of the ring. 

17. The method of claim 16, Wherein the ring is deformed 
at least partially by rolling expansion, an expander member 
being rotated Within the ring With a face in rolling contact 
With an internal face of the ring. 

18. The method of any of claims 12 to 17, Wherein the ring 
is at least partially deformed by compressive plastic defor 
mation producing, a localised reduction in Wall thickness 
resulting in a subsequent increase in ring diameter. 

19. Apparatus for providing a pro?le in a section of 
tubing, the apparatus comprising: a ring of deformable 
material; and an expander device having at least one radially 
extendable member, the device being locatable Within the 
ring and the member being extendable to deform the ring 
into engagement With surrounding tubing to create a pro?le 
therein. 

20. The apparatus of claim 13 Wherein ring is preformed 
to de?ne a predetermined pro?le. 

21. The apparatus of claim 19 or 20, Wherein the ring 
comprises a relatively ductile portion coupled to a relatively 
in?exible portion. 

22. The apparatus of claim 19, 20 or 21, Wherein the ring 
carries grip banding on an outer surface to facilitate secure 
location relative to the tubing. 

23. The apparatus of claim 22, Wherein the grip banding 
comprises relatively hard elements. 

24. The apparatus of any of claims 19 to 23, Wherein the 
expander member is in the form of a roller. 

25. The apparatus of any of claims 19 to 24, Wherein the 
expander member is extendable by application of ?uid 
pressure. 
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26. The apparatus of any of claims 19 to 25, Wherein the 
expander device comprises a plurality of radially extendable 
expander members. 

27. The apparatus of any of claims 19 to 26, Wherein the 
expander device is adapted to be selectively rotatable rela 
tive to the ring. 

28. The apparatus of any of claims 19 to 27, Wherein the 
expander member is pro?led to engage the ring and permit 
the ring to be run into the tubing on the expander. 

29. Amethod of providing a pro?le in a section of tubing, 
the method comprising deforming a ring of material by 
rolling expansion Within a section of tubing such that the 
ring engages the tubing at said location to create a pro?le 
therein. 

30. A method of cutting a section of tubing, the method 
comprising: 

providing a cutting device having at least one radially 
extendable rolling member de?ning a raised circum 
ferential portion; 

positioning the device at a predetermined location in a 
section of tubing; 

extending the member to contact the tubing at said 
location and rotating the device to deform the tubing, 
the degree of deformation being such that the tubing is 
cut at said location. 

31. The method of claim 30, Wherein the cutting device is 
provided With a plurality of rolling members, Which pro 
gressively compress the tubing Wall and reduce the Wall 
thickness thereof. 


