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(57) ABSTRACT 

A method and apparatus for creating a seal betWeen tWo 
coaxial strings of pipe are provided. The method and appa 
ratus have utility in one embodiment for sealing the annulus 
betWeen the tubing and the casing Within a hydrocarbon 
Wellbore. According to the method of the present invention, 
an expander tool is positioned at a selected depth Within the 
tubing, and then actuated in order to expand the tubing 
against the inner Wall of the casing Wall. Multiple con?gu 
rations of the expander tool are disclosed. The expander tool 
is rotated in order to provide a ?uid seal in the annulus. In 
this Way, the tubing string becomes its oWn packer. In one 
embodiment, a seal ring is provided around the outer surface 
of the tubing to enhance the ?uid seal. Further, a slip ring is 
provided around the outer surface of the tubing to provide a 
gripping means betWeen the tubing and the casing. 



Patent Application Publication Mar. 6, 2003 Sheet 1 0f 10 US 2003/0042022 A1 

110 



Patent Application Publication Mar. 6, 2003 Sheet 2 0f 10 US 2003/0042022 A1 

0 
. 5 

5 5 /) 5 0 5 2 6 4 
5 4 2 2 1 .1 1 .l 

4 

an 4 

Fig. 3 

a 

4 A 

a 

0 2 4 
1 1 1 



Patent Application Publication Mar. 6, 2003 Sheet 3 0f 10 US 2003/0042022 A1 

Fig. 4 < 

121 

119A 1408 

110' [P1 

116 144A ' 

‘(~119A 

\ 121 



Patent Application Publication Mar. 6, 2003 Sheet 4 0f 10 US 2003/0042022 A1 

55 

f 

45 

a 

@125 x? 
70 

EE 

138 1348 

4 

n 4 

Fig. 6 



Patent Application Publication Mar. 6, 2003 Sheet 5 0f 10 US 2003/0042022 A1 

ROTATIONAL ACTUATOR -—‘4I2 

HYDRAULIC FLUID SOURCE -—‘414 

O 5 

0 

g 11% 
4 

000 2D 

120 

120 

006 I112 11] 

46 11 

4 

Fig. 7 

q 4 4 

A . I < 

402 

404 

406 



Patent Application Publication Mar. 6, 2003 Sheet 6 0f 10 US 2003/0042022 A1 

0 2 

2 

m 2 

4 

.. ‘4 
A 

..~ ., .r. x 74 
E74 7 

7 

9% 
a. 

. 4/ 
. 1 

A A 

ig. 8 



blication Mar. 6, 2003 Sheet 7 0f 10 US 2003/0042022 A1 



Patent Application Publication Mar. 6, 2003 Sheet 8 0f 10 US 2003/0042022 A1 



Patent Application Publication Mar. 6, 2003 Sheet 9 0f 10 US 2003/0042022 A1 



Patent Application Publication Mar. 6, 2003 Sheet 10 0f 10 US 2003/0042022 A1 



US 2003/0042022 A1 

HIGH PRESSURE HIGH TEMPERATURE PACKER 
SYSTEM, IMPROVED EXPANSION ASSEMBLY 
FOR A TUBULAR EXPANDER TOOL, AND 
METHOD OF TUBULAR EXPANSION 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of an 
earlier application entitled “HIGH PRESSURE HIGH 
TEMPERATURE PACKER SYSTEM.” That application 
Was ?led on Sep. 5, 2001, and has U.S. Ser. No. 09/946,196. 
The parent application is incorporated herein in its entirety 
by reference. 

[0002] This application is also a continuation-in-part, of 
an earlier application entitled “IMPROVED EXPANSION 
ASSEMBLY FOR ATUBULAR EXPANDER TOOL, AND 
METHOD OF TUBULAR EXPANSION.” That application 
Was ?led on Apr. 15, 2002, and has U.S. Ser. No. 10/123, 
035. This second parent application is also incorporated 
herein in its entirety by reference. 

[0003] The parent application entitled “IMPROVED 
EXPANSION ASSEMBLY FOR A TUBULAR 
EXPANDER TOOL, AND METHOD OF TUBULAR 
EXPANSION,” in turn, Was a continuation-in-part of an 
earlier application also entitled “IMPROVED EXPANSION 
ASSEMBLY FOR ATUBULAR EXPANDER TOOL, AND 
METHOD OF TUBULAR EXPANSION.” That application 
Was ?led on Feb. 4, 2002, and has U.S. Ser. No. 10/066,824. 
The parent application to the CIP has been abandoned. 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 

[0005] The present invention relates to the completion of 
a Wellbore. More particularly, the invention relates to an 
apparatus and method for sealing a ?rst tubular into a second 
surrounding tubular by expanding the ?rst tubular into 
frictional engagement With the second tubular. In addition, 
the present invention relates to an expander tool for expand 
ing a section of a tubular Within a Wellbore. 

[0006] 2. Description of the Related Art 

[0007] Hydrocarbon and other Wells are completed by 
drilling a borehole in the earth, and then lining the borehole 
With steel pipe or casing to form a Wellbore. After a section 
of Wellbore is formed by drilling, a string of casing is 
loWered into the Wellbore and temporarily hung therein from 
the surface of the Well. An annular area is thus de?ned 
betWeen the outside of the casing and the surrounding earth 
formation. Using apparatus knoWn in the art, the casing is 
cemented into the Wellbore by circulating cement into the 
annular area. In this manner, the casing is permanently set in 
the Wellbore. The combination of cement and casing 
strengthens the Wellbore and facilitates the isolation of 
certain areas of the formation behind the casing for the 
production of hydrocarbons. 

[0008] It is common to employ more than one string of 
casing in a Wellbore. In this respect, a ?rst string of casing 
is set in the Wellbore When the Well is drilled to a ?rst 
designated depth. The ?rst string of casing is hung from the 
surface, and then cement is circulated into the annulus 
behind the casing. The Well is then drilled to a second 
designated depth, and a second string of casing, or “liner,” 
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is run into the Well. The second string is set at a depth such 
that the upper portion of the second string of casing overlaps 
the loWer portion of the ?rst string of casing. The second 
liner string is then ?xed or “hung” off of the existing casing 
by the use of slips Which utiliZe slip members and cones to 
Wedgingly ?x the neW string of liner in the Wellbore. The 
second casing string is then cemented. This process is 
typically repeated With additional casing strings until the 
Well has been drilled to total depth. In this manner, Wells are 
typically formed With tWo or more strings of casing of an 
ever decreasing diameter. 

[0009] In many Wellbore completion operations, a packer 
is employed. A packer is a doWnhole tool Which places 
sealing elements Within the Wellbore to isolate areas of the 
Wellbore ?uid or to manage the How of ?uids up the 
Wellbore. Packers are usually constructed of cast iron, 
aluminum or other alloyed metals, and include slip and 
sealing means. The slips ?x the tool in the Wellbore, and 
typically include slip members and cones to Wedgingly 
attach the tool to the casing Well. In addition, packers 
typically include an elastomeric sealing element located 
betWeen upper and loWer metallic retaining rings. The 
sealing element is set When the rings move toWards each 
other and compress the element therebetWeen, causing the 
element to expand outWards into an annular area to be sealed 
against an adjacent tubular. 

[0010] Packers are typically used to seal an annular area 
formed betWeen tWo coaxially disposed tubulars Within a 
Wellbore. For example, packers may seal an annulus formed 
betWeen production tubing and the surrounding casing 
string. Alternatively, packers may seal an annulus betWeen 
the outside of the tubular and an unlined borehole. Routine 
uses of packers include the isolation of formations or leaks 
Within a Wellbore casing or multiple production Zones, 
thereby preventing the migration of ?uid betWeen Zones. 
Packers may also be used to hold ?uids or treating ?uids 
Within the casing annulus. 

[0011] One problem associated With conventional sealing 
and slip systems of conventional doWnhole tools relates to 
the relative movement of parts required in order to set the 
tools in a Wellbore. Because the slip and sealing means 
require parts of the tool to be moved in opposing directions, 
a run-in tool or other mechanical device must necessarily be 
placed in the Wellbore With the sealing tool. Additionally, the 
slip means takes up annular space that is limited. Also, the 
body of a packer necessarily requires Wellbore space and 
reduces the bore siZe available for production tubing and 
production ?uids therein. Additionally, high temperatures 
and pressures in a Wellbore can corrode and degrade the 
elastomeric sealing element as Well as the moving parts in a 
conventional slip assembly. 

[0012] Therefore, there is a need for a packer for sealing 
a doWnhole annular area Which employs feWer moving 
parts. There is further a need for a packer Which can be used 
to seal an annular area at high temperatures and high 
pressure differentials Without experiencing physical degra 
dation. 

[0013] To address this need, apparatus and methods that 
permit tubular bodies to be expanded Within a Wellbore may 
be considered. Such apparatus’ typically include an 
expander tool that is run into the Wellbore on a Working 
string. The expander tool includes radially expandable mem 
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bers, or “expansion assemblies,” Which are urged radially 
outward from a body of the expander tool, either in response 
to mechanical forces, or in response to ?uid injected into the 
Working string. The expansion assemblies are expanded into 
contact With a surrounding tubular body. OutWard force 
applied by the expansion assemblies causes the tubular body 
to be expanded. Rotation of the expander tool, in turn, 
creates a radial expansion of the tubular. 

[0014] An exemplary embodiment of an expander tool 
previously knoWn as of the ?ling of this continuation-in-part 
application is shoWn in FIG. 1. FIG. 1 is an exploded vieW 
of an exemplary expander tool 100. FIG. 2 presents the 
same expander tool 100 in cross-section, With the vieW taken 
across line 2-2 of FIG. 1. 

[0015] The expander tool 100 has a body 102 Which is 
holloW and generally tubular. The central body 102 has a 
plurality of recesses 114 to hold a respective expansion 
assembly 110. Each of the recesses 114 has parallel sides and 
holds a respective piston 120. The pistons 120 are radially 
slidable, one piston 120 being sealed Within each recess 114. 
The back side of each piston 120 is exposed to the pressure 
of ?uid Within a holloW bore 115 of the expander tool 100. 
In this manner, pressuriZed ?uid provided from the surface 
of the Well can actuate the pistons 120 and cause them to 
extend outWardly. 

[0016] Disposed Within each piston 120 is a roller 116. In 
one embodiment of the expander tool 100, the rollers 116 are 
near cylindrical and slightly barreled. Such a roller 116 is 
sometimes referred to as a “parallel” roller because it 
includes a side portion that resides parallel to the surround 
ing tubular to be expanded. Each of the rollers 116 is 
supported by a shaft 118 at each end of the respective roller 
116 for rotation about a respective axis. The rollers 116 are 
generally parallel to the longitudinal axis of the tool 100. In 
the arrangement of FIG. 1, the plurality of rollers 116 are 
radially offset at mutual 120-degree circumferential separa 
tions around the central body 102. In the arrangement shoWn 
in FIG. 1, tWo offset roWs of rollers 116 are shoWn. 
HoWever, only one roW, or more than tWo roWs of roller 116, 
may be incorporated into the body 102. 

[0017] In operation, the expander tool 100 is attached 
proximate to the loWer end of a Working string (not shoWn). 
The Working string is loWered into the Wellbore so as to 
place the attached expander tool 100 at the depth of a tubular 
to be expanded. The expansion assemblies 110 are then 
actuated. In some instances, the expansion assemblies 110 
are mechanically actuated. In the arrangement shoWn in 
FIGS. 1 and 2, the expansion assemblies 110 are actuated 
by injecting ?uid under pressure into the Working string, and 
doWn into the perforated inner mandrel of the expander tool 
100. As suf?cient pressure is generated on the piston surface 
behind the expansion assemblies 110, the tubular being 
acted upon (not shoWn) by the expander tool 110 is 
expanded past its point of elastic deformation. In this 
manner, the inner and outer diameter of the tubular is 
increased Within the Wellbore. By rotating the expander tool 
100 in the Wellbore and/or moving the expander tool 100 
axially in the Wellbore With the expansion assemblies 110 
actuated, a tubular can be radially expanded into plastic 
deformation along a predetermined length. 

[0018] One disadvantage to knoWn expander tools, such as 
the hydraulic tool 100 shoWn in FIGS. 1-2, is the inherently 
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restricted siZe of the holloW bore 115. In this respect, the 
dimension of the bore 115 is limited by the siZe of the 
expansion assemblies 110 radially disposed around the body 
102 of the tool 100. The constricted bore 115 siZe, in turn, 
imposes a limitation on the volume of ?uid that can be 
injected through the Working string at any given pressure. 
Further, the dimensions of the bore 115 in knoWn expander 
tools place a limit on the types of other tools Which can be 
dropped through the expander tool 100. Examples of such 
tools include balls, darts, retrieving instruments, ?shing 
tools, bridge plugs and other common Wellbore completion 
tools. 

[0019] In addition, the tubulars being expanded Within a 
Wellbore generally de?ne a thick-Walled, high-strength steel 
body. To effectively expand such tubulars, a large cross 
sectional geometry is required for the roller body 116. This 
further limits the inner bore diameter, thereby preventing 
adequate ?oW rates and minimiZing the space available to 
run equipment through the inner bore 115. At the same time, 
the stresses required to expand the material are very high; 
hence, reducing the roller body siZe to accommodate a larger 
inner bore diameter Would mechanically Weaken the roller 
mechanism, thereby compromising the functionality of the 
expansion assembly. In this respect, Where the expander tool 
100 is translated Within the Wellbore, the shaft 118 serves as 
a thrust bearing. 

[0020] Therefore, a need exists for an expander tool Which 
provides for a larger con?guration for the holloW bore 115 
therein. Further, a need exists for an expander tool Which 
reduces the siZe of the expansion assemblies 110 around the 
tool so as to alloW for a greater bore 115 siZe. Further, a need 
exists for an expander tool having expansion assemblies 
Which do not rely upon rollers 116 rotating about a shaft 118 
at a spaced apart distance from the piston member 120. 

SUMMARY OF THE INVENTION 

[0021] First, a packer is provided. The packer de?nes an 
expandable tubular body that is expanded so as to ?x and 
seal the packer against a surrounding second tubular Within 
a Wellbore by plastic deformation. In one aspect, the packer 
is run into the Wellbore as part of the production tubing 
string. An expander tool is then also run into the Wellbore 
Within the tubing string, and located at the depth of the 
packer. The expander tool is actuated so as to expand the 
packer into frictional engagement With a surrounding string 
of casing. 

[0022] The packer includes at least one elastomeric ring 
Which is af?xed to the outer surface of the tubular body. The 
sealing ring provides a ?uid seal betWeen the tubular body 
and the casing When the packer is expanded. The sealing ring 
prevents production ?uids from passing upWardly betWeen 
the casing and the tubular. The packer optionally includes at 
least one slip ring af?xed to the outer surface of the tubular 
body. The slip ring has a plurality of teeth that provide an 
additional gripping mechanism betWeen the tubular body 
and the casing. In the preferred embodiment, the elastomeric 
ring is positioned above the slip ring. Together, the elasto 
meric ring and the slip ring seal, or “pack off,” a tubing 
casing annulus under elevated pressures and temperatures. 
In this manner, the production string acts as its oWn high 
pressure high temperature packer. 

[0023] The present invention also provides methods for 
expanding a ?rst tubular body into frictional engagement 
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With a surrounding second tubular body. In one aspect, a 
packer is formed Within a Wellbore by expanding a ?rst 
tubular body into sealed engagement With a surrounding 
casing by using a rotary expander tool. The expander tool is 
of a generally tubular nature, and employs pressure-actuated 
rollers Which act against the inner surface of the tubular 
body in order to expand it against the casing. The rollers are 
disposed on pistons that are movable from a ?rst recessed 
position Within a housing of the expander tool to a second 
extended position beyond the housing. In order to actuate the 
pistons, the bottom surfaces of the respective pistons are 
exposed to an outWardly radial force. In one aspect, the force 
is a hydraulic force generated by Wellbore ?uids Within the 
bore of the expander tool. In another aspect, the hydraulic 
pressure is from a dedicated ?uid reservoir in ?uid commu 
nication With the expander tool doWnhole. Alternatively, a 
mechanical force may be employed. The piston is moved 
radially outWard from the body of the expander tool but 
Within the recess in response to the radially outWard force, 
causing the rollers to come into contact With the Walls of the 
tubular body. Simultaneously, the expander tool is rotated 
Within the tubular body. As outWard force is increased, the 
tubular body is expanded until the outer Wall of the tubular 
body is in ?rm contact With the inner Wall of the surrounding 
casing. In this manner, the elastomer rings are compressed 
betWeen the tubular body and the casing. The tubular body 
becomes, in effect, a packer, and eliminates the need for a 
separate packer device. 
[0024] In certain methods of the present invention, novel 
expansion assemblies are used as part of the expander tool. 
In one embodiment, the expansion assemblies each employ 
a roller that rotates about a shaft. The shaft, in turn, is ?xed 
on a piston that slideably moves out from a respective recess 
Within the tool body When the expander tool is actuated. The 
rollers employ a unique, multi-lobed surface contour that 
alloWs the uniform expansion of a tubular While reducing the 
potential of the expandable tubular to crack. 

[0025] In an alternate embodiment, the piston of the 
expansion assemblies de?nes an elongated Wafer-shaped 
body Which is sealingly disposed Within an appropriately 
con?gured recess of an expander tool. The piston has a top 
surface and a bottom surface. The top surface includes a 
bearing cavity for receiving a roller. In this arrangement, the 
roller does not rotate about a shaft; rather, the roller is 
permitted to partially rotate and to partially skid Within the 
bearing cavity of the piston during an expansion operation. 
Because the roller is held closely to the piston Within the 
bearing cavity, greater space is accommodated for the bore 
Within the expander tool. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] So that the manner in Which the above recited 
features of the present invention are attained and can be 
understood in detail, a more particular description of the 
invention, brie?y summariZed above, may be had by refer 
ence to the appended draWings. It is to be noted, hoWever, 
that the appended draWings illustrate only typical embodi 
ments of this invention and are therefore not to be consid 
ered limiting of its scope. 

[0027] FIG. 1 is an exploded vieW of an expander tool 
previously knoWn as of the time of the ?ling of this 
continuation-in-part application. Visible in FIG. 1 is an 
expansion assembly having a roller Which rotates about a 
shaft. 
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[0028] FIG. 2 is a cross-sectional vieW of the expander 
tool of FIG. 1, taken across line 2-2 of FIG. 1. 

[0029] FIG. 3 is a section vieW of a tubular body Within 
a portion of a string of casing. The tubular body is expand 
able, so as to form a high temperature high pressure packer 
Within a Wellbore. 

[0030] FIG. 4 is a perspective vieW of a novel expander 
tool as might be used to expand the tubular of FIG. 3 in 
accordance With the present invention. One of the expansion 
assemblies is shoWn in an exploded state aWay from the 
body of the expander tool. 

[0031] FIG. 5 provides a cross-sectional vieW of the 
expander tool of FIG. 4, cut across one roW of rollers. The 
pistons are shoWn in three different positions in this vieW for 
purposes of demonstration. In P1, the piston is shoWn in its 
recessed position; in P2, the piston is shoWn in its expanded 
state; and in P3, the piston is shoWn in an exploded vieW. 

[0032] FIG. 6 demonstrates a cross-sectional vieW of a 
Wellbore having an expander tool therein. The expander tool 
has been loWered into the Wellbore on a Working string. The 
expander tool is cut aWay to be seen in partial cross-section. 
It can be seen that the pistons of the expander tool are in their 
recessed state Within the plane of the expander tool body. A 
tubular body is also seen in the Wellbore intermediate the 
expander tool and a surrounding string of casing. 

[0033] FIG. 7 is a cut-aWay vieW of the expander tool of 
FIG. 6, again disposed Within an expandable tubular body. 
The pistons and attached rollers have been actuated into 
their expanded state. The tubular body has been partially 
expanded by the expander tool. 

[0034] FIG. 8 presents another cross-sectional vieW of the 
expander tool of FIG. 6 disposed Within an expandable 
tubular body. In this vieW, the tubular body has been 
expanded into frictional and sealed engagement With the 
surrounding casing so as to form a packer. It can be seen that 
the pistons and attached rollers have retracted back into the 
body of the expander tool. The expander tool is noW being 
removed from the Wellbore 

[0035] FIG. 9 provides a perspective vieW of an expander 
tool having an alternate arrangement for the expansion 
assemblies. The expansion assemblies are shoWn exploded 
aWay from the body of the expander tool. 

[0036] FIG. 10 shoWs a cross-sectional vieW of the 
expander tool of FIG. 9, taken across line 10-10 of FIG. 9. 

[0037] FIG. 11 presents the exploded expansion assembly 
of FIG. 9, in a more enlarged vieW. 

[0038] FIG. 12 shoWs a side, cross-sectional vieW of the 
expansion assembly of FIG. 11, Without the top piece. 

[0039] FIG. 13 demonstrates the expansion assembly of 
FIG. 11 from a top vieW. 

[0040] FIG. 14 provides a cross-sectional vieW of a Well 
bore. The Wellbore includes an upper string of casing, and a 
loWer string of casing having been hung off of the upper 
string of casing. In this vieW, the loWer string of casing 
serves as a tubular body to be expanded. 

[0041] FIG. 15 presents the Wellbore of FIG. 14. In this 
vieW, an expander tool Which includes expansion assemblies 
of FIG. 11 is being loWered into the Wellbore on a Working 
string. 
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[0042] FIG. 16 presents the Wellbore of FIG. 15, With the 
expander tool being actuated in order to expand the loWer 
string of casing into the upper string of casing, thereby 
further hanging the liner from the upper string of casing. 

[0043] FIG. 17 shoWs the Wellbore of FIG. 16, in Which 
the loWer string of casing has been expanded into the upper 
string of casing along a desired length. The expander tool 
has been removed from the Wellbore. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0044] FIG. 3 provides a cross-sectional vieW of a portion 
of a Wellbore 50. The Wellbore 50 is formed Within a 
surrounding earth formation 15. The Wellbore 50 has been 
cased With a string of casing 25. The casing 25 has been 
cemented into the Wellbore 50 by a column of cement 20. 

[0045] A tubular body 10 is seen disposed Within the 
Wellbore 50. The tubular body 10 is expandable, so as to 
form a high temperature high pressure packer Within the 
Wellbore 50. It is understood, hoWever, that the tubular body 
10 may be any expandable tubular body, meaning that the 
scope of the present invention is not limited to the formation 
of packers. 

[0046] In the arrangement of FIG. 3, the packer 10 de?nes 
a tubular body placed in series With a string of production 
tubing 55. Indeed, in one embodiment, the tubular body 10 
is itself simply a joint or portion of a joint of the production 
tubing 55. HoWever, it is Within the scope of this invention 
to utiliZe a specially con?gured tubular body, such as a 
shorter and more malleable joint of pipe, for expansion into 
the string of casing 25. 

[0047] The tubular body 10 is fabricated from a steel or 
metal alloy material. The material must be strong enough to 
Withstand the high temperatures and pressure differentials 
prevailing Within the doWnhole environment. HoWever, it 
must be sufficiently malleable to be plastically deformed by 
expansion into the casing 25. 

[0048] In the vieW of FIG. 3, the tubular body 10 has not 
been expanded. The tubular body 25 is disposed more or less 
concentrically Within the string of casing 25. For purposes of 
the present inventions, the term concentrically means that 
tWo tubulars have been positioned essentially coaxially, With 
one residing Within the other. The outer surface of the 
tubular body 10 is separated from the inner surface of the 
casing 25 by an annulus 45 to permit a clearance betWeen the 
casing 25 and the tubular body 10 during run-in. The casing 
25 is generally formed of steel, iron or a similar material and 
is typically cemented into the Wellbore 50. 

[0049] Affixed to the outer surface of the tubular body 10 
is a plurality of bands 12 and 14. In the preferred embodi 
ment for the apparatus 10, the plurality of bands 12, 14 
de?ne at least one sealing ring 12 and at least one slip ring 
14. The sealing ring 12 is preferably fabricated from an 
elastomeric material, and provides a circumferential seal 
betWeen the tubular body 10 and the casing 25 When the 
tubular body 10 is expanded against the casing 25. The seal 
ring 12 prevents production ?uids from passing upWardly 
betWeen the casing 25 and the production tubing 55 after the 
tubular body 10 has been expanded. 

[0050] The slip ring 14 has a plurality of teeth 16 formed 
along its outer surface. The purpose of the slip ring 14 is to 
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provide a gripping means betWeen the tubular body 10 and 
the casing 25 upon expansion of the tubular body 10. The 
gripping teeth 16 are designed to grip the inner surface of the 
casing 25 and to aid in preventing the tubular body 10 from 
slipping into the Wellbore 50. In the preferred embodiment, 
the slip ring 14 is circumferentially disposed about the outer 
surface of the tubular body 10, With teeth 16 aiding in 
creating the desired frictional engagement betWeen the tubu 
lar body 10 and the casing 25. HoWever, it is Within the 
scope of this invention to provide slip means of other 
con?gurations, such as a plurality of buttons (not shoWn) 
having carbide teeth, ?ame sprayed carbide aggregates, or 
other carbide-based gripping means. Alternatively, no sepa 
rate slip ring 14 is employed. 

[0051] In one aspect, the elastomeric seal ring 12 is spaced 
apart from the slip ring 14 on the outer surface of the tubular 
body 10. In embodiment shoWn in FIG. 3, the seal ring 12 
is positioned above the slip ring 14. HoWever, the scope of 
the present invention is not limited by the relative position 
of the slip ring 14 and the seal ring 12. 

[0052] After the tubular body 10 is placed Within the 
Wellbore 50, it is expanded so that the seal ring 12 and slip 
ring 14 are in contact With the casing 25. Expansion is done 
through use of an expander tool, such as the expander tool 
100 of FIG. 4. HoWever, other expander tools, e.g., 100‘ and 
100“, are provided herein as preferred alternatives, as Will be 
disclosed beloW. 

[0053] First, FIG. 4 presents an expander tool 100‘ having 
a novel alternate arrangement for expansion assemblies 110‘. 
Aperspective vieW of the tool 100‘ is provided, With one of 
the expansion assemblies 110‘ being seen in an exploded 
vieW. As With the expander tool 100 of FIG. 1, the expander 
tool 100‘ of FIG. 4 comprises a body 102. In the embodi 
ment shoWn, the body 102 de?nes an elongated cylindrical 
member having a plurality of recesses 114 formed therein. 
The recesses 114 are formed in tWo roWs, With three recesses 
114 per roW. The recesses 114 Within each roW are spaced 
equidistantly apart from each other, and are generally co 
planar to one another in a roW. Of course, other con?gura 
tions of recesses 114 may be utiliZed for expanding a tubular 
body, and the present inventions are not limited by the 
arrangement of the recesses 114. 

[0054] Each of the recesses 114 is con?gured to sealingly 
receive an expansion assembly 110‘. Each expansion assem 
bly 110‘ includes a piston 120 Which moves from a ?rst 
recessed position Within its respective recess 114 to a second 
extended position outWard from the body 102. The expan 
sion assemblies 110‘ are shoWn in these tWo positions in the 
cross-sectional vieW of FIG. 5. FIG. 5 is a cross-sectional 
vieW of the expander tool 100‘ of FIG. 4, cut across one roW 
of expansion assemblies 110‘. The expansion assemblies 
110‘ are shoWn in different positions in this vieW. In P1, the 
expansion assembly 110‘ is shoWn in its recessed position; in 
P2, the expansion assembly 110‘ is shoWn in its expanded 
state; and in P3, the expansion assembly 110‘ is shoWn in an 
exploded vieW. Of course, it is understood that in operation, 
the expansion assemblies 110‘ Would move outWardly 
together, and Would not be staggered as shoWn in FIG. 5. 

[0055] As demonstrated in FIGS. 4 and 5, the pistons 120 
are coupled to outWardly facing rollers 116. The pistons 120 
have a Wafer shape With a seal 126 disposed on a back 
surface and a cup 117 formed on an inner surface. The 



US 2003/0042022 A1 

pistons 120 are slidingly disposed in the recesses 114 and are 
retained by a pair of retaining plates 119A and 119B. To 
prevent the pistons 120 from falling out of the body 102, a 
pair of ?ats 144A and 144B are formed in the sides of the 
pistons 114. The ?ats 144A, 144B de?ne a pair of ?anges. 
The retaining plates 119A and 119B are fastened to the body 
102 by socket head cap screWs 121. When fully extended, 
the ?ats 144A, 144B abut the plates 119A and 119B. The cup 
117 formed Within the piston 114 accommodates a portion of 
the roller 116 that is rotatably af?xed by an axle 118 into the 
cup 117. The axle 118 is disposed through an aperture 140A 
formed in the piston 120, then passes through a central bore 
142 located in the roller 116 before being secured in a 
second aperture 140B formed in the piston 120. 

[0056] Disposed through the center of expander tool 100‘ 
runs a central bore 115. The central bore 115 is seen in FIG. 
5. The bore 115 carries hydraulic ?uid or mud to the pistons 
120. The bore 115 feeds hydraulic ?uid to perforations, or 
radial conduits, 124 in order to apply pressure to the back 
surface 126 of the pistons 120 so as to force them radially 
outWard from the body 102. 

[0057] The expander tool 100‘ also includes an upper 
connector 125 having an internally threaded bore 122. 
Threads 126 are placed Within the upper connector 125 to 
facilitate the connection of the expander tool 100‘ to a run-in 
string (not shoWn). The expander tool 100‘ is con?gured to 
include an optional shoulder portion 106. The shoulder 106 
is formed to coaxially align and connect the upper connector 
125 to the body 102. 

[0058] Referring again to the rollers 116, the rollers 116 as 
seen in FIG. 4 have a contoured shape comprising three 
elliptical lobes 132, 136 and 138 (respectively top, center 
and bottom lobes) interspaced by tWo spacing sections 134A 
and 134B. In one embodiment, the roller 116 is formed from 
a single piece of material and has a bore 142 formed along 
its central axis. The top lobe 132 and the bottom lobe 138 are 
of similar proportions (diameter and radius), While the 
intermediate lobe 136 is smaller. Thus, a “boW-tie” pro?le is 
presented. The boW-tie shape alloWs for a narroWer point of 
contact betWeen the roller surface 116 and the surrounding 
tubular (shoWn at 25 in FIG. 1) to be expanded. In this 
respect, less force is required to expand a tubular, e.g., 
tubular 10, at a single radial point than over an extended 
surface area. This, in turn, facilitates the transition Within the 
tubular 25 being expanded from elastic deformation to 
plastic deformation. Thus, a tighter seal can be accom 
plished. 
[0059] While the one embodiment for expansion of the 
tubular body 202A employs rollers 114 having a boW-tie 
pro?le, it is understood that other pro?les may be employed 
for rollers 114. It is Within the scope of this invention to 
utiliZe alternative roller shapes such as a “barrel” shape, 
discussed beloW. 

[0060] Operation of the expander tool 100‘ to expand a 
tubular body is shoWn in FIGS. 6-8. First, FIG. 6 presents 
a cross-sectional vieW of a Wellbore 50 having an expander 
tool 100‘ therein. The expander tool 100‘ has been loWered 
into the Wellbore 50 on a Working string 70. The expander 
tool 100‘ is seen in partial cross-section. A tubular body 10 
is also seen in the Wellbore 50 intermediate the expander tool 
100‘ and a surrounding string of casing 25. It can be seen that 
the pistons 120 of the expander tool 100‘ are in their recessed 
state. 
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[0061] In order to expand the tubular body 10 to form a 
packer, the expander tool 100‘ is run into the tubing string 
55. The expander tool 100‘ is located at a depth adjacent the 
tubular body 10 to be expanded, as demonstrated in FIG. 6. 
To assist in the location of the expander tool 100‘, a 
positioning ring 75 may optionally be employed Within the 
tubular body 10. The positioning ring 75 is disposed Within 
the interior of the tubular body 10. The positioning ring 75 
is formed having an interior chamfer 78 along its inner 
diameter. This chamfer 78 serves as a landing pro?le, and is 
used to locate the expander tool 100‘ of FIG. 4 Within the 
tubular body 10. More speci?cally, a loWer end 130 of the 
expander tool 100‘ lands on the chamfer 78. The positioning 
ring 75 may be press-?t, Welded or the like af?xed to the 
interior surface of the tubular body 10, and is positioned 
beloW the slip ring 14. It is, hoWever, Within the scope of this 
invention to utiliZe other types of positioning members, or to 
use an internally pro?led locator in lieu of a chamfered 
positioning member. 

[0062] The expander tool 100‘ is loWered into the Wellbore 
50 to a depth adjacent the tubular body 10. Use of a 
positioning ring 75 aids in aligning the rollers 116 of the 
expander tool 100‘ With the seal ring 12 and slip ring 14, 
respectively. The run-in position of the expander tool 100‘ 
attached to the loWer end of the Working string 70 is seen in 
FIG. 6. The Working string 70 is threaded to the upper 
connector portion 125 of the expander tool 100‘. 

[0063] After the expander tool 100‘ has been loWered into 
the tubular body 10 and aligned With the packer 10, the 
expander tool 100‘ is actuated. For the expander tool 100‘ of 
FIG. 6, hydraulic ?uid or mud is pumped from a ?uid 
source, through the string of pipe 70, and into the bore 115 
of the expander tool 100‘. FIG. 7 is a cut-aWay vieW of the 
expander tool 100‘ of FIG. 4, again disposed Within an 
expandable tubular body 10, With the rollers 116 have been 
actuated into their expanded state. A ?uid source is shoWn 
schematically at 414. The ?uid travels through conduits 124 
into the piston recesses 114, forcing the expansion assem 
blies 110‘ radially outWard. As such, the pistons 120 move 
radially outWard and rollers 116 come in contact With and 
begin to plastically deform the packer 10. At the same time, 
the expander tool 100‘ is rotated from the surface of the Well 
(shoWn schematically at 412) or by a mud motor (not 
shoWn), causing a series of annular rings 402, 404 and 406 
to be formed along the interior surface of the tubular body 
10. In FIG. 7, it can be seen that the packer 10 has been 
partially expanded by the expander tool 100‘. 

[0064] The pumped ?uid exits the expander tool 100‘ 
through one or more noZZles at the loWer portion 130 of the 
tool 100‘. In the embodiment of FIG. 7, a single noZZle 152 
serves as a siZed ori?ce, and also as the outlet port for bore 
115. As ?uid is pumped through the noZZle 152, critical ?oW 
is reached. In one embodiment, the pistons 120 are actuated 
at the point of critical ?oW. As the hydraulic ?uid is pumped 
through the central aperture 122 and the bore 115, differen 
tial pressure created betWeen the hydraulic ?uid being 
pumped into the housing and the hydraulic ?uid ?oWing 
through the bore 115 creates the radial forcing pressure on 
the back surface 126 of the pistons 120. As the rollers 116 
create the annular rings 402, 404 and 406 Within the interior 
surface of the tubular body 10, the exterior portion of the 
tubular body 10 is expanded outWard toWard the casing 25. 
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The outward expansion of the tubular body 10 continues 
until seal ring 12 and slip ring 14 are compressed against the 
interior surface of the casing 25. Sufficient pressure is 
applied by the rollers 116 to create a contoured seal betWeen 
the elastomeric ring 12 and the casing 25. Further, the 
pressure is enough to prevent slip ring 14 from moving 
Within the casing 25. The boW tie pro?le further alloWs for 
tWo separate points of radial contact, an upper 132 and loWer 
138 point, thereby doubling the seal contact points 402, 406. 
The intermediate roller point 136 aids further in the expan 
sion of the tubular 10. 

[0065] To provide yet a greater seal betWeen the tubular 
body 10 and the casing 25, the run-in string 70 may be 
translated vertically Within the Wellbore 50. This has the 
effect of lifting and loWering the expander tool 100‘ so as to 
expand an additional length of the tubular body, e.g., packer 
10. HoWever, this additional step is considered optional, and 
is not required When a boW-tie shaped pro?le is employed 
for the rollers 116. 

[0066] After the tubular body 10 has been expanded and 
sealed Within the casing 25, hydraulic pressure is removed 
or released. In one embodiment, a pressure differential 
causes the pistons 120 to be retracted into the body 102 of 
the expander tool 100‘, and alloWs the expander tool 100‘ to 
be removed from the tubular body 10. In another embodi 
ment, the pistons 120 are biased inWard. 

[0067] After the expansion operation, the expander tool 
100‘ is WithdraWn from the Wellbore 50 by pulling the 
Working tubular 70. FIG. 8 is a cross-sectional vieW of a 
Wellbore 50 having a production tubing 55 disposed therein, 
and shoWing the expander tool 100‘ being removed form the 
Wellbore 50. The expandable tubular 10 has been expanded 
against the casing 25 so as to form a high pressure high 
temperature packer 10. The production tubing 55 noW, in 
essence, functions as both a conduit for production ?uids 
and also as an annular packer. 

[0068] As an alternative embodiment for the expansion 
assemblies 110, 110‘, a more “tapered” shaped roller may be 
utiliZed. FIG. 9 provides a perspective vieW of an expander 
tool 100“ having an alternate arrangement for an expansion 
assembly 110“. One of the expansion assemblies 110“ is 
shoWn exploded aWay from the body 102 of the expander 
tool 100“. An enlarged exploded vieW of the expansion 
assembly 110“ is shoWn in FIG. 11. 

[0069] Additional vieWs of the expansion assembly 110“ 
are seen in FIGS. 10 and 12. FIG. 10 shoWs a cross 
sectional vieW of the expander tool 100“ of FIG. 9, taken 
across line 10-10 of FIG. 9. The central bore 115 and 
perforated conduits 124 of the tool 100“ are more clearly 
seen in FIG. 10. FIG. 12 shoWs a side, cross-sectional vieW 
of the expansion assembly 110“. In FIG. 12, a top plate 130 
has been removed. 

[0070] As With the expansion assembly 110‘ of FIG. 4, the 
expansion assembly 110“ of FIG. 9 provides an upper 
connector member 125. The upper connector 125 is typically 
connected to a Working string, as Will be shoWn in a later 
?gure. A loWer connector 135 is also shoWn. The loWer 
connector 135 may be used for connecting the expander tool 
100“ to other tools further doWnhole. Alternatively, connec 
tor 135 may simply de?ne a deadhead. 

[0071] The expansion assembly 110“ of FIG. 9 also 
comprises a piston 120. The piston 120 sealingly resides 
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Within a recess 114 of the expander tool body 102. In the 
arrangement shoWn in FIG. 9, the piston 120 de?nes an 
elongated, Wafer-shaped member capable of sliding out 
Wardly from the expander tool body 102 in response to 
hydraulic pressure Within the bore 115 of the tool 100“. The 
novel con?guration of the piston 120 is more clearly seen in 
FIG. 12. 

[0072] The piston 120 includes a base 122 that runs the 
length of the piston 120. An outer lip 123 is formed at either 
end of the base 122 in order to provide a shoulder Within the 
recess 114 of the expander tool 100“. The outer lip 123 may 
receive an o-ring (not shoWn) for sealing the radial interface 
of the respective pistons 120 and the body 102. 

[0073] The piston 120 has a top surface 117 and a bottom 
surface 126. The bottom surface 126 is exposed to hydraulic 
pressure Within the bore 115 of the expander tool 100“ When 
the tool 100“ is actuated. The top surface 117 of the piston 
base 122 de?nes a bearing cavity. As seen in FIG. 9, the 
bearing cavity 117 de?nes an elongated cradle con?gured to 
receive the roller 116. In one aspect, the bearing cavity 117 
has a polished arcuate surface for closely holding the roller 
116. In this Way, the coef?cient of friction betWeen the 
bearing cavity 117 and the roller 116 is less than the 
coef?cient of friction betWeen the roller 116 and a surround 
ing tubular (shoWn in FIGS. 14-17) to be expanded. 

[0074] Positioned over the loWer end of the bearing cavity 
117 is a shoe 146. The shoe 146 is con?gured to receive a 
loWer portion 116L of the roller 116. In operation, the loWer 
portion 116L of the roller 116 is gravitationally held Within 
the shoe 146 during operation of the expansion assembly 
110“. The shoe 146 further serves to stabiliZe and support the 
roller 116 during an expansion operation. The shoe 146 is 
preferably fabricated from a hardened metal material such as 
steel so that it can aid in the expansion process. 

[0075] An optional feature shoWn in the expansion assem 
bly 110 of FIG. 9 is a lubrication port 127. The port 127 
de?nes a through-opening through the piston 120, providing 
a path of ?uid communication betWeen the bore 115 of the 
expander tool 200 and the bearing cavity 117. The port 127 
is siZed to permit a small How of ?uids onto the surface of 
the bearing cavity 117 in order to facilitate rotation of the 
roller 116. In this respect, ?uids Will further reduce the 
coef?cient of friction betWeen the roller 116 and the bearing 
cavity surface 117. In addition, the presence of ?uid behind 
the roller 116 as it rotates Will serve to cool the roller 116 
during the stressful expansion operation, thereby protecting 
the roller 116 from unnecessary Wear. 

[0076] It is recogniZed that the presence of a port 127 
Within the piston body 120 Will reduce pressure behind the 
piston 126 due to hydraulic forces Within the Wellbore 10. 
HoWever, such a pressure reduction is minimal Where only 
a small port 127 is employed. In one aspect, the port 127 is 
only 0.50 cm in diameter, though other dimensions may be 
provided. 
[0077] Also positioned on the top surface of the base 122 
of the piston 120 is a headrest 140. The headrest 140 is 
con?gured to receive an upper portion 116U of the roller 
member 116. In the exemplary arrangement shoWn best in 
FIG. 11, the headrest 140 includes a highly polished, arcuate 
surface 144 con?gured to closely receive the upper portion 
116U of the roller 116. In this Way, the headrest 140 also 
serves as a cradle for the roller 116. 
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[0078] In the vieW of FIG. 12, it can be seen that the roller 
116 does not include an axle or shaft about Which rotation is 
provided; instead, the roller 116 is permitted to rotationally 
move Within the bearing cavity 117 of the piston 120, and 
upon the headrest 140. More speci?cally, the roller 116 may 
partially roll and partially skid on the bearing cavity 117. 
Removal of the shaft from the expansion assembly (e.g., 
FIG. 1) reduces the overall thickness of the body 202 of the 
neW expander tool 202 (shoWn in FIG. 12), thereby saving 
valuable space Within the Wellbore. 

[0079] The roller 116 illustrated in FIGS. 9-12 has a 
generally frustoconical cross-section. This provides for an 
elongated tapered section. For this reason, such a roller 
con?guration is sometimes referred to as a “tapered” roller. 
The elongated tapered surface of the roller 116 more readily 
accommodates axial movement of the expander tool 100“ 
during an expansion process. In this respect, the tapered 
surface provides for a more gentle contact angle With the 
surrounding casing than is present in a parallel roller (seen 
in FIG. 1) or the boW-tie roller (seen in FIG. 4). It is to be 
appreciated, hoWever, that other roller shapes are possible 
for the present invention, including a parallel roller. For 
example, the roller 116 may have a cross-sectional shape 
that is barrel-shaped, semi-spherical, multifaceted, elliptical 
or any other cross sectional shape suited to the expansion 
operation to be conducted Within a tubular. 

[0080] The tapered roller 116 of FIG. 9 is fabricated from 
a material of appreciable strength and toughness in order to 
Withstand the high hertZian stresses imposed upon the roller 
116 during an expansion operation. Preferably, the roller 116 
is fabricated from a ceramic or other hardened composite 
material. Alternatively, a steel or other hard metal alloy may 
be used. In any arrangement, it is understood that some 
sacri?ce of the material of the roller 116 may occur due to 
the very high stresses required to expand a surrounding 
metal tubular. 

[0081] In one arrangement, the orientation of the tapered 
roller 116 is skeWed relative to the longitudinal center axis 
of the bore 115 of the expander tool 100“. To accomplish 
this, the recesses 114 in the expander tool body 102 are tilted 
so that the longitudinal axis of the rollers 116 are out of 
parallel With the longitudinal axis of the tool 100“. Prefer 
ably, the angle of skeW is only approximately 1.5 degrees. 
The advantage is that simultaneous rotation and translation 
of the expander tool 100“ alloWs the roller 116 to predomi 
nantly roll against the surrounding casing being expanded, 
Without skidding against it. This, in turn, causes the thrust 
system, i.e., the mechanism for raising or loWering the 
expander tool 100“ Within the Wellbore 50, to operate more 
ef?ciently. 

[0082] It is understood that “skeWing” of the rollers 116 is 
an optional feature. Further, the degree of tilt of the rollers 
116 is a matter of designer’s discretion. In any event, the 
angle of tilt must be aWay from the direction of rotation of 
the tool 100“ so as to enable the tool 100“ to more freely be 
translated Within the Wellbore 50. By employing such an 
angle, the rollers 116 Will tend to pull themselves into the 
casing 25 as the expandable tubular 10 is expanded (depend 
ing on the direction of ‘skeW’ and rotation). This, again, 
reduces the thrust load required to push the rollers 116 into 
the casing 25 during translation. Tilting the rollers 116 
further causes the rollers 116 to gain an increased projected 
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depth to expand the casing 25. This is true for both parallel 
(FIG. 1) and tapered (FIG. 9) rollers 116. 
[0083] In one aspect, the expansion assembly 110“ of 
FIGS. 9-12 includes a cap piece 130. An optional cap piece 
130 is included in the arrangement of FIGS. 9-12. The cap 
piece 130 de?nes an elongated body con?gured to be 
connected to the piston 120. In this respect, connector 
openings 138 Within the cap piece 130 are con?gured to 
align With connector openings 128 Within the piston 120. In 
the arrangement of FIG. 9, connection of the cap piece 130 
is made With the piston 120 by means of threaded screWs 
150. 

[0084] The cap piece 130 includes a top surface 132 
con?gured to support and partially enclose the headrest 140 
betWeen the cap piece 130 and the piston base 122. Posi 
tioning of the top surface 132 over a portion of the headrest 
140 is more fully seen in the side cross-sectional vieW of 
FIG. 10. 

[0085] The cap piece 130 also comprises an opening 134. 
The opening 134 is con?gured to receive the roller 116. The 
opening 134 permits the roller 116 to rotate Within the 
bearing cavity 124. 

[0086] FIG. 13 presents a top vieW of the expansion 
assembly of FIG. 9. In this vieW, the con?guration of the 
roller 116, and the disposition of the roller 116 upon the base 
122 of the piston 120 can be more fully seen. The preferred 
tapered con?guration of the roller 116 is also more fully 
demonstrated. 

[0087] Referring again to FIG. 10, FIG. 10 presents a 
cross-sectional vieW of the expander tool 100“ of FIG. 9. As 
noted, the vieW in FIG. 10 more clearly shoWs the bore 115 
running through the body 102 of the tool 100“. It is to be 
observed that the bore 115 of the expander tool 100“ is larger 
than the bore 115 of the previously knoWn expander tool, 
shoWn in FIG. 1. This is the advantage of the expansion 
assembly 110“ con?guration of FIGS. 9 and 11. 

[0088] In order to demonstrate the operation of the 
expander tool 100“, FIGS. 14-17 have been provided. FIG. 
14 provides a cross-sectional vieW of a Wellbore 50. The 
Wellbore 50 is cased With an upper string of casing 25. The 
upper string of casing 25 has been cemented into a sur 
rounding formation 15 by a slurry of cement 20, noW set. 
The Wellbore 50 also includes a loWer string of casing 30, 
sometimes referred to as a “liner.” The loWer string of casing 
30 has an upper portion 30U Which has been positioned in 
the Wellbore 50 at such a depth as to overlap With a loWer 
portion 25L of the upper string of casing 25. It can be seen 
that the loWer string of casing 25 is also cemented into the 
Wellbore 50. Apacker 35 is shoWn schematically in FIG. 14, 
providing support for the loWer string of casing 30 Within the 
upper string of casing 25 before the cement 20 behind the 
loWer sting of casing 30 is cured. 

[0089] FIG. 15 presents the Wellbore of FIG. 14, With a 
Working string 70 being loWered into the Wellbore 50. 
Af?xed at the bottom of the Working string 70 is an expander 
tool 100“. The expander tool 100“ includes alternate 
improved expansion assemblies 110“ of the present inven 
tion. In this vieW, the expansion assemblies 110“ have not 
yet been actuated. 

[0090] Turning noW to FIG. 16, the expander tool 100“ 
has been loWered to a depth Within the Wellbore 50 adjacent 
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the overlapping strings of casing 25L, 30U. The expansion 
assemblies 110“ of the expander tool 100“ have been actu 
ated. In this manner, the upper portion 30U of the loWer 
string of casing 30 can be expanded into frictional engage 
ment With the surrounding loWer portion 25L of the upper 
string of casing 20. The upper portion of liner 30U becomes 
the ?rst tubular apparatus 10 being expanded. 

[0091] Expansion of the loWer casing string 30U in the 
vieW of FIG. 16 is from the bottom, up. For such an 
expansion operation, the expansion assemblies 210 are 
oriented so that the elongated tapered surfaces are facing 
upWard. As noted, the elongated tapered surfaces of the 
rollers 116 more readily accommodate axial movement of 
the expander tool 100“ during an expansion process. It is, of 
course, understood that the expander tool 100“ may be 
oriented in the opposite direction, i.e., “turned over,” to 
facilitate expansion from the top, doWn. 

[0092] As With expander tools 100 (FIG. 1) and 100‘ 
(FIG. 4), expander tool 100“ (FIG. 9) is hydraulically 
actuated (though the pistons could be con?gured to be 
mechanically actuated). In order to actuate the expander tool 
100“, ?uid is injected under pressure into the Working string 
70. Fluid then travels doWnhole through the Working string 
70 and into the perforated 124 tubular bore 115 of the tool 
100“. From there, ?uid contacts the bottom surfaces 126 of 
the various pistons 120. As hydraulic pressure is increased, 
?uid forces the pistons 120 outWardly from their respective 
recesses 114. This, in turn, causes the rollers 116 to make 
contact With the inner surface of the liner 30L. With a 
predetermined amount of ?uid pressure acting on the piston 
surface 120, the loWer string of expandable liner 30L is 
expanded past its elastic limits. Fluid exits the expander tool 
100“ through the bottom connector 135 at the base of the 
tool 100“. 

[0093] It Will be understood by those of ordinary skill in 
the art that the Working string 70 shoWn in FIGS. 15 and 16 
is highly schematic. It is understood that numerous other 
tools may and commonly are employed in connection With 
a Well completion operation. For example, the loWer string 
of casing 30 Would typically be run into the Wellbore 50 on 
the Working string 70 itself. Other tools Would be included 
on the Working string 70 and the liner 30, including a cement 
shoe (not shoWn) and a Wiper plug (also not shoWn). 
Numerous other tools to aid in the cementing and expansion 
operation may also be employed, such as a sWivel (not 
shoWn) and a collet or dog assembly (not shoWn) for 
connecting the Working string 70 With the liner 30. Again, it 
is understood that the depictions in FIGS. 15 and 16 are 
simply to demonstrate one of numerous uses for an expander 
tool, e.g., tool 100“, and to demonstrate the operation of the 
expansion assemblies 110‘, 110. 
[0094] FIG. 17 presents the loWer string of casing 30 
having been expanded into frictional engagement With the 
surrounding upper string of casing 25 along a desired length. 
In this vieW, the upper portion 30U of the loWer string of 
casing 30 has utility as a polished bore receptacle. Alterna 
tively, a separate polished bore receptacle can be landed into 
the upper portion 30U of the loWer string of casing 30 With 
greater sealing capability. Further, a larger diameter of 
tubing (not shoWn) may be landed into the liner 30U due to 
the expanded upper portion 10. 

[0095] As described above, the apparatus being expanded 
10 may include a pair of bands to aid in the sealing and 
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frictional engagement of the ?rst tubular 10 With a second 
surrounding tubular 25. In the vieW of FIG. 17, a sealing 
ring 12 and a slip ring 14 are shoWn around the outside of 
the tubular body 10. The bands 12, 14 are spaced a distance 
apart. When the tubular body is expanded, the slip ring 
alloWs the tubular body to grip the Wall of the casing While 
the sealing ring seals the tubular to the casing. 

[0096] As demonstrated by FIGS. 9-17, an improved 
expansion assembly 110“ for an expander tool 100 has been 
provided. In this respect, the rollers 116 of the expansion 
apparatus 110“ are able to rotate and, at times, skid inside of 
a bearing cavity 117. In this Way, the shaft 118 of previous 
embodiments of an expander tool 100 has been removed, 
and a bearing system has been provided in its place. The 
entire bearing system can be angled to alloW the expansion 
assembly 110“ to be rotated and axially translated simulta 
neously. Because no shaft or thrust bearing apparatus is 
needed, the expansion assembly components 110“ are geo 
metrically reduced, thereby affording a larger inner diameter 
for the bore 115 of the expander tool 100“. 

[0097] The above description is provided in the context of 
a hydraulic expander tool. Hydraulic pressure may be sup 
plied by the application of Wellbore of ?uids under pressure 
against the back surface of the piston, or from another 
source, such as a dedicated ?uid reservoir in ?uid commu 
nication With the back surface of the piston. It is understood 
that the present invention includes expander tools in Which 
the pistons are moveable in response to other radially 
outWard forces, such as mechanical forces. While the fore 
going is directed to embodiments of the present invention, 
other and further embodiments of the invention may be 
devised Without departing from the basic scope thereof, and 
the scope thereof is determined by the claims that folloW. 

1. A method for sealing the annulus betWeen tWo concen 
tric tubulars disposed in a Wellbore, the ?rst tubular residing 
Within the second tubular, comprising the steps of: 

positioning an expander tool at the depth desired for 
sealing the annulus; 

actuating the expander tool so that the expander tool acts 
against the inner surface of the ?rst tubular; 

expanding the ?rst tubular so that an outer surface of the 
?rst tubular is in contact With an inner surface of the 
surrounding second tubular; and 

rotating the expander tool so that radial contact is made 
betWeen the outer surface of the ?rst tubular and the 
inner surface of the second tubular, thereby creating a 
?uid seal in the annulus. 

2. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 1, further comprising the step 
of: 

translating the expander tool vertically Within the Well 
bore While actuating the expander tool so as to expand 
the ?rst tubular along a desired portion of its length. 

3. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 1, Wherein the ?rst tubular is a 
tubular body in series With a string of tubing, and the second 
tubular is a string of casing. 

4. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 1, Wherein the ?rst tubular is an 



US 2003/0042022 A1 

upper portion of a ?rst string of casing, and the second 
tubular is a lower portion of a second string of casing. 

5. The method for sealing the annulus betWeen tWo 
concentric tubulars of claims 3 and 4, Wherein the tubular 
body de?nes an elongated tubular member comprising: 

a top end; 

a bottom end; and 

at least one seal ring circumferentially ?tted along the 
outer surface of the tubular body intermediate the top 
and bottom ends. 

6. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 5, Wherein the tubular body 
de?nes an elongated tubular member further comprising: 

at least one slip member disposed along the outer surface 
of the tubular body intermediate the top and bottom 
ends for gripping betWeen the tubular body and the 
surrounding casing. 

7. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 5, Wherein the seal ring is 
fabricated from an elastomeric material and serves to pro 
vide a ?uid seal betWeen the tubular body and the casing, 
thereby sealing the annulus. 

8. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 6, Wherein the slip member 
de?nes a ring circumferentially ?tted along the outer surface 
of the tubular body, and has a plurality of teeth to provide a 
gripping means betWeen the tubular body and the casing. 

9. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 6, Wherein the slip member 
de?nes a carbide material on the outer surface of the tubular 
body. 

10. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 5, Wherein the tubular body 
further comprises a positioning member for positioning the 
expander tool at the proper depth Within the tubular body. 

11. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 10, Wherein the positioning 
member comprises a landing pro?le having a beveled mem 
ber internal to said tubular body upon Which the expander 
tool lands during the positioning step. 

12. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 3, Wherein the tubular body 
de?nes a joint of production tubing. 

13. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 1, Wherein the expander tool 
comprises: 

a body having an upper portion and a loWer portion; 

a plurality of recesses disposed radially about the circum 
ference of the body intermediate said upper and loWer 
portions; 

a piston disposed Within each of said recesses; and 

a roller coupled to each of said pistons, said roller having 
a plurality of lobes. 

14. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 13, Wherein: 

said pistons are movable from a ?rst recessed position 
essentially Within said recess, to a second extended 
position aWay from said recess by a radial outWard 
force applied from an interior of the body; and 
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said rollers are pro?led to provide a top lobe, a bottom 
lobe, and an intermediate lobe, said top lobe and said 
bottom lobe having an essentially equal diameter Which 
is greater than the diameter of said intermediate lobe. 

15. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 14, Wherein: 

said expander tool further comprises a conduit internal to 
said body for transmitting ?uid to said pistons so as to 
cause said radial outWard force against said pistons; 
and 

said body further comprises at least one noZZle through 
Which ?uid exits said body. 

16. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 14, Wherein: 

said pistons further comprise at least one roW, With at least 
three pistons per roW, Where said pistons are disposed 
substantially equidistantly about the circumference of 
the body on each roW; and 

each of said plurality of rollers further comprises an axle 
about Which each of said rollers rotates above said 
respective pistons. 

17. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 14, Wherein the expander tool 
is siZed to ?t into the inner surface of the tubular body Within 
the Wellbore. 

18. The method for sealing the annulus betWeen tWo 
concentric tubulars of claim 13, Wherein: 

said pistons are movable from a ?rst recessed position 
essentially Within said recess, to a second extended 
position aWay from said recess by a radial outWard 
force applied from an interior of the body; and 

said rollers have a tapered pro?le. 
19. The method for sealing the annulus betWeen tWo 

concentric tubulars of claim 18, Wherein: 

said pistons further comprise at least one roW, With at least 
three pistons per roW, said pistons being disposed 
substantially equidistantly about the circumference of 
the body on each roW; and 

each of said plurality of rollers is permitted to at least 
partially rotate on said respective pistons. 

20. An expander tool for expanding a tubular body, the 
expander tool comprising: 

a body; 

a plurality of recesses disposed radially about the circum 
ference of the body; 

a piston disposed Within each of said recesses; and 

a roller coupled to each of said pistons, said roller having 
a plurality of lobes. 

21. The expander tool of claim 20, Wherein: 

said pistons are movable from a ?rst recessed position 
essentially Within said recess, to a second extended 
position aWay from said recess by a radial outWard 
force applied from an interior of the body; and 

said rollers are pro?led to provide a top lobe, a bottom 
lobe, and an intermediate lobe, said top lobe and said 
bottom lobe having an essentially equal diameter Which 
is greater than the diameter of said intermediate lobe. 








