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(57) ABSTRACT 

A method of conveying an expandable liner hanger in a well 
includes: conveying the hanger into the well on a work String 
with a setting tool releasably secured to the hanger by an 
anchoring device; applying left-hand rotation to the work 
string; then lowering the work String, thereby releasing the 
anchoring device and permitting the setting tool to be 
retrieved from within the hanger. A method of setting a liner 
hanger includes: forcing an expansion cone through a hanger 
portion, thereby expanding the portion; and forcing another 
expansion cone into another hanger portion, thereby expand 
ing that portion. A method of setting an expandable liner 
hanger includes: lowering a liner into the well; then connect 
ing the hanger and a setting tool lower section to the liner; 
then lowering the hanger and the lower section into the well; 
and then connecting a setting tool upper section to the lower 
section. 
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SETTING TOOL FOR EXPANDABLE LINER 
HANGER AND ASSOCATED METHODS 

BACKGROUND 

0001. The present invention relates generally to equip 
ment utilized and operations performed in conjunction with a 
subterranean well and, in an embodiment described herein, 
more particularly provides a setting tool for an expandable 
liner hanger and associated methods. 
0002 Expandable liner hangers are generally used to 
secure a liner within a previously set casing or liner String. 
These types of liner hangers are typically set by expanding the 
liner hangers radially outward into gripping and sealing con 
tact with the previous casing or liner string. Many such liner 
hangers are expanded by use of hydraulic pressure to drive an 
expanding cone or wedge through the liner hanger, but other 
methods may be used (such as mechanical Swaging, explosive 
expansion, memory metal expansion, Swellable material 
expansion, electromagnetic force-driven expansion, etc.). 
0003. The expansion process is typically performed by 
means of a setting tool used to convey the liner hanger and 
attached liner into a wellbore. The setting tool is intercon 
nected between a work String (e.g., a tubular string made up of 
drill pipe or other segmented or continuous tubular elements) 
and the liner hanger. 
0004 If the liner hanger is expanded using hydraulic pres 
Sure, then the setting tool is generally used to control the 
communication of fluid pressure, and flow to and from vari 
ous portions of the liner hanger expansion mechanism, and 
between the work string and the liner. The setting tool may 
also be used to control when and how the work string is 
released from the liner hanger, for example, after expansion 
of the liner hanger, in emergency situations, or after an unsuc 
cessful setting of the liner hanger. 
0005. It is desirable to minimize a wall thickness of the 
setting tool and liner hanger assembly, so that equivalent 
circulating density (ECD) is reduced, and so that the assem 
bly can be conveyed rapidly into the well. 
0006. It will, therefore, be appreciated that improvements 
are needed in the art of expandable liner hanger setting tools 
and associated methods of installing expandable liner hang 
ers. These improvements can include improvements to reduce 
ECD during running in, to increase operational efficiency, 
convenience of assembly and operation, improved function 
ality, etc., whether or not discussed above. 

SUMMARY 

0007. In carrying out the principles of the present inven 
tion, a setting tool and associated methods are provided which 
solve at least one problem in the art. One example is described 
below in which the setting tool uses multiple expansion cones 
to expand different portions of the liner hanger. Another 
example is described below in which the setting tool is pro 
vided in multiple sections which are assembled while running 
the liner hanger and setting tool into the well. 
0008. In one aspect, a method of conveying an expandable 
liner hanger in a subterranean well is provided. The method 
includes the steps of conveying the liner hanger into the well 
on a work String with a setting tool releasably secured to the 
liner hanger by an anchoring device; applying left-hand rota 
tion to the work String; and then lowering the work String, 
thereby releasing the anchoring device and permitting the 
setting tool to be retrieved from within the liner hanger. 
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0009. In another aspect, a method of setting an expandable 
liner hangerina subterranean well is provided which includes 
the steps of forcing an expansion cone through a portion of 
the liner hanger, thereby expanding the liner hanger portion 
radially outward; and forcing another expansion cone into 
another portion of the liner hanger, thereby expanding the 
second liner hanger portion radially outward. 
0010. In yet another aspect, a method of setting an expand 
able liner hanger in a subterranean well is provided which 
includes the steps of: lowering a liner into the well; then 
connecting the liner hanger and a lower section of a setting 
tool to the liner; then lowering the liner hanger and the lower 
section into the well; and then connecting an upper section of 
the setting tool to the lower section. 
0011. In a further aspect, a method of setting an expand 
able liner hanger in a subterranean well is provided which 
includes the steps of applying a pressure differential between 
an inner flow passage of a setting tool and an annulus formed 
between the setting tool and a wellbore, the pressure differ 
ential causing the setting tool to begin to expand the liner 
hanger; and applying a biasing force to a bypass closure as a 
result of the pressure differential acting on a piston area of the 
bypass closure, thereby causing the bypass closure to displace 
and provide fluid communication between the flow passage 
and the annulus. 
0012. These and other features, advantages, benefits and 
objects of the present invention will become apparent to one 
of ordinary skill in the art upon careful consideration of the 
detailed description of representative embodiments of the 
invention hereinbelow and the accompanying drawings, in 
which similar elements are indicated in the various figures 
using the same reference numbers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a schematic partially cross-sectional view 
of a liner hanger setting system and associated methods 
which embody principles of the present invention; 
0014 FIGS. 2A-G are cross-sectional views of successive 
axial sections of a liner hanger setting tool and expandable 
liner hanger which may be used in the system and method of 
FIG. 1, the setting tool and liner hanger being illustrated in a 
run-in configuration; 
0015 FIGS. 3A & B are cross-sectional views of portions 
of the setting tool after compressive force and torque have 
been applied from a work String to the setting tool in a release 
procedure; 
0016 FIGS. 4A-Hare cross-sectional views of the setting 
tool at the conclusion of a liner hanger expansion procedure; 
0017 FIGS. 5A-C are cross-sectional views of steps in a 
procedure of assembling axial sections of the setting tool 
during installation; 
0018 FIG. 6 is a cross-sectional view of a clamping 
arrangement used to secure portions of the setting tool rela 
tive to each other during the assembly procedure; and 
0019 FIGS. 7A & B are cross-sectional views of a bypass 
configuration which may be used in the setting tool, the 
bypass being closed in FIG. 7A, and the bypass being open in 
FIG. 7B. 

DETAILED DESCRIPTION 

0020. It is to be understood that the various embodiments 
of the present invention described herein may be utilized in 
various orientations, such as inclined, inverted, horizontal, 
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Vertical, etc., and in various configurations, without departing 
from the principles of the present invention. The embodi 
ments are described merely as examples of useful applica 
tions of the principles of the invention, which is not limited to 
any specific details of these embodiments. 
0021. In the following description of the representative 
embodiments of the invention, directional terms, such as 
“above”, “below”, “upper”, “lower”, etc., are used for conve 
nience in referring to the accompanying drawings. In general, 
“above”, “upper”, “upward' and similar terms refer to a 
direction toward the earth's surface along a wellbore, and 
“below”, “lower”, “downward' and similar terms refer to a 
direction away from the earth's surface along the wellbore. 
0022 Representatively illustrated in FIG. 1 is a liner 
hanger setting system 10 and associated method which 
embody principles of the present invention. In this system 10, 
a casing string 12 has been installed and cemented within a 
wellbore 14. It is now desired to install a liner 16 extending 
outwardly from a lower end of the casing string 12, in order to 
further line the wellbore 14 at greater depths. 
0023 Note that, in this specification, the terms “liner” and 
"casing are used interchangeably to describe tubular mate 
rials which are used to form protective linings in wellbores. 
Liners and casings may be made from any material (Such as 
metals, plastics, composites, etc.), may be expanded or unex 
panded as part of an installation procedure, and may be seg 
mented or continuous. It is not necessary for a liner or casing 
to be cemented in a wellbore. Any type of liner or casing may 
be used in keeping with the principles of the present inven 
tion. 

0024. As depicted in FIG.1, an expandable liner hanger 18 
is used to seal and secure an upper end of the liner 16 near a 
lower end of the casing string 12. Alternatively, the liner 
hanger 18 could be used to seal and secure the upper end of the 
liner 16 above a window (not shown in FIG. 1) formed 
through a sidewall of the casing string 12, with the liner 
extending outwardly through the window into a branch or 
lateral wellbore. Thus, it will be appreciated that many dif 
ferent configurations and relative positions of the casing 
string 12 and liner 16 are possible in keeping with the prin 
ciples of the invention. 
0025. A setting tool 20 is connected between the liner 
hanger 18 and a work String 22. The work String 22 is used to 
convey the setting tool 20, liner hanger 18 and liner 16 into the 
wellbore 14, conduct fluid pressure and flow, transmit torque, 
tensile and compressive force, etc. The setting tool 20 is used 
to facilitate conveyance and installation of the liner 16 and 
liner hanger 18, in part by using the torque, tensile and com 
pressive forces, fluid pressure and flow, etc. delivered by the 
work String 22. 
0026. At this point, it should be specifically understood 
that the principles of the invention are not to be limited in any 
way to the details of the system 10 and associated methods 
described herein. Instead, it should be clearly understood that 
the system 10, methods, and particular elements thereof (such 
as the setting tool 20, liner hanger 18, liner 16, etc.) are only 
examples of a wide variety of configurations, alternatives, etc. 
which may incorporate the principles of the invention. 
0027. Referring additionally now to FIGS. 2A-G, detailed 
cross-sectional views of successive axial portions of the liner 
hanger 18 and setting tool 20 are representatively illustrated. 
FIGS. 2A-G depict a specific configuration of one embodi 
ment of the liner hanger 18 and setting tool 20, but many other 
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configurations and embodiments are possible without depart 
ing from the principles of the invention. 
0028. The liner hanger 18 and setting tool 20 are shown in 
FIGS. 2A-G in the configuration in which they are conveyed 
into the wellbore 14. The work string 22 is attached to the 
setting tool 20 at an upper threaded connection 24, and the 
liner 16 is attached to the liner hanger 18 at a lower threaded 
connection 26 when the overall assembly is conveyed into the 
wellbore 14. 
0029. The setting tool 20 is releasably secured to the liner 
hanger 18 by means of an anchoring device 28 (see FIG. 2G) 
which includes collets 30 engaged with profiles or recesses 32 
formed in an outer housing 34 of the liner hanger. When 
operatively engaged with the recesses 32 and outwardly Sup 
ported by a support sleeve 36, the collets 30 permit transmis 
sion of torque and axial force between the setting tool 20 and 
the liner hanger 18. 
0030 The anchoring device 28 can be conveniently 
released at the conclusion of the setting operation as 
described more fully below. Briefly, the work string 22 can be 
lowered after the setting operation to thereby cause the Sup 
port sleeve 36 to displace downward, so that the support 
sleeve no longer outwardly supports the collets 30, enabling 
the setting tool 20 to be retrieved from within the liner hanger 
18. 
0031. In addition, the anchoring device 28 can be released, 
even if the setting tool 20 has not successfully set the liner 
hanger 18, by rotating the work string 22 to the left (counter 
clockwise as viewed from the surface) and then downwardly 
displacing the work String. 
0032. The work string 22 is connected to a generally tubu 
lar inner mandrel assembly 44 through which the flow pas 
sage 40 extends. The threaded connection 24 (between the 
work String 22 and the setting tool 20) is at an upper end of the 
inner mandrel 44 assembly (see FIG. 2A). 
0033. The support sleeve 36 is part of the inner mandrel 
assembly 44, which is prevented from displacing down 
wardly relative to the outer housing assembly 48 by dogs or 
engagement members 38. However, if sufficient downward 
force is applied to an outer release sleeve 84 to cause shear 
screws 46 to shear, the release sleeve will be permitted to 
displace downwardly, releasing the members 38 from their 
engagement with the inner mandrel assembly 44, and the 
inner mandrel assembly (including the support sleeve36) will 
displace downwardly, thereby unsupporting the collets 30 
and allowing them to disengage from the recesses 32. 
0034. In FIGS. 3A & B, portions of the setting tool 20 are 
representatively illustrated after the inner mandrel 44 has 
displaced downward relative to the outer housing assembly 
48. In FIG. 3A, the sheared screws 46 can be seen, along with 
the downwardly displaced release sleeve 84, the disengage 
ment of the members 38 from the inner mandrel assembly 44, 
and the manner in which the inner mandrel assembly is down 
wardly displaced. 
0035) To apply the downwardly directed force to the 
release sleeve 84, the work String 22 is used to rotate an upper 
connector housing 86 counter-clockwise, and to then down 
wardly displace the connector housing. Inner lugs 88 formed 
in the connector housing 86 are engaged with a ratchet or 
J-slot profile 90 formed externally on the inner mandrel 
assembly 44. 
0036 Typically, the engagement between the lugs 88 and 
the J-slot profile 90 prevents downward displacement of the 
connector housing 86 relative to the inner mandrel assembly 
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44, but if the connector housing is first rotated counter-clock 
wise, so that the lugs 88 enter a downwardly elongated por 
tion of the J-slot profile 90, then the connector housing can 
displace downwardly relative to the inner mandrel assembly. 
The connector housing 86 can then contact and apply a down 
wardly directed force to the release sleeve 84, thereby shear 
ing the shear Screws 46, releasing the members 38, and 
enabling the inner mandrel assembly 44 to displace down 
wardly relative to the outer housing assembly 48 as discussed 
above. 
0037. In FIG.3B, it may be seen that the collets 30 are no 
longer outwardly supported by the support sleeve 36. The 
collets 30 can now be released from the recesses 32 by raising 
the inner mandrel assembly 44 (i.e., by picking up on the work 
string 22). Locking dogs 50 prevent the support sleeve 36 
from again Supporting the collets 30 as the inner mandrel 
assembly 44 is raised. 
0038. Note that the setting tool 20 can be released from the 
liner hanger 18 at any time. For example, the anchoring 
device 28 would typically be released after the liner hanger 18 
is set in the casing string 12 (i.e., by lowering the work String 
22 to downwardly displace the support sleeve 36, and then 
raising the work string to withdraw the setting tool 20 from 
the liner hanger), or the anchoring device could be released as 
a contingency procedure in the event that the liner 16 gets 
stuck in the wellbore 14 (i.e., by rotating the work string 
counter-clockwise, then lowering the work String to release 
the members 38 and downwardly displace the support sleeve, 
and then raising the work string to withdraw the setting tool 
20 from the liner hanger). 
0039. Returning to FIGS. 2A-G, the setting tool 20 is 
actuated to set the liner hanger 18 by dropping or circulating 
a ball or other type of plug (not shown) into the flow passage 
40, so that the plug engages a seal surface 92 (see FIG. 2F) 
formed in the inner mandrel assembly 44. Increased pressure 
is applied to the flow passage 40 (via the interior of the work 
string 22) above the plug to thereby increase a pressure dif 
ferential from the flow passage to an exterior of the setting 
tool 20. The exterior of the setting tool 20 corresponds to an 
annulus 52 between the wellbore 14 (or the interior of the 
casing string 12) and the work String 22, setting tool 20, liner 
hanger 18 and liner 16. 
0040. The increased pressure differential is applied across 
three pistons 60 interconnected in the outer housing assembly 
48 (see FIGS. 2C & D). An upper side of each piston 60 is 
exposed to pressure in the flow passage 40 via ports 62 in the 
inner mandrel 44, and a lower side of each piston is exposed 
to pressure in the annulus 52 via ports 64 in the outer housing 
assembly 48. 
0041) A venting device 70 is provided to vent the flow 
passage 40 to the annulus 52 if a pressure differential across 
the venting device reaches a predetermined limit. The venting 
device 70 is representatively illustrated in the drawings as a 
rupture disk, but other types of venting devices, pressure 
relief devices, etc. may be used, if desired. 
0042. An expansion cone 66 is positioned at a lower end of 
the outer housing assembly 48. The expansion cone 66 is 
depicted as a two-piece element having a lower frusto-conical 
surface 68 formed thereon which is driven through the inte 
rior of the liner hanger 18 to outwardly expand the liner 
hanger. The term "expansion cone' as used herein is intended 
to encompass equivalent structures which may be known to 
those skilled in the art as wedges or Swages, whether or not 
those structures include conical Surfaces. 

Jun. 24, 2010 

0043. Note that only a small upper portion of the liner 
hanger 18 overlaps the expansion cone 66. This configuration 
beneficially reduces the required outer diameter of the setting 
tool 20 and liner hanger 18 assembly, which thereby reduces 
the equivalent circulating density while circulating through 
the assembly, and enables the assembly to be conveyed more 
rapidly into the well. 
0044) The differential pressure across the pistons 60 
causes each of the pistons to exerta downwardly biasing force 
on the expansion cone 66 via the remainder of the outer 
housing assembly 48. These combined biasing forces drive 
the expansion cone 66 downwardly through the interior of the 
liner hanger 18, thereby expanding the liner hanger. 
0045 Although three of the pistons 60 are illustrated in the 
drawings and described above, any greater or lesser number 
of pistons may be used. If greater biasing force is needed for 
a particular setting tool/liner hanger configuration, then more 
pistons 60 may be provided. Greater biasing force may also 
be obtained by increasing a piston area of each of the pistons 
60. 
0046. The setting tool 20 and liner hanger 18 are represen 
tatively illustrated in FIGS. 4A-H after the liner hanger has 
been expanded. Note that the expansion cone 66 has been 
displaced downward through the liner hanger 18 to thereby 
expand the liner hanger radially outward. 
0047. In another important feature of the setting tool 20, 
another expansion cone 72 is provided on an exterior of the 
outer housing assembly 48. This additional expansion cone 
72 engages an upper end 76 of the liner hanger 18 at the 
conclusion of the setting process, to thereby provide a 
Smooth, enlarged entry for Subsequent access to the interior of 
the liner 16 after the setting tool 20 is retrieved. Once 
expanded by the cone 72, the upper end 76 of the liner hanger 
18 has a larger inner diameter D than the inner diameter d of 
the liner hanger as expanded by the lower expansion cone 66. 
0048. Note that, when the outer housing assembly 48 has 
displaced downward a predetermined distance relative to the 
inner mandrel assembly 44, a bypass closure 94 will be con 
tacted and displaced downward by the outer housing assem 
bly to thereby open ports 74 and provide fluid communication 
between the exterior of the setting tool 20 and an internal 
chamber 78 exposed to a lower side of one of the pistons 60 
(see FIGS. 4E, 7A & 7B). Since the chamber 78 is also in 
communication with the ports 64 below the piston 60, this 
operates to equalize pressure between the flow passage 40 and 
the annulus 52 (or at least provide a noticeable pressure drop 
at the Surface to indicate that the setting operation is Success 
fully concluded). 
0049. An alternative way of downwardly displacing the 
bypass closure 94 is to increase pressure in the passage 40 
above the plug Sufficiently to shear one or more shear screws 
96. The bypass closure 94 has an internal differential pressure 
area formed therein which causes the sleeve to be biased 
downwardly by the pressure differential from the passage 40 
to the annulus 52. Preferably, the shear screw 96 is configured 
so that the pressure differential required to shear the shear 
screw is greater than that required to displace the expansion 
cone 66 and expand the liner hanger 18 sufficiently, but is less 
than the pressure differential required to open the venting 
device 70. 
0050. The bypass closure 94 will, thus, displace down 
wardly after the shear screw 96 has sheared, thereby opening 
the ports 74. A snap ring 98 will prevent the sleeve 94 from 
displacing upward to close the ports 74. In FIG. 7A, the 
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bypass closure 94 is depicted prior to the shearscrew 96 being 
sheared, and in FIG.7B the bypass closure is depicted after it 
is displaced downward to open the ports 74. 
0051. Note that, if during a normal setting operation the 
outer housing assembly 48 is displaced downwardly suffi 
ciently far relative to the inner mandrel assembly 44, so that 
the outer housing assembly contacts and biases the bypass 
closure 94 downwardly, it merely needs to shear the shear 
screw 96. Once the shear screw 96 is sheared, the differential 
pressure across the piston area in the sleeve 94 will cause the 
sleeve to displace downward further to open the ports 74. In 
this manner, the sleeve 94 opens a relatively large flowpath, 
and does so relatively quickly, thereby minimizing any ero 
sive effects caused as the pressure in the flow passage 40 is 
equalized with the pressure in the annulus 52. 
0052 With the liner hanger 18 expanded as depicted in 
FIGS. 4A-H, external seals 206 on the liner hanger 18 would 
now sealingly and grippingly engage the interior of the casing 
string 12 in the system of FIG.1. The inner mandrel assembly 
44 can now be displaced downward (i.e., by slacking off on 
the work string 22) to release the anchoring device 28 as 
described above. The setting tool 20 can then be retrieved 
from the well. 

0053. The setting tool 20 is quite long when assembled so, 
for purposes of convenient handling, storage, transport, etc., 
the setting tool includes features which enable it to be 
assembled as the liner 16, liner hanger 18 and setting tool are 
being installed into the wellbore 14. In particular, separate 
sections of the outer housing assembly 48 and inner mandrel 
assembly 44 can be connected together as the setting tool 20 
is being installed. 
0054. In FIG.5A, it can be seen that a lower section of the 
inner mandrel assembly 44a and a lower section of the outer 
housing assembly 48a have been connected to the liner 
hanger 18 at the top of the liner 16. The liner hanger 18 and 
liner 16 are not visible in FIG. 5A, but it will be appreciated 
that they are connected to the lower section of the setting tool 
20 as described above (e.g., with the collets 30 engaged in the 
recesses 32 and the expansion cone 66 received within the 
upper end of the liner hanger). 
0055. The liner 16 and liner hanger 18 have been lowered 
into the well, and slips 54 of a drilling rig (not shown) now 
Support the liner, liner hanger and the lower section of the 
setting tool 20. A spacer block 56 supports a coupling 80a of 
the inner mandrel assembly 44a in position above a coupling 
82 of the outer housing assembly 48a. This keeps the inner 
mandrel assembly 44a from displacing downwardly relative 
to the outer housing assembly 48a, which would otherwise 
operate to release the anchoring device 28. A lift coupling 100 
is temporarily connected to an upper end of the coupling 80a 
for use in lifting the lower section of the setting tool 20 and the 
liner hanger 18, so that they can be connected to the liner 16 
when it is suspended in the slips 54. 
0056 Referring additionally now to FIG. 5B, it may be 
seen that the lift coupling 100 has been removed, and an upper 
section of the inner mandrel assembly 44b and an upper 
section of the outer housing assembly 48b are now positioned 
for connecting to the lower section of the inner mandrel 44a 
the lower section of the outer housing assembly 48a. To 
connect these assemblies 44a, b and 48a, b, an upper coupling 
80b on the inner mandrel assembly 44b is threaded onto the 
lower coupling 80a (at which point the inner mandrel assem 
bly 44 is complete and can Support the lower sections), the 
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spacer block 56 is then removed, and an outer sleeve 102 is 
displaced downward to connect the outer housing sections. 
0057 Referring additionally now to FIG. 5C, the setting 
tool 20 is illustrated after the upper and lower inner mandrel 
assembly sections 44a, band the upper and lower outer hous 
ing assembly sections 48a, b have been connected to each 
other, and the setting tool is ready to be lowered into the well. 
Note that the coupling 80a, b joins serrated ends of the upper 
and lower inner mandrel assembly sections 44a, b to thereby 
permit torque to be transmitted through the inner mandrel 
assembly. Note, also, that the outer sleeve 102 is secured to 
the upper outer housing section 48b with a threaded connec 
tion 104 and abuts a shoulder 106 on the coupling 82, so that 
compressive force can be transmitted from the upper outer 
housing assembly section to the lower section during the 
Setting process. 
0058 Referring additionally now to FIG. 6, a clamp 108 is 
used to secure the outer housing assembly 48 relative to the 
inner mandrel assembly 44 during the connection process 
depicted in FIGS. 5B & C. The clamp 108 supports the upper 
outer housing assembly section 48b until it is connected to the 
lower outer housing assembly section 48a by the outer sleeve 
102. After the two sections of the outer housing assembly 48 
are connected, the clamp 108 is removed, so that relative 
displacement between the outer housing assembly and the 
inner mandrel assembly 44 is permitted, for example, during 
the setting process or when releasing the anchoring device 28. 
0059 By providing the setting tool 20 in multiple sections 
which can be easily, quickly and conveniently assembled as 
the setting tool, liner hanger 18 and liner 16 are being 
installed in the well, storage and transport of the setting tool 
is made more practical and economical. For example, the 
separate sections of the setting tool 20 can more readily be 
accommodated on standard trucks, boats and other shipping 
means, can more readily be hoisted onto an offshore rig, can 
be more readily stored, can be more easily assembled, etc. 
0060. It may now be fully appreciated that the system 10, 
setting tool 20 and associated methods described above pro 
vide significant improvements in the art of setting expandable 
liner hangers. These improvements include, but are not lim 
ited to, the use of the additional expansion cone 72 to enlarge 
the upper end 76 of the liner hanger 18, the provision of the 
contingency release wherein a counter-clockwise (left-hand) 
rotation of the work string 22 followed by lowering the work 
string operates to release the anchoring device 28, the bypass 
closure 94 which opens a large flow area quickly, and the 
assembly of upper and lower sections of the setting tool as it 
is being installed in the well. 
0061 The above disclosure, in particular, provides a 
method of setting an expandable liner hanger 18 in a Subter 
ranean well, with the method including the steps of lowering 
a liner 16 into the well; then connecting the liner hanger 18 
and a lower section 44a, 48a of a setting tool 20 to the liner 16; 
then lowering the liner hanger 18 and the lower section 44a, 
48a into the well; and then connecting an upper section 44b, 
48b of the setting tool 20 to the lower section 44a, 48a. 
0062. The step of connecting the upper section of the 
setting tool 20 to the lower section of the setting tool 20 may 
include connecting an upper section 48b of an outer housing 
assembly 48 to a lower section 48a of the outer housing 
assembly 48. 
0063. The step of connecting the upper section of the 
setting tool 20 to the lower section of the setting tool 20 may 
also include the step of connecting an upper section 44b of an 
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inner mandrel assembly 44 to a lower section 44a of the inner 
mandrel assembly 44 prior to the step of connecting the upper 
section 48b of the outer housing assembly 48 to the lower 
section 48a of the outer housing assembly 48. 
0064. The method may include the step of releasably 
securing the upper section 48b of the outer housing assembly 
48 to the upper section 44b of the inner mandrel assembly 44 
prior to the step of connecting the upper section 48b of the 
outer housing assembly 48 to the lower section 48a of the 
outer housing assembly 48. 
0065. The method may also include the step of displacing 
the outer housing assembly 48 relative to the inner mandrel 
assembly 44 to thereby expand the liner hanger 18. 
0066. Also provided by the above disclosure is a method 
of setting an expandable liner hanger 18 in a Subterranean 
well, with the method including the steps of: forcing a first 
expansion cone 66 through a first portion of the liner hanger 
18 (e.g., at the seals 206), thereby expanding the first portion 
radially outward; and forcing a second expansion cone 72 into 
a second portion of the liner hanger 18 (e.g., at the upper end 
76), thereby expanding the second portion radially outward. 
0067. The second portion may be an end 76 of the liner 
hanger 18. The first and second expansion cones 66, 72 may 
be longitudinally spaced apart along a setting tool 20 received 
in the liner hanger 18. 
0068. The first expansion cone 66 forcing step may 
include expanding the liner hanger 18 first portion to a first 
internal dimension d, the second expansion cone 72 forcing 
step may include expanding the liner hanger 18 second por 
tion to a second internal dimension D, and the second internal 
dimension D may be greater than the first internal dimension 
d. The second internal dimension D may be formed by the 
second expansion cone 72 at an end 76 of the liner hanger 18. 
0069. The above disclosure also describes a method of 
setting an expandable liner hanger 18 in a Subterranean well, 
with the method including the steps of applying a pressure 
differential between an inner flow passage 40 of a setting tool 
20 and an annulus 52 formed between the setting tool 20 and 
a wellbore 14, the pressure differential causing the setting 
tool 20 to begin to expand the liner hanger 18; and applying a 
biasing force to a bypass closure 94 as a result of the pressure 
differential acting on a piston area of the bypass closure 94. 
thereby causing the bypass closure to displace and provide 
fluid communication between the flow passage 40 and the 
annulus 52. 
0070 The biasing force applying step may include dis 
placing an outer housing assembly 48 relative to an inner 
mandrel assembly 44 of the setting tool 20, thereby causing 
the outer housing assembly 48 to contact the bypass closure 
94. 
0071. The biasing force applying step may include 
increasing the biasing force to a predetermined level to 
thereby shear a shear member 96. 
0072 Also described by the above disclosure is a method 
of conveying an expandable liner hanger 18 in a Subterranean 
well, with the method including the steps of conveying the 
liner hanger 18 into the well on a work string 22 with a setting 
tool 20 releasably secured to the liner hanger 18 by an anchor 
ing device 28; applying left-hand rotation to the work String 
22; and then lowering the work String 22, thereby releasing 
the anchoring device 28 and permitting the setting tool 20 to 
be retrieved from within the liner hanger 18. 
0073. The anchoring device 28 may secure an inner man 
drel assembly 44 of the setting tool 20 relative to the liner 
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hanger 18. The step of applying left-hand rotation may 
include rotating the work String 22 relative to the inner man 
drel assembly 44. 
0074 The step of rotating the work string 22 relative to the 
inner mandrel assembly 44 may include displacing a lug. 88 in 
a J-slot 90. 
0075. The step of lowering the work string 22 may include 
releasing an engagement member 38 which previously pre 
vented displacement of the inner mandrel assembly 44 rela 
tive to the outer housing assembly 48. 
0076. Of course, a person skilled in the art would, upon a 
careful consideration of the above description of representa 
tive embodiments of the invention, readily appreciate that 
many modifications, additions, Substitutions, deletions, and 
other changes may be made to these specific embodiments, 
and Such changes are within the scope of the principles of the 
present invention. Accordingly, the foregoing detailed 
description is to be clearly understood as being given by way 
of illustration and example only, the spirit and scope of the 
present invention being limited Solely by the appended claims 
and their equivalents. 

What is claimed is: 
1. A method of setting an expandable liner hanger in a 

Subterranean well, the method comprising the steps of 
lowering a liner into the well; 
then connecting the liner hanger and a lower section of a 

setting tool to the liner; 
then lowering the liner hanger and the lower section into 

the well; and 
then connecting an upper section of the setting tool to the 

lower section. 
2. The method of claim 1, wherein the step of connecting 

the upper section of the setting tool to the lower section of the 
setting tool further comprises connecting an upper section of 
an outer housing assembly to a lower section of the outer 
housing assembly. 

3. The method of claim 2, wherein the step of connecting 
the upper section of the setting tool to the lower section of the 
setting tool further comprises the step of connecting an upper 
section of an inner mandrel assembly to a lower section of the 
inner mandrel assembly prior to the step of connecting the 
upper section of the outer housing assembly to the lower 
section of the outer housing assembly. 

4. The method of claim 3, further comprising the step of 
releasably securing the upper section of the outer housing 
assembly to the upper section of the inner mandrel assembly 
prior to the step of connecting the upper section of the outer 
housing assembly to the lower section of the outer housing 
assembly. 

5. The method of claim 3, further comprising the step of 
displacing the outer housing assembly relative to the inner 
mandrel assembly to thereby expand the liner hanger. 

6. A method of setting an expandable liner hanger in a 
Subterranean well, the method comprising the steps of 

forcing a first expansion cone through a first portion of the 
liner hanger, thereby expanding the first portion radially 
outward; and 

forcing a second expansion cone into a second portion of 
the liner hanger, thereby expanding the second portion 
radially outward. 

7. The method of claim 6, wherein the second portion is an 
end of the liner hanger. 
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8. The method of claim 6, wherein the first and second 
expansion cones are longitudinally spaced apart along a set 
ting tool received in the liner hanger. 

9. The method of claim 6, wherein the first expansion cone 
forcing step further comprises expanding the liner hanger first 
portion to a first internal dimension, wherein the second 
expansion cone forcing step further comprises expanding the 
liner hanger second portion to a second internal dimension, 
and wherein the second internal dimension is greater than the 
first internal dimension. 

10. The method of claim 9, wherein the second internal 
dimension is formed by the second expansion cone at an end 
of the liner hanger. 

11. A method of setting an expandable liner hanger in a 
Subterranean well, the method comprising the steps of 

applying a pressure differential between an inner flow pas 
Sage of a setting tool and an annulus formed between the 
setting tool and a wellbore, the pressure differential 
causing the setting tool to begin to expand the liner 
hanger; and 

applying a biasing force to a bypass closure as a result of 
the pressure differential acting on a piston area of the 
bypass closure, thereby causing the bypass closure to 
displace and provide fluid communication between the 
flow passage and the annulus. 

12. The method of claim 11, wherein the biasing force 
applying step further comprises displacing an outer housing 
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assembly relative to an inner mandrel assembly of the setting 
tool, thereby causing the outer housing assembly to contact 
the bypass closure. 

13. The method of claim 11, wherein the biasing force 
applying step further comprises increasing the biasing force 
to a predetermined level to thereby shear a shear member. 

14. A method of conveying an expandable liner hanger in a 
Subterranean well, the method comprising the steps of 

conveying the liner hanger into the well on a work String 
with a setting tool releasably secured to the liner hanger 
by an anchoring device; 

applying left-hand rotation to the work String; and 
then lowering the work String, thereby releasing the 

anchoring device and permitting the setting tool to be 
retrieved from within the liner hanger. 

15. The method of claim 14, wherein the anchoring device 
secures an inner mandrel assembly of the setting tool relative 
to the liner hanger, and wherein the step of applying left-hand 
rotation further comprises rotating the work String relative to 
the inner mandrel assembly. 

16. The method of claim 15, wherein the step of rotating the 
work string relative to the inner mandrel assembly further 
comprises displacing a lug in a J-slot. 

17. The method of claim 15, wherein the step of lowering 
the work string further comprises releasing an engagement 
member which previously prevented displacement of the 
inner mandrel assembly relative to the outer housing 
assembly. 


