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(57) ABSTRACT 

An apparatus for radially expanding and plastically deform 
ing an expandable tubular member includes a collapsible 
expansion cone. 
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BACKGROUND OF THE INVENTION 

0004. This invention relates generally to oil and gas 
exploration, and in particular to forming and repairing 
wellbore casings to facilitate oil and gas exploration. 
0005 Conventionally, when a wellbore is created, a num 
ber of casings are installed in the borehole to prevent 
collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid 
from the formation into the borehole. The borehole is drilled 
in intervals whereby a casing which is to be installed in a 
lower borehole interval is lowered through a previously 
installed casing of an upper borehole interval. As a conse 
quence of this procedure the casing of the lower interval is 
of Smaller diameter than the casing of the upper interval. 
Thus, the casings are in a nested arrangement with casing 
diameters decreasing in downward direction. Cement annuli 
are provided between the outer Surfaces of the casings and 
the borehole wall to seal the casings from the borehole wall. 
As a consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part of the 
wellbore. Such a large borehole diameter involves increased 
costs due to heavy casing handling equipment, large drill 
bits and increased volumes of drilling fluid and drill cuttings. 
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Moreover, increased drilling rig time is involved due to 
required cement pumping, cement hardening, required 
equipment changes due to large variations in hole diameters 
drilled in the course of the well, and the large volume of 
cuttings drilled and removed. 
0006 The present invention is directed to overcoming 
one or more of the limitations of the existing procedures for 
forming new sections of casing in a wellbore. 

SUMMARY OF THE INVENTION 

0007 According to one aspect of the present invention, 
an apparatus for radially expanding and plastically deform 
ing an expandable tubular member is provided that includes 
an upper tubular support member defining a first passage, 
one or more cup seals coupled to the exterior Surface of the 
upper tubular Support member for sealing an interface 
between the upper tubular Support member and the expand 
able tubular member, an upper cam assembly coupled to the 
upper tubular Support member comprising: a tubular base 
coupled to the upper tubular Support member, and a plurality 
of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined 
Surface, a plurality of upper expansion cone segments inter 
leaved with the cam arms of the upper cam assembly and 
pivotally coupled to the tubular support member, a lower 
tubular Support member defining a second passage fluidicly 
coupled to the first passage releasably coupled to the upper 
tubular support member, and a lower cam assembly coupled 
to the lower tubular Support member comprising: a tubular 
base coupled to the lower tubular support member, and a 
plurality of cam arms extending from the tubular base in an 
upward longitudinal direction, each cam arm defining an 
inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, 
wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the lower cam 
assembly, a plurality of lower expansion cone segments 
interleaved with cam arms of the lower cam assembly, each 
lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined 
Surface of a corresponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments 
interleave and overlap the upper expansion cone segments, 
and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external Surface for 
plastically deforming and radially expanding the expandable 
tubular member. 

0008 According to another aspect of the present inven 
tion, a collapsible expansion cone assembly is provided that 
includes an upper tubular support member comprising an 
internal flange, an upper cam assembly coupled to the upper 
tubular support member comprising: a tubular base coupled 
to the upper Support member, and a plurality of cam arms 
extending from the tubular base in a downward longitudinal 
direction, each cam arm defining an inclined surface, a 
plurality of upper expansion cone segments interleaved with 
the cam arms of the upper cam assembly and pivotally 
coupled to the internal flange of the upper tubular Support 
member, a lower tubular Support member comprising an 
internal flange, one or more frangible couplings for releas 
ably coupling the upper and lower tubular support members, 
a lower cam assembly coupled to the lower tubular support 
member comprising: a tubular base coupled to the lower 
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tubular Support member, and a plurality of cam arms extend 
ing from the tubular base in an upward longitudinal direc 
tion, each cam arm defining an inclined Surface that mates 
with the inclined Surface of a corresponding one of the upper 
expansion cone segments, wherein the cams arms of the 
upper cam assembly are interleaved with and overlap the 
cam arms of the lower cam assembly, and a plurality of 
lower expansion cone segments interleaved with cam arms 
of the lower cam assembly, each lower expansion cone 
segment pivotally coupled to the internal flange of the lower 
tubular Support member and mating with the inclined Sur 
face of a corresponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments 
interleave and overlap the upper expansion cone segments, 
and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external Surface for 
plastically deforming and radially expanding the expandable 
tubular member. 

0009. According to another aspect of the present inven 
tion, an apparatus for radially expanding and plastically 
deforming an expandable tubular member is provided that 
includes a tubular Support member, a collapsible expansion 
cone coupled to the tubular Support member, an expandable 
tubular member coupled to the collapsible expansion cone, 
means for displacing the collapsible expansion cone relative 
to the expandable tubular member, and means for collapsing 
the expansion cone. 

0010. According to another aspect of the present inven 
tion, a collapsible expansion cone is provided that includes 
an upper cam assembly comprising: a tubular base, and a 
plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an 
inclined surface, a plurality of upper expansion cone seg 
ments interleaved with the cam arms of the upper cam 
assembly, a lower cam assembly comprising: a tubular base, 
and a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm defining 
an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, 
wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the lower cam 
assembly, a plurality of lower expansion cone segments 
interleaved with cam arms of the lower cam assembly, each 
lower expansion cone segment mating with the inclined 
Surface of a corresponding one of the cam arms of the upper 
cam assembly, means for moving the upper cam assembly 
away from the lower expansion cone segments, and means 
for moving the lower cam assembly away from the upper 
expansion cone segments. 

0011. According to another aspect of the invention, an 
apparatus for radially expanding and plastically deforming 
an expandable tubular member is provided that includes a 
tubular Support member, a collapsible expansion cone 
coupled to the tubular Support member, an expandable 
tubular member coupled to the collapsible expansion cone, 
means for displacing the collapsible expansion cone relative 
to the expandable tubular member, and means for collapsing 
the expansion cone. 

0012. According to another aspect of the invention, a 
collapsible expansion cone is provided that includes an 
upper cam assembly comprising: a tubular base, and a 
plurality of cam arms extending from the tubular base in a 
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downward longitudinal direction, each cam arm defining an 
inclined surface, a plurality of upper expansion cone seg 
ments interleaved with the cam arms of the upper cam 
assembly, a lower cam assembly comprising: a tubular base, 
and a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm defining 
an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, 
wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the lower cam 
assembly, a plurality of lower expansion cone segments 
interleaved with cam arms of the lower cam assembly, each 
lower expansion cone segment mating with the inclined 
Surface of a corresponding one of the cam arms of the upper 
cam assembly, means for moving the upper cam assembly 
away from the lower expansion cone segments, and means 
for moving the lower cam assembly away from the upper 
expansion cone segments. 
0013. According to another aspect of the invention, a 
method of radially expanding and plastically deforming an 
expandable tubular member is provided that includes Sup 
porting the expandable tubular member using a tubular 
Support member and a collapsible expansion cone, injecting 
a fluidic material into the tubular Support member, sensing 
the operating pressure of the injected fluidic material within 
a first interior portion of the tubular support member, dis 
placing the collapsible expansion cone relative to the 
expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a predeter 
mined level within the first interior portion of the tubular 
Support member, sensing the operating pressure of the 
injected fluidic material within a second interior portion of 
the tubular Support member, and collapsing the collapsible 
expansion cone when the sensed operating pressure of the 
injected fluidic material exceeds a predetermined level 
within the second interior portion of the tubular support 
member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1a is a fragmentary cross-sectional illustra 
tion of the placement of a portion of an exemplary embodi 
ment of an apparatus for radially expanding and plastically 
deforming a tubular member that includes a collapsible 
expansion cone within a preexisting structure. 
0.015 FIG. 1b is a fragmentary cross-sectional illustra 
tion of another portion of the apparatus of FIG. 1a. 
0016 FIGS. 2a and 2b are fragmentary cross-sectional 
illustration of a portion of the apparatus of FIGS. 1a and 1b. 
0017 FIG. 3 is a fragmentary cross-sectional illustration 
of a portion of the apparatus of FIGS. 1a and 1b. 
0018 FIG. 3a is a fragmentary cross-sectional illustra 
tion of a portion of the apparatus of FIG. 3. 
0.019 FIG. 3b is a fragmentary cross-sectional illustra 
tion of a portion of the apparatus of FIG. 3. 
0020 FIG. 4 is a fragmentary cross-sectional illustration 
of a portion of the apparatus of FIGS. 1a and 1b. 
0021 FIG. 4a is a fragmentary cross-sectional illustra 
tion of a portion of the apparatus of FIG. 4. 
0022 FIG. 5 is a fragmentary cross-sectional illustration 
of a portion of the apparatus of FIGS. 1a and 1b. 
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0023 FIG. 6 is a fragmentary cross-sectional illustration 
of a portion of the apparatus of FIGS. 1a and 1b. 
0024 FIGS. 7a-7e are fragmentary cross-sectional and 
perspective illustrations of the upper cam assembly of the 
apparatus of FIGS. 1a and 1b. 
0025 FIG.7f is a fragmentary cross-sectional illustration 
of the lower cam assembly of the apparatus of FIGS. 1a and 
1b. 

0026 FIGS. 8a-8d are fragmentary cross-sectional and 
perspective illustrations of one of the upper cone segments 
of the apparatus of FIGS. 1a and 1b. 
0027 FIG. 8e is a fragmentary cross-sectional illustra 
tion of one of the lower cone segments of the apparatus of 
FIGS. 1a and 1b. 

0028 FIG. 9 is a side view of a portion of the apparatus 
of FIGS. 1a and 1b. 

0029 FIG. 10a is a fragmentary cross sectional illustra 
tion of a portion of the apparatus of FIGS. 1a and 1b during 
the radial expansion of the expandable tubular member. 
0030 FIG. 10b is a fragmentary cross sectional illustra 
tion of another portion of the apparatus of FIG. 10a. 
0031 FIG. 11a. is a fragmentary cross sectional illustra 
tion of a portion of the apparatus of FIGS. 10a and 10b 
during the adjustment of the expansion cone to a collapsed 
position. 

0032 FIG. 11b is a fragmentary cross sectional illustra 
tion of another portion of the apparatus of FIG. 11a. 
0033 FIG. 12 is a fragmentary cross sectional illustra 
tion of a portion of the apparatus of FIGS. 11a and 11b. 
0034 FIG. 13 is a fragmentary cross sectional illustra 
tion of a portion of the apparatus of FIGS. 11a and 11b. 
0035 FIG. 14 is a fragmentary cross sectional illustra 
tion of a portion of the apparatus of FIGS. 11a and 11b with 
the expansion cone in a half collapsed position. 

0036 FIG. 15 is a fragmentary cross sectional illustra 
tion of a portion of the apparatus of FIGS. 11a and 11b with 
the expansion cone in a fully collapsed position. 

0037 FIG. 16 is a side view of a portion of the apparatus 
of FIGS. 10a and 10b. 

0038 FIG. 17a. is a fragmentary cross sectional illustra 
tion of a portion of the apparatus of FIGS. 11a and 11b after 
the removal of the apparatus from interior of the expandable 
tubular member. 

0039 FIG. 17b is a fragmentary cross sectional illustra 
tion of another portion of the apparatus of FIG. 17a. 
0040 FIG. 18 is a fragmentary cross sectional illustra 
tion of a cup seal. 
0041 FIG. 19a is a fragmentary cross sectional illustra 
tion of an alternative embodiment of a cup seal. 
0042 FIG. 19b is a fragmentary cross sectional illustra 
tion of an alternative embodiment of a cup seal. 
0043 FIG. 19.c is a fragmentary cross sectional illustra 
tion of an alternative embodiment of a cup seal. 
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0044 FIG. 19d is a fragmentary cross sectional illustra 
tion of an alternative embodiment of a cup seal. 
0045 FIG. 19e is a fragmentary cross sectional illustra 
tion of an alternative embodiment of a cup seal. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

0046 Referring to FIGS. 1a, 1b, 2a, 2b, 3, 3a, 4, 4a, 5, 
6, 7a, 7b, 7c, 7d, 7e, 7?. 8a, 8b, 8c, 8d, 8e, and 9, an 
exemplary embodiment of an apparatus 10 for radially 
expanding and plastically deforming a tubular member 
includes a tubular Support member 12 that defines a passage 
12a. An end of the tubular support member 12 is coupled to 
an end of a safety collar 14 that defines a passage 14a, a 
recess 14b at one end for receiving the end of the tubular 
Support member, and recesses 14c and 14d at another end. 
0047 A torque plate 16 is received within and is coupled 
to the recess 14c of the safety collar 14 that defines a passage 
16a and a plurality of meshing teeth 16b at one end. An end 
of an upper mandrel collar 18 is received with and is coupled 
to the recess 14d of the safety collar 14 proximate and end 
of the torque plate 16 that defines a passage 18a. Torque pins 
20a and 20b further couple the end of the upper mandrel 
collar 18 to the end of the safety collar 14. 
0.048. An end of an upper mandrel 22 is received within 
and is coupled to the upper mandrel collar 18 that defines a 
passage 22a, a plurality of meshing teeth 22b that mate with 
and transmit torque to and from the meshing teeth 16b of the 
torque plate 16, and an external flange 22c at another end. 
0049. An upper cup seal or packer cup 24 mates with, 
receives and is coupled to the upper mandrel 22 proximate 
the end of the upper mandrel collar 18. An upper spacer 
sleeve 26 mates with, receives, and is coupled to the upper 
mandrel 22 proximate an end of the upper packer cup 24. A 
lower cup seal or packer cup 28 mates with, receives and is 
coupled to the upper mandrel 22 proximate an end of the 
upper spacer sleeve 26. In an exemplary embodiment, the 
packer cups 24 and 28 may be GuibersonTM packer cups. 
One embodiment of a Guiberson packer cup is discussed in 
detail below in reference to FIG. 18. Alternative embodi 
ments of packer cups 24 and 28 are discussed below in 
reference to FIGS. 19a–19e. 

0050 Turning back to FIG. 1, a lower spacer sleeve 30 
mates with, receives, and is coupled to the upper mandrel 22 
proximate an end of the lower packer cup 28 and the external 
flange 22c of the upper mandrel. A retaining sleeve 32 mates 
with, receives, and is coupled to an end of the lower spacer 
sleeve proximate the external flange 22c of the upper 
mandrel 22. 

0051. An end of a lower mandrel 34 defines a recess 34a 
that mates with, receives, and is coupled to the external 
flange 22c of the upper mandrel 22, a recess 34b that mates 
with, receives, and is coupled to the end of the upper 
mandrel, a passage 34c, and an external flange 34d including 
circumferentially spaced apart meshing teeth.34da on an end 
face of the external flange. Torque pins 36a and 36b further 
couple the recess 34a of the end of the lower mandrel 34 to 
the external flange 22c of the upper mandrel 22. During 
operation, the torque pins 36a and 36b transmit torque loads 
between the recess 34a of the end of the lower mandrel 34 
and the external flange 22c of the upper mandrel 22. 
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0052 An upper cam assembly 38 includes a tubular base 
38a for receiving and mating with the lower mandrel 34 that 
includes an external flange 38aa, a plurality of circumfer 
entially spaced apart meshing teeth 38b that extend from one 
end of the tubular base in the longitudinal and radial 
directions for engaging the meshing teeth 34da of the end 
face of the external flange 34d of the lower mandrel, and a 
plurality of circumferentially spaced apart cam arms 38c that 
extend from the other end of the tubular base in the opposite 
longitudinal direction and mate with and receive the lower 
mandrel. During operation, the meshing teeth 34da of the 
end face of the external flange 34d of the lower mandrel 34 
transmit torque loads to the meshing teeth 38b of the upper 
camassembly 38. Each of the cam arms 38c include an inner 
portion 38ca extending from the tubular base 38a that has 
arcuate cylindrical inner and outer Surfaces, 38caa and 
38cab, a tapered intermediate portion 38cb extending from 
the inner portion that has an arcuate cylindrical inner Surface 
38cba and an arcuate conical outer surface 38cbb, and an 
outer portion 38cc extending from the intermediate portion 
that has arcuate cylindrical inner and outer Surfaces, 38cca 
and 38ccb. In an exemplary embodiment, the radius of 
curvatures of the arcuate outer cylindrical surfaces 38cab are 
greater than the radius of curvatures of the arcuate outer 
cylindrical surfaces 38ccb. In an exemplary embodiment, 
the radius of curvatures of the arcuate inner cylindrical 
surfaces, 38caa, 38cba, and 38cca are equal. 
0053 A lower cam assembly 40 includes a tubular base 
40a for receiving and mating with the lower mandrel 34 that 
includes an external flange 40aa, a plurality of circumfer 
entially spaced apart meshing teeth 40b that extend from one 
end of the tubular base in the longitudinal and radial 
directions, and a plurality of circumferentially spaced apart 
cam arms 40c that extend from the other end of the tubular 
base in the opposite longitudinal direction and mate with and 
receive the lower mandrel. Each of the cam arms 40c include 
an inner portion 40ca extending from the tubular base 40a 
that has arcuate cylindrical inner and outer Surfaces, 40Caa 
and 40cab, a tapered intermediate portion 40cb extending 
from the inner portion 40ca that has an arcuate cylindrical 
inner Surface 40cba and an arcuate conical outer Surface 
40cbb, and an outer portion 40cc extending from the inter 
mediate portion that has arcuate cylindrical inner and outer 
Surfaces, 40cca and 40ccb. In an exemplary embodiment, 
the radius of curvatures of the arcuate outer cylindrical 
surfaces 40cab are greater than the radius of curvatures the 
arcuate outer cylindrical Surfaces 40ccb. In an exemplary 
embodiment, the radius of curvatures of the arcuate inner 
cylindrical Surfaces, 40Caa. 40cba, and 40cca are equal. In 
an exemplary embodiment, the upper and lower cam assem 
blies, 38 and 40, are substantially identical. In an exemplary 
embodiment, the cam arms 38c of the upper cam assembly 
38 interleave the cam arms 40c of the lower cam assembly 
40. Furthermore, in an exemplary embodiment, the cam 
arms 38c of the upper cam assembly also overlap with the 
cam arms 40c of the lower cam assembly 40 in the longi 
tudinal direction thereby permitting torque loads to be 
transmitted between the upper and lower cam assemblies. 
0054 An end of an upper retaining sleeve 42 receives and 

is threadably coupled to the external flange 34d of the lower 
mandrel 34 that defines a passage 42a for receiving and 
mating with the outer circumferential surfaces of the exter 
nal flange 38aa and the meshing teeth 38b of the upper cam 
assembly 38, and an inner annular recess 42b, and includes 
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an internal flange 42c for retaining the external flange 38aa 
of the upper cam assembly, and an internal flange 42d at one 
end of the upper retaining sleeve that includes a rounded 
interior end face. An o-ring seal 44 is received within the 
annular recess 42b for sealing the interface between the 
upper retaining sleeve 42 and the external flange 34d of the 
lower mandrel 34. A disc shaped shim 43 is positioned 
within the upper retaining sleeve 42 between the opposing 
end faces of the internal flange 42c of the retaining sleeve 
and the meshing teeth 38b of the upper cam assembly 38. 
0055) A plurality of upper expansion cone segments 44 
are interleaved among the cam arms 38c of the upper cam 
assembly 38. Each of the upper expansion cone segments 44 
include inner portions 44a having arcuate cylindrical inner 
Surfaces, 44aaa and 44aab, and an arcuate cylindrical outer 
Surface 44ab, intermediate portions 44b extending from the 
interior portions that have an arcuate conical inner Surface 
44ba and arcuate cylindrical and spherical outer Surfaces, 
44bba and 44bbb, and outer portions 44c having arcuate 
cylindrical inner and outer Surfaces, 44ca and 44cb. In an 
exemplary embodiment, the outer surfaces 44ab of the inner 
portions 44a of the upper expansion cone segments define 
hinge grooves 44aba that receive and are pivotally mounted 
upon the internal flange 42d of the upper retaining sleeve 42. 

0056. The arcuate inner cylindrical surfaces 44aaa mate 
with and receive the lower mandrel 34, the arcuate inner 
cylindrical Surfaces 44aab mate with and receive the arcuate 
cylindrical outer surfaces 40ccb of the outer portions 40cc of 
the corresponding cam arms 40c of the lower cam assembly 
40, and the arcuate inner conical Surfaces 44ba mate with 
and receive the arcuate conical outer surfaces 40cbb of the 
intermediate portions 40cb of the corresponding cam arms 
of the lower cam assembly. 

0057. In an exemplary embodiment, the radius of curva 
ture of the arcuate cylindrical inner Surface 44aaa is less 
than the radius of curvature of the arcuate cylindrical inner 
Surface 44aab. In an exemplary embodiment, the radius of 
curvature of the arcuate cylindrical inner Surface 44ca is 
greater than the radius of curvature of the arcuate cylindrical 
Surface 44aab. In an exemplary embodiment, the arcuate 
cylindrical inner Surfaces, 44aaa and 44aab, are parallel. In 
an exemplary embodiment, the arcuate cylindrical outer 
surface 44ab is inclined relative to the arcuate cylindrical 
inner Surface 44aaa. In an exemplary embodiment, the 
arcuate cylindrical outer surface 44bba is parallel to the 
arcuate cylindrical inner Surfaces, 44aaa and 44aab. In an 
exemplary embodiment, the arcuate cylindrical outer Surface 
44cb is inclined relative to the arcuate cylindrical inner 
Surface 44ca. 

0.058 A plurality of lower expansion cone segments 46 
are interleaved among, and overlap, the upper expansion 
cone segments 44 and the cam arms 38c of the lower cam 
assembly 38. In this manner, torque loads may be transmit 
ted between the upper and lower expansion cone segments, 
44 and 46. Each of the lower expansion cone segments 46 
include inner portions 46a having arcuate cylindrical inner 
Surfaces, 46aaa and 46aab, and an arcuate cylindrical outer 
surface 46ab, intermediate portions 46b extending from the 
interior portions that have an arcuate conical inner Surface 
46ba and arcuate cylindrical and spherical outer Surfaces, 
46bba and 46bbb, and outer portions 46c having arcuate 
cylindrical inner and outer Surfaces, 46ca and 46cb. In an 
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exemplary embodiment, the outer surfaces 46ab of the inner 
portions 46a of the upper expansion cone segments 46 
define hinge grooves 46aba. 
0059. The arcuate inner cylindrical surfaces 46aaa mate 
with and receive the lower mandrel 34, the arcuate inner 
cylindrical surfaces 46aab mate with and receive the arcuate 
cylindrical outer surfaces 38ccb of the outer portions 38cc of 
the corresponding cam arms 38c of the upper cam assembly 
38, and the arcuate inner conical surfaces 46ba mate with 
and receive the arcuate conical outer surfaces 38cbb of the 
intermediate portions 38cb of the corresponding cam arms 
of the lower cam assembly. 
0060. In an exemplary embodiment, the radius of curva 
ture of the arcuate cylindrical inner Surface 46aaa is less 
than the radius of curvature of the arcuate cylindrical inner 
Surface 46aab. In an exemplary embodiment, the radius of 
curvature of the arcuate cylindrical inner Surface 46ca is 
greater than the radius of curvature of the arcuate cylindrical 
Surface 46aab. In an exemplary embodiment, the arcuate 
cylindrical inner Surfaces, 46aaa and 46aab, are parallel. In 
an exemplary embodiment, the arcuate cylindrical outer 
surface 46ab is inclined relative to the arcuate cylindrical 
inner Surface 46aaa. In an exemplary embodiment, the 
arcuate cylindrical outer surface 46bba is parallel to the 
arcuate cylindrical inner Surfaces, 46aaa and 46aab. In an 
exemplary embodiment, the arcuate cylindrical outer Surface 
46cb is inclined relative to the arcuate cylindrical inner 
Surface 46ca. 

0061. In an exemplary embodiment; the geometries of the 
upper and lower expansion cone segments 44 and 46 are 
Substantially identical. In an exemplary embodiment, the 
upper expansion cone segments 44 are tapered in the lon 
gitudinal direction from the ends of the intermediate por 
tions 44b to the ends of the outer portions 44c, and the lower 
expansion cone segments 46 are tapered in the longitudinal 
direction from the ends of the intermediate portions 46b to 
the ends of the outer portions 46c. In an exemplary embodi 
ment, when the upper and lower expansion segments, 44 and 
46, are positioned in a fully expanded position, the arcuate 
cylindrical outer surfaces, 44bba and 46cb, of the upper and 
lower expansion cone segments define a contiguous cylin 
drical surface, the arcuate spherical outer surfaces, 44bbb 
and 46bbb, of the upper and lower expansion cone segments 
define an contiguous arcuate spherical Surface, and the 
arcuate cylindrical outer surfaces, 44cb and 46bba, of the 
upper and lower expansion cone segments define a contigu 
ous cylindrical Surface. 
0062 An end of a lower retaining sleeve 48 defines a 
passage 48a for receiving and mating with the outer cir 
cumferential surfaces of the external flange 40aa and the 
meshing teeth 40b of the lower cam assembly 40, and an 
inner annular recess 48b, and includes an internal flange 48c 
for retaining the external flange of the lower cam assembly, 
and an internal flange 48d at one end of the lower retaining 
sleeve that includes a rounded interior end face for mating 
with the hinge grooves 46 aba of the lower expansion cone 
segments 46 thereby pivotally coupling the lower expansion 
cone segments to the lower retaining sleeve. An O-ring seal 
50 is received within the annular recess 48b. A disc shaped 
shim 49 is positioned within the lower retaining sleeve 48 
between the opposing end faces of the internal flange 48c of 
the retaining sleeve and the external flange 40aa of the lower 
cam assembly 40. 
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0063. In an exemplary embodiment, the arcuate cylindri 
cal outer Surfaces 44bba of the upper expansion cone 
segments 44 and the arcuate cylindrical outer Surfaces 46cb 
of the lower expansion cone segments 46 are aligned with 
the outer Surface of the upper retaining sleeve 42. In an 
exemplary embodiment, the arcuate cylindrical outer Sur 
faces 44cb of the upper expansion cone segments 44 and the 
arcuate cylindrical outer surfaces 46 bba of the lower 
expansion cone segments are aligned with the outer Surface 
of the lower retaining sleeve 48. 
0064. An end of a float shoe adaptor 50 that includes a 
plurality of circumferentially spaced apart meshing teeth 
50a for engaging the meshing teeth 40b of the lower cam 
assembly 40 is received within and threadably coupled to an 
end of the lower retaining sleeve 48 that defines a passage 
50b at one end for receiving an end of the lower mandrel 34, 
a passage 50c having a reduced inside diameter at another 
end, a plurality of radial passages 50d at the other end, and 
includes an internal flange 50e, and a torsional coupling 50f 
at the other end that includes a plurality of torsional coupling 
members 50fa. During operation, the meshing teeth 40b of 
the lower cam assembly 40 transmit toque loads to and from 
the meshing teeth 50a of the float shoe adaptor. 
0065. An end of a retaining sleeve 52 abuts the end face 
of the tubular base 4.0a of the lower cam assembly 40 and is 
received within and mates with the passage 50b of the float 
shoe adaptor 50 that defines a passage 52a for receiving an 
end of the lower mandrel 34, a throat passage 52b including 
a ball valve seat 52c, and includes a flange 52d, and another 
end of the retaining sleeve, having a reduced outside diam 
eter, is received within and mates with the passage 50c of the 
float shoe adaptor 50. 
0.066 Astop nut 54 receives and is threadably coupled to 
the end of the lower mandrel 34 within the passage 52a of 
the retaining sleeve 52, and shear pins 56 releasably couple 
the stop nut 54 to the retaining sleeve 52. Locking dogs 58 
are positioned within an end of the retaining sleeve 52 that 
receive and are releasably coupled to the lower mandrel 34, 
and a disc shaped adjustment shim 60 receives the lower 
mandrel 34 and is positioned within an end of the retaining 
sleeve 52 between the opposing ends of the tubular base 40a 
of the upper cam assembly 40 and the locking dogs 58. Burst 
discs 62 are releasably coupled to and positioned within the 
radial passages 50d of the float shoe adaptor 50. 
0067. An end of a float shoe 64 mates with and is 
releasably coupled to the torsional coupling members 50fa 
of the torsional coupling 50f of the float shoe adaptor 50 that 
defines a passage 64a and a valveable passage 64b. In this 
manner torsional loads may be transmitted between the float 
shoe adaptor 50 and the float shoe 64. An end of an 
expandable tubular member 66 that surrounds the tubular 
support member 12, the safety collar 14, the upper mandrel 
collar 18, the upper packer cup 24, the lower packer cup 28, 
the lower mandrel 34, the upper expansion cone segments 
44, the lower expansion cone segments 46, and the float shoe 
adaptor 50, is coupled to and receives an end of the float 
shoe 64 and is movably coupled to and supported by the 
arcuate spherical external surfaces, 44bbb and 46bbb, of the 
upper and lower expansion cone segments, 44 and 46. 
0068. During operation, as illustrated in FIGS. 1a and 
1b, the apparatus 10 is at least partially positioned within a 
preexisting structure such as, for example, a borehole 100 
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that traverses a Subterranean formation that may include a 
preexisting wellbore casing 102. The borehole 100 may be 
oriented in any position, for example, from Vertical to 
horizontal. A fluidic material 104 is then injected into the 
apparatus 10 through the passages 12a, 14a, 22a, 34c, 50c, 
64a, and 64b into the annulus between the expandable 
tubular member 66 and the borehole 100. In an exemplary 
embodiment, the fluidic material 104 is a hardenable fluidic 
sealing material. In this manner, an annular sealing layer 
may be formed within the annulus between the expandable 
tubular member 66 and the borehole 100. 

0069. As illustrated in FIGS. 10a and 10b, a ball 106 is 
then be positioned within and blocking the valveable pas 
sage 64b of the float shoe 64 by injecting a fluidic material 
108 into the apparatus 10 through the passages 12a, 14a. 
22a, 34c, and 50c. As a result, the increased operating 
pressure within the passage 50c bursts open the burst discs 
62 positioned within the radial passages 50d of the float shoe 
adaptor 50. The continued injection of the fluidic material 
108 thereby pressurizes the interior of the expandable tubu 
lar member 66 below the lower packer cup 28 thereby 
displacing the upper and lower expansion cone segments, 44 
and 46, upwardly relative to the float shoe 64 and the 
expandable tubular member 66. As a result, the expandable 
tubular member 66 is plastically deformed and radially 
expanded. Thus, the burst discs 62 sense the operating 
pressure of the injected fluidic material 108 within the 
passage 50c and thereby control the initiation of the radial 
expansion and plastic deformation of the expandable tubular 
member 66. 

0070. In an exemplary embodiment, any leakage of the 
pressurized fluidic material 108 past the lower packer cup 28 
is captured and sealed against further leakage by the upper 
packer cup 24. In this manner, the lower packer cup 28 
provides the primary fluidic seal against the interior Surface 
of the expandable tubular member 66, and the upper packer 
cup 24 provides a secondary, back-up, fluidic seal against the 
interior surface of the expandable tubular member. Further 
more, because the lower packer cup 28 and/or the upper 
packer cup 24 provide a fluid tight seal against the interior 
surface of the expandable tubular member 66, the upper and 
lower expansion cone segments, 44 and 46, are pulled 
upwardly through the expandable tubular member by the 
axial forces created by the packer cups. 
0071. In an exemplary embodiment, during the radial 
expansion process, the interface between the arcuate spheri 
cal external surfaces, 44bbb and 46bbb, of the upper and 
lower expansion cone segments, 44 and 46, and the interior 
surface of the expandable tubular member 66 is not fluid 
tight. As a result, the fluidic material 108 may provide 
lubrication to the entire extent of the interface between the 
cylindrical external surfaces, 44bba and 46cb, and the 
arcuate spherical external surfaces, 44bbb and 46bbb, of the 
upper and lower expansion cone segments, 44 and 46, and 
the interior surface of the expandable tubular member 66. 
Moreover, experimental test results have indicated the unex 
pected result that the required operating pressure of the 
fluidic material 108 for radial expansion of the expandable 
tubular member 66 is less when the interface between the 
cylindrical external surfaces, 44bba and 46cb, and the 
arcuate spherical external surfaces, 44bbb and 46bbb, of the 
upper and lower expansion cone segments, 44 and 46, and 
the interior surface of the expandable tubular member 66 is 
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not fluid tight. Furthermore, experimental test results have 
also demonstrated that the arcuate spherical external Surface 
provided by the arcuate spherical external surfaces, 44bbb 
and 46bbb, of the upper and lower expansion cone segments, 
44 and 46, provides radial expansion and plastic deforma 
tion of the expandable tubular member 66 using lower 
operating pressures versus an expansion cone having a 
conical outer Surface. 

0072. In an exemplary embodiment, as illustrated in 
FIGS. 11a, 11b, 12, 13, 14, 15, and 16, the upper and lower 
expansion cone segments, 44 and 46, may then be adjusted 
to a collapsed position by placing a ball 110 within the ball 
valve seat 52c of the throat passage 52b of the retaining 
sleeve 52. The continued injection of the fluidic material 
108, after the placement of the ball 110 within the ball valve 
seat 52c, creates a differential pressure across the ball 110 
thereby applying a downward longitudinal force onto the 
retaining sleeve 52 thereby shearing the shear pins 56. As a 
result, the retaining sleeve 52 is displaced in the downward 
longitudinal direction relative to the float shoe adaptor 50 
thereby permitting the locking dogs 58 to be displaced 
outwardly in the radial direction. The outward radial dis 
placement of the locking dogs 58 disengages the locking 
dogs from engagement with the lower mandrel 34. Thus, the 
shear pins 56 sense the operating pressure of the injected 
fluidic material 108 within the throat passage 52b and 
thereby controling the initiation of the collapsing of the 
upper and lower expansion cone segments, 44 and 46. 

0073. The continued injection of the fluidic material 108 
continues to displace the retaining sleeve 52 in the down 
ward longitudinal direction relative to the float shoe adaptor 
50 until the external flange 52d of the retaining sleeve 52 
impacts, and applies a downward longitudinal force to, the 
internal flange 50e of the float shoe adaptor. As a result, the 
float shoe adaptor 50 is then also displaced in the downward 
longitudinal direction relative to the lower mandrel 34. The 
downward longitudinal displacement of the float shoe adap 
tor 50 relative to the lower mandrel 34 causes the lower cam 
assembly 40, the lower expansion cone segments 46, and the 
lower retaining sleeve 48, which are rigidly attached to the 
float shoe adaptor, to also be displaced downwardly in the 
longitudinal direction relative to the lower mandrel 34, the 
upper cam assembly 38, and the upper expansion cone 
segments 44. 

0074 The downward longitudinal displacement of the 
lower cam assembly 40 relative to the upper expansion cone 
segments 44 causes the upper expansion cone segments to 
slide off of the conical external surfaces 40cbb of the lower 
cam assembly and thereby pivot inwardly in the radial 
direction about the internal flange 42d of the upper retaining 
sleeve 42. The downward longitudinal displacement of the 
lower expansion cone segments 46 relative to the upper cam 
assembly 38 causes the lower expansion cone segments 46 
to slide off of the external conical surfaces 38cbb of the 
upper cam assembly and thereby pivot inwardly in the radial 
direction about the internal flange 48d of the lower retaining 
sleeve. As a result of the inward radial movement of the 
upper and lower expansion cone segments, 44 and 46, the 
arcuate external spherical surfaces, 44bbb and 46bbb, of the 
upper and lower expansion cone segments, 44 and 46, no 
longer provide a substantially contiguous outer arcuate 
spherical Surface. 
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0075. The downward longitudinal movement of the 
retaining sleeve 42 and float shoe adaptor 50 relative to the 
lower mandrel 34 is stopped when the stop nut 54 impacts 
the locking dogs 58. At this point, as illustrated in FIGS. 17a 
and 17b, the apparatus 10 may then be removed from the 
interior of the expandable tubular member 66. 
0076 Thus, the apparatus 10 may be removed from the 
expandable tubular member 66 prior to the complete radial 
expansion and plastic deformation of the expandable tubular 
member by controllably collapsing the upper and lower 
expansion cone segments, 44 and 46. As a result, the 
apparatus 10 provides the following benefits: (1) the appa 
ratus is removable when expansion problems are encoun 
tered; (2) lower expansion forces are required because the 
portion of the expandable tubular member 66 between the 
packer cups, 24 and 28, and the expansion cone segments is 
exposed to the expansion fluid pressure; and (3) the expan 
sion cone segments can be run down through the expandable 
tubular member, prior to radial expansion, and then the 
expansion cone segments can be expanded. 

0077. In several alternative embodiments, resilient mem 
bers such as, for example, spring elements are coupled to the 
upper and lower expansion cone segments, 44 and 46, for 
resiliently biasing the expansion cone segments towards the 
expanded or collapsed position. 

0078. In several alternative embodiments, the placement 
of the upper and lower expansion cone segments, 44 and 46. 
in an expanded or collapsed position is reversible. 
0079. In several alternative embodiments, a small gap is 
provided between the upper and lower expansion cone 
segments, 44 and 46, when positioned in the expanded 
condition that varies from about 0.005 to 0.030 inches. 

0080 Turning back to FIG. 10a, as previously discussed, 
the lower packer cup 28 may be used to provide a primary 
fluidic seal against the interior surface of the expandable 
tubular member 66, and the upper packer cup 24 provides a 
secondary, back-up, fluidic seal against the interior Surface 
of the expandable tubular member. Furthermore, because the 
lower packer cup 28 and/or the upper packer cup 24 provide 
a fluid tight seal against the interior Surface of the expand 
able tubular member 66, when the region is pressurized, the 
upper and lower expansion cone segments, 44 and 46, are 
pulled upwardly through the expandable tubular member by 
the axial forces created by the packer cups. 
0081. The packer cups may be made from an elastomer, 
the type of which depends on design pressures, fluids and 
temperatures. In several embodiments, the packer cups 24 
and 28 are coupled to annular reinforcing elements or 
supports which are bonded to the elastomer to hold the 
elastomer in place when running in and out of the casing and 
when pressurized. Conventionally, the Support may be wire 
or a single insert, such as used in the “TP” cup from 
Halliburton of Duncan, Okla. The support may be more 
complicated, for instance, it may comprise a bushing and a 
plurality of overlapping springs, such as used in the GW-HD 
cup from Guiberson Oil Tools of Alberta Canada. 
0082 Conventional packer cups are intended to remain 
stationary when pressurized. Any significant movement of a 
conventional packer cup when the cup has been pressurized 
may destroy the packer cup. Additionally, conventional 
packer cups may not be designed to hold the high pressures 
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necessary for a casing expansion when moving through the 
casing. Pressure cycling and movement which occurs during 
casing expansion procedures may cause degradation of the 
elastomer and the bond between the elastomer and inserts. 
Eventually the elastomer disintegrates and the packer cup is 
unable to hold pressure. What is needed, therefore is a 
packer cup which can withstand the movement and pres 
Sures associated with the casing expansion procedure. 

0.083 Turning now to FIG. 18, one side of a conventional 
cup seal or packer cup 70 is illustrated in detail. The 
opposing side is symmetrical about the center line of the 
packer cup. In the illustrated configuration, the packer cup 
70 is shown located outside of the casing. Therefore, dashed 
lines represent the position of an expandable casing 71 
relative to the packer cup 70. The packer cup 70 may be used 
as the upper packer cup 24 or lower packer cup 28 as 
described previously in reference to FIGS. 1a and 10a. In 
several alternative embodiments, the central mandrel 72 has 
an external flange 74, which may provide longitudinal 
Support for a retaining sleeve or adjusting ring 76. The 
adjusting ring 76 receives and is coupled to the central 
mandrel 72. A spacer sleeve 78 also receives and is coupled 
to the central mandrel 72 and is longitudinally positioned 
between the packer cup 70 and the adjusting ring 76. In 
several embodiments, the adjusting ring 76 threadingly 
engages the spacer sleeve 78 so that the longitudinal position 
of the spacer sleeve may be adjusted by rotating the spacer 
sleeve relative to the adjusting ring 76. In turn, the spacer 
sleeve 78 longitudinally positions and Supports the packer 
cup 70. 

0084. In several exemplary embodiments, the packer cup 
70 comprises one or more springs 80a and 80b which are 
bonded to and radially support an elastomeric Sealing cup 82 
to form a cup assembly 83. The elastomeric sealing cup 82 
is generally conical in shape, having a Substantially unre 
stricted lip portion 85 for sealingly engaging the interior ID 
of the expandable casing 71. Opposite the lip portion 85 is 
a base portion 87 which is supported by a conical bushing 84 
positioned between the interior side of the cup assembly 83 
and the central mandrel 72. A radial thimble 86 surrounds 
the base portion 87 of the cup assembly 83. The radial 
thimble 86 has an exterior diameter which is smaller than the 
interior diameter of the casing by a distance “A.” In the 
embodiment illustrated in FIG. 18, the elastomeric sealing 
cup 82 is unsupported in a region “B” which may be 
generally defined as the region between a Support, Such as a 
radial thimble 86, and a point of contact “C” with the 
expandable casing 71. 

0085 FIG. 19a illustrates an alternative embodiment of 
a packer cup 90. In several exemplary embodiments, the 
packer cup 90 comprises one or more springs 92a and 92b 
which are bonded to and radially Support an elastomeric 
sealing cup 94 to form a cup assembly 95. The elastomeric 
sealing cup 94 is generally conical in shape, having a 
Substantially unrestricted lip portion 93 for sealingly engag 
ing the interior ID of the expandable casing 71. Opposite the 
lip portion 93 is a base portion 97 which is supported by a 
conical bushing 96 positioned between the cup assembly and 
the central mandrel 72. The supported end of the cup 
assembly 95 is surrounded by a radial thimble 98. The radial 
thimble 98 has an exterior diameter which is slightly smaller 
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than the interior diameter, causing the distance “A” to be 
reduced when compared to a conventional packer cup. Such 
as illustrated in FIG. 18. 

0086). In the embodiment illustrated in FIG. 19a, the 
elastomeric Sealing cup 94 is unsupported in a region “B” 
which may be generally defined as the region between a 
support, such as the radial thimble 98, and a point of contact 
“C” with the expandable casing 71. In this embodiment, the 
longitudinal length of the radial thimble 98 has been 
increased, which reduces the unsupported region “B” of the 
elastomeric sealing cup 94 when compared to a conventional 
packer cup. 
0087 Reducing the length “B” of the unsupported region 
and the distance 'A' between the exterior diameter of the 
thimble 98 and the ID of the casing limits movement of the 
elastomeric Sealing cup 94 when the packer cup is pressur 
ized. This reduced movement improves the durability of the 
packer seal undergreater pressures than conventional packer 
Cups. 

0088 FIG. 19b illustrates an alternative embodiment of 
a packer cup 100. In several exemplary embodiments, the 
packer cup 100 comprises one or more springs 102a and 
102b which are bonded to an elastomeric sealing cup 104 to 
form a cup assembly 105. The elastomeric sealing cup 104 
is generally conical in shape, having a Substantially unre 
stricted lip portion 103 for sealingly engaging the interior ID 
of the expandable casing 71. Opposite the lip portion 103 is 
a base portion 107 which is supported by a conical bushing 
106 positioned between the elastoermic seal 104 and the 
central mandrel 72. A pliant backup member 108 is position 
between the elastomeric sealing cup 104 and a radial thimble 
110. The backup member 108 may be made from any 
Suitable pliant material. Such as a fluoropolymer or fluo 
roelastomer (e.g., Teflon or PEEK). The use of the backup 
member 108 significantly reduces the unsupported region of 
the elastomeric Sealing cup 104. Additionally, the backup 
member 108 easily extrudes when pressurized to expand 
into any gap between the outside diameter of the backup 
Support and the ID of the casing providing a secondary seal. 

0089. The radial thimble 110 is similar to the radial 
thimble 98 (FIG. 19a) in that it has an exterior diameter 
which is slightly Smaller than the interior diameter, causing 
the distance “A” to be reduced. Similarly, the longitudinal 
length of the radial thimble 110 has been increased which 
reduces the unsupported length of the elastomeric Sealing 
cup. Reducing the unsupported-region of the elastomeric 
sealing cup and the distance between the exterior diameter 
of the thimble 98 and the ID of the casing limits movement 
of the elastomeric Sealing cup 94 when the packer cup is 
pressurized. This reduced movement improves the durability 
of the packer seal. 
0090 FIG. 19C illustrates an alternative embodiment of 
a packer cup 120. In several exemplary embodiments, the 
packer cup 120 comprises one or more springs 122a and 
122b which are bonded to an elastomeric sealing cup 124 to 
form a cup assembly 125. The elastomeric sealing cup 124 
is generally conical in shape, having a Substantially unre 
stricted lip portion 123 for sealingly engaging the interior ID 
of the expandable casing 71. Opposite the lip portion 123 is 
a base portion 127 which is supported by a conical bushing 
126 positioned between the elastomeric sealing cup 124 and 
the central mandrel 72. A pliant backup member 128 is 
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positioned between the elastomeric sealing cup 124 and a 
radial shoe 130. The backup member 128 may be made from 
any Suitable pliant material. Such as a fluoropolymer or 
fluoroelastomer (e.g., Teflon or PEEK). Additionally, the 
backup member 128 extrudes when pressurized to expand 
into a gap between the outside diameter of the backup 
member 128 and the ID of the casing. However, the use of 
the radial shoe 130 and the cross-sectional shape of the 
backup member 128 reduces the degree of extrusion when 
compared to packer cup 100 (FIG. 19b). 

0091. The radial shoe 130 may be made from steel or 
another harden material to provide Support and protection 
for the pliant backup member 128. The pliant backup 
member 128 reduces the unsupported length of the elasto 
meric sealing cup 124 which limits the movement of the 
elastomeric Sealing cup 124 when the packer cup is pres 
surized. This reduced movement improves the durability of 
the packer cup. 

0092 FIG. 19d illustrates an alternative embodiment of 
a packer cup 140. In several exemplary embodiments, the 
packer cup 140 comprises one or more springs 142a and 
142b which are bonded to an elastomeric sealing cup 144 to 
form a cup assembly 145. The elastomeric sealing cup 144 
is generally conical in shape, having a Substantially unre 
stricted lip portion 143 for sealingly engaging the interior ID 
of the expandable casing 71. Opposite the lip portion 143 is 
a base portion 149 which is supported by a conical bushing 
146 positioned between the elastomeric sealing cup 144 and 
the central mandrel 72. A support member 147 provides 
additional stiffness and Support by Surrounding the Sup 
ported end of cup assembly 145. The support member 147 
may be made of steel or another suitable material. The use 
of the support member 147 provides a stiff support for the 
elastomeric sealing cup 144 which reduces the movement of 
the elastomeric sealing cup 144. Similar to the packer cup 
120 discussed in reference to FIG. 19c. a pliant backup 
member 148 is positioned between the support member 147 
and a radial shoe 150. The backup member 148 extrudes 
when pressurized to expand into a gap between the outside 
diameter of the backup Support and the ID of the casing. 
However, the use of the radial shoe 150 reduces the degree 
of extrusion when compared to packer cup 100 (FIG. 19b). 

0093. The radial shoe 150 may be made from steel or 
another harden material to provide Support and protection 
for the pliant backup member 148. The use of a pliant 
backup member 148 also reduces the unsupported region of 
the elastomeric Sealing cup 144 which limits the movement 
of the elastomeric Sealing cup 144 when the packer cup is 
pressurized. This reduced movement improves the durability 
of the packer cup. 

0094 FIG. 19e illustrates an alternative embodiment of 
a packer cup 160. In several exemplary embodiments, the 
packer cup 160 comprises one or more springs 162a and 
162b which are bonded to an elastomeric sealing cup 164 to 
form a cup assembly 165. The elastomeric sealing cup 164 
is generally conical in shape, having a Substantially unre 
stricted lip portion 163 for sealingly engaging the interior ID 
of the expandable casing 71. Opposite the lip portion 163 is 
a base portion 167 which is supported by a conical bushing 
166 positioned between the elastomeric sealing cup 164 and 
the central mandrel 72. The supported end of the cup 
assembly is also surrounded by a radial thimble 168. 
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0095. In this embodiment, the elastomeric sealing cup 
164 has additional elastomeric material molded proximate to 
the radial thimble 168 at a point “D’. Because of the use of 
additional elastomeric material and a longer longitudinal 
length of the radial thimble 98, the unsupported region of the 
elastomeric Sealing cup 164 is significantly reduced. Reduc 
ing the unsupported region of the elastomeric Sealing cup 
164 and the distance between the exterior diameter of the 
thimble 168 and the ID of the casing 71 limits movement of 
the elastomeric Sealing cup 164 when the packer cup is 
pressurized. Additionally, the radial thimble 168 has an 
exterior diameter which is slightly smaller than the interior 
diameter, causing the gap between the radial thimble 168 
and the ID of the casing 71 to be reduced. The reduced gap 
also limits movement of the elastomeric Sealing cup 164. 
This reduced movement improves the durability of the 
packer seal. 
0096. An apparatus for radially expanding and plastically 
deforming an expandable tubular member has been 
described that includes an upper tubular support member 
defining a first passage, one or more cup seals coupled to the 
exterior surface of the upper tubular support member for 
sealing an interface between the upper tubular Support 
member and the expandable tubular member, an upper cam 
assembly coupled to the upper tubular support member 
comprising: a tubular base coupled to the upper tubular 
Support member, and a plurality of cam arms extending from 
the tubular base in a downward longitudinal direction, each 
cam arm defining an inclined surface, a plurality of upper 
expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the tubular 
Support member, a lower tubular support member defining a 
second passage fluidicly coupled to the first passage releas 
ably coupled to the upper tubular support member, a lower 
cam assembly coupled to the lower tubular support member 
comprising: a tubular base coupled to the lower tubular 
Support member, and a plurality of cam arms extending from 
the tubular base in an upward longitudinal direction, each 
cam arm defining an inclined surface that mates with the 
inclined surface of a corresponding one of the upper expan 
sion cone segments, wherein the cams arms of the upper cam 
assembly are interleaved with and overlap the cam arms of 
the lower cam assembly, and a plurality of lower expansion 
cone segments interleaved with cam arms of the lower cam 
assembly, each lower expansion cone segment pivotally 
coupled to the lower tubular support member and mating 
with the inclined surface of a corresponding one of the cam 
arms of the upper cam assembly, wherein the lower expan 
sion cone segments interleave and overlap the upper expan 
sion cone segments, and wherein the upper and lower 
expansion cone segments together define an arcuate spheri 
cal external Surface for plastically deforming and radially 
expanding the expandable tubular member. In an exemplary 
embodiment, the upper tubular Support member includes: a 
safety collar, a torque plate coupled to the safety collar 
including a plurality of circumferentially spaced apart mesh 
ing teeth at an end, an upper mandrel including a plurality 
of circumferentially spaced apart meshing teeth at one end 
for engaging the meshing teeth of the torque plate and an 
external flange at another end, and a lower mandrel coupled 
to the external flange of the upper mandrel including an 
external flange including a plurality of circumferentially 
spaced apart meshing teeth. In an exemplary embodiment, 
the tubular base of the upper cam assembly includes a 
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plurality of circumferentially spaced apart meshing teeth for 
engaging the meshing teeth of the external flange of the 
lower mandrel. In an exemplary embodiment, the apparatus 
further includes a stop nut coupled to an end of the lower 
mandrel for limiting the movement of the lower tubular 
member relative to the lower mandrel. In an exemplary 
embodiment, the apparatus further includes locking dogs 
coupled to the lower mandrel. In an exemplary embodiment, 
the lower tubular support member includes: a float shoe 
adapter including a plurality of circumferentially spaced 
apart meshing teeth at one end, an internal flange, and a 
torsional coupling at another end, a lower retaining sleeve 
coupled to an end of the float shoe adapter including an 
internal flange for pivotally engaging the lower expansion 
cone segments, and a retaining sleeve received within the 
float shoe adapter releasably coupled to the upper tubular 
Support member. In an exemplary embodiment, an end of the 
retaining sleeve abuts an end of the tubular base of the lower 
cam assembly. In an exemplary embodiment, the tubular 
base of the lower cam assembly includes a plurality of 
circumferentially spaced apart meshing teeth for engaging 
the meshing teeth of the float shoe adaptor. In an exemplary 
embodiment, the apparatus further includes a float shoe 
releasably coupled to the torsional coupling of the float shoe 
adaptor, and an expandable tubular member coupled to the 
float shoe and supported by and movably coupled to the 
upper and lower expansion cone segments. In an exemplary 
embodiment, the apparatus further includes: one or more 
shear pins coupled between the upper tubular support mem 
ber and the lower tubular support member. In an exemplary 
embodiment, the apparatus further includes: a stop member 
coupled to the upper tubular Support member for limiting 
movement of the upper tubular support member relative to 
the lower tubular support member. In an exemplary embodi 
ment, the apparatus further includes: a float shoe releasably 
coupled to the lower tubular support member that defines a 
valveable passage, and an expandable tubular member 
coupled to the float shoe and supported by and movably 
coupled to the upper and lower expansion cone segments. In 
an exemplary embodiment, each upper expansion cone 
segment includes: an inner portion defining an arcuate 
cylindrical upper Surface including a hinge groove for 
pivotally coupling the upper expansion cone segment to the 
upper tubular Support member and arcuate cylindrical lower 
Surfaces, an intermediate portion defining arcuate cylindrical 
and spherical upper Surfaces and an arcuate conical lower 
Surface, and an outer portion defining arcuate cylindrical 
upper and lower Surfaces, and wherein each lower expansion 
cone segment includes: an inner portion defining an arcuate 
cylindrical upper Surface including a hinge groove for 
pivotally coupling the lower expansion cone segment to the 
lower tubular support member and arcuate cylindrical lower 
Surfaces, an intermediate portion defining arcuate cylindrical 
and spherical upper Surfaces and an arcuate conical lower 
Surface, and an outer portion defining arcuate cylindrical 
upper and lower Surfaces. In an exemplary embodiment, 
each upper expansion cone segment is tapered in the longi 
tudinal direction from the intermediate portion to the outer 
portion; and wherein each lower expansion cone segment is 
tapered in the longitudinal direction from the intermediate 
portion to the outer portion. 
0097. An apparatus for radially expanding and plastically 
deforming an expandable tubular member has also been 
described that includes a safety collar, a torque plate coupled 
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to the safety collar including a plurality of circumferentially 
spaced apart meshing teeth at an end, an upper mandrel 
including a plurality of circumferentially spaced apart mesh 
ing teeth at one end for engaging the meshing teeth of the 
torque plate and an external flange at another end, a lower 
mandrel coupled to the external flange of the upper mandrel 
including an external flange including a plurality of circum 
ferentially spaced apart meshing teeth, a stop nut coupled to 
an end of the lower mandrel, an upper retaining sleeve 
coupled to the lower mandrel including an internal flange, 
one or more cup seals coupled to the upper mandrel for 
sealing an interface between the upper mandrel and the 
expandable tubular member, an upper cam assembly 
coupled to the lower mandrel including: a tubular base 
including a plurality of circumferentially spaced apart mesh 
ing teeth for engaging the meshing teeth of the external 
flange of the lower mandrel, and a plurality of cam arms 
extending from the tubular base in a downward longitudinal 
direction, each cam arm defining an inclined Surface, a 
plurality of upper expansion cone segments interleaved with 
the cam arms of the upper cam assembly and pivotally 
coupled to the internal flange of the upper retaining sleeve, 
a float shoe adapter including a plurality of circumferentially 
spaced apart meshing teeth at one end, an internal flange, 
and a torsional coupling at another end, a lower retaining 
sleeve coupled to an end of the float shoe adapter including 
an internal flange, a retaining sleeve received within the float 
shoe adapter, one or more shear pins for releasably coupling 
the retaining sleeve to the stop nut, a lower cam assembly 
coupled to the float shoe adapter including: a tubular base 
including a plurality of circumferentially spaced apart mesh 
ing teeth for engaging the meshing teeth of the float shoe 
adapter, and a plurality of cam arms extending from the 
tubular base in an upward longitudinal direction, each cam 
arm defining an inclined surface that mates with the inclined 
Surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly 
are interleaved with and overlap the cam arms of the lower 
cam assembly, a plurality of lower expansion cone segments 
interleaved with cam arms of the lower cam assembly, each 
lower expansion cone segment pivotally coupled to the 
internal flange of the lower retaining sleeve and mating with 
the inclined surface of a corresponding one of the cam arms 
of the upper cam assembly, a float shoe releasably coupled 
to the torsional coupling of the float shoe adaptor, and an 
expandable tubular member coupled to the float shoe and 
Supported by and movably coupled to the upper and lower 
expansion cone segments, wherein the lower expansion cone 
segments interleave and overlap the upper expansion cone 
segments, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external Sur 
face for plastically deforming and radially expanding the 
expandable tubular member, wherein each upper expansion 
cone segment includes: an inner portion defining an arcuate 
cylindrical upper Surface including a hinge groove for 
pivotally coupling the upper expansion cone segment to the 
upper tubular Support member and arcuate cylindrical lower 
Surfaces, an intermediate portion defining arcuate cylindrical 
and spherical upper Surfaces and an arcuate conical lower 
Surface, and an outer portion defining arcuate cylindrical 
upper and lower Surfaces, wherein each lower expansion 
cone segment includes: an inner portion defining an arcuate 
cylindrical upper Surface including a hinge groove for 
pivotally coupling the lower expansion cone segment to the 
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lower tubular support member and arcuate cylindrical lower 
Surfaces, an intermediate portion defining arcuate cylindrical 
and spherical upper Surfaces and an arcuate conical lower 
Surface, and an outer portion defining arcuate cylindrical 
upper and lower Surfaces, wherein each upper expansion 
cone segment is tapered in the longitudinal direction from 
the intermediate portion to the outer portion, and wherein 
each lower expansion cone segment is tapered in the longi 
tudinal direction from the intermediate portion to the outer 
portion. 

0098. A collapsible expansion cone assembly has also 
been described that includes an upper tubular Support mem 
ber including an internal flange, an upper cam assembly 
coupled to the upper tubular Support member including: a 
tubular base coupled to the upper Support member, and a 
plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an 
inclined surface, a plurality of upper expansion cone seg 
ments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the 
upper tubular Support member, a lower tubular Support 
member including an internal flange, one or more frangible 
couplings for releasably coupling the upper and lower 
tubular support members, a lower cam assembly coupled to 
the lower tubular support member including: a tubular base 
coupled to the lower tubular support member, and a plurality 
of cam arms extending from the tubular base in an upward 
longitudinal direction, each cam arm defining an inclined 
surface that mates with the inclined surface of a correspond 
ing one of the upper expansion cone segments, wherein the 
cams arms of the upper cam assembly are interleaved with 
and overlap the cam arms of the lower cam assembly, and a 
plurality of lower expansion cone segments interleaved with 
cam arms of the lower cam assembly, each lower expansion 
cone segment pivotally coupled to the internal flange of the 
lower tubular support member and mating with the inclined 
Surface of a corresponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments 
interleave and overlap the upper expansion cone segments, 
and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external Surface for 
plastically deforming and radially expanding the expandable 
tubular member. In an exemplary embodiment, each upper 
expansion cone segment includes: an inner portion defining 
an arcuate cylindrical upper Surface including a hinge 
groove for pivotally coupling the upper expansion cone 
segment to the upper tubular Support member and arcuate 
cylindrical lower Surfaces, an intermediate portion defining 
arcuate cylindrical and spherical upper Surfaces and an 
arcuate conical lower Surface, and an outer portion defining 
arcuate cylindrical upper and lower Surfaces, and wherein 
each lower expansion cone segment includes: an inner 
portion defining an arcuate cylindrical upper Surface includ 
ing a hinge groove for pivotally coupling the lower expan 
sion cone segment to the lower tubular support member and 
arcuate cylindrical lower Surfaces, an intermediate portion 
defining arcuate cylindrical and spherical upper Surfaces and 
an arcuate conical lower Surface, and an outer portion 
defining arcuate cylindrical upper and lower Surfaces. In an 
exemplary embodiment, each upper expansion cone seg 
ment is tapered in the longitudinal direction from the inter 
mediate portion to the outer portion, and wherein each lower 
expansion cone segment is tapered in the longitudinal direc 
tion from the intermediate portion to the outer portion. 
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0099. A collapsible expansion cone assembly has also 
been described that includes an upper tubular Support mem 
ber including an internal flange, an upper cam assembly 
coupled to the upper tubular Support member including: a 
tubular base coupled to the upper Support member, and a 
plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an 
inclined surface, a plurality of upper expansion cone seg 
ments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the 
upper tubular Support member, a lower tubular Support 
member including an internal flange, one or more frangible 
couplings for releasably coupling the upper and lower 
tubular support members, a lower cam assembly coupled to 
the lower tubular support member including: a tubular base 
coupled to the lower tubular support member, and a plurality 
of cam arms extending from the tubular base in an upward 
longitudinal direction, each cam arm defining an inclined 
Surface that mates with the inclined surface of a correspond 
ing one of the upper expansion cone segments, wherein the 
cams arms of the upper cam assembly are interleaved with 
and overlap the cam arms of the lower cam assembly, and a 
plurality of lower expansion cone segments interleaved with 
cam arms of the lower cam assembly, each lower expansion 
cone segment pivotally coupled to the internal flange of the 
lower tubular support member and mating with the inclined 
Surface of a corresponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments 
interleave and overlap the upper expansion cone segments, 
wherein the upper and lower expansion cone segments 
together define an arcuate spherical external Surface for 
plastically deforming and radially expanding the expandable 
tubular member, wherein each upper expansion cone seg 
ment includes: an inner portion defining an arcuate cylin 
drical upper Surface including a hinge groove for pivotally 
coupling the upper expansion cone segment to the upper 
tubular support member and arcuate cylindrical lower Sur 
faces, an intermediate portion defining arcuate cylindrical 
and spherical upper Surfaces and an arcuate conical lower 
Surface, and an outer portion defining arcuate cylindrical 
upper and lower Surfaces, wherein each lower expansion 
cone segment includes: an inner portion defining an arcuate 
cylindrical upper Surface including a hinge groove for 
pivotally coupling the lower expansion cone segment to the 
lower tubular support member and arcuate cylindrical lower 
Surfaces, an intermediate portion defining arcuate cylindrical 
and spherical upper Surfaces and an arcuate conical lower 
Surface, and an outer portion defining arcuate cylindrical 
upper and lower Surfaces, wherein each upper expansion 
cone segment is tapered in the longitudinal direction from 
the intermediate portion to the outer portion, and wherein 
each lower expansion cone segment is tapered in the longi 
tudinal direction from the intermediate portion to the outer 
portion. 

0.100 An apparatus for radially expanding and plastically 
deforming an expandable tubular member has also been 
described that includes a tubular Support member, a collaps 
ible expansion cone coupled to the tubular Support member, 
an expandable tubular member coupled to the collapsible 
expansion cone, means for displacing the collapsible expan 
sion cone relative to the expandable tubular member, and 
means for collapsing the expansion cone. In an exemplary 
embodiment, the tubular support member includes an upper 
tubular support member including an internal flange and a 
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lower tubular Support member including an internal flange, 
wherein the expansion cone includes: an upper cam assem 
bly coupled to the upper tubular Support member including: 
a tubular base coupled to the upper Support member, and a 
plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an 
inclined surface, a plurality of upper expansion cone seg 
ments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the 
upper tubular support member, a lower cam assembly 
coupled to the lower tubular Support member including: a 
tubular base coupled to the lower tubular support member, 
and a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm defining 
an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, 
wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the lower cam 
assembly, and a plurality of lower expansion cone segments 
interleaved with cam arms of the lower cam assembly, each 
lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and 
mating with the inclined surface of a corresponding one of 
the cam arms of the upper cam assembly; and wherein the 
apparatus further includes: means for releasably coupling 
the upper tubular support member to the lower tubular 
Support member, and means for limiting movement of the 
upper tubular support member relative to the lower tubular 
Support member. In an exemplary embodiment, the appara 
tus further includes: means for pivoting the upper expansion 
cone segments, and means for pivoting the lower expansion 
cone segments. In an exemplary embodiment, the apparatus 
further includes: means for pulling the collapsible expansion 
cone through the expandable tubular member. 
0101. A collapsible expansion cone has also been 
described that includes an upper cam assembly including: a 
tubular base, and a plurality of cam arms extending from the 
tubular base in a downward longitudinal direction, each cam 
arm defining an inclined surface, a plurality of upper expan 
sion cone segments interleaved with the cam arms of the 
upper cam assembly, a lower cam assembly including: a 
tubular base, and a plurality of cam arms extending from the 
tubular base in an upward longitudinal direction, each cam 
arm defining an inclined surface that mates with the inclined 
Surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly 
are interleaved with and overlap the cam arms of the lower 
cam assembly, a plurality of lower expansion cone segments 
interleaved with cam arms of the lower cam assembly, each 
lower expansion cone segment mating with the inclined 
Surface of a corresponding one of the cam arms of the upper 
cam assembly, means for moving the upper cam assembly 
away from the lower expansion cone segments, and means 
for moving the lower cam assembly away from the upper 
expansion cone segments. In an exemplary embodiment, the 
upper and lower expansion cone segments together define an 
arcuate spherical external Surface. In an exemplary embodi 
ment, each upper expansion cone segment includes: an inner 
portion defining an arcuate upper Surface and arcuate cylin 
drical lower Surfaces, an intermediate portion defining arcu 
ate cylindrical and spherical upper Surfaces and an arcuate 
conical lower Surface, and an outer portion defining arcuate 
cylindrical upper and lower Surfaces, and wherein each 
lower expansion cone segment includes: an inner portion 

Sep. 21, 2006 

defining an arcuate cylindrical upper Surface and arcuate 
cylindrical lower Surfaces, an intermediate portion defining 
arcuate cylindrical and spherical upper Surfaces and an 
arcuate conical lower Surface, and an outer portion defining 
arcuate cylindrical upper and lower Surfaces. In an exem 
plary embodiment, each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate 
portion to the outer portion, and each lower expansion cone 
segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion. 
0102 Also disclosed is a packer cup apparatus compris 
ing a central mandrel, a sealing cup comprising a substan 
tially unrestricted lip for sealing engaging a tubular member, 
and a base portion for sealingly engaging the central man 
drel, a protecting member positioned longitudinally along 
the central mandrel, and a pliant backup member positioned 
between the protecting member and the sealing cup, a 
conical bushing positioned partially between the sealing cup 
and the tubular Support member for Supporting the base 
portion of the sealing cup. 
0103) A method of radially expanding and plastically 
deforming an expandable tubular member has also been 
described that includes supporting the expandable tubular 
member using a tubular support member and a collapsible 
expansion cone, injecting a fluidic material into the tubular 
Support member, sensing the operating pressure of the 
injected fluidic material within a first interior portion of the 
tubular support member, displacing the collapsible expan 
sion cone relative to the expandable tubular member when 
the sensed operating pressure of the injected fluidic material 
exceeds a predetermined level within the first interior por 
tion of the tubular Support member, sensing the operating 
pressure of the injected fluidic material within a second 
interior portion of the tubular Support member, and collaps 
ing the collapsible expansion cone when the sensed operat 
ing pressure of the injected fluidic material exceeds a 
predetermined level within the second interior portion of the 
tubular Support member. In an exemplary embodiment, the 
method further includes: pulling the collapsible expansion 
cone through the expandable tubular member when the 
sensed operating pressure of the injected fluidic material 
exceeds a predetermined level within the first interior por 
tion of the tubular support member. In an exemplary 
embodiment, pulling the collapsible expansion cone through 
the expandable tubular member includes: coupling one or 
more cup seals to the tubular support member above the 
collapsible expansion cone, pressuring the interior of the 
expandable tubular member below the cup seals, and pulling 
the collapsible expansion cone through the expandable tubu 
lar member using the cup seals. In an exemplary embodi 
ment, the tubular support member includes an upper tubular 
Support member and a lower tubular Support member, and 
wherein collapsing the collapsible expansion cone includes 
displacing the upper tubular member relative to the lower 
tubular Support member. In an exemplary embodiment, the 
collapsible expansion cone includes: an upper cam assembly 
including: a tubular base, and a plurality of cam arms 
extending from the tubular base in a downward longitudinal 
direction, each cam arm defining an inclined Surface, a 
plurality of upper expansion cone segments interleaved with 
the cam arms of the upper cam assembly and pivotally 
coupled to the upper tubular Support member, a lower cam 
assembly including: a tubular base, and a plurality of cam 
arms extending from the tubular base in an upward longi 
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tudinal direction, each cam arm defining an inclined surface 
that mates with the inclined Surface of a corresponding one 
of the upper expansion cone segments, wherein the cams 
arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, and a 
plurality of lower expansion cone segments interleaved with 
cam arms of the lower cam assembly, each lower expansion 
cone segment pivotally coupled to the lower tubular Support 
member and mating with the inclined Surface of a corre 
sponding one of the cam arms of the upper cam assembly. 
0104. It is understood that variations may be made in the 
foregoing without departing from the Scope of the invention. 
For example, the teachings of the present illustrative 
embodiments may be used to provide a wellbore casing, a 
pipeline, or a structural Support. Furthermore, the elements 
and teachings of the various illustrative embodiments may 
be combined in whole or in part in some or all of the 
illustrative embodiments. 

0105. Although illustrative embodiments of the invention 
have been shown and described, a wide range of modifica 
tion, changes and Substitution is contemplated in the fore 
going disclosure. In some instances, some features of the 
present invention may be employed without a corresponding 
use of the other features. Accordingly, it is appropriate that 
the appended claims be construed broadly and in a manner 
consistent with the scope of the invention. 

What is claimed is: 
1. An apparatus for radially expanding and plastically 

deforming an expandable tubular member, comprising: 
an upper tubular Support member defining a first passage; 

one or more cup seals coupled to the exterior Surface of 
the upper tubular support member for sealing an inter 
face between the upper tubular support member and the 
expandable tubular member; 

an upper cam assembly coupled to the upper tubular 
Support member comprising: 

a tubular base coupled to the upper tubular support 
member, and 

a plurality of cam arms extending from the tubular base 
in a downward longitudinal direction, each cam arm 
defining an inclined surface; 

a plurality of upper expansion cone segments interleaved 
with the cam arms of the upper cam assembly and 
pivotally coupled to the tubular support member; 

a lower tubular Support member defining a second pas 
Sage fluidicly coupled to the first passage releasably 
coupled to the upper tubular Support member, 

a lower cam assembly coupled to the lower tubular 
Support member comprising: 

a tubular base coupled to the lower tubular support 
member, and 

a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm 
defining an inclined surface that mates with the 
inclined Surface of a corresponding one of the upper 
expansion cone segments: 
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wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the 
lower cam assembly; and 

a plurality of lower expansion cone segments interleaved 
with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the lower 
tubular Support member and mating with the inclined 
Surface of a corresponding one of the cam arms of the 
upper cam assembly; 
wherein the lower expansion cone segments interleave 

and overlap the upper expansion cone segments; and 
wherein the upper and lower expansion cone segments 

together define an arcuate spherical external Surface 
for plastically deforming and radially expanding the 
expandable tubular member. 

2. The apparatus of claim 1, wherein the upper tubular 
Support member comprises: 

a safety collar, 
a torque plate coupled to the safety collar comprising a 

plurality of circumferentially spaced apart meshing 
teeth at an end; 

an upper mandrel comprising a plurality of circumferen 
tially spaced apart meshing teeth at one end for engag 
ing the meshing teeth of the torque plate and an external 
flange at another end; and 

a lower mandrel coupled to the external flange of the 
upper mandrel comprising an external flange compris 
ing a plurality of circumferentially spaced apart mesh 
ing teeth. 

3. The apparatus of claim 2, wherein the tubular base of 
the upper cam assembly comprises a plurality of circumfer 
entially spaced apart meshing teeth for engaging the mesh 
ing teeth of the external flange of the lower mandrel. 

4. The apparatus of claim 2, further comprising: 

a stop nut coupled to an end of the lower mandrel for 
limiting the movement of the lower tubular member 
relative to the lower mandrel. 

5. The apparatus of claim 2, further comprising: 
locking dogs coupled to the lower mandrel. 
6. The apparatus of claim 1, wherein the lower tubular 

Support member comprises: 

a float shoe adapter comprising a plurality of circumfer 
entially spaced apart meshing teeth at one end, an 
internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe 
adapter comprising an internal flange for pivotally 
engaging the lower expansion cone segments; and 

a retaining sleeve received within the float shoe adapter 
releasably coupled to the upper tubular Support mem 
ber. 

7. The apparatus of claim 6, wherein an end of the 
retaining sleeve abuts an end of the tubular base of the lower 
cam assembly. 

8. The apparatus of claim 6, wherein the tubular base of 
the lower cam assembly comprises a plurality of circumfer 
entially spaced apart meshing teeth for engaging the mesh 
ing teeth of the float shoe adaptor. 
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9. The apparatus of claim 6, further comprising: 
a float shoe releasably coupled to the torsional coupling of 

the float shoe adaptor, and 
an expandable tubular member coupled to the float shoe 

and Supported by and movably coupled to the upper 
and lower expansion cone segments. 

10. The apparatus of claim 1, further comprising: 
one or more shear pins coupled between the upper tubular 

support member and the lower tubular support member. 
11. The apparatus of claim 1, further comprising: 
a stop member coupled to the upper tubular Support 
member for limiting movement of the upper tubular 
support member relative to the lower tubular support 
member. 

12. The apparatus of claim 1, further comprising: 
a float shoe releasably coupled to the lower tubular 

Support member that defines a valveable passage; and 
an expandable tubular member coupled to the float shoe 

and Supported by and movably coupled to the upper 
and lower expansion cone segments. 

13. The apparatus of claim 1, wherein each upper expan 
sion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper 
Surface including a hinge groove for pivotally coupling 
the upper expansion cone segment to the upper tubular 
Support member and arcuate cylindrical lower surfaces: 

an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 

an outer portion defining arcuate cylindrical upper and 
lower Surfaces; and 

wherein each lower expansion cone segment comprises: 
an inner portion defining an arcuate cylindrical upper 

Surface including a hinge groove for pivotally coupling 
the lower expansion cone segment to the lower tubular 
Support member and arcuate cylindrical lower Surfaces; 

an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 

an outer portion defining arcuate cylindrical upper and 
lower surfaces. 

14. The apparatus of claim 13, wherein each upper 
expansion cone segment is tapered in the longitudinal direc 
tion from the intermediate portion to the outer portion; and 
wherein each lower expansion cone segment is tapered in 
the longitudinal direction from the intermediate portion to 
the outer portion. 

15. The apparatus of claim 1, wherein each of the one or 
more cup seals comprise: 

a sealing cup comprising 
a Substantially unrestricted lip for sealing engaging the 

expandable tubular member, and 
a base portion for sealingly engaging the tubular Sup 

port member, 
a protecting member positioned longitudinally along the 

tubular Support member, and 
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a conical bushing positioned partially between the sealing 
cup and the tubular Support member for Supporting the 
base portion of the sealing cup. 

16. The apparatus of claim 15 further comprising a pliant 
backup member positioned between the protecting member 
and the sealing cup. 

17. The apparatus of claim 16 wherein the pliant backup 
member is made from a material selected from the group 
consisting of fluropolymer, fluoroelastomer, Telflon, or 
PEEK. 

18. The apparatus of claim 15 further comprising a 
restraining member Surrounding the base portion of the 
sealing cup for restraining the sealing cup. 

19. The apparatus of claim 15 wherein the protecting 
member is a thimble surrounding the base portion of the 
Sealing cup. 

20. The apparatus of claim 19 wherein the sealing cup 
further comprises an unsupported portion between the 
thimble and a point of engagement with the expandable 
tubular member, and a means for reducing the unsupported 
portion of the sealing cup. 

21. An apparatus for radially expanding and plastically 
deforming an expandable tubular member, comprising: 

a safety collar, 
a torque plate coupled to the safety collar comprising a 

plurality of circumferentially spaced apart meshing 
teeth at an end; 

an upper mandrel comprising a plurality of circumferen 
tially spaced apart meshing teeth at one end for engag 
ing the meshing teeth of the torque plate and an external 
flange at another end; 

a lower mandrel coupled to the external flange of the 
upper mandrel comprising an external flange compris 
ing a plurality of circumferentially spaced apart mesh 
ing teeth; 

a stop nut coupled to an end of the lower mandrel; 
an upper retaining sleeve coupled to the lower mandrel 

comprising an internal flange; 

one or more cup seals coupled to the upper mandrel for 
sealing an interface between the upper mandrel and the 
expandable tubular member; 

an upper cam assembly coupled to the lower mandrel 
comprising: 

a tubular base comprising a plurality of circumferen 
tially spaced apart meshing teeth for engaging the 
meshing teeth of the external flange of the lower 
mandrel; and 

a plurality of cam arms extending from the tubular base 
in a downward longitudinal direction, each cam arm 
defining an inclined surface; 

a plurality of upper expansion cone segments interleaved 
with the cam arms of the upper cam assembly and 
pivotally coupled to the internal flange of the upper 
retaining sleeve; 

a float shoe adapter comprising a plurality of circumfer 
entially spaced apart meshing teeth at one end, an 
internal flange, and a torsional coupling at another end; 
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a lower retaining sleeve coupled to an end of the float shoe 
adapter comprising an internal flange; 

a retaining sleeve received within the float shoe adapter; 
one or more shear pins for releasably coupling the retain 

ing sleeve to the stop nut: 
a lower cam assembly coupled to the float shoe adapter 

comprising: 
a tubular base comprising a plurality of circumferen 

tially spaced apart meshing teeth for engaging the 
meshing teeth of the float shoe adapter; and 

a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm 
defining an inclined surface that mates with the 
inclined Surface of a corresponding one of the upper 
expansion cone segments: 

wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the 
lower cam assembly; 

a plurality of lower expansion cone segments interleaved 
with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the inter 
nal flange of the lower retaining sleeve and mating with 
the inclined surface of a corresponding one of the cam 
arms of the upper cam assembly: 

a float shoe releasably coupled to the torsional coupling of 
the float shoe adaptor, and 

an expandable tubular member coupled to the float shoe 
and Supported by and movably coupled to the upper 
and lower expansion cone segments; 

wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; 

wherein the upper and lower expansion cone segments 
together define an arcuate spherical external Surface for 
plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
an inner portion defining an arcuate cylindrical upper 

Surface including a hinge groove for pivotally cou 
pling the upper expansion cone segment to the upper 
tubular support member and arcuate cylindrical 
lower surfaces: 

an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 

an outer portion defining arcuate cylindrical upper and 
lower surfaces: 

wherein each lower expansion cone segment comprises: 
an inner portion defining an arcuate cylindrical upper 

Surface including a hinge groove for pivotally cou 
pling the lower expansion cone segment to the lower 
tubular support member and arcuate cylindrical 
lower surfaces: 

an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 
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an outer portion defining arcuate cylindrical upper and 
lower surfaces: 

wherein each upper expansion cone segment is tapered in 
the longitudinal direction from the intermediate portion 
to the outer portion; and 

wherein each lower expansion cone segment is tapered in 
the longitudinal direction from the intermediate portion 
to the outer portion. 

22. A collapsible expansion cone assembly comprising: 
an upper tubular Support member comprising an internal 

flange; 
an upper cam assembly coupled to the upper tubular 

Support member comprising: 
a tubular base coupled to the upper Support member; 
and 

a plurality of cam arms extending from the tubular base 
in a downward longitudinal direction, each cam arm 
defining an inclined surface; 

a plurality of upper expansion cone segments interleaved 
with the cam arms of the upper cam assembly and 
pivotally coupled to the internal flange of the upper 
tubular Support member; 

a lower tubular support member comprising an internal 
flange; 

one or more frangible couplings for releasably coupling 
the upper and lower tubular Support members; 

a lower cam assembly coupled to the lower tubular 
Support member comprising: 
a tubular base coupled to the lower tubular support 
member; and 

a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm 
defining an inclined surface that mates with the 
inclined Surface of a corresponding one of the upper 
expansion cone segments: 

wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the 
lower cam assembly; and 

a plurality of lower expansion cone segments interleaved 
with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the inter 
nal flange of the lower tubular support member and 
mating with the inclined Surface of a corresponding one 
of the cam arms of the upper cam assembly: 

wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and 

wherein the upper and lower expansion cone segments 
together define an arcuate spherical external Surface for 
plastically deforming and radially expanding the 
expandable tubular member. 

23. The assembly of claim 22, wherein each upper expan 
sion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper 
Surface including a hinge groove for pivotally coupling 
the upper expansion cone segment to the upper tubular 
Support member and arcuate cylindrical lower Surfaces; 
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an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 

an outer portion defining arcuate cylindrical upper and 
lower Surfaces; and 

wherein each lower expansion cone segment comprises: 
an inner portion defining an arcuate cylindrical upper 

Surface including a hinge groove for pivotally coupling 
the lower expansion cone segment to the lower tubular 
Support member and arcuate cylindrical lower Surfaces; 

an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 

an outer portion defining arcuate cylindrical upper and 
lower surfaces. 

24. The assembly of claim 22, wherein each upper expan 
sion cone segment is tapered in the longitudinal direction 
from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in 
the longitudinal direction from the intermediate portion 
to the outer portion. 

25. A collapsible expansion cone assembly, comprising: 
an upper tubular Support member comprising an internal 

flange; 

an upper cam assembly coupled to the upper tubular 
Support member comprising: 
a tubular base coupled to the upper Support member; 
and 

a plurality of cam arms extending from the tubular base 
in a downward longitudinal direction, each cam arm 
defining an inclined surface; 

a plurality of upper expansion cone segments interleaved 
with the cam arms of the upper cam assembly and 
pivotally coupled to the internal flange of the upper 
tubular Support member; 

a lower tubular Support member comprising an internal 
flange; 

one or more frangible couplings for releasably coupling 
the upper and lower tubular Support members; 

a lower cam assembly coupled to the lower tubular 
Support member comprising: 

a tubular base coupled to the lower tubular support 
member, and 

a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm 
defining an inclined surface that mates with the 
inclined Surface of a corresponding one of the upper 
expansion cone segments: 

wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the 
lower cam assembly; and 

a plurality of lower expansion cone segments interleaved 
with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the inter 
nal flange of the lower tubular support member and 
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mating with the inclined Surface of a corresponding one 
of the cam arms of the upper cam assembly: 

wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; 

wherein the upper and lower expansion cone segments 
together define an arcuate spherical external Surface for 
plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper 
Surface including a hinge groove for pivotally cou 
pling the upper expansion cone segment to the upper 
tubular Support member and arcuate cylindrical 
lower surfaces: 

an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 

an outer portion defining arcuate cylindrical upper and 
lower surfaces: 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper 
Surface including a hinge groove for pivotally cou 
pling the lower expansion cone segment to the lower 
tubular Support member and arcuate cylindrical 
lower surfaces: 

an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 

an outer portion defining arcuate cylindrical upper and 
lower surfaces: 

wherein each upper expansion cone segment is tapered in 
the longitudinal direction from the intermediate portion 
to the outer portion; and 

wherein each lower expansion cone segment is tapered in 
the longitudinal direction from the intermediate portion 
to the outer portion. 

26. An apparatus for radially expanding and plastically 
deforming an expandable tubular member, comprising: 

a tubular Support member, 

a collapsible expansion cone coupled to the tubular Sup 
port member, 

an expandable tubular member coupled to the collapsible 
expansion cone; 

means for displacing the collapsible expansion cone rela 
tive to the expandable tubular member using fluid 
pressure; and 

means for collapsing the expansion cone. 
27. The apparatus of claim 26, wherein the tubular support 

member comprises an upper tubular Support member com 
prising an internal flange and a lower tubular Support 
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member comprising an internal flange; wherein the expan 
sion cone comprises: 

an upper cam assembly coupled to the upper tubular 
Support member comprising: 

a tubular base coupled to the upper Support member; 
and 

a plurality of cam arms extending from the tubular base 
in a downward longitudinal direction, each cam arm 
defining an inclined surface; 

a plurality of upper expansion cone segments interleaved 
with the cam arms of the upper cam assembly and 
pivotally coupled to the internal flange of the upper 
tubular Support member; 

a lower cam assembly coupled to the lower tubular 
Support member comprising: 

a tubular base coupled to the lower tubular support 
member, and 

a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm 
defining an inclined surface that mates with the 
inclined Surface of a corresponding one of the upper 
expansion cone segments: 

wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the 
lower cam assembly; and 

a plurality of lower expansion cone segments interleaved 
with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the inter 
nal flange of the lower tubular support member and 
mating with the inclined surface of a corresponding one 
of the cam arms of the upper cam assembly; and 
wherein the apparatus further comprises: 

means for releasably coupling the upper tubular Support 
member to the lower tubular support member; and 

means for limiting movement of the upper tubular Support 
member relative to the lower tubular support member. 

28. The apparatus of claim 26, further comprising: 

means for pivoting the upper expansion cone segments; 
and 

means for pivoting the lower expansion cone segments. 
29. The apparatus of claim 26, further comprising: 

means for pulling the collapsible expansion cone through 
the expandable tubular member using fluid pressure. 

30. A collapsible expansion cone, comprising: 

an upper cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base 
in a downward longitudinal direction, each cam arm 
defining an inclined surface; 

a plurality of upper expansion cone segments interleaved 
with the cam arms of the upper cam assembly: 
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a lower cam assembly comprising: 
a tubular base; and 
a plurality of cam arms extending from the tubular base 

in an upward longitudinal direction, each cam arm 
defining an inclined surface that mates with the 
inclined Surface of a corresponding one of the upper 
expansion cone segments: 

wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the 
lower cam assembly; 

a plurality of lower expansion cone segments interleaved 
with cam arms of the lower cam assembly, each lower 
expansion cone segment mating with the inclined Sur 
face of a corresponding one of the cam arms of the 
upper cam assembly; 

means for moving the upper cam assembly away from the 
lower expansion cone segments; and 

means for moving the lower cam assembly away from the 
upper expansion cone segments. 

31. The apparatus of claim 30, wherein the upper and 
lower expansion cone segments together define an arcuate 
spherical external Surface. 

32. The apparatus of claim 30, wherein each upper 
expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper 
Surface and arcuate cylindrical lower surfaces: 

an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 

an outer portion defining arcuate cylindrical upper and 
lower Surfaces; and wherein each lower expansion cone 
segment comprises: 

an inner portion defining an arcuate cylindrical upper 
Surface and arcuate cylindrical lower Surfaces: 

an intermediate portion defining arcuate cylindrical and 
spherical upper Surfaces and an arcuate conical lower 
Surface; and 

an outer portion defining arcuate cylindrical upper and 
lower surfaces. 

33. The apparatus of claim 30, wherein each upper 
expansion cone segment is tapered 

in the longitudinal direction from the intermediate portion 
to the outer portion; and wherein each lower expansion 
cone segment is tapered in the longitudinal direction 
from the intermediate portion to the outer portion. 

34. A packer cup apparatus comprising: 
a central mandrel, 
a sealing cup comprising 

a Substantially unrestricted lip for sealing engaging a 
tubular member, and 

a base portion for sealingly engaging the central man 
drel, 

a protecting member positioned longitudinally along the 
central mandrel, 

a pliant backup member positioned between the protect 
ing member and the sealing cup, 
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a conical bushing positioned partially between the sealing 
cup and the central mandrel for Supporting the base 
portion of the sealing cup. 

35. The apparatus of claim 34 wherein the pliant backup 
member is made from a material selected from the group 
consisting of fluropolymer, fluoroelastomer, Telflon, or 
PEEK. 

36. The apparatus of claim 34 further comprising a 
restraining member Surrounding the base portion of the 
sealing cup for restraining the sealing cup. 

37. The apparatus of claim 34 wherein the protecting 
member is a thimble surrounding the base portion of the 
Sealing cup. 

38. The apparatus of claim 37 wherein the sealing cup 
further comprises an unsupported portion between the 
thimble and a point of engagement with the expandable 
tubular member, and a means for reducing the unsupported 
portion of the sealing cup. 

39. A method of radially expanding and plastically 
deforming an expandable tubular member, comprising: 

Supporting the expandable tubular member using a tubular 
Support member and a collapsible expansion cone; 

injecting a fluidic material into the tubular Support mem 
ber; 

sensing the operating pressure of the injected fluidic 
material within a first interior portion of the tubular 
support member; 

displacing the collapsible expansion cone relative to the 
expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of 
the tubular support member; 

sensing the operating pressure of the injected fluidic 
material within a second interior portion of the tubular 
Support member, and 

collapsing the collapsible expansion cone when the 
sensed operating pressure of the injected fluidic mate 
rial exceeds a predetermined level within the second 
interior portion of the tubular support member. 

40. The method of claim 39, further comprising: 
pulling the collapsible expansion cone through the 

expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of 
the tubular support member. 

41. The method of claim 40, wherein pulling the collaps 
ible expansion cone through the expandable tubular member 
comprises: 

coupling one or more cup seals to the tubular Support 
member above the collapsible expansion cone; 

pressuring the interior of the expandable tubular member 
below the cup seals; and 

pulling the collapsible expansion cone through the 
expandable tubular member using the cup seals. 

42. The method of claim 39, wherein the tubular support 
member comprises an upper tubular Support member and a 
lower tubular support member; and wherein collapsing the 
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collapsible expansion cone comprises displacing the upper 
tubular member relative to the lower tubular support mem 
ber. 

43. The method of claim 42, wherein the collapsible 
expansion cone comprises: 

an upper cam assembly comprising: 
a tubular base; and 
a plurality of cam arms extending from the tubular base 

in a downward longitudinal direction, each cam arm 
defining an inclined surface; 

a plurality of upper expansion cone segments interleaved 
with the cam arms of the upper cam assembly and 
pivotally coupled to the upper tubular Support member; 

a lower cam assembly comprising: 
a tubular base; and 
a plurality of cam arms extending from the tubular base 

in an upward longitudinal direction, each cam arm 
defining an inclined surface that mates with the 
inclined Surface of a corresponding one of the upper 
expansion cone segments: 

wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the 
lower cam assembly; and 

a plurality of lower expansion cone segments interleaved 
with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the lower 
tubular Support member and mating with the inclined 
Surface of a corresponding one of the cam arms of the 
upper cam assembly. 

44. An apparatus for radially expanding and plastically 
deforming an expandable tubular member, comprising: 

a tubular Support member, 
a collapsible expansion device coupled to the tubular 

Support member, 
an expandable tubular member coupled to the collapsible 

expansion cone; 
means for displacing the collapsible expansion device 

relative to the expandable tubular member using fluid 
pressure; and 

means for collapsing the expansion cone. 
45. The apparatus of claim 44, further comprising: 
means for pulling the collapsible expansion device 

through the expandable tubular member using fluid 
pressure. 

46. A method of radially expanding and plastically 
deforming an expandable tubular member, comprising: 

Supporting the expandable tubular member using a tubular 
Support member and a collapsible expansion device; 

injecting a fluidic material into the tubular Support mem 
ber; 

sensing the operating pressure of the injected fluidic 
material within a first interior portion of the tubular 
Support member, 

displacing the collapsible expansion device relative to the 
expandable tubular member when the sensed operating 
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pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of 
the tubular support member; 

sensing the operating pressure of the injected fluidic 
material within a second interior portion of the tubular 
Support member, and 

collapsing the collapsible expansion device when the 
sensed operating pressure of the injected fluidic mate 
rial exceeds a predetermined level within the second 
interior portion of the tubular support member. 

47. The method of claim 46, further comprising: 
pulling the collapsible expansion device through the 

expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of 
the tubular support member. 

48. The method of claim 47, wherein pulling the collaps 
ible expansion device through the expandable tubular mem 
ber comprises: 

coupling one or more cup seals to the tubular Support 
member above the collapsible expansion device; 

pressuring the interior of the expandable tubular member 
below the cup seals; and 

pulling the collapsible expansion device through the 
expandable tubular member using the cup seals. 
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49. The method of claim 46, wherein the tubular support 
member comprises an upper tubular Support member and a 
lower tubular support member; and wherein collapsing the 
collapsible expansion device comprises displacing the upper 
tubular member relative to the lower tubular support mem 
ber. 

50. A packer cup, comprising: 

a base member, 

one or more tubular elastomeric elements coupled to and 
extending from the base member in a radial direction; 
and 

one or more tubular springs coupled to the base member 
that extend from the base member in a radial direction 
that each receive and Support at least a portion of one 
or more of the elastomeric elements. 

51. A packer cup, comprising: 

a base member, 

one or more tubular elastomeric elements coupled to and 
extending from the base member in a radial direction; 
and 

means for Supporting one or more of the elastomeric 
elements. 


