EXPANSION CONE ASSEMBLY FOR SETTING A LINER HANGER IN A WELLBORE CASING 5
FIELD OF THE INVENTION [0001]This invention relates, in general, to equipment utilized in
conjunction with operations performed in subterranean wells and, in particular, to an expansion cone
assembly for setting a liner hanger in a subterranean wellbore having a casing string previously
installed 10therein. BACKGROUND OF THE INVENTION [0002]Without limiting the scope of the
present invention, its background is described with reference to constructing a subterranean well, as
an example. 15[0003]In conventional practice, the drilling of an oil or gas well involves creating a

wellbore that traverseggmgrgl@,\gb@m@mgfmrg@vqf@ﬁgg@-pﬁqgtmrg@m each of the

formations through which the welj RagsSeRIsNIEi@reblY solRted Agngzample, it is important to avoid
an ugdesired passage of formation fluids into the wellbore and an undesired passage of wellbore fluids

into a formation. In addition, it is important to prevent fluids from producing 20 formations to enter or
contaminate non producing formation 1iebdd i J BEIN el $20blems, conventional well architecture

includes fhedstallatigs phie@an s'tg@&@aswgg@ﬁﬂm wﬁllbﬁfaatlmﬁﬁﬁ&lomt%mnm@hm thgttpolating

function, the casing also provides wellbore stability to counteract the geomechanics of the formations
such operationsperformed in subterranean wells and, in particular, to ah expansion cone assembly

for setting aliner hanger in a subterranean wellbore having a casing string previously installed
10 therein.

BACKGROUND OF THE INVENTION

[0002] Without limiting the scope of the present invention, its background is described

with reference to constructing a subterranean well, as an example.

15 [0003] In conventional practice, the drilling of an oil or gas well involves creating a
wellbore that traverses numerous subterranean formations. For a variety reasons, each of the
formations through which the well passesis preferably isolated. For example, it isimportant
to avoid an undesired passage of formation fluidsinto the wellbore and an undesired passage of
wellbore fluidsinto aformation. In addition, it isimportant to prevent fluids from producing

20 formationsto enter or contaminate non producing formations.

[0004] To avoid these problems, conventional well architecture includes the install ation of
heavy steel casing within the wellbore. 1n addition to providing the isolating function, the
casing also provides wellbore stability to counteract the geomechanics of the formations such
as compaction forces, seismic forces and tectonic forces, thereby preventing the collapse of the
25 wellborewall.
[0005] In typical wellbore construction, after an upper portion of a well has been drilled
and acasing string installed therein, drilling recommencesto extend the well to the next desired
depth. Inorder to allow passage of thedrill bit and other tools through the previously installed
casing string, each successive section of the well is drilled with a smaller diameter than the

30 previous section. In addition, each succeeding casing string placed in the wellbore has an
outside diameter smaller than that of the previously installed casing string.

[0006] The casing strings are generally fixed within the wellbore by a cement layer
between the outer wall of the casing and the wall of the wellbore. When a casing string is

located in its desired position in the well, a cement slurry is pumped via the interior of the
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as compaction forces, seismic forces and tectonic forces, thereby preventing the collapse of the
25wellbore wall. [0005]In typical wellbore construction, after an upper portion of a well has been drilled
and a casing string installed therein, drilling recommences to extend the well to the next desired depth.
In order to allow passage of the drill bit and other tools through the previously installed casing string,
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addition, each succeeding casing string placed in the wellbore has an outside diameter smaller than

that of th@ PrVRESYIA 8 6P I8 FEiFI§NTN00BeHRNI Ha e e SieVg dhe caenkstHiitrm the
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casing striné:] is located in its desired position in the well, a cement slurry is pumped via the interior of

the casifgIdREEMECtREBTRTIGHY BrasEedisPLaHfupwards into the annulus. As soon as the annulus
arougd thegersing imssHEcippibattieshyyitbatiegcemeneaienay dbRIRIRENbEILAY dErpdavedrarzarden.

The cement sets up in the annulus, supporting and positioning the casing and forming a substantially
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such thatlycrd @ahGeR1EN Rl 6aE brieesi TEIoRH INGeiSsafHgs i tp e nuekesl wathddieraadively, the
wellbore cas\i&lés masé}igclude one or more liner strings which do not extend to the surface of the
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10 downhole on a work string that may include a running tool that attaches to the liner string.
The liner string typically includes a liner hanger at its uphole end that is mechanically or
hydraulicaly set. 1n one example, an expansion cone is passed downwardly through the liner
hanger to radially expand and plastically deform the liner hanger into sealing and gripping
engagement with the previously installed casing string.

15 [0008] It has been found, however, that once the expansion cone has passed through and
plastically deformed the liner hanger, resilience in the casing string and the liner hanger may
result in a reduction in the inner diameter of the liner hanger. When such inner diameter
reduction occurs, retrieval of the expansion cone back through the previously set liner hanger
may be difficult. Accordingly, a need has arisen for an expansion cone that is operable to

20 plastically deform theliner hanger into sealing and gripping engagement with the casing string.
A need has also arisen for such an expansion cone that is operable to be retrieved through the
liner hanger even after resilience in the casing string or the liner hanger reduces the inner

diameter of the liner hanger after setting.

25 SUMMARY OF THE INVENTION

[0009] The present invention disclosed herein is directed to an expansion cone assembly

for setting aliner hanger in a subterranean wellbore having a casing string previously installed
therein. The expansion cone assembly of the present invention utilizes a dua cone
configuration including a collapsible cone that is operableto plastically deform theliner hanger

30 into seding and gripping engagement with the casing string. In addition, expansion cone
assembly of the present invention is operable to be retrieved through the liner hanger even after
resilience in the casing string or the liner hanger reduces the inner diameter of the liner hanger
after setting.



10 downhole on a work string that may include a running tool that attaches to the liner string. The liner
string typically includes a liner hanger at its uphole end that is mechanically or hydraulically set. In one
example, an expansion cone is passed downwardly through the liner hanger to radially expand and
plastically deform the liner hanger into sealing and gripping engagement with the previously installed

casing st{igof SI0QARIHRPReARBSPMENRrTSPBIELRS SXEARTIS0FeBfRSRRTF e through

and plastically deformed the liner hanger, resilience in the casing string and the liner hanger may
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oceurs, refgguabatNep KRR SR RRdaREHIOMEPIRe BreviRUEY sehdnRIrRageIIAAYiRg difficult.

Accordingly, a need has arisen for an expansion cone that is operable to 20 plastically deform the liner
hanger irfB'SeHHAPLUGHSHRP R MK MA TR PHEEAMPeerifgd R felanshiefpafidadhsr such
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casing string or.the liner hanger reduces the inner diameter of the liner hanger after setting.
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expansiogofleps MesM® Ut sritifte adingishegenhinRsulFies anaamuellbgis Bfariiger ¢REINY string
previously installed therein. The expansion cone assembly of the present invention utilizes a dual cone

configurddlGAH ARARAGEL BN IBLTH RUISS A AmSiEs U a6 (e PR st By AR AR BHEREnHS 30 into
sealing agsliepHbiagsROSaNEH Msthtae /easifgewitirg fI0kstditen. xPansidniwobsnashanakly of the

present inventjon is operable to be retrieved through the liner hanger even after resilience in the
st st PO A PR O A R AT B AT PP LR L5 AR EISE 7B 0 071
one aspeagkditeupieseat dinrasipofishdiregiedie. an expansion cone assembly for setting a liner hanger.
The expansion cone assembly includes a cone mandrel having an outer.frustoconical surface, a lead
cone ol Bicpo DoErE U KAEEE B FATERATANE RS AL AREb GRS SR R At a
maximurgsnges dirizistie tiapdsaccall dgsipicielle siidahdytHe diseossti rdrieastnasislbf aneusshéhe outer
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firsumaximeliouienfensisaoreter Sheftie ofehtatoiemsher ehaximsumeatetiadianeatsrthé tbadleackepie. In a
retrieval configuratin, the.colaelble G0 2Rl SIS iRl 40 Quter Fusigrquiesl syfece of
includes a dotted assembly having radialy shiftable segments. In this embodiment, the
radially shiftable segments of the collapsible cone are radially propped by the outer
frustoconical surface of the cone mandrel when the expansion cone assembly is in the
20  expansion configuration.
[0012] In one embodiment, the lead cone and the collapsible cone axialy shift together
relative to the outer frustoconical surface of the cone mandrel when the expansion cone
assembly is operated from the expansion configuration to the retrieval configuration. In
another embodiment, the cone mandrel has an end cap that limits axialy travel of thelead cone
25 when the expansion cone assembly is operated from the expansion configuration to the
retrieval configuration.
[0013] In another aspect, the present invention is directed to a method for setting a liner
hanger. The method includes operably associating a setting tool having an expansion cone
assembly with aliner string including the liner hanger, lowering the setting tool and the liner
30 string into awellbore casing, applying aforce in the downhole direction to the expansion cone
assembly such that alead cone and a collapsible cone of the expansion cone assembly radially
expand at least a portion of the liner hanger into contact with the wellbore casing, the

collapsible cone having a first maximum diameter that is larger than a maximum outer



10 such that the collapsible cone has a second maximum outer diameter that is no more than the
maximum outer diameter of the lead cone. [0011]In one embodiment, the cone mandrel has an outer
cylindrical surface and the lead cone is slidably disposed at least partially around the outer cylindrical
surface of the cone mandrel. In another embodiment, the lead cone is slidably disposed at least

partially jiateebr'op the 1epiRiolie SIREQIIRRLTHE 3ERI 1Y 1B6I FRIIR ﬂ?@ﬁﬁéﬁ&*ﬁé?&iﬁ?‘ﬁ@ﬁ@%ﬁ the

lead cone and the collapsible cone are adjacent to one another. In certain embodiments, the
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surface of the cone mandrel when the expansion cone assembly is in the 20expansion configuration.
[0012]In 6AEARFHIIBSiPREHESH R FeRne SR HRW thRUES I iFEnsTer dhik | D8RI MYy BIREPRIEHIR to the
outep frugigee el srae ofdhecepae mandrel when the expansion cone assembly is operated from
the expansion configuration to the retrieval configuration. In another embodiment, the cone mandrel

has an eHPddh thal it T ARPERL ISRTERENE Ly RHX1S dlissiptHe anshasiais e anasly is
operateddjeahtheTexna e aonidas Rfiaar taring FRifieyal feefiatngte g Jstskd]dp anopieraspgct, the
present invention is directed to a method for setting a liner hanger. The methad includes operably
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downhole directign to the expansion cone assembly such that a lead cope and a collgpsible cone of
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outer collapsible cone slidably disposed at |east partially around the outer frustoconical surface of the
cone mandrel. In an expansion configuration, the outer frustoconical surface of the cone
mandrel radially props the collapsible cone such that the collapsible cone has a first maximum
15  outer diameter that is greater than the maximum outer diameter of thelead cone. In aretrieval
configuration, the collapsible cone axially shifts relative to the outer frustoconical surface of
the cone mandrel such that the collapsible cone has a second maximum outer diameter that is

no more than the maximum outer diameter of the lead cone.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the features and advantages of the present

invention, reference is now made to the detailed description of the invention along with the
accompanying figures in which corresponding numeras in the different figures refer to
corresponding parts and in which:

25 [0016] Figure 1 is a schematic illustration of an offshore oil and gas platform installing a
liner string in a casing string previoudly installed in a subterranean wellbore according to an
embodiment of the present invention;

[0017] Figures 2A-2H are cross sectional views of consecutive axial sections of an
apparatus for installing a liner string in a casing string previously installed in a subterranean

30  wellbore according to an embodiment of the present invention;

[0018] Figure 3isacross sectiona view of an expansion cone assembly for setting aliner
hanger in a casing string according to an embodiment of the present invention in a first

operational configuration;



diameter of the lead cone, decoupling the setting tool from the liner string, applying a force in the

uphole direction to the expansion cone assembly and axially shifting the lead cone and the collapsible
cone relative to an outer frustoconical surface of a cone mandrel such that the collapsible cone has a
second maximum outer diameter that is no more than the maximum 5outer diameter of the lead cone.

[0014]In pofyardner aspgfb ANG REPS VNGNS HITGCEHAATh UPBRESRIBIN RS Banagadysem. The

system includes a liner string having a liner hanger disposed at an uphole end thereof, a setting tool
operably REKISE HIAGRA MHIHY AREENEra 8R BXPRHURNCBhEeJUERRBly AN RSSTRIARED with
the settingpt@liohBecBRgnRRBrEoNe assembly includes a cone 10 mandrel having an outer
frustoconical surface, a lead cone slidably disposed around the cone mandrel and having an outer

frustocorlieBR Jurfadd W 2 15 ARIRIRIOLRS e A RTetE SHRES 08IISHSIAESEER SR B BEAUE at least

partiglly Wﬁg@ﬂiﬂ“ﬁ iR £ @@6&?@'@&6%@%@@%&&@% Rv@fsyasion configuration, the
outer frustoconical surface of the cone mandrel radially props the collapsible cone such that the
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diameter @ |naticeaing. diti Ay ebderdhgabiigidtatoamiitabasitieegRasadaludlofi s elatige to the
outer frustoconical surface of the cope mandrel such that the collapsible cone has a second maximum
outer diaRRAIEH A7&! FORBIWEHOMAA%he maximum outer diameter of the lead cone. 20BRIEF

DESCRIFIO2IN OFF ditirel R/t bHs SeditSHeb e dnprexpansiiateorpdesatanding séthe) eateres and
advantagﬁas of the present invention, reference is now made to the detailed_descrg)ti_on of the jnvention

alond withAMREE B FRT A4 56Pa RIS RIRACES: eI RFESTHVHBVRHLOB AR ASEFAR% efer to
correspopgérgipagscantigiraiveh: 25[0016]Figure 1 is a schematic illustration of an offshore oil and
gas platform installing a liner string in a casing string previously installed in a subterranean wellbore
according to an embodiment of the present invention; [0017]Figures 2A-2H are cross sectional views
of consecutive axial sectionpBf AL EDapESERISTOORIORIMgRINEESITIIQNN a casing string previously

stlled a0t 35S AR A R SBSSIMSRL f the SIS NRUS be

15 discussed in detail below, it should be appreciated that the present invention provides many

applicable inventive concepts, which can be embodied in awide variety of specific contexts.
The specific embodiments discussed herein are merely illustrative of specific ways to make
and use the invention, and do not delimit the scope of the invention.
[0024] Referring initially to figure 1, an apparatus for installing a liner string in a casing
20  string previoudy installed in a subterranean wellbore being deployed from an offshore oil or
gas platform is schematically illustrated and generally designated 10. A semi-submersible
platform 12 is centered over submerged oil and gas formation 14 located below sea floor 16.
A subsea conduit 18 extends from deck 20 of platform 12 to wellhead installation 22, including
blowout preventers 24. Platform 12 has a hoisting apparatus 26, a derrick 28, atravel block
25 30, ahook 32 and aswivel 34 for raising and lowering pipe strings, such as aliner string 36.
[0025] A wellbore 38 extends through the various earth strataincluding formation 14. An
upper portion of wellbore 38 includes casing 40 that is cemented within wellbore 38 by cement
42. Disposed within the lower portion of wellbore 38 is liner string 36. Liner string 36 is
being lowered downhole on awork string 44 that includes a setting tool 46 that attaches work
30 string 44 to liner string 36. Liner string 36 includes aliner hanger 48 at its uphole end that is
operable to be hydraulically set by passing an expander cone of setting tool 46 through liner
hanger 48 to radially expand and plastically deform liner hanger 48 into sealing and gripping

engagement with casing string 40.  Asshown, liner string 36 is positioned in wellbore 38 such



[0018]Figure 3 is a cross sectional view of an expansion cone assembly for setting a liner hanger in a
casing string according to an embodiment of the present invention in a first operational configuration;
[0019]Figure 4 is a cross sectional view of an expansion cone assembly for setting a liner hanger in a
casing string according to an embodiment of the present invention in a second operational

configuratightHEQRNRHIELRISOLERRIRRANIENE e ANERABRIGN HORBISSRITAY BOftSRIEIAR liner

5hanger in a casing string according to an embodiment of the present invention; [0021] Figure 6 is a
cross seEHI G of an expansion cone assembly for setting a liner hanger in a casing string
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[0022]Figure 7 is a cross sectional view of an _eannsion cone assembly for setting a liner 10 hanger in
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various embodiments of the present invention are 15 discussed in detail below, it should be
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merely illustrative o;ggecific ways to make and use the invention, and do not delimit the scope of the
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Platform 12 has a hoisting apparatus 26, a derrick 28, a travel block 2530, a hook 32 and a swivel 34
fo rarsimGAFEHONSAT BIGE ot s LA S HgPiRS an it shore operaion, 1t Should Be

understood by those skilled in the art that the apparatus for installing aliner string in acasing
string previously installed in a subterranean wellbore of the present invention is equally well
15  suited for use in onshore operations.
[0027] Referring next to figures 2A-2H, therein is depicted an apparatus or setting tool 100
for installing aliner string in a casing string 40 previoudly installed in a subterranean wellbore
38. Apparatus 100 is used to run a liner string 102 downhole. Liner string 102 includes a
plurality of substantially tubular sections that are preferably formed from jointed tubulars that
20 arethreadably coupled together at the surface. In theillustrated embodiment, liner string 102
includes atie back receptacle 104, aliner hanger 106 and any desired number of liner tubulars
108 such that liner string 102 will extend past the end of casing string 40 and substantially to
the bottom of wellbore 38.
[0028] Apparatus 100 is positioned at least partially within liner string 102 and is operable
25  to transport, apply downward force on and set liner string 102 in the well. Apparatus 100
includes a plurality of substantialy tubular members that may be referred to as a tubular
mandrel subassembly 110 that cooperate together to form a central bore 112 extending
throughout. Tubular mandrel subassembly 110 includes an upper body 114 that may be
threadably and sealingly coupled to other components of the work string at its upper end.
30  Upper body 114 isslidably and sealing coupled to an inner mandrel assembly 116 that extends
to the lower end of apparatus 100. Inner mandrel assembly 116 isformed from a plurality of
sections that are threadably and sealingly coupled together by connectors 118. Inner mandrel
assembly 116 may be threadably and sealingly coupled to other components of the work string



[0025] A wellbore 38 extends through the various earth strata including formation 14. An upper portion
of wellbore 38 includes casing 40 that is cemented within wellbore 38 by cement 42. Disposed within
the lower portion of wellbore 38 is liner string 36. Liner string 36 is being lowered downhole on a work
string 44 that includes a setting tool 46 that attaches work 30 string 44 to liner string 36. Liner string
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expander cone of setting tool 46 through liner hanger 48 to radially expand and plastically deform liner
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the bottom 52 of wellbore 38. [0026]Even though figure 1 depicts a slanted wellbore, it should be
understoddhPRESSRAIES 1BHRL4rt that the apparatus for installing a liner string in a casing string
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in wellbores having other orientations includin? vertical wellbores, horizontal wellbores, multilateral
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like are used in relation tg the illustrative embodiments as they are 10 depicted in the figures, the
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and sealibphynype toredhe bsaohyzb nemdasskthiel yorkosgethgr atdte maperab 180, collapsible cone
20 154 and lead cone 156 may be referred to as an expansion cone assembly. Collapsible cone
154 and lead cone 156 areinitialy received in a cone launcher portion 158 of liner hanger 106,
wheretheinner diameter of liner hanger 106 islarge enough to accept collapsible cone 154 and
lead cone 156 without having been radially expanded.
[0031] As best seen in figure 2G, a bypass sleeve 160 is securably connected to inner
25 mandrel assembly 116 by one or more shear pins 162. As best seen in figure 2F, setting tool
100 has a collet subassembly 164 that includes aretainer 166, dogs 168, agarter spring 170 and
a collet assembly 172. Collet assembly 172 cooperates with a mating profile 174 of liner
string 102 and is supported within mating profile 174 by aradially expanded portion or prop
176 of inner mandrel assembly 116.
30 [0032] In operation, setting tool 100 is used to install liner string 102 in casing string 40.
Importantly, thisis achieved without risk of getting the expansion cone assembly stuck in liner
hanger 106 after setting liner hanger 106 within casing string 40 due to inner diameter
reduction of liner hanger 106 caused, for example, by reliancein liner hanger 106, casing string



30 Upper body 114 is slidably and sealing coupled to an inner mandrel assembly 116 that extends to
the lower end of apparatus 100. Inner mandrel assembly 116 is formed from a plurality of sections that
are threadably and sealingly coupled together by connectors 118. Inner mandrel assembly 116 may be
threadably and sealingly coupled to other components of the work string at its lower end. An outer
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positioned around inner mandrel assembly 116. pEer body 114 includes a plurality of lugs 124 that
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which is seal_inﬁ received within tie back receptacle 104. A load 10 _transfer subassembly depicted as
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cone drive subassembly 142 that includes a piston 144, a drive sleeve 146, a Sifé)ort ring 148, a cone
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comtP15PHIEE TRliEL L 38 M LogRA R QBB SRR RS Rar g e HASAMANRELBIEE SRS diameter

of lead cepplibdroraariee mawirpstiasasdddhd anrptiene 10Mer 1iveraent e 0\ eohtnepsagiual cone
assembly. Together, cone mandrel 150, collapsible cone 20 154 and Ieadg%fm 156_may be referred
0 a6 an SARAE L0 DR I A o SR e S RE B R St in
cone lausghey #0rgapplied of liner ange02 66,1 vatkreritieri Bulssssiabistanoioigs basrkgerdiibdie large
enough tg accept collapsible cone 154 nil ad cone 156 without having been radially expanded.
10031 JAs WESH LB AOMERL OSP AR HULDISLBU DU SRR ORI mner 26 mancrel
asstesnblyaoBaby ommes Hreressiegul sl thehed $h she s figlirecafros eHing:lidold @8, Hasea collet
subassembly 164 that includes a retainer 166 s 168. a r. spring 170 and a collet assembly
172 ol BRNE ) 5% SEe v 1 PNl SRIEL TS ot T G 06 e g
within matingpugietiolé byra cadalbuashemstet Eoissrtaopghpi héthzhgendosandhel @gsesioly 116.
30[0032]In operation, setting toql 100 js used tq install liner string 102 in casing string 40, Importantly,
s 5 R VARV DP ghling e B e B etk 6 FRASBr B8 ot
setting liredibAp@zpdriis anthplastisanly skfoond]ideeHangenci08idreftesbly, the dual cone assembly
20 issizedtoradially expand and plastically deform liner hanger 106 such that the outer diameter
of liner hanger 106 is pressed into gripping and sealing engagement with casing string 40. In
theillustrated embodiment, liner hanger 106 includes aplurality of circumferential seals 178 to
facilitate achieving a sea with casing string 40.
[0035] As discussed above, expansion cone drive subassembly 142 includes drive sleeve
25 146 that drives the expansion cone assembly through liner hanger 106. The uphole end of
drive sleeve 146 initially abuts outer mandrel 138 that supports drive sleeve 146 against
moving uphole relative to the inner mandrel assembly 116. Outer mandrel 138 is affixed to
inner mandrel assembly 216 by dogs 136 via outer mandrel extension 132.
[0036] In theillustrated embodiment, drive sleeve 146 carriesasingle piston 144 that seals
30 against inner mandrel assembly 116. Those skilled in the art will recognize that addition
pistons could be used to multiply the hydraulic force applied to drive sleeve 146. Pressure
applied to piston 144 moves drive sleeve 146 and thus the expansion cone assembly downhole.

At the bottom of its stroke, expansion cone drive subassembly 142 impacts bypass sleeve 160



reduction of liner hanger 106 caused, for example, by reliance in liner hanger 106, casing string 40 or
both. Specifically, the use of the expansion cone assembly of the present invention enables selective
diameter reduction of collapsible cone 154, thereby preventing sticking of the expansion cone
assembly within liner hanger 106 after liner hanger 106 has been set. [0033]In the illustrated

embodimepasdiNRine iRantiid 'SsBeiiy dnslexnRpanda Wik 18 5tangds Hlddieanpieysaday be
required to push liner string 102 to its desired location, particularly in deviated, horizontal or multilateral

wellbore0fige 89t Rt 6 aSETOphHR BRI §H IIEPRES YRR ither body 114. In the
running qenfigpration el SRR iHAD HEAGET UEhsAdf@RRIeSIe SopEnaRLEpEse e nnAEMandrel

assembly 116 via lugs 124 and slot profile 126. This downhole force is transferred from inner mandrel

assemblyP1186 92 8 felriRsdR B Bo SIS AIRED RS fn APHERINEShe Aa AP dieRli BB wnhole
forcesis thpplrAIRIEA ik Csitrigaandiebds & tedie haak tiepsiiasBated i Jinemosiiienl &g a oad

transfer subassembly 140, as best seen in figure 2C. Accordingly, the downhole force from work string

44 is apph EEHRRALRIAY L 0B dPIHHFAIRSHEMOna RS Ui SietiR Bae ik dei e 26U iithout

applicatiqRaphasdpusran etipeagsby Shi erdpRRsies G aReTRBARTBIR i rbblidP3dliPasfdiney thteas 192 is
positioned in the desired location in wellbore 38, liner hanger 106 mgg be expanded. To expand liner
76 PRI FORHE

hanger 15X 05SSR QUSERHBIY S, RbF HISHBR % through
liner hanggim08dy trehaxpgnsiomaniiel dsiNzseRabremblyddande theabdveleonaepssamplyarasses

through liner hanger 106 it radially expands a lastically deforms liner. hanger 106. Preferably, the
ek Eond AR AE Y e A T DU ST B ol GRSH T PG5 s that
the outerrdigimg terop dnerahangenl Q6 ispngssad ngtecaligondrant isealisgi agJmpe MEREaiiiecasing
string 40. In the illystrated embodiment, liner hapger 106 includes a plurality of circymferential seals
78 1o fa LS QAR B MR S NG 0 TBCBEPRELR EOLECh oD A B Fsion cone
drive sub@essinbly Nts?e sl fisaliyy eas|@este sén 146 filgatel dvEsdblecexssanisn agreigasseaiply through
liner hanger 106. The uphole end of drive sleeve 146 initially abyts_ outer mandrel 138 that supports
crive SloSNEPPR B UG SO R OIS S DM AR R HCOE M) RS SHREE e
13815 afitettktedsunet inErRirelclsasohbriyn? dodayahegs Wa6 matiogtprofiiine bexteneigpici21 7186036]In
the illustrated embodiment, drive sleeve 146 cayri single pistqn 144 that seals 30 against inner
mandrel SRCRTR TA VA SSEEN BT Al AL R S ARG B 60 T e o
multiply thssdawdnadlic ietet \applieol a dubassebie 16816 dRveslrgsaladies rarpistionalihé radiedly drive
sleeve 146 and thus the ansion cone assembl nhole, At the bottom of its stroke, expansion
cone i/ SFESEY, T 45 TS e b L A P e et SBL e 16
causing sbalbet Errerhbly th/2hepravehieddinony Sy ftass ok sdb@Omolmaed neengtgingsades phatid
O Zing By e N QIS R Lol QA SRR R R B0RE A8 35808 0 G P
decoupléed fromliner
this configuration, setting tool 100 may be withdrawn uphole from liner string 102 and out of
thewellbore. Asdescribed in greater detail below, setting tool 100 may be withdrawn uphole
from liner string 102 without sticking the expansion cone assembly within liner hanger 106 as
the dual cone assembly is operable to axially shift relative to cone mandrel 150 which enables
25 collapsible cone 154 to radially contract. This radia contraction of collapsible cone 154
ensures that setting tool 100 may be withdrawn uphole from liner string 102 and out of the
wellbore without sticking in liner hanger 106.
[0039] Alternatively, setting tool 100 may be released from liner string 102 without
shearing load transfer subassembly 140 or prior to operating drive subassembly 142, if
30 required. Specificaly, application of atorsional force followed by application of a downhole
force releases inner mandrel assembly 116 from liner string 102. As best seen in figures
2A-2B, upper body 114 hasinwardly protruding lugs 124 that operate within slot profile 126 of

inner mandrel assembly 116. Slot profile 126 includes aplurality of slot pairs, each consisting



string 102 and retrieved to the surface. As described above, force in the downhole direction 5 applied
from work string 44 is transferred to load transfer subassembly 140 which abuts tie back receptacle
104. In the illustrated embodiment, load transfer subassembly 140 is a ring that has shearable threads.
Sufficient force in the downhole direction will cause the threads to shear off the ring which allows

relative napyaBiRIY HEAMES SBIR Al THBRsERMR A R YaRed B a7 eShiEg O aael

subassembly 110 downhole relative to liner string 102 10 unprops collet assembly 172 allowing collet

assembly? P00 Y6t RERTiHG 4G SRHNR WY fenePIRElERd PoE ey ane el ~li st qikétool 100

from linegygkriea ol r @fh%tﬂﬁﬂﬁ@%ﬁr@ﬂg’@@ﬁf@ﬁwbﬁfﬁ)@@ Ml@ré&ﬁ‘\)éﬂ‘i‘?ﬁé%@&iwz a_nd
out of the wellbore. Oomgspecmcally, as best seen in figure 2H, collet assembly 172 is radially
supportedlRt r&qaa%@ AR PREFIIBIE 1720 L6048 B dDR AGWORAIE SHELQPHRLIBE 15 Collet

assemnblyrbAdri @@ﬂﬁ? 1@ guBaIRMAIVEN BRI hd40ey T00YHENNIA Sfthgaomhole

relative to collet assembly 172. Further downhole movement of inner mandrel assembly 116 relative to

collet suSQEEEIAHRPEBACHNIS HSRI9EE 19T eA LIRS RAE FEaRRIIERIR 8B IHRRAP MY drel

assembly 14 foGiHey todverpicie fergf etapiter s EeioNet Beaembibgs 124 Riryentes Higgn
shifting back downhole and reen%agi%gi with mating 20 profile 174 as dogs 168 are prevented from

moving paSHELiERAEMSS 15" Gl LR IRVEEL RS CRARRS d8Rfiguration, setting tool 100 may be

withdrawoostiole framehngipsniogyl O4ane e tiohiiilediaie td sdeaseaenirgraaiensiotaicpelow,
setting too be withdrawn uphole from I{{ner stri% 102 wijthout sticking the ell:)(ﬁgnsgio cone
8{0 Rl

| 100 ma
~esih b AR e s D By 161 Qe FeiEEL SRR Ldal s & cone
mandrel 159 wbiek enahlese Aowellpazivie aonaedifade raciail/sopaisacihl yhisg aghbaent aatian of

lapsibl 154, that setting, tool 100 ithd hole from liner string 102 and
out o VA A PR R R 4P TRl SOTARb P BTNG (0 06 HRy b

released ditg 1B@IstiROGHIE Witleo uhahraringstodsl\iransfends ks seurd ynbAbrar pstenils yppaseating
drive subassembly 142, if 3Q required. Specifically, application of a torsiong| force followed b
applicat T AN R TR ST HENE v TS P CEsRER) e 5 G SBRE bt
seetbin figlaresel As2Bnbiypeidods 2ldvihasravwaeaior grekiseiingy| 106 1340t ogeriaie witikinssiot profile
126 of inner mandrel embly 116. Slot profile 126 includes a plurality of slot pairs, each consisting

of a Iong§1 FRRTR% slot of the type known to those skilled in the art as J-slots. The short slots of
slot profil@d2g defindtapipeeranandes | esstovblgnt 61 iehepsidti ahstotgrafdaddcedadigin1a,

Pyt S L e T L

downholereativeto liner string 102. Driving inner mandrel assembly 116 downholerelative

20 toliner hanger 102 moves prop 176 out of engagement with collet assembly 172, as described
above, such that setting tool 100 may be withdrawn uphole from liner string 102 and out of the
wellbore.
[0042] Referring next to figure 3, therein is depicted an expansion cone assembly for
setting a liner hanger in a casing string according to an embodiment of the present invention

25 thatisgeneraly designated 200. Expansion cone assembly 200 includes a cone mandrel 202,
acollapsible cone 204, alead cone 206 and an end cap 208. As stated above, collapsible cone
204 and lead cone 206 may be referred to as a dual cone assembly 210. Cone mandrel 202
includes a circumferential groove 212 that is operable to receive a debris seal 214 therein.
Preferably, debris seal 214 is operableto provide aseal with liner string 102 which may or may

30 not be afluid tight seal. Cone mandrel 202 aso includes an upper shoulder 216 operable to
limit the extent of upward travel of collapsible cone 204. Below upper shoulder 216, cone
mandrel 202 has a cylindrical surface 218. Below cylindrical surface 218, cone mandrel 202

has an outer frustoconical surface 220. Preferably, outer frustoconical surface 220 has aramp
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5 mandrel assembly 116. When it is desired to decouple setting tool 100 from liner string 102, rotating
upper body 114 dislodges lugs 124 from upper receptacles 184 and allows upper body 114 to move
downhole relative to inner mandrel assembly 116 while lugs 124 traverse the long slots until received
in respective lower receptacles 186. [0040]When upper body 114 moves downhole relative to the inner

mandre| a55eBPbedrnEBALIRPARFIESH IMANR Y dRgrsabind Mo prarerdsi mssdrelextension

132. As upper body 114 moves downhole, lower receiver 122 contacts release subassembly 128 and

shears s ségmﬁrﬁb%%h%\}@%m@% heHle damsishie ! ipibEeedéat 130
SupportS@FOgﬁ/\la?@ halengagad iriemepdrel dskeroy Hoabe aftix aiiss mangie! agsemably 132

relative to inner mandrel assemv%y 116. Thus, when desupported, dogs 136 release from inner 15

mandrel SYUBHHISR S4ERE LroviFIhERRHARARS UresAHRMINRS 285 RRREARIRIR it e gxent of

subassembhhifd PR ftreitoae e @agembly 116 is released from outer mandrel extension
132, upper body 114 acts upon inner mandrel assembly 116 to drive inner mandrel assembly 116

downholéY¥3live tHitRs YD eBRo D e eahcaRe 288dmRIATY O FBINGMERSSD (o liner
hanger 18ihav&si RipiR rpaicodenanaemeniandiial cati2t-psserapbr i@ tasrdegcabamhagerg. such

that setting tool 100 may be withdrawn uphole from liner string 102 and out of the wellbore.

[0042]ReFEHY TR HPHGERE BOHMETRANRUIGED fede PTePRR BRRSISh A5 RS SRR 46P SERNTS Pliner

hanger irpgg;asisgistong 208 Asding dotanfrRbediransaf ibe e sa nreXieun2dukaidsmererally
designated 200. Eﬁ(}g)ansion con assembLIg 2&0 include%a cone mandrel 202, a (E%Iﬁg ible cone 204,
ﬁ? fit

a leHtl cofrPFHESIRPESaAy EAp 958!YAL HeLCa HATFER Rt SRR R A €506 may
be referrefldat fiv@dégedaning assemibliycd Hegfeen ena Aitdelr 8@Pan glHoes tegifeyratereNiae gigove 212

that is operable to receive a depris seal 214 therein, Prefergbly, debris seal 214 is operable tq provide
i e R T e e e e O e
includes amxeripasstupibdes R & opesablertagpbitibre enxts ot bpghlaishieres of snlkppidigosie 204.
Below upper shoulder 216, cone mandrel 202 ha O}rind ical surface 218. Below cylindricg| surface
15, cond R SHPA LG A8 T ROCET S, e o Bl ERLARDS) SOLPAISEB 2L surtace
2201bas ésivgbAngilspoddocdivvand alteufrisstodeniet surfrdaRruibiwenéyntiedrees02nd most preferably
about fifti§ d/%egregs. Cane mangdrel 202 further includes a Icfé\fv%ouldgr 222 ogﬁrable to.limit the
extent of E? rd traVeoT 50 'C0HA 505, RN 00\rR SRSy 225 RN IS HAREIEN ISR &
cylindricaiaiiifpieatid@4vihene rcapaP @Brie chsdembly 2h0ukdieri BAGpppeiadatda limmtirecerfegirati on,
downward trave] of dual cone assembly 210. [0043]In the ilJystrated embodiment, lead cone 206 is
slidably a%ﬁ%%%lﬂ%gcagepgégglas 3 haxifniam oL?er d%l]ameter %5 {Ret |s‘fargerdthan niaximum outer
diameter 230 of lead cone 206. This larger maximum outer diameter 232 is achieved due to
20 the interaction of outer frustoconical surface 220 of cone mandrel 202 and collapsible cone
204. As best seen in figure 5, collapsible cone 204 is in the form of a dotted assembly
including asolid ring portion 236 and a plurality of radially shiftable segments 238 having slots
240 therebetween. Even though collapsible cone 204 has been depicted as having sixteen
radially shiftable segments 238, it should be understood by those skilled in the art that
25 collapsible cones of the present invention could have other numbers of radialy shiftable
segments both greater than and less than sixteen without departing from the principle of the
present invention. Radially shiftable segments 238 are operable to flex radially outwardly or
radially inwardly depending upon the force applied thereto. Preferably, in the run-in and
expansion configuration of expansion cone assembly 200, outer frustoconical surface 220 of
30 conemandrel 202 outwardly radially props radially shiftable segments 238 such that maximum
outer diameter 232 is larger than a resting maximum outer diameter of collapsible cone 204.
[0045] For example, as best seen in figure 4, cone assembly 200 is in its retrieva

configuration wherein dual cone assembly 210 isin its lower location. In this configuration,
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around cylindrical surface 224 of cone mandrel 202 and is operable to travel axially along cylindrical
surface 224 between shoulder 222 of cone mandrel 202 and shoulder 226 of end cap 208. Lead cone
206 has an outer frustoconical surface 228 with a maximum outer diameter 10 230 at its upper end.
Preferably, outer frustoconical surface 228 has a ramp angle of between about five degrees and about

fifteen d%l%@@d@%?@&ﬂfﬁé%ﬁhﬂuﬁ{%@?af%&&@@Eﬁiﬁ%{ faesantPenale plq@edEpsioconical

surface 220 is preferably greater than the ra E Ie of outer frustoconical surface 228. An upper

portion of ESIRSSIBREEHE™ 4R HiaRshea3ibSbd eard G ¥l riddl S Fratier IRUMU RO ghdrel
202. A loyiapaitionm ot eetireibie ﬁ%l?@ﬂ&ﬁé‘? ﬁ@&k@&rﬁ&pgﬁ?&@w @élﬁérrﬂm%@ﬂbswface

220 of cone mandrel 202. [0044] As best seen in figure 3, expansion cone assembly 200 is in its run-in

and expdRBRSH eHwﬂlS‘}é{tfé‘H'é\'/We%ﬂPHGQI ré’éh’%')é iable samenis v ahePilaestiip congm04:
configuraiomheqligns y}d@o‘?%ﬁf@ﬁ‘dﬂ@ﬁ arRRAIYUSI AR dagneies 28 thalis lacoendharegipgimum

outer diameter 230 of lead cone 206. This larger maximum outer diameter 232 is achieved due to 20

the interRBIYURHARIRY LR BHBSI SHEIAR FOIPagRY M MR ESh 43R FARSQIREPE4. As

best seerpia fighigmaellonsiirapsne 204 i toliapderarehazatted assembly including a solid ring
portion 236 and a plurallé/ of radlaleéwhlftable segments 238 havmg slots 240 therebetween. Even

though cb18Hible A5 ASROENS LSRRI R r%ﬂl%ﬁﬁ%@@se@ﬁ%@%% it
should bepsweiang @yg@msdﬂllﬁdanstm@mhaém&amh@mm9f2b9 Ry eSErinyanfion

could have. other numbers of radially shiftable segments both greater than a an sixteen
0t SR AR O HERAE T ok (AT F S i D P
operable dpaf diﬂdtﬁ’d:‘é esmeédfmrdmw divate w@m@qmmrbm@r forgacEieol dbeteto.
Preferably, in the ru ansion con tlon of ex ion 00, outer
frustocoré/eé Phr g%@ﬁfeiﬂ%ﬁ%@%?ﬁ Hﬁ(ﬁ%ﬁf‘%}oﬁ !%é?ﬁﬂﬂ%l&%gments
238 sucmdsl&b\n’lﬁglmurn @teﬁma@qiaﬁs&a?. fisrtargeu ta@@bvereshewompmudwld%cbam%ﬁrwf
collapsible cone 204 0045 Far exam#] S best;,gzéz in figure 4, cone sseraﬁf\/ ?Qﬂls in @%retrieval
conflguraW& (?rrl 838 MSHEYLLRHS gggggﬁsq?]t g S[J % apsible
cones204diasrehenaxdialiy exendliandgirsdcd|ihatiomo limerehdragranobpreicabix hessi dmacoﬁtaxnmum
outer diameter f lead cone 2 his smaller maxi ter met 34 is achieved as a
ol of BRI B e B T e P BB ey e AR DPhring
radially skiftadpl@0ze g eltsrtRigl Qbooﬂzalaatb@nmgetammﬁ) Imﬂydueqmtbmbe@l@eﬂg‘ﬂlﬁmpvmdlally
shiftable segment 8returntgt restin ratlonr nthe duct| n from maximum
outer d.aPHS%’ g%ﬁ%ﬁ 1E§§Caﬁﬁgde?Q gﬂg 8r$§ JPEQJIll Sprsl‘l'Blenc%'ﬁ 204.
[0046]Thexp|am11momﬁ gm;mumams besteseersmm@jyrém)twﬂtmml beahem‘m@adtléts, siaibest stV during
expansio ofI| er string 102 expans e asse is,hydraulically 10 driven downwardly
e ek R P el s S A By S T Y Y e
frustocorsueise ﬂaﬁe)fZMandammIlQ(DBmmhthaﬂ it eltgr ShBfdabtansagirents 238 ot luw Layisi I:ihecdnmger 106

to radiall &(P aaw% and vﬁ’zljlr tlcraeltlyacefor Ilréeﬁ han re]ru%nog%l Foéomg%rt% A{I\I}v tlrC dllglne n force
collap3|b e cone 4 prov s a secon ia expansmn ofce as maximum ou ame

contacts amtipoefesald Yhessitiah neaxirangeod&6diameter 230 of lead cone 206. This reductl onin the
maximum outer diameter of collapsible cone 204 isimportant as resilience in casing string 40,
25 liner hanger 106 or both may cause a reduction in the inner diameter of liner hanger 106 after
setting. The reduction in the maximum outer diameter of collapsible cone 204 enables
retrieval of setting tool 100 even after such areduction of the inner diameter of liner hanger

106.
[0047] Referring next to figure 6, therein is depicted an expansion cone assembly for
30 setting a liner hanger in a casing string according to another embodiment of the present
invention that is generally designated 300. Expansion cone assembly 300 includes a cone
mandrel 302, a collapsible cone 304, alead cone 306 and an end cap 308. As stated above,
collapsible cone 304 and lead cone 306 may be referred to asadual cone assembly 310. Cone
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15 to further radially expand and plastically deform liner hanger 106. Once expansion cone assembly
200 has completed the expansion process, setting tool 100 may be released from liner string 102, as
described above, and setting tool 100 may be pulled uphole. This upward movement of setting tool

100 causes dual cone assembly 110 to shift from its run-in and expansion configuration, as best seen

in figure F;dRcia MIYaYaLIEeDASHERRr &Fi Ae5T0e0eR12 tKE igsper 4 Merrshgeificrlyiscelipgsible cone
204 amallg shifts relative to outer frustoconical surface 220 of cone mandrel 202 such that radially

shiftable NSTEIE AP RASLBIEOB2FRHRRR) A ASH TR ABLABAGNH thessisahbuter
diameter RdHhich dsIUBPEEHEARANE Praierabl JRPaHarANEN HTEOMAE HianRieseaRgtlead

cone 206. This reduction in the maximum outer diameter of collapsible cone 204 is important as

resiliencEYH Gl StFiRGe461825 REMhYBFHER SHEBRE Hif s BrRelitlcR9R iRhaNPEdiameter
of lingr hﬁntﬁﬁfcéﬁ@ﬂf&#f%HiB%.T@é@alﬂg%dfbﬁm&@ﬁléﬁl awterslgroeaias afrepilreaipledsione 204

enables retrieval of setting tool 100 even a er such a reduction of the inner diameter of liner hanger
106. [00AHERR AR SR BYiER 216 APRUAGRIY SpRKRES A BIpsh REshR A AR SHIBRP RS9 8BPsetting a

liner hangey di dGREIUKIION &F CRrfkbe 3orreHahanaRe BTN Byf icsaiuuea on. thabds
generally designated 300. Expansiaon cone assembly 300 includes a cone mandrel 302, a collapsible

cone 30453 1! REEESGESAAY 9% 340 A8t ULHR SO GANPYRIRL AR Yo anePad cone

306 may &edafgyredao as a dual cone assembly 310. Cone mandrel 302 includes a circumferential
roove 312 that is gperable to receive a debris seal 314 therein, Cone mandrel 302 alsg includes an
8pp@r shﬂ)Q% 316 E)ﬁb a\f’llésf{)af itefﬂgoé%é%to %Q%I'Bf%ﬁ%ﬁi’oﬁ@da?@gmglyﬁ Below
upper shetdded 3Yfinaaos aatatiel A2 diasoneylindien|3naface Badiabylavgmdiadacaintaee 318,
cone mandrel 302 has ap outer 5 frustoconical surface 32 .Prmw, outer frus}oconicals rface
320 has HVEAPAHCoR Bt 48, PhSEUE BTG, e ot FaR SAPG i e e R S UGS er ably
about fiftegriadegseeswitglaw oesentivstosenicidmantacs3d2a. ¢onappandrel 302 &arabl gylndecal

face 324. End cap 308 | houlder 326 ble to limif. the extent of d travel of
Gualcond H4CE 516 L0 o0 1AL QURLRS HAGT R I AV S S04 SHALb ) 570 scaling

dispsseddepestd aylinphisal srefteael B 2zboficoae oayness! 30%andzartiad!yr disp oaaglearofungitetter
frustoconical surface 32Q of ¢ mandrel 302. Lead ¢cone 306 has an outer frustoconical surface 328
with o o RS S A S0 RN Ste, BRSNS . o oo oo P &
ramp angigrietbsrgeeA mbppdrfpertiergot esl psi blleawantiBodn sl delg yed spasetiraesindreft raligahbout ten
degrees. Nate that the ramp angl uter, frustoconical surface. 320 is preferahly greater than the
oo g O O e R A o P A e e oy
disposedaaoana dutghinastadoslicthcarfd Gﬂ(poheomanmmramozp.\ lower portion of collapsible cone 304

is slidably disposed,arqund outer. frystoconical surface 320 ne mandrel 302. 20[0049]As best
et AT, cofs SR, Hoa e 1S T S A B oAl A A bone
assembhec@Tiyisat ors wgrerr arat condrassesnbon B iatiant soghiesy d idxdetioon e 1BAAI hasrdi gueatimum outer
diameter 332 i 1ospihpn mamum oulsLclanetel 339 atlead sone 28 This iargeL meximum
outer diafetar 332 is Achieved due 1o the propping action of outer fFUStoconical Sartace of cone
mandrel 8G2netanif30 eidiedty c@te3t6abldisdgrgenisazfroatiapsetbicdzone S (BB24s desevied duiove. As

b in fiaure 7, | in i [ fi i i . bl
310 o m L BT A S e S 20 U e
dovizbwarstiftahl essgroerfig of aibiapsblie paitsl 8@k me G&drHaesl aboneximAsibestitsmediianhi J3doment i
ot i 0 Y551 TS S RRE 490 a5 08 Tl Rl 50
maximum OUtetliP&iameterrb% IS g%f]leve'g]gs aresult %Uter rUS[gconlca?)S)?Jr ace é Ofcone
mandrel R@2tian|sitgecabiaustnid goae 304 o headgohe 3a6ihlyesbéalshd dbgahiited dbooleasdlble cone

304. In the Hﬁ?%%%ﬂ%ﬂr&ﬁ?ﬁ%ﬁ‘%?&b@&%ﬁyh%@ igfé%% Wﬁi 8@5@{&&%@%@5&‘%@8 fFipliguration

resulting inthe r tion from maximum outer diame psible cone to maximum outer
diametertB3a afccphiefpeibly tesadrBodnatimueadadtas diantetendsd ol raedutenel3ibetdinis sulHpsible
00%30%3%FHRWBUE RGNS SA T CRRIBoG DG rady F1Beh Q6 PEPYr % 5343E @fgduction
in the inner diameter gﬁ"ner anger‘%% a?t\gerasett%ggﬁ[ ere uc%%‘rﬁ&l)n tP?e max{mum outer diameter of
collapsiblsasiig 3202 no longer outwardly radialy propping the radialy shiftable segments of
collapsible cone 304. Inthe unpropped configuration, theradially shiftable segmentsreturn to

their resting configuration resulting in the reduction from maximum outer diameter 332 of
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5enables retrieval of setting tool 100 even after such a reduction of the inner diameter of liner hanger
106. [0050]While this invention has been described with reference to illustrative embodiments, this
description is not intended to be construed in a limiting sense. Various modifications and combinations
of the illustrative embodiments as well as other embodiments of the invention 10will be apparent to

persons ghjiigekii & BuRes ARArRNGFIRNG AReEr BB IEdhdiasrietheiBRNdeHid1akbila @ppended

claims encompass any such modifications or embodiments. What is claimed is:. 1. An expansion
cone assEMBR/MEXEBHR P FndemeRyer! Rl aRpaitsionedhé iSsSBRHIINE S RTITHCR I E0FRS Randrel
having a&ﬁH&ﬂ(ﬁWﬁ@Cﬁéﬂ@é} sofFPorRifAENS s rifliRBNiIsResSRhar alpseiBedF R PaRgEe! and

having an outer frustoconical surface with a maximum outer diameter; and a collapsible cone

slidably B SEikBSt phiRaTRAHFBARdIHES MEX RITH eI Al AR LAl ARBRIE HAIAN wherein,
in arsexpangies RenbBerafiotHiptositaol ertorarieal sHaea Rt BaRe inner diameter of liner

hanger 106.

[0050] Whilethisinvention has been described with reference to illustrative embodiments,

this description is not intended to be construed in alimiting sense.  Various modifications and

combinations of the illustrative embodiments as well as other embodiments of the invention
10  will be apparent to persons skilled in the art upon reference to the description. It is, therefore,

intended that the appended claims encompass any such modifications or embodiments.
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10 mandrel radially props the collapsible cone such that the collapsible cone has a first maximum
outer diameter that is greater than the maximum outer diameter of the lead cone; and wherein, in a
retrieval configuration, the collapsible cone axially shifts relative to the outer frustoconical surface of
the cone mandrel such that the collapsible cone has a second maximum outer diameter that is no
more thapihg ivavdimidgyuter diameter of the lead cone. 15 2. The expansion cone assembly as
recited in claim 1 wherein the cone mandrel has an outer cylindrical surface and wherein the lead cone
is slidably disposed at fASaS<PaRGANY CRORIFESEREPOUISF SHHMERical 1 BEFHRR0ST tHREBIRPASAPENE203. The
expansiogse9As ResRipiMeas recited in claim 1 wherein the lead cone is slidably disposed at least
partially around the outer frustocaonical surface of the cone mandrel. 4. The expansion cone assembly

as recited in clafh?DG/MERSheviedPe AR HYRSBAA 3 IER B one are adjacent to one another. 25

5. The expansion cepe asseraindas§ rariRedn eriond Re@hdheaelRpShle earnduihepgemprises a
slotted assembly having radially shiftable segments. 6. The expansion cone assembly as recited in

claim 5 WHERGPIEA SRR Y0 Ih A1t reEgheiis D RPRICofsible cone are radially propped by the
outer frustoconigadipaiteotdhe s ansicieyRendke pBiaNg efothnaRssatablyUsdedhieal

expansion confi%uration. 7. The expansion cone assembly as recited in claim 1 wherein the lead
cone andPHRHLRGSRESARDShIly shift together relative to the outer frustoconical surface of the

cone mandrel whagrée @xRANSRASIIIE @FFRIDIIOR, Qherales TemidbshrPaNFate asinfigucation to the
retrll%val (lir?ar\]r%%gr?% gl'ly props the collapsible cone such that the collapsible cone has a first maximum
outer diameter that is greater than the maximum outer diameter of the lead cone; and
wherein, in aretrieval configuration, the collapsible cone axially shifts relative to the
outer frustoconical surface of the cone mandrel such that the collapsible cone has a second
maximum outer diameter that is no more than the maximum outer diameter of the lead cone.
15
2. The expansion cone assembly as recited in claim 1 wherein the cone mandrel
has an outer cylindrical surface and wherein the lead coneis slidably disposed at least partially

around the outer cylindrical surface of the cone mandrel.

20 3. The expansion cone assembly as recited in claim 1 wherein the lead cone is

slidably disposed at least partially around the outer frustoconical surface of the cone mandrel.

4, The expansion cone assembly as recited in clam 1 wherein the lead cone and
the collapsible cone are adjacent to one another.
25
5. The expansion cone assembly as recited in claim 1 wherein the collapsible cone

further comprises a slotted assembly having radially shiftable segments.

6. The expansion cone assembly as recited in clam 5 wherein the radialy
30 shiftable segments of the collapsible cone are radialy propped by the outer frustoconical
surface of the cone mandrel when the expansion cone assembly is in the expansion

configuration.
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S 8. The expansion cone assembly as recited in claim 1 wherein the cone mandrel further
comprises an end cap that limits axially travel of the lead cone when the expansion cone assembly is
operated from the expansion configuration to the retrieval configuration. 109.A method for setting a
liner hanger, the method comprising: operably associating a setting tool having an expansion cone

assembly with agliner stiiacipivgiociv lRgRa) e danerintihenselinarénotrnbdhednersiring into
a wellbore casing; applying a force in the downhole direction to the expansion cone assembly such

that a 151848 PP S RPREIAPs L LBBRENST fistat B i Hi6P\ish B 4=QERRIAY uiians A8 sans least a
portion ofiheiHBeRRENERS RERSIBAES I RIEANNE D BFRERSI e e WRBALR CORR Jiaifm adirst

maximum diameter that is larger than a maximum outer diameter of the lead cone; decoupling the
setting tdGEFEMaYR RRRN QP applying a force in the uphole direction to the expansion cone
assegnbly; and 20 axially shifting the lead cone and the collapsible cone relative to an outer
frustoconical surface of a cone mandrel such that the collapsible cone has a second maximum outer

diameter that is o mord'ThEPaRE PRLORFAFSETRY @R FREHEH 4P tHla TB i Vikapren theepneBaRtiod as
recited infGlenen Somipa el aa el Y N0HTE ied gene s the derallrbsinig eerKpakaibrecihéhe outer

frustoconical surface of the cone mandrel further c_om%ai_ses axially shifting the lead cone about an
outer cyliFTRTA%IFERY BPH LB HiE SN conti gurlonia s AU RliQTHOiZAo wherein axially

shifting the lead cone and the

10 9. A method for setting aliner hanger, the method comprising:
operably associating a setting tool having an expansion cone assembly with a liner
string including the liner hanger;
lowering the setting tool and the liner string into awellbore casing;
applying aforce in the downhole direction to the expansion cone assembly such that a
15 lead cone and a collapsible cone of the expansion cone assembly radially expand at least a
portion of the liner hanger into contact with the wellbore casing, the collapsible cone having a
first maximum diameter that is larger than a maximum outer diameter of the lead cone;
decoupling the setting tool from the liner string;
applying aforce in the uphol e direction to the expansion cone assembly; and
20 axially shifting the lead cone and the collapsible cone relative to an outer frustoconical
surface of acone mandrel such that the collapsible cone has a second maximum outer diameter

that is no more than the maximum outer diameter of the lead cone.

10.  Themethod as recited in claim 9 wherein axially shifting the lead cone and the
25 collapsible cone relative to the outer frustoconical surface of the cone mandrel further

comprises axially shifting the lead cone about an outer cylindrical surface of the cone mandrel.

11.  Themethod as recited in claim 9 wherein axially shifting the lead cone and the

collapsible cone relative to the outer frustoconical surface of the cone mandrel further

30 comprises axialy shifting the lead cone at least partially about the outer frustoconical surface
of the cone mandrel.
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collapsible cone relative to the outer frustoconical surface of the cone mandrel further 30comprises
axially shifting the lead cone at least partially about the outer frustoconical surface of the cone
mandrel. 12.The method as recited in claim 9 wherein applying the force in the downhole direction to
the expansion cone assembly further comprises radially propping radially shiftable segments of the

collapsible conejyith theewighsHsioraiied i swiaae P £AnPIRARG iRk RordelinarBeibrArR ecited
in claim 9 wherein applying the force in the uphole direction to the expansion cone assemg{é further

comprise RNy UNBIBIHSIRI O ERRRASTRTRbIE WERheRPE FeR 2l bpRIBRPCSHEdRL Y T Kiier
frustoconigghruriasarn (R £RNMCBANSIA AL bRBE G herion KFilRe B flaikR ughercomprising

limiting the axial travel of the lead cone and the collapsible cone with an end cap of the expansion
cone assembly. 15. An expandable liner hanger system comprising: a liner string having a liner

hanggr disposedat anhaieiesl 25eeAbdLRR G6HNY RbRRe Y R aeate vath theelisionanger;
and an expansion cone assembly operably associated with the setting tool, the expansion cone

assembhyFRIUHh Pal BB PRAF AR CRAGIATIHRIUIEV TR SORMRESFS UASIEE Y URRIPRRIAE SRl

disposedsaraHble tgraens BTaitdrebpassihayisshamptiendrustacanisatsHitaceltiberomeedrione outer
diameter and a collapsible cone slidably disposed at least partially around the 20outer frustoconical

surface JP#E"€ne mandrel,

10 14.  The method as recited in claim 9 further comprising limiting the axial travel of

the lead cone and the collapsible cone with an end cap of the expansion cone assembly.

15.  Anexpandable liner hanger system comprising:
aliner string having aliner hanger disposed at an uphole end thereof;
15 a setting tool operably associate with the liner hanger; and
an expansion cone assembly operably associated with the setting tool, the expansion
cone assembly including a cone mandrel having an outer frustoconica surface, a lead cone
slidably disposed around the cone mandrel and having an outer frustoconical surface with a
maximum outer diameter and a collapsible cone slidably disposed at |east partially around the
20  outer frustoconical surface of the cone mandrel,
wherein, in an expansion configuration, the outer frustoconical surface of the cone
mandrel radially props the collapsible cone such that the collapsible cone has a first maximum
outer diameter that is greater than the maximum outer diameter of the lead cone; and
wherein, in aretrieval configuration, the collapsible cone axially shifts relative to the
25 outer frustoconical surface of the cone mandrel such that the collapsible cone has a second

maximum outer diameter that is no more than the maximum outer diameter of the |lead cone.
16.  The expandable liner hanger system as recited in claim 15 wherein the cone

mandrel has an outer cylindrical surface and wherein the lead coneis slidably disposed at |east

30 partialy around the outer cylindrical surface of the cone mandrel.
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wherein, in an expansion configuration, the outer frustoconical surface of the cone mandrel radially
props the collapsible cone such that the collapsible cone has a first maximum outer diameter that is
greater than the maximum outer diameter of the lead cone; and wherein, in a retrieval configuration,
the collapsible cone axially shifts relative to the 250outer frustoconical surface of the cone mandrel such

that the collapsipie conebagraRREReH BIHAYETsPHERN SHARRERS HEhIMNG MIKKRINAR [BRIBsHmMUM
outer diameter of the lead cone. 16. The expandable liner hanger system as recited in claim 15

wherein #8eStGAR IndiSARSPA A APPSR 3N REHNd LS CRUH d TSI Bk RUHASHRE HSIRPASlY
disposedpidgast 30 partially around the outer cylindrical surface of the cone mandrel. 17.The
expandable liner hanger system as recited in claim 15 wherein the lead cone is slidably disposed at
least partially around the outer frustoconical surface of the cone mandrel. 518.The expandable liner

hanggr system ag recitpgeinegRifddpeviigse RdRgee BlaRs b ascoagtédrthe icf@MPTISeRRerniieHe
assembly having radially shiftable segments and wherein the radially shiftable segments of the

collapsibROLBPRLSSPARIHITNSF SOPR 555t Ae Bt sk FRTUY AiRdnL @ b S HARNR seaaRd™then the
expansiofeeae asseibllyishift thfeexgneste brapatonsptidne déhe Ak rbbrI8X prophebleyl thelohanger

system as recited.in claim 15 wherein the lead cone and the collapsible cone axially shift tog@ether

relative tO"HAPERRRH PR RIalaG BRRE SPAREN Eo MR IR PRAS AN ER A0 R WsBnbly is

operateddxpandien espRgsianoponfiguration to the retrieval configuration. 20. The expandable liner
han@er system as recited in claim 15 wherein the cone mandrel further comprises an end cap that
limits’axially travel of the lead cone when the expansion cone assembly is operated from the

expansion configarationHedksanetiityBheondigierasjeiom asrecited in claim 15 wherein the lead cone
and the collapsible cone axially shift together relative to the outer frustoconical surface of the
cone mandrel when the expansion cone assembly is operated from the expansion configuration
to theretrieval configuration.
15
20.  The expandable liner hanger system as recited in claim 15 wherein the cone
mandrel further comprises an end cap that limits axialy travel of the lead cone when the
expansion cone assembly is operated from the expansion configuration to the retrieva
configuration.
20
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