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[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 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.

[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 passes is preferably isolated. For example, it is important
to avoid an undesired 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 formations to enter or contaminate non producing formations.

[0004] To avoid these problems, conventional well architecture includes the installation
of heavy steel casing within the wellbore. In 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 wellbore 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, each successive section of the well is drilled with a smaller diameter
than the 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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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 string.

[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
plastically deform the liner 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.

SUMMARY OF THE INVENTION

[0009] The present invention disclosed herein is directed to an expansion cone assembly
for setting a liner hanger in a subterranean wellbore having a casing string previously
installed therein. The expansion cone assembly of the present invention utilizes a dual cone
configuration including a collapsible cone that is operable to plastically deform the liner
hanger into sealing 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.
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qo0E) Sefatdnd®mbodiment, 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 the retrieval configuration. In
another embodiment, the cone mandrel has 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.

[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 a liner string including the liner hanger, lowering the setting tool and the liner
string into a wellbore casing, applying a force in the downhole direction to the expansion
cone assembly such that a 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
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corresponding parts and in which:

[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 sections of an
apparatus for installing a liner string in a casing string previously installed in a subterranean
wellbore according to an embodiment of the present invention;

[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;
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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
string previously 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, a
travel block 30, a hook 32 and a swivel 34 for raising and lowering pipe strings, such as a
liner string 36.

[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 string 44 to liner string 36. Liner string 36 includes a liner 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
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skilled in the art that the apparatus for installing a liner string in a casing string previously

installed in a subterranean wellbore of the present invention is equally well suited for use in
wellbores having other orientations including vertical wellbores, horizontal wellbores,
multilateral wellbores or the like. Accordingly, it should be understood by those skilled in
the art that the use of directional terms such as above, below, upper, lower, upward,
downward, uphole, downhole and the like are used in relation to the illustrative embodiments
as they are depicted in the figures, the uphole direction being toward the top or the left of the
corresponding figure and the downhole direction being toward the bottom or the right of the
corresponding figure. Also, even though figure 1 depicts an offshore operation, it should be
understood by those skilled in the art that the apparatus for installing a liner string in a casing
string previously installed in a subterranean wellbore of the present invention is equally well
suited for use in onshore operations.

[0027] Referring next to figures 2A-2H, therein is depicted an apparatus or setting tool
100 for installing a liner string in a casing string 40 previously 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 are threadably coupled together at the surface. In the illustrated embodiment,
liner string 102 includes a tie back receptacle 104, a liner 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 to transport, apply downward force on and set liner string 102 in the well.
Apparatus 100 includes a plurality of substantially 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 othef components of the work string at its upper
end. 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.
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li ner hangereld8 d@enéeﬂa J2ya g9l Eleéﬁﬂie hY4eadiadead epne o r ksadicars 1 dger 48

into seg ﬁ'unsgoc%ﬂféal shape having a first outer diameter that is smaller than the inner diameter of
liner hanger 106 and a second outer diameter that is larger than the inner diameter of liner
hanger 106. Collapsible cone 154 has an outer surface that has an outer diameter that is
larger than the second outer diameter of lead cone 156. Together, collapsible cone 154 and
lead cone 156 may be referred to as a dual cone assembly. Together, cone mandrel 150,
collapsible cone 154 and lead cone 156 may be referred to as an expansion cone assembly.
Collapsible cone 154 and lead cone 156 are initially received in a cone launcher portion 158
of liner hanger 106, where the inner diameter of liner hanger 106 is large 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
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 a retainer 166, dogs 168, a garter 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 a radially expanded portion or prop
176 of inner mandrel assembly 116.
[0032] In operation, setting tool 100 is used to install liner string 102 in casing string 40.
Importantly, this is 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
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As shown, liner string 36 is positioned in wellbore 38 such that the
downhol e end 50 of liner string 36 extends to close proximty to the bottom
52 of wel Ivore12381851 0026] Even t hough figure 1 depicts acal@ited2ssd | bore,

it should be understood by those skilled in the art that the apparatus for
installing a liner string in a casing string previously installed in a

subt er r dRéHoNSS BT kanger | (ecaypasks &t cxemplen Y delianse iy lidr|hynggs| 106seasingd f or
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hori zontal well bores, at eral well bores or the Accordingly, it
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uphol e, e are use inre Ion to ustratlve
enbodi neressds they are depicted in the figures, the uphole direction being

toward t op pr,.t ft o he corfesp ondi i gure d e _downhol e
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vel | bor e;pgfied h'l% h%&&mumngw@@eﬂ Sodgaual Iy tM@Hnnﬁlgl&ﬁéngmont@febeh fgonshore
oper ati ons. % Referring next to flcgures A-2H, therein is depicted an
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string 404R[Q% ﬁ&lb%me'lﬁét qlhise&)]\j\}&g grﬁ%@ﬁfﬁm@e@f"e’a Y i ?na?@rel ncpﬂglgt us 100

is used to run a‘liner strin wnho Li ner string
pl ural i tM6ab mitdsshadtdl d3Byvid dbgsl 16 &Eicwutﬂnmandndteaneloprléﬂerﬁbl qp“frmolmsd f rom

Lo T ol B atnlet R eu R ¥ fori ek recRdReIn e & il SR RbT Ehopt ncl

104, a llbaetrartyesn GabasddatbiAng0, R Westasdn d I Adcoldinpty, thddiiboke BB such
that liner string 102 will extend past the end of casing stri n8040 and
subst antFem Kerk stingetdps applindde st Ptﬂagéoéé)y logsorgyies subaasambdly 360 g tie

posi ti onggy ?éceﬂt@&@ﬁomftﬁd&%ﬁﬁc%&nmf'& dokw’ﬂﬁéle ?&rEé B9thd QpA0En LéncOREHH. € 10

transport, apply downward force on and set liner” string 102 in the well.
Appar at U90340 | ﬂo¢mhl@s string U)r2allsmoy1tlolﬁedsmubc degiicd | lpgatipn by vgHbore P8 e kisert hat

may be r ul-ar f te
t oget herl{%l%lg&f@rgnqtl cen P aclélab(;[?) eexwl I{% ré%ﬁé Ego%xé) %%Sg?n Po%te a§ %ndr el
subassendrivgn 1@ @nhaie froskena teunghpe pobiod \i 5& ﬂ#omgrhalunerrhmgee lombpﬂﬂwlxbz;nsmnd

seal i ngl | e onents of the work stri its er end.

pper | bodye SHHe SasPrahil P AAmedar wae enppbtbs dovauie: searr FE Fosenbi y
116 t hatra&éﬂﬁ&dﬁn&@aﬂﬁﬁﬁdsh@l\@rdeﬁﬁﬂs ﬂﬁeraﬁﬁg’érQDél?ré{Qﬁbly' &@@hal%ﬂ@ﬁ@ém@@sem' y

116 is formed froma plurality of sections that are threadably nd

seal i nglly ssdppaadicbycrmad syl plosiivaldy (slﬁ%)rqll@er hanger 106 such that” the outer

diameter of liner hanger 106 is pressed into gripping and sealing engagement with casing
string 40. In the illustrated embodiment, liner hanger 106 includes a plurality of
circumferential seals 178 to facilitate achieving a seal with casing string 40.

[0035] As discussed above, expansion cone drive subassembly 142 includes drive sleeve
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 the illustrated embodiment, drive sleeve 146 carries a single piston 144 that
seals 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.



WO 2012/ 121857PCT/ US2012/ 025566 | nner mandrel assenbly 116 may be
t hreadably and sealingly coupled to other conponents of the work strlng at
its lower end. An outer sleeve 120 is threadably coupled to upper body 114

and i ncl udeg @1dQyes receiver 122 that is positioned argungszoiznessssrandr el
assenbly 116. Upper body 114 includes a plurality of lugs 124 that
cooperate with a slot profile 126 of inner mandrel assenbly 116, as best
seen in ?qeg&ureeapphe ousY] B4 mpyRs drige sleqysol 46 2ad Q%&%éﬂs&ﬁb‘&%éﬁﬁm ¥128, as
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subassenbl 142 that includes a piston 144, a drive sleeve 146, a support

ring 148bach recspiacisdfdr dn t@sbustﬁwdéﬁwoewnaé%d teansisr pubsssembly (9 2188 and a
| ead cong, %@@ shéeadle pOSs. 1§§fﬁ%§t fordd HILOERRIHOR dlgegﬁ@#wnmu@@t@ thieh@t outer
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hanger 1 le copne t .has . an ter
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dual cone assenbly. Toget her, cone nandrel coIIa Slb| C 54 and
| ead conBaHEHPIRE h& tg?‘é‘ﬂf Eleasipg sstting té%p%ﬂ?sﬁ%‘ﬁ ](’:‘t?ﬁé iger Tapsi bl e

cone 154.adb th&AD0 G De Wathdafd dphbleiffind dind: 861k Y68 ahdod omeevehlamc her
portion 158 of |iner "hanger 106, where the inner dianmeter of |iner hanger

106 is | 038 endlage spwfés@&é,p@s b@ﬁtlbagsiublf@u@om st apgmbBad’E dheadidly

w t hout e ; 2G a
bypass S%@éb@&ﬁ@% eﬂgﬁ%g{(?ﬁ!r\g ggtteelgg'? gé]#r@?lle&eaﬁl g‘i‘—&f‘ nfggggﬁﬁd&%&m by
one or nﬁokiaetalsfeatblypilmlskelzaseMobesngageemt iwithf mefirgeprafile ettty mgvmguptoploo has

Spr i ng. 170 g dpb e o sol el obro™ air i RaRBR Ay n 99 R amRErafudli T

mat i ng piRéhble 1164¢cl1etdive tbftﬁﬂetsshbdsﬁﬁnﬂl936a6ﬂ0W§d@g@ rm& rtds &draw 1Tnhi the rfrmlauyg
profile 174 byaraflally exp nded ortjiqn or LPS i nner, 8re|
assenbl yreied nogesoet lﬁn%fpramf c?ﬁseméa H%ﬁuet ot 55 che SAESTAEIAP | i ner

string 10g)idtRseably 8751 Pr&@nt 8 frok R fting Hatk dowitioke drdl rREdpa@ME vt thkygt i sk

of getting the expansi on cone assenbly stuck in
profile 174 as dogs 168 are prevented from moving past shoulder 182 by garter spring 170.
In this configuration, setting tool 100 may be withdrawn uphole from liner string 102 and out
of the wellbore. As described 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 collapsible cone 154 to radially contract. This radial 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
required. Specifically, application of a torsional force followed by application of a downhole

force releases inner mandrel assembly 116 from liner string 102. As best seen in figures 2A-



| i ner, hanger 106 after setting |liner hanger 106 within casing string 40 due
to inner dianmeter WO 2012/ 121857PCT/ US2012/ 025566 reduction of |iner
hanger 106 caused, for exanple, by reliance in |liner hanger 106, casing

string 40 wo 2bribissppeci fically, the use of the expansimr/wneenassenbly of
t he present.invention enabl es sel ective dianeter reduction of collapsible
cone 154 thereby preventing sticking of the expansion cone assenbly W thin
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string 44, significant force may be required to push liner string 102 to
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124 and sl ot profi 126. Thi @gggle force is t%ggsferred fromi,nner
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tie back receptacle 104  of ner string ia. o ansft subassenbl y
140, as tBRk{0 Caor A 1T SUERE ébizcotaﬂe&wa?r équ k%elswgaﬁh B8 P4, RPB%h wior k
string 44cd §dcﬁt9pll8|4€cﬁlldtﬂlowsr\Ff)E)eISBédynnggzmQVe Idea«ﬂhcné aaaiv%r tosmpasl%may 140
on tie back receptacle 104 without application of a downhole force by the

expansi cissagie ldéswehis Jugs [2d0Baperseribe lommehotSSumtllnrgcemzl insgspestive demsdl i n t he
deS|redI%9iﬁ&L9q86n wel | bore 38, liner hanger 106 nay be expanded. To
expand IR anger 106, the expansion cone assenbly is driven downhol e
fron1cod@ONHunchﬁmnpmp@ﬂnmyﬂﬂgrmhmGMQannneﬂmhamgehehﬁﬁrhynmhbagmphh5|on

cone driyv assenb 142. t he d cone, asse h |iner
ronger | 106 TR BF et e Aot N B PR Are) Fiaral s ToRar2n s P 06
Pref er aldody 11hendleatiowshote, sse Fldeivet $225 banedltst relchtbuBissymisly 128 dndibittars
plasticall defﬁ£n1llner hanger g@ such tha t he outer dlaneter of, |'i ner

hanger 1867 RN ¥ EEANINA PEPGYGGPi G [ ABCS BAT rﬂge%%@aelé%m ok tlReveakidng

string 45Q porfy dolge 134 1h'd§érfg§é&@h@r%@kéﬁ§k%mbify‘ N8land aftBeSutckMPanting hisd@sya
pIuralltﬁﬁof circunferential seals 178 to facilitate achieving a seal with

casi ng st3irplgtivoto inmy3shdes! aisenblyde6l Abwsy wher desaprarisd, doghd3elrglease from
SUbasse”'R{I%r# rbINGL 4GS 1%'%ﬁlﬁkﬁﬁﬁeﬁﬁﬁ}%&%ﬁﬁss%@gﬁﬁ t!bem%?%léﬁx%”tggone

assenbly I T ner an er rive sleeve 1
|n|t|alhybahuMBmBmﬂMylﬂ&ndrel 138 t hat supports drive sl eeve 146 agai nst

i l.at t i d nmbly 116, Qu | 138
1o 1 G | RAER i el G BN OB B 358 4 g SRR arel
ext ensi %p&ﬁﬁ’ody[ 100364 upoh et Manigrblr At@ebIETPOEH @Rt inn&Hrhat@ret ool yl G

carries SInP iston 144 that seal s agai nst inner mandrel assenbly 116.
Those s quv\[n@g e,rﬁla{) odingr sifing 142 dyyrng @nerpgndrel assembly 116 downhole relative

to liner 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
that is generally designated 200. Expansion cone assembly 200 includes a cone mandrel 202,
a collapsible cone 204, a lead 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 operable to provide a seal with liner string 102 which

may or may not be a fluid tight seal. Cone mandrel 202 also includes an upper shoulder 216
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addition pistons could be used to nultiply the hydraulic force applied to’
drive sleeve 146. WD 2012/ 121857PCT/ US2012/ 025566 Pressure applied to
pi ston 144 noves drive sleeve 146 and thus the expansi on cone assenbly

downhol e. ® ezt om of its stroke, expansi on cone didtygs2612@assenbly 142
i npacts bypass sleeve 160 carried on inner mandrel assenbly 116 causing
shear pins 162 to shear and_opening byEass ports 180 in inner nmandrel
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are pr evdptedbatf tho mmpwnglg o aster Shsigreiaeal sadadsy22§as treefergplyi gieptar7iban the t hi s

configuration,.i.S i ni u 1 ; ki i trin
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col | apsi phgdrelane. 154 to radially contract. This radial contraction of

col | apsi bl e cone 154 ensures that setting tool 100 g%% be w t hdrawn uphol e
from | int044k ri Ag B seRdINolIgUrs 3, t HBARHAN ERICe2SHERH DB A00STS| BKith &% #idher

hanger 106an{iQ0 3 mutLbRaHNEA Yual $Bhe aBGmbBO2101R0n TRYufper [RhRAS e fhiom

liner string 102 wthout shearing |oad transfer subassenbly 140 or prior to
oper at i nepndiighipsion L AeH apseid cgne1 24 hasfa magimune guteispieaicter 2aR [that isfsgdr dban on of

2t or's! ORgkinhl 6e! @hhOUPS Ot 1BRLHE 6.0 SIS UIF 5250

i nner asse fromliner string est seen in ures

2A- achieved due to 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 slotted
assembly including a solid 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 collapsible cones of the present invention could have other numbers of radially
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
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I'ugs 124 that operate within slot profile 126 of inner mandrel assenbly
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assenbl mﬁa]x@mn(fome mm%dmmhm&ﬁl?erldmﬁdﬂd%Zacdmabﬁwﬁﬂqm@ﬂ&t ittebughr osr ha2de? t hat
is oper rec rabl’y, debris seal

n.
214" 5 Qgarbief GasliE sl dnd Bteayy FETPrTh Uper RO GOBnGHAPH S B ray
not be asdeliblyH200 B cor@dted HRNKpARIAI Bbcedd Jefdihg GodI NOL lﬂﬁ@Sbeax'&le\dﬁHaeﬁorﬁ houl der
216 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 3, to its retrieval configuration, as best seen in
figure 4. More specifically, collapsible cone 204 axially shifts relative to outer frustoconical
surface 220 of cone mandrel 202 such that radially shiftable segments 238 of collapsible cone
204 radially inwardly retract résulting in maximum outer diameter 234 which is no more than
and preferably less than maximum outer diameter 230 of lead cone 206. This reduction in the
maximum outer diameter of collapsible cone 204 is important as resilience in casing string
40, 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 a reduction of the inner diameter of liner hanger
106.
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WO 2012/ 121857PCT/ US2012/ 025566 operable to limt the extent of upward .
travel of collapsible cone 204. Bel ow upper shoul der 216, cone mandrel 202 -
has a cylindrical surface 218. Below cylindrical surface 218, cone mandrel
202 has anweudoeriziigsyist oconi cal surface 220. Preferably,p@utRo12f0es586 oconi cal
surface 220 has a ranmp angle of between about ten degrees and about twenty
degrees and nost preferably about fifteen degrees. Cone mandrel 202 further
i ncl udes[047loweRe aet 1@ Jizusprthgeid is slepicietan rparsire FRNCHSSIRUAARS t r avel
of | ead - : : 22, 0,

cyl i nr e &R DR EUgGng SR ERFordieE e RDRe BN E-T% BETAT 1o
limt th:ventiosrthatof gdesmllyadadignatad 800.ofExdangioncane asssabhbdp meiode] 048] I n t he

ar ound RN 2at CEHPPRECds 05 1ERheehB AR Rty B NRC Al ARRECC

travel axdlRpdiyleabangoshd nddicoad 366 hfagcde RRfrebad weandumhoodedeserly 300. cone
208,. Lead cone 206 has an oputer

mandrel 202 and. s |.der . 226.0f end c

frustoco P%Wa%?l@géng‘i@s\ﬁ Ct‘rﬁm&_?m‘ia AP erthefi 15 RRYTERLC Sospsegiye F{agbrbspper
end. Pref&r s tereRU (e ad&lePIONISAhCcIa I @ GBpet 2Bods 336 bpdribla Rolifit @tfe

bet ween about five degrees and about fifteen degrees and nost preferably

about t epxteré@f spward tigva of Hea! cenreaspaamily AHY | Relow upparshouldaidd beons wandrslur f ace
220 1s p;%ﬁis%géﬂuiggﬁ&?tsﬁrfac% b}"i‘@ ?3'3%8{ A g?gﬂ@ lsﬁrf'&te 39 g,to ne fn'ialthtep §%])l}§:s§cllns posed

surface per portion o e cone I's slida

around cyiltemfiustarahicalisuffacee 201 Praférablyneuterdnutosbnied) 2urfate330bas pomtp amgleof

col l apsi b cone ,204 is. slidab di.sposed, _around, outer frustqcopical

sur f ace ?ége%’ e PNt i dfeEges fﬁé%bﬁ%ggﬁr]%ﬁsde%rga ansde@ﬂStiR{effFfagFJr agboé’?heﬁ Jansi on
cone asseg#ites. Hbw SuteNfriidtsconietl suffacBR0e xpanaimitel 30D hagucaliidoivalwheke n dual
cone assenbly 210 is.in its upper location. |In this configuratjon,

col | apsi B¥% P304 inghudes,a ghoulder A2 6 orEv g iodirat the extgnt @ “@r‘l B§EPS t han
maxi mum g esn disaiimii$s1230 of |ead cone 206. This larger maximum outer
diameter 232 1s achieved due to the interaction of outer frustoconical
surface M048bf dwlee Hanigsted cmbodiment, deoidl eopsibes stddlpend spaingedispogesen in

figure 5, coll apsihl.e e i S 1 f. a s

i ncl udi n%rogndsg?%lpnéf nlrg%llnsgu?%o? t3 ?gg’fﬁ%é gnr?hglrgl g%g}é if @a@ %Esggggﬁﬁ?ﬂslﬂ)%?abl e
segnent s fri8@8conial ngfast 326 0P 46net hendrélei0Re elead Eore 30 bagin odtkl fpsedongalcone
204 has been icted as having, sixteen radially shiftabl e nts 238, it
shoul d bETTHEeRE: BHR by owe S FaaeRn Sl wimth o) PrtSriT oo Rehos o
t he presagﬁtoéhdm/oan&drﬁbe eﬁwhsk ahgmlq) Q’Ighﬁd%f epndee ras)omfﬁqeaaiagh' fleh gndSEliofu_t ahk? )
segnents both greater than and | ess than sixteen wi thout departing fromthe
princi pl degsest e Frost @rrferably edhonbicn Regeet | YNUhi thitalceramgy ARHF 084CT o

oper abl egf,@ofdnf41 §@dicalRY (9 prtansly YorOiier RsH &le! ﬁénipné’i%[edl)ﬂ olePRAEGbRdicHPON the
force applied thereto. Preferabl é 1n the run-in and expansion
2y

conf i gur surfasn 32%. Ax ppires portios ofieolkpyklaispye W0 slidablyrdisppgyd around cylindrical

2012/12 1§1§'Za% 1 ?ﬁéoc’lo%/e %é%gegi jg??;kgﬁ%f{ ggﬁlﬁoﬁ Lgff &%@gsﬁlﬁg §§Ile 304§, @ﬁ‘&%ﬁg; i 202

outwardl y radia props ra e segnen such that nmum
out er di dispdsed ad3d owed farsgeonitdlanrfacer3@8 of copememeidreliBdout er di anet er  of

Cobenbry Maigl 20 hsobety Lot FEDg, & QMR Ssenftly BB "is SGR H-h' ' Seplnsi "
configuration wherein dual cone assembly 310 is in its upper location. In this configuration,
collapsible cone 304 has a maximum outer diameter 332 that is larger than maximum outer
diameter 330 of lead cone 306. This larger maximum outer diameter 332 is achieved due to
the propping action of outer frustoconical surface 320 of cone mandrel 302 against radially
shiftable segments of collapsible cone 304, as described above. As best seen in figure 7, cone
assembly 300 is in its retrieval configuration wherein dual cone assembly 310 is in its lower

location after collapsible cone 304 and lead cone 306 have been axially shifted downwardly.

In this configuration, collapsible cone 304 has a maximum outer diameter 334 that is no more
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confi.guration wherein dual cone assenbly 210 is in its lower location. In
this configuration, collapsible cone 204 has a nmaxi num outer dianeter 234
that is no nore than and preferably | ess than maxi num outer dianeter 230 of
| ead cone wO@Go12/Ihiss7 snmal | er nmaxi mum out er di anet er 234 pics/&eli/Ms86E as a
result of outer frustoconical surface 220 of cone mandrel 202 no | onger

outmardlg radi al ropping radially shiftable se&nents 238 of col | apsible

y
cone 20403 pdielelhisr lSppaen EdnIGuPHET dAmelcad?hrt FadRona i eTuvgmEitrs 238
return taxidihrout® dideideiCIN is QdhidlddORy 4 RSk boF BEtel Brubib&oni @M YEFIce 320 0gM
maxi mum out er di ameter 232 of coll apsible cone 204 to maxi mum outer
di anet ercopgmapdre Y ap tingereowtwprdly2@4dially pouppjrehae opstialn sholtabls segrgatisifon cone
assenbl -\ ' - , i (pansion of
Tner sp g o3 oo R AE B crfuilBh dfi PRRYS sh bl RRERRLRT
downwar dé shetrhressmglrohfigueationaegutinglio Ghe edwntion droen R@Empmomitetakanidier F2roft

radi al expansion f as_.outer frustocanical surface 2 d Xi.mum out er
i et o 2B s 3D o B SR u SHRRAA PP ol R 5 T8 PR AR e
and pl ast it}}baxhhsdnﬂﬁf i@tlrtéﬂ dihrgietér M@l@psiﬂlgﬁond:méﬂ '@\At'npgmtdﬂesa ffésn?hcelr addasing
expansion force, collapsible cone 204 provjdes a .secgond radi xpansi on
for co asTHgA0nling: SAREsT 140 Qhbate MYFAESCCHRHARIOR 1 ippcs Q@?%%PBE%%F\EW&
hanger 108 daer kdifitdeTné aciudbidey ireRanskiAnR Rlr@sdimak! ¥r eafapsile! donersohanger
106. Once expansion cone assenbly 200 has conpl eted the expansi on process,
set t i ng cnades reOTVakenf spting ok AQkevenrafan $uch eredictiomef tho mnepdiageise of kel above,
and setting tgel 100 may be pulled uphole. This upward novenent of setting
tool 100 causes dual cone assenbly 110 to shift fromits run-in and

expansi dnf i Whilat thon, ineentioesthas ewan i desciibadr evidh teferertcs et Hiustvailve
configuration s.best seen .in figure 4. Mre specifi.cally, coll apsible
cone 20 m&)‘??lgfeln)f’ gﬂ? ??Sgn?téqnalts WL"‘?%‘d%foePe PR £‘8nq L%Qfahn&ﬁ;fl%?(:e Sof cone
mandr el n2@Rficatichs tdndt comblinalidng shi the ablustrasgmembsdididhts oks cotll agsiditee cone
204 radially inwardly retract, resulting in maxjhumouter dianeter 234 which
is no nsPRoHImeAtsHdhdingensionpyil) be SRR N PSRBT ABRID T BF a1 BRBFRPTonsdoof | ead
cone 206k FcApticHUE isOfhetdfork N fedhRXd TN RUESlenBlABRIR eRbmpRds! #RSiRhe cone
204 is inportant as resilience in casing string 40, |liner hanger 106 or
bot h nmaynedifigasions eregmbedimsatsi n t he i nner diameter of |iner hanger 106 after
setting. The reduction in the maxi num outer dianeter of collapsible cone
204 enables retrieval of setting tool 100 even after such a reduction of
the inner dianeter of l|iner hanger 106. WD 2012/121857PCT/ US2012/ 025566
[0047] Referring next to figure 6, therein is depicted an expansi on cone
assenbly for setting a liner hanger in a casing string according to anot her
enbodi nent of the present invention that is generally designated 300.
Expansi on cone assenbly 300 includes a cone nandrel 302, a coll apsible cone
304, a lead cone 306 and an end cap 308. As stated above, collapsible cone
304 and | ead cone 306 may be referred to as a dual cone assenbly 310. Cone
mandrel 302 includes a circunferential groove 312 that is operable to
receive a debris seal 314 therein. Cone nmandrel 302 al so includes an upper
shoul der 316 operable to Iimt the extent of upward travel of dual cone
assenbly 310. Bel ow upper shoul der 316, cone mandrel 302 has a cylindrical
surface 318. Below cylindrical surface 318, cone mandrel 302 has an outer
frustoconi cal surface 320. Preferably, outer frustoconical surface 320 has
a ranp angl e of between about ten degrees and about twenty degrees and nost
preferably about fifteen degrees. Bel ow outer frustoconical surface 320,
cone mandrel 302 has a cylindrical surface 324. End cap 308 includes a
shoul der 326 operable to limt the extent of downward travel of dual cone
assenbly 310. [0048]1n the illustrated enbodi nent, | ead cone 306 is
slidably and sealing disposed around cylindrical surface 324 of cone
mandrel 302 and partially disposed around outer frustoconical surface 320
of cone mandrel 302. Lead cone 306 has an outer frustoconical surface 328
with a maxi num outer dianeter 330 at its upper end. Preferably, outer
frustoconi cal surface 328 has a ranp angle of between about five degrees
and about fifteen degrees and nost preferably about ten degrees. Note that
the ranp angle of outer frustoconical surface 320 is preferably greater
than the ranmp angl e of outer frustocomi cal surface 328. An upper portion of
col | apsi bl e cone 304 is slidably disposed around cylindrical surface 318 of
cone mandrel 302. A lower portion of collapsible cone 304 is slidably

di sposed around outer frustoconical surface 320 of cone nandrel 302.

[ 0049] As best seen in figure 6, cone assenbly 300 is in its run-in and
expansi on



configuration wherein dual cone assenbly 310 is in its upper location. |n’
this configuration, collapsible cone 304 has a nmaxi mum outer di aneter 332
that is larger than maxi mum outer dianeter 330 of | ead cone 306. This

| ar ger maxwownonissy di aneter 332 is achi eved due to theEcmpus2ppiosséact i on of
outer frustoconical surface 320 of cone mandrel 302 against radially
shiftabl e segnFnts of collapsible cone 304, as described above. As best
seen in MhgtiB&lemedisne assenbly 300 is inits retrieval configuration
wherei n dual cone gssgikiyn 33k hfehBlyl b sdt@YER 1InOCRIger) Rl Efaniod kamsi bl e
cone 304 and | ead cone 306 have been axially shifted dowmwardly. In this
conf i gur ass¢mbly cespriEpgi bl e cone 304 has a maxi mum outer di ameter 334 that
iS no nore n and preferably | ess than
maxi mum out eyg%d%‘g%nélr%@%gﬁggw#e%g%%g@%g%r%agﬁ’i s smal | er maxi mum out er

di anmet er 334 a deaic horev slidehly dispesd| sroufd oht eond musticet canidc bdvimgirahaceer320 of
cone rrang{lel 202 no Ionger out vvardl% .adi aI.I%{ propping the radially

shi f t abl HULRoRHEAL Lrigee Wi p ARSI OWEHUABES 284, "t he unpr opped confi gurati on,
the radi al |y gboélfabsibleecone gnaanlysdisgdsed bt east tparially aesind ke 6wed frgstscdhicain
resulting iin the reduction from maxi mum outer diameter 332 of coll apsible
cone 3043WHcepbineatacdiadreldi amet er 334 of col | apsibl e cone 304. This
reduction in §Qe.qmi MIBRAHIG SHiffiRkieh, AL oRt IRRBLAGI sB&eIH4hé Sone
inportant as resilience in casing string 40, |iner hanger 106 or both ny
cause a mendret ragiirlynprope thangellapdibleneensr sush thahéc pelkgeiblel oBicahaser f&8tti ng.
The reductj.an i ' ' . i enabl es
rotri ovarsitgk By BB} BICl UL dH Bt S0k SRR B R tihel

di anet eramf |iner hanger 106. [0050]While this invention has been descri bed
with reference to illustrative.enbodi nent this description is not

'nt ended to BEACORSTAREIH AT LT eceNtsto IR AP gy e HarinT FLa R oand
conbi nat paesfr@fodohRall dukfdsd sBdh \BnemBREHINGRIOh $hatshel lhpsitsic Qbltekasendegtidrent s
of the invention will be apparent to persons skilled in the art upon

r ef er encBaximUMEutereiEnsten theds nq mofeghan the praxigpusn oyter dispaeter affihig ledengppended
cl ai s .enconpass any such nodifications or enbodi nents. WD

2012/ 121857PCT/ US2012/ 025566 What is clainmed is: 1. An expansion
cone assenbl y2.f or Betdxpmyioa dongessemblygernscitethén eripahsiboreit hiweons genditly
compri st P& an outer cylindrical surface and wherein the lead cone is slidably disposed at least

partially around the outer cylindrical surface of the cone mandrel.

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 claim 1 wherein the lead cone and

the collapsible cone are adjacent to one another.

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 claim 5 wherein 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 expansion

configuration.
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a cone mandrel having an outer frustoconical surface; a |l ead cone
slidably disposed around the cone nmandrel and having an outer frustoconical

surface with a maxi mum outer dianeter; and a col | apsi bl e cone
slidably dvepmaasisst | east partially around the outer fecwaisononiss@d surface
of the cone nmandrel, wherein, in an expansion configuration, the

outer frustoconical surface of the cone nandrel radially props the

col | apsi bl e done <6 RXRaASEN £ONE ALY 8Y Ksrkedag spimdswhersin thy lepd sonsiavf out er
di anet erthd BataphibleddoataRfally RAM foP&h&EafVE® tHeCSutdH ANRIcERicAfsutBe be@d cone;
and wherein, in a retrieval configuration, the collapsible cone

axi al | y “9p¢ fandrel| sthewy ethe oexpaesieiuteone f sl olti epgragdr frame thef crppasiedne
mandr el t i . cone has a second naxi mum out er di ameter
t hat is(%gﬁ%g%g%fﬂggﬁFﬁ%L%gggﬁ hﬁgﬁter dianeter of the | ead cone. 2.
The expansi on cone assenbly as recited in claim1l wherein the cone nmandr el

has an outer ,cylindrical .surface and wherein the | ead co is slidably

i Sposed-at | Peast IBBPURAFPY CARGRRNE GO YRR TE 1 pons ol P

cone mafdigdr .comprises anZnd EAg tIRX PiaiiS 1aQ1all¢ GraeclaFIRlRhy cafe Wk thedxpansiohai m 1

wherein the Iea? cone is slidably disposegd at |e sttparHiau%%_around t he
1eva &on é

out er fro8¢ BEIRPI¥ AT oRstatgdiizem die REsIon fantiggog) to the re A% pansi on

cone assenbly as recited in claiml| wherein the |ead cone and the
col | apsi bl e cone are adjacent to one anot her.
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5. The expansi on cone assenbly as recited in claim1l wherein the
col | apsi bl e cone further conprises a slotted assenbly having radially
shi ftabl e segnents. 6. The expansi on cone assenbly as recited in

clai m5 whgoeireizesradi ally shiftable segnments of the peqldsa@sidses cone are
radially propped by the outer frustoconical surface of the cone mandrel
when the expansion cone assenbly is in the expansion configuration. WO
2012/ 121857PAT/ USZomsthod Exgeiting 2 liner hanger{be methadh soBprivtgie assenbly as

recited in clapmyi, a@’g&ﬁﬁhg ol RGBS RN ANEkphiGort Ml aRSYIE we@neifesi al |y
shift together relative to the outer frustoconical surface of the cone
mandr el saiegintlnding gedmei oamgerone assenbly is operated fromthe expansi on

configuration to.t retrieval .configuration, 8. . The expansi on cone
cosently as. natfiialfs L FY o SRIPHRRE L wetborm ctethes {urt her conpr i ses
an end cap t happlylngn foreax theldoynhsladiéctioh td the ckeaasion oore asbeeibly hehebgpansi on

cone assenply is operat fromthe expansi on configuratjon to the retrieval
conf i gurla&b e T B PSRN (0107 GBsBErmbIS Tadialy ekpard ot ast

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 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 outer diameter of the lead cone.

10.  The method 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
comprises axially shifting the lead cone about an outer cylindrical surface of the cone

mandrel.

11.  The method 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
comprises 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 cone with the outer frustoconical surface of the cone

mandrel.

13.  The method as recited in claim 9 wherein applying the force in the uphole
direction to the expansion cone assembly further comprises radially unpropping radially
shiftable segments of the collapsible cone with the outer frustoconical surface of the cone

mandrel.
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9. A nethod for setting a liner hanger, the method conpri sing:

operably associating a setting tool having an expansion cone assenbly with
a liner string including the Iiner hanger; lowering the setting tool and
the |iner woromg2isst 0 a wel | bore casi ng; appl yi ngcardserem2sseés t he
downhol e direction to the expansi on cone assenbly such that a | ead cone and
a col | apsi bl e cone_of the expansion. . caon ssenbly radially expand at | east
a portion of Tehe &Pﬁa}eﬂﬁgﬁ@w“?iw&la&aﬁtﬁe er ATy AR Hkseshs e eVt t he
col | apsithd Ra&6diR ai@wietgll@bsibld &dne WAk aflend digaamh@éxphmsn done hae@ely. t han a
maxi mum out er di ameter of the | ead cone; decoupling the setting tool from
the liner string; applying a force in the uphole direction to the expansion
cone assenbly; and axially shifting the | ead cone and the coll apsible
cone relative to an outer frustoconical surface of a cone mandrel such that
t he col | apsi bl e cone has a second maxi num outer dianeter that is no nore

t han the maxi mum outer dianeter of the | ead cone. 10. The met hod as
recited in claim9 wherein axially shifting the | ead cone and the

col l apsi bl e cone relative to the outer frustoconical surface of the cone
mandrel further conprises axially shifting the |ead cone about an outer
cylindrical surface of the cone mandrel. 11. The nmethod as recited
inclaim9 wherein axially shifting the | ead cone and the col | apsi bl e cone
relative to the outer frustoconical surface of the cone mandrel further
conprises axially shifting the |l ead cone at |east partially about the outer
frustoconi cal surface of the cone mandrel. 12. The method as recited
in claim9 wherein applying the force in the downhole direction to the
expansi on cone assenbly further conprises radially propping radially
shiftabl e segnents of the collapsible cone with the outer frustoconical
surface of the cone mandrel.
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13. The nmethod as recited in claim9 wherein applying the force in the ,
uphol e direction to the expansion cone assenbly further conprises radially
unpropping radially shiftable segnments of the coll apsible cone with the
out er fruswoeoniemss? surface of the cone mandrel. WO PCT/US2012/025566

2012/ 121857PCT/ US2012/ 025566 14. The nethod as recited in claim9 further

conprising limti t he lal travel of the l.ead cone and the coll apsible
cone wi th an lend Cdpardahls HeeHREFoYTEBREREE DIy, WO i

2012/ 121857PGliddSAd2h B2mobhner hanger didfosed it :8%PAGIE M Belcbfier hanger system
conprising: a liner string having a |iner hanger disposed at an uphol e end

thereof; a setsciting teadeperape pespfipteyg8idhe e haRger avfle | i ner hanger; and
an expansion cone assembly operably associated with the setting tool, the expansion

cone assembly including a cone mandrel having an outer frustoconical 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 least partially around the
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 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 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 cone is slidably disposed at

least 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.

18.  The expandable liner hanger system as recited in claim 15 wherein the
collapsible cone further comprises a slotted assembly having radially shiftable segments and
wherein 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

expansion configuration.
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.

an expansi on cone assenbly operably associated with the setting tool, the
expansi on cone assenbly including a cone mandrel having an outer
frustoconical surface, a | ead cone slidably disposed around the cone

mandr el amsohenziagsan out er frustoconical surface w th FCTVES201210255641t er

di aneter and a col |l apsi ble cone slidably disposed at |east partially around
the outer frustocqnical surface of the cone mandrel, . wherein, in an
expansi on conPt quridf ic3pendatie ek Bineer SRBCEIELY Buleimes SheEReE g
mandrel doadaad the cBNGRHIE e GRlal IR BEIfRbLotIeP REatsteab thd RltertgtoeohitaARGIAce cone
has a first maxi mum outer dianeter that is greater than the maxi num outer

di amet erofgthe icpae maadret svhen thggxpansion capepsEmbly] iy eperaiadr framathe cEp3Isipar at i on,
t he col |&B§%\Qh§mp@q&‘e Rl ¥nfiflirddoh. rel ative to the outer frustoconical
surface of the cone mandrel such that the coll apsible cone has a second
maxi mum out er dianeter that is no nore than the maxi nrum outer di aneter of
the | ead con 16., .The. expandabl e |iner. hanger stem.as,.recited in
cl'ai m 15 whertd n (e SBRENa R aR RS AR Ry PR B G

wher ei n melrdl fadhe aoenpiriSessdn elabéay tHatsiasedxialiy trevas of plar leadilcbye ahaurd t he
outer cylindrical surfaﬁe of th? cgne ﬂ?ndreln %7. Jh@ expanqable

i ner hattgaPiay §Qnsnfssemply s  @graied EPTy HC1 SRR CAREitioB g Bg fatrieyd

sl i dabl ycodfignegsd at |east partially around the outer frustoconical surface
of the cone nmandrel. 18. The expandabl e |iner hanger system as
recited in claim15 wherein the coll apsible cone further conprises a
slotted assenbly having radially shiftable segnents and wherein the
radially shiftable segnents of the collapsible cone are radially propped by
the outer frustoconical surface of the cone mandrel when the expansion cone
assenbly is in the expansion configuration. WO

2012/ 121857PCT/ US2012/ 025566 19. The expandabl e |iner hanger system
as recited in claim15 wherein the | ead cone and the coll apsi bl e cone
axially shift together relative to the outer frustoconical surface of the
cone mandrel when the expansion cone assenbly is operated fromthe
expansion configuration to the retrieval configuration. 20. The
expandabl e 1iner hanger systemas recited in claim 15 wherein the cone
mandrel further conprises an end cap that limts axially travel of the |ead
cone when the expansion cone assenbly is operated fromthe expansion
configuration to the retrieval configuration
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