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| NVENTI ON [ 00011This invention relates, in general, to equipnent utilized
I N conj unckwbamankisey operati ons performed i n subterraneagTwshdizomsags in
particular, to an expansion conemmmmmwmm@r setting a liner hanger in a
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BACKGROUND OF THE | NVENTI ON [ 00021Wtdout limting the scope of the
present invention, its background is described with reference to

constructing a suplghLANERNCORE AsSPvBL Y FBRREITING A LINER

HANGER IN A WELLBORE CASING

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 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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[ 00031l n conventional practice, the drilling of an oil or gas well involves
creating a well bore that traverses nunerous subterranean formations. For a
vari ety reasons, each of the formations through which the well passes is
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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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hanger afobez] setd bitGembodhetd 1iRé 164d 8oL hnkl HES2ONDEDEHE 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

collapsible cone having a first maximum diameter that is larger than a maximum outer
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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 I, 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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an expansi on cone assenbly for setting a |liner hanger in a casing string
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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 other 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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end 50 Ofubhss&tly 4P ithe imPudX b Piisn 14, Gl PR sREAX 1AM, taYsuf»fEbr{ heg 98 topne2 of
wel | bore 38. [0026] Even t hough flgure 1 depicts a slanted wellbore, it

shoul d beandrldpeteasad syp 173 éolédlpw |eecgng hﬂwé adead qonad 5¢ hleeadspog Ex6kest or
I nstal | 'mu&oéoh{eﬂ[?lb hég h%l%gnzp fifkt GRS FmBtel HAPisRLRYECHE] Yhe metr%un?e‘i'er'o@ a

subt erranean we e pr esent 1 nvention Is equa suited for
use in WemrbmmESIWémuhgsgph@pu@rd@n@ﬁiﬁmmgahnmrddnng:uermw@amfmefhmmres

hor i ZO”tH% e gD éagapgmé' Jﬁ'nle %Erhﬁ% Fﬁhéepg r‘?asce%%ttl{ég b fer di d%‘}r?e‘?érdt'h&gl' y, it

shoul d be erstoo ose sk
directi da@br ther e ssculd calserailmmvaer dfeéafdwnnupmarTogedmrc,ollbm‘im donedIGWmnﬁr d
uphol e, downhol i i i

and the like are ysed in relatiop to the illust
ehbod e R G APe R iout § AOA 17809 FYEPEY: e bHGre T bei ng
toward td@afste @énet 158 dn@fltadodont NS6 &Rl RSBRACE Aas axgwpanﬁ&dc&needsg,émol e
di rection belng toward the bottomor the right of the correspont |ng8f|gure

Al so, evVenlapsibiggang i?ﬁﬁvél I¢adypF d£& amgrinigphys Frepischiver eomp dainchar petien| ]
under st aad;RY h{ddes R0 itk tetifle ihet BRmRIE of naér hfangeéa@w mgésenhe h kgl 1 ng a

liner string in-a casing string previously ins In a su t erTanean
wel | bor ecobfipsitiecqned §éand IembetmmléﬁWItboetdlaallngi»ewladilalémxpénldeﬁor use in onshore

operati 0[8631] 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



[0027] Referring next to figures 2A-21-1, therein is depicted an apparatus
or setting tool 100 for installing a liner string in a casing string 40
previously installed in a subterranean wel | bore 38. Apparatus 100 is used
to run a | wo15tigshg 102 downhol e. Liner string 102 i ngdpg©s1ekiral ity
of substantially tubular sections that are preferably formed fromjointed
tubulars that are threadably coupl ed together at the surface. In the

i || ust r atedectiopddinge hgnger { Ofe pauseq i fagexeomlq. byl raliense an liner hpaew Hde epsingc| e
104, a | 1 n b such
that 1 o R e iy B8 o e PR pore, BB b, A 18
subst ant inz¢rtipntapablhe sdhestive maofetmledhmme 0880llpeib283oAp tiaﬁaﬂusrbst@a@ewestmg

Pos 'n;:ogpg%k?ng qf%‘ﬁ‘esé \ﬁga%‘{l&t g‘@g?’ag‘sé@r%b% thlcl]ln fffer hafldc $hid o' @-Oéerah% angﬁP‘?gé‘Bmgl |t°
Appar at usceh Q. |ncludes a plurality of substantlally tubular nenbers that

may be referred. t a tybu mandr subas 110 that coo
t oget herﬁlpgglf or i g‘ea]i‘fffr?‘ﬁ# B%P%‘mﬂtz aéﬁt‘eér?m’tggl LS% &O BlgI & Vi dr el
subassendiiyg 34,CsigdiGé e @tcamalBReEqURRE Yo %11541 tmtstrﬂtgyt obeo o rdeggtabibyatdnd

sealingly coupled to other conponents of the work string at its upper end.

Upper bo@ﬁrﬂ%li%lx@ devijagpdphgrizents! e autHycebusilges: ol knforeenem tmenrlice issenbl y
116 th t nbl
tha ﬂ? %%Owéljﬁ%tﬁl ity Qg;ePanpPﬁr afhUfie mmgt@t%gud;quﬁtetaase y

116 is f . sectiions that are and
seal i ngl EpOth@pUmr b@@et IH@ppbgs tbodorerwayd $or¢el ® inngp\@andrel assembly 116 via lugs

20121 12157 FGTINSRO 025990, LOREITRRL €1riASHRTPk . TRaRE oL B gRga0! v

and seal I’ ng K str ower
end. An bift @r owéraameirémﬂ 8i da tdbgeamabﬂtq/omeumlaedfelt extummr 1 3Iaod17he1de<t~ramb

includes.a |l.o iver 122 t t i oned nd_.j.nner

nasendl yoreds I sERTg i 20 ptldal GoE b dRePy At aplne Sinne e

cooper at Radvrafsf@ sab&berlof140 easlbdbt @En iMfiire Q@ndA@Jordiﬁgiji‘ﬁbé Hovkdifble fscdest
seen in figure 2A, [0029 Settlng tool 100 has a rel ease subassenbly 128, as

best seeffopverk gtrrné PBis 4pRbsdit Iy atrpeo92 yelesd tramdert syhgsserably ddl) rOédlet o an

outer mapgdL @éceﬁt%&l@ n64 Qfﬂhé@t %pﬂYcaﬁor%M &vidh¥leQbrcs B? ?rfe RbAiRioch38ne Qs'érﬁtgly mandr el
ext ensi on I's securably coupled to inner mandrel assenbly 116 by a

plurali tgﬂﬂéﬂ dofacd Baer singy b} 1sspesiioned i dpardesigeg, locaticarin veatliiers| 38 Xinemsi on

132 is t I 0 QUi er r L$ j ved
W thin tngaEgrdﬂE) r}{e)ggé;?)g%ﬂdetdlo—% éx}a?d;gﬂéi h% st:QI g? V@%%&ss%ﬂgﬁ&leﬁpl ct?gg’ as a
ring 140ddn\&mdogmhd)iealroabt:cmetlmmh)ortmnt ]tirSeh[(daﬂl lingpdanger d0€ dy aliotxtpamsidre r
mandr el 138 ai n |e back .receptacle 104. [0030].As best
ceon in figenas saRSmb i LE; AStheGhil i aesobnr i dhoren e g A
subassentatmau;tézpahhmnd ma‘dnua:lgscieaormbslttam:aaé& 108, Pi’éfe\/@)lys kieedal dohl assRmbHppor t
ring 148, a cone nandrel an end cap 152, a coll apsible cone 154 and a

| ead coné Sizg. toLVé‘éH‘“E(ﬁ"F@a‘EBH%Q?S%\CaWLf&etf%ti”ohp‘%falllangﬁab Keahi that &hef pyier out er
di anet er gt Rakr bP 1ig&Aah ér fd%at@ prdiSed ﬂt%%réﬂi \?%@ﬁdegeamt %Et Et?tr\gf?ﬁ cai and a

second outer dianeter is larger t I nner of I'iner
hanger 1960g G | abls ithtst elh@traied 1@5mquasert§,n lipent éﬁngurf(&c@ldmﬂat adurality ooff er

di amet erei Pct&iﬁ Her?ttal g{ a8E178 t@ﬁ%gﬁﬂanﬁﬁeﬁg{% belﬁf&tlig%ﬁlﬁt ?n[% éfbf | ead cone 156.

Toget her, a Si bl'e cone cone referred to as a
dual conmoaslsentztlstdxscirssg@wt% expaitonnaine dele iﬁﬁssemblﬁ BashébLéesapive sikbéke and
| ead con

156 may be referred to as.an _ex sion con psi bl e
bone ToaTAT % SR B S eSae ore ey o R et Berion 1o o SR ophie, Sk
portion d5& géevtel1r46rmhangabutt.Qﬁterwﬂatdeeltths thzttrtﬁlgl) shsadmiceslet 1d6nghinganger
106 is large enough to accept coll apsible cone %4 and | ead cone 156

wi t hout HWavinayrhale relatygitatheyinese ppandesd 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.



[ 0031] As best seen in figure 2G a bypass sleeve 160 is securably connected
to inner mandrel assenbly 116 by one or nore shear pins 162. As best seen
in figure 2F, setting tool 100 has a collet subassenbly 164 that includes a
retai ner 1%6,20030985168, a garter spring 170 and a col | eicTass@nispecl 72.
Col I et assenbly 172 cooperates with a mating profile 174 of Iiner string
102 and js supported withjn mati rofile 174 by a radially expan

porti on GFSSPrGHP ertfogysiom | minies dred slseved Ryd g h e[eeseﬁmomoawsm éSn
setting dathok00Ak $heU§&ﬂm§ %flu@sstt@ké éx'pﬁ‘l?s'iorﬁédde”dhvleos%bhdﬂerﬁ@@' ne shpaeRg 40.
Importantly, this is achi eved without risk of getting the éxpansion cone
assenbl ybyprssskeern 140 qpaedrangesr mapdrehfssembly dd 6 cangingishear piari§2fo & andt hi n
casing s i / 25566
Caducti o BB e R e o e e
hanger 1[(!)637]casAftgr stpandigg fiferdranpat H6, Speng foot 400 yan bmdeqosmlecbffronhbner
expansi on .co senbl y, of, the.present i.nventio enab es, sel] ect,ive. di aneter
Feauct | onFioE | R OrEde disa B RS ReseliB ok dn o HERoRRIGIE Ch Tt

expansi ofpphiedfomSseRiztring M4t itAnd fer@r toNaaD@insid Quinkicaibly mecvhmrag@t% tit06 has
been set. L00331In the illustrated enbodi nent, as_ |iner strlgﬁ 102 is being

run downtisk secgptaciad Pk értmenkbusarated§n@ﬁﬁilmeetarlﬂadft@péfér fgsspablyeldliif adingo push
l'i ner Stﬂh jsf?éllrib@ﬁ !h?e%déje%ffﬁﬁé f&&%ﬁh‘%ﬁe oQﬂ“{theCt?\le@ﬂd Wllnqugerh@tﬂ%gads

hori zontal of ateral we ores force fromthe surface is applied
t hr ough mhéarstffrthﬂgngxkhtom alipwe relgodyndverent ietwdee nmandrel mgpassombiyglidanidon  of

setting tool bo a forc to |n
mandr el Qggétn Oilgﬁvfﬁg?p a(ﬁéfuggﬁﬂﬁﬁ%Hnggo W?Mafgﬁve " ﬁ??e force
is tr ansﬁ@lrcr;edoﬂestmlem’mtyenmm@ﬁ@ codlstsapdmhiyy 115tat r@trmﬂﬁmarmamﬂfeedaselﬂ&nw a

dogs 136 and outer ndrel extension 132. The do hol e. for e IS t
appl i ed PR St Hadtsrey Elaons seioe 5%k105e%@5t Her atripgal (¢ T]ileﬁ%q%eétn ng

102 via Je&ﬁ{é 1641308 HRY bs URAdReARIpHold A8m 1Bfer BERE 1 GEA dubof the WeBbHE:
Accordin t he downhole force fromwork string 44 is a@ plied to |iner
e

string 1 ngﬂy | Mok spesHicrBY. aubrss seavbiny figure Bh @q”ét BepetbhetEpisaddellyos
wi t hout dﬂ]@@&’t&%ﬂo%ﬂ%&%m@nmmgﬁ% OJS OIS 7RYial ) PORRR ? ARG ARAGHP! V-

[ 00341 't ner string 102 is Itioned int Iocatlon in
melIboreC®8ﬁahkm@bfH@mgeﬂe&©6ﬁnaymh@g@mwmmd@dnmﬁa1&&@@dd4ﬂwna¢wm@ngmr 106,

t he expa n V, ownh her rtion
158 thr ofl]%h&l“fnﬁgé)lf '?%lgt?vqu% %eé %Sel% h’ ﬁgx%a\ﬁ@?rgn c%or%g r |r{1/€énté) ﬁ nélgrs en q?cl 142.
As the duaémlﬂpr]% a;sl&emlb yoMssMSMpm@hamownedogbaagm relf@& into thaehdailllyy

expands a | ast def rns i ner er f bl t.h
e iR DRt s il Bt LIRAR Toh? ias orh EF Shnhisoiins 1ioger o
106 suchcindssehBlyortoel peivaned &omodhittihg Shck@RamblelRd rb&g@@ﬁ%%@tﬂ rhdtn@

gri ppi ng and seal ing engagenent with casing strin I'nthe illustrated
enbodi mepfefile] i7des dagn & arg oevierted fapsmavipe Grsishe %f18%|bwcgaﬁfreﬁp§ns 149 seal s

178 to fRGhicbaiGrafhl &4idd%ed 1@@?1{3 Wet\ﬂthﬁf’a%n%h&rerﬂo‘ﬁghﬁ@ str{n Q8% 1A% out

di scussed above, expansi on cone r|ve subassenbly 142 includes drive sl eeve
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-



146 that drives the expansion cone assenbly through Iiner hanger 106. The
uphol e end of drive sleeve 146 initially abuts outer mandrel 138 that
supports drive sleeve 146 agai nst noving uphole relative to the inner
mandr el asgemglyiaiskd. Quter mandrel 138 is affixed to ipAels0B0E50s
assenbly 216 by dogs 136 via outer nmandrel extension 132. [00361lln the
illustrated enbodi nent, drive sleeve 146 carries a single piston 144 that
seal s agdBripper badar! IAdas revardly seaidipg1us. 12fbaopstard wiskin jsiot prs@lfai% i |1

recogni z P4 O c e lic
force apgp&hgﬁnagp??%@gglgeveqﬁ%éﬁgk&t?%%¥§ 2% Eﬂ#f@gd%g/%% &%

Pr essur ecaapiplingol 4 tongistit and ashonploe of dhei type lsmce’ev® tha® skAbbdtim e a.rhes J-
expansi ofj o L, it ion
cone.dr i e aBs SRR B ALE 1 26 eiConeh Ol e /o8 Mg SIRERE
mandr el a&smﬁleylﬂslﬁefmauswagresémaﬂespl865 Ih6tﬁetr@mﬁxli@aasnf@ndmop,elmgmgzbymass
ports 180 i.n inner nandr el assenb#gléé6r§ uaI|Z|F% ressure an glston 144.
[ 0037] Af FEF V¥ PaffdPHg VT MR TREmGErsS 1 et'F ORGP P HME oth [YE fedBupl ed
from | i n@gwible diftchéi2todider Bidr& e sbnitdy 1 he WHeflatCE deﬁ&dd@&ﬁbé@%ise&h%Ve
force in the downhogl e direction applied from work ring 44 is transferred

to | oad PPRALY dioms lipgsHEnS |12, 1mtrtRE | WpRerabeYs | t4 élbb)és% P”éééﬁf‘a@‘?”é weer. | n
the 11 ustealed RADAA MRAL udpetody AN [PMoSURBIARILIM.dADI find Mlafiicl hat
has shear abl e threads. Sufflglent force in the downhole direction wll
cause t hesserhblpald$ whilss thegsr 124f fravess thie igngusiotsh uatill wegivedeimrdspectivelewemt

bet ween g%%%lggbassenbly 110 and liner string 102. Shifting of mandrel
subassenb g’ ownhol e relative to liner string 102 unprops coll et
assenbl y[0oad® al denn@pe[olbdd@tllaasemgldpwhﬁaletrdam\eat foaiht inmwaratd@hdssembbase
frommtjing.profile 174, by rel .hg settin ool 100, .from | i ner

St ring. 108 B e dine s TEHE DY TH08 O b SRR RSP oS WPTm 1§ ner
string lghdiyand rdiles @bwhtige, Wal driradcdver [| 00 3&tddy Rleanewbhdsembllyy28 agd biests seen
in figure 2H, collet assenbl 172 is radlallg supported i nto engagenent

with mat ihy PR Etadmag prop ﬁ?‘ﬁﬁ 139 do quter Ayndghestensiondl 3ex Janr slseve B9 | et
assembl gL idd dogk %@ﬁﬁ?&gﬁé@ﬁh&ﬂ%ﬂl@éﬁ&fem\mﬁ ﬂ6%¥1 laF¥tk &ft&fduln%rélZé’se%MmVl ng

prop 176 downhol’e relative to collet assenbly 172. Further downhol e
movemnment 1 Bfrelatineto ineardnasidreh assemblyyl 161 8 hps mdien desumor@dl dags 136 bdensefromy 164

manar ot Sg AR hEHHRCHS PRCulshE it BEhing) LESHBEN ROLd kNS SR o,

assenblymkﬁQ:m$a$mﬂM§nQ&d fromshifting back downhol e and reengaging with

mating p as dogs, 168 a vent ed from novin ast sho er 182
oo g, DBy, © A BRer AtRu SRoiidy RIS Kb b PRt ratirEiSteR 192

wi t hdr aw?pépb@dyel [far 29 Upoh @ined hlah@] ds8enind 10¢d did¥e Toh& rmldkémgs@mbsm 16
describ reater detail below, setting tool 100 nagﬁ@f wi t hdrawn uphol e

from | i négwndpliralgtivote lier weng 1&% i Ruiying innpemendsel nsseam e bidedoaabalselotivg ¢ hi n

l'i ner hagpqggk: etal%ztnm?veggl%g 1969 (ﬁ%ﬁ%ltg%%nt'\ﬁtlp&‘ﬁ'é@eg%é?nﬁl?Iﬁ'aghé%nﬁ&' ft
relative to coné mandrel 150 which es col |l apsible cone 154 to radially
cont r act aboVhissch thdi sdttingotevk H inenbofvitbdieivapehdlk érooohn@r s6hgaf2 nd out dfat

setting %o%%“&gﬂ may be wi thdrawn uphole fromliner string 102 and out of
the wel I B8P W Fhout sticking in |iner hanger 106.
[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

10



[0039] Alternatively, setting tool 100 may be released fromliner string 102
w t hout shearing | oad transfer subassenbly 140 or prior to operating drive
subassenbly 142, if required. Specifically, application of a torsional
force fol | woedi2ny1sappl i cati on of a downhol e force rel eggaayshéRsssp@ndr el
assenbly 116 fromliner string 102. As best seen in figures 2A- WO

2012/ 121857 S2012 /025566 2B,  upp 14 has inwardly protruding
| ugs 124°Heha§f1— tBIEf ibfhs exiephpireyad tr ‘fegf’f ?(glaﬁﬁéle('ifmq HHlerBiiam dpear shawésrpl y

116. Sl 0f16pE6Hcl hndkd G002 Hak lacbﬂyﬁnmral Wirfé DYS. Ohef%lv\%yhlﬁﬁhéﬁ sufREM 1808:St 1 ng
of a long slot and a short slfot of the t known to those skilled in the

art as ngmcts‘tlsZOZTﬁ&a@ﬁ@ﬁet frystogogicef susfage 2 oPiefeéabim)u@reffmmmppérsurface
et A R A b dIE of BR6kcBh b Abn AL bl ASSBLLRS L0,

recept acles e running configuration feceived in
respecti mefetqbpeaborueﬁ&petnadﬂgme 1834>nand1nane1320m€1rra1bi mctudeetaajmmhoadefrcmae in

t he domnho di recti.on ner ndr senblly 116, en it ired to
decoupl °K eitr?g}"f‘?) Wﬁfr @?‘elsqfrlfarsc}gcoﬁ)%& bﬁlﬁf”v}rgﬁ'ebﬂlﬁ’é‘ dsebgg%s, 114

di sl odge@nhug@dﬂaékoﬁrmmwppﬁlarlﬁae@ﬁ‘a@ctm 184 @aph08! ihewsesUPRESuIROdN6114 to
nove downholia E‘l ative to inner mandrel assenbly 116 while lugs 124

t r aver se”RERRI B HGILhe extentof dpwiwrditrgud of Aug! é%‘l?eaéﬁq”\}’éy?&/\er recept acl es 186.

[ 0040] Wygp43{PPEln h@mu&%dmquwma %oﬁeeb@é hg/@h&dglyt J&ﬁi Le:mﬁg dﬁ?&%e'
assenbly 11 it releases the inner nmandrel assenbly fromou mandr el

ext ensi oeﬁomlzcyll;\én%b pefacp@dy of tanaymerdreldRrand| ie optrable rto treteélamtly aRRg
cont act S%lﬁ{jﬁc%ﬁ gl{rga'rép§§§ SRl¥, &ﬁ%la‘%{‘?zzsg"fe%%%lg?'ﬂﬁ% & B s}%‘ﬁd&eiz%' Hdg prop

sl eeve 1 reI ensi on eeve supports dogs
136 t hatcaprifdgeLeadname rm)ﬁdraelana&sanfnwocbﬂlﬁalamlfaaé P& watht ermamndhaiutassenbl y

132 relative toin 16 Thus e porte dogs
136 1ol e DA Ao AF o Ry TS R SHITH s it ARG of
assenbl ybeldk&ntaBolrhe deglead Andeabbt fifedeR AS B SURATHEAN PlcYerdAs ab&u@%ldegfewr i nner
mandrel assenbly 116 is released from outer nandrel extension 13 upper

body 114Nefetthat (hormmargle phAuiee frusecmiy] yurlece 220 iy profesably wagatarehty die
assenbl yr,d, Qangl%wtl‘ﬂ of fuSbaddide sﬁr@acf: hhgr A%tdr’%)&gpo]rggn o JIMp B! CH 5o4gndr el

assenbly 116 downhole relative to |iner 02 noves prop 6 out of
engage meshidaly tdkspowsid| asqund sybindsiopl arface 388 deswei hadra@éde A sweh pbhwn czfet ting

t ool 100 t ole fr mI| S 102 a

vel | bor € WF%@%] 2% ?\r,]\gl dée&té?pos Slue Qutef tﬁéuPtgigW“iai SH@% %dog One
expansi anambﬂeoassenbl y for setting a | i ner hanger in a casing string
accordin an e odi ment of the present inventi i S _generall Ly

oot gnat 2000 ABESEE i Bite® de cEMBRn Z08° RErde 20 B hasnaiah éht302,
col | apsidx BnSANEONE atléh M@x‘éuﬁ@t&? cSitOaRBALR 16N iF AP upP&- loLRiodt QBQQmabOVG
col | apsi bl e cone 2 | ead cone 206 may be referred to as a dual cone

assenbl fogﬁeura@héom@kefonzo?@‘hl}ﬁlé|aua@gmamcw%ru¢wre?téh2}2arhagr%léxgér $p t hat
i s oper agh8mhf J&&Qﬁéﬁ?et& ﬂ@%'lé"ad %@@é 2()7614Tl¥1§1ﬁf'g%¥ Phaxfrhih sﬁ@balxmegfs@ﬁ é seal

214 is operable rovide a seal wth liner string 102 which nay or may
not be aachiemddduq @H e guerhctioGori @uten iisteto@P sufase 22%@fu@t®smandrtlp1ﬂéran§houl der

216 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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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 anweuoeriziigsist oconi cal surface 220. Preferably, p@yteb1dgassst 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 udesfrustoconisnl syikas deP b zong pupdisl 803 guimardly rediallyerioanraditly bl t r avel

of |ead %m% 9?8 sRa! W h E\{\‘éﬁm%rﬁ%'ﬂggﬁfeteg%% isq Stﬁ%{]?'féaslm%g%mm

cyllndrl surftace 224. cap 2 I ncl udes der oper a e to
limit th@a@R@en®XﬁﬁWM®mnmun@4travel of dual cone assenbly 210. [0043]1In the

illustra enb I 06 | | d
ar ound c@ﬁgsdrlgg Qgﬁ% %c% %??%Q %bﬁgm%ﬁﬁd%gg %: |s ngPa ﬁggﬁg
travel acdndighsatien ehgretyduahchmic asdendbiy 2 Hcie i1 24 ovet Waamms Hauhid eonf@?atmﬁ cone

mandrel 2 d sho r 226.of end cap 20 ead cone 206 has a ter
TPust ccortBa e pramtis 5 o T um e RS 204 s SPGR BYpHE: PO per
end. Prefesy 8lah YmaxoMb@r odtdrUShiasen D es@bf $44df @ae 2088 11as sRall@Raangho@tr

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

about t eHaRelsF d¥kis ackicred 4 repHbot K fRysicanist! sytfecsr 220rfcone B! 2®ur f ace
220 4 f
curt ace” SoKERCbUURAL R 1AGHRE oD Bk Qi s IR e sed
around c304. nlarthe ahproppflamafigargtian, radmlly shftedlcedcg@es 2A8 rwrto ploait festngof

| | apsi |
col | apsi gdfglgg@nsn %é%ﬂnﬂn ﬁ théigeg%xmﬁog%]sﬁ% @B%Umeroaméte{ 53‘?%?%@1%%1%

surface cone na est seen in ure expansi on
cone assambl204 m@aXimunmutdzrsharmmenZM aﬁcblkap;)blnsomﬂ(léonfl gurati on wherein dual

col | aps: DRAEI ondroperpia of SRR o8t srony A eul 9y 3 esthted PRAMSY ¢ han

Maxi MUM gl er duingreRp&isiod 6 10fer lst@lﬂﬁ 102Né pdfkfon ddhic SusdeaibBe LOGVBXh vl iealtyer
di ameter 232 is achleved due to the interaction of outer frustoconical
surface ¥pGnofovapyisdliehtpugh 1pop hangsr 861 apgidosanecHifepogules Ake Hesiradidbn jn

figure SexpafdibfRedds@ut?® tRist@Oshidag sdr?acE heg LRl ALt Sl digHaSSREhMct
including 'a solid ring portion 236 a plurality of radially shiftable

segnment saEIRshdvGugh llgtrdtaggcz41©6tt¢1@|d@|ﬂetem|d angtplasticalp defarme dinerdps i 186 cone
204 has C e a 238, it
shoul d bgag)ndgggiteogﬁg %Eatl hhbgé "Ieed%lgllrl] P ?\ gle éiérn%é %?)Qaérhé’ig%: %%g e%%%lnes of
t he pr ese«pansumlﬁma anmaxiuiuch hlamedlemhter 2B nbreads add padesahfqugh: hinétt diger

segnent s t eat er. than | ess .t S|xte t|n fron1the
o Pher pi Mo Tt i kDG S hca edlifost e e ioRe sk RSB Saich, o
oper abl eassémblly @00 mascahpl¥ te@liﬁé’\@(ﬁhédor@brol’cé’s@ sehting toBMBIO Yy G@raaéuibmﬂoupon the
force applied thereto. Preferably, in the run-in and expansion

conf i gur &er 8ingfl 02:as slsscriged elmé @ég@ﬁﬁg {pod @) may b pullegigphole. This upward
2012/ 121&53&%@% U@%Q&Ré %’13566 chéé%QQ%hS%LseﬁM ng RE P ik %n??cﬁ‘%ur{fﬁﬂg{de' 202

outwardly radially props radially shif ments 238 such that maxi num
out er di enpensen c@Piguretipraagbest s¢vann ﬁgure§t tm@p mate shemfagirgrongasshest seen of

col | apsi R%Bﬁlo rsﬁ?rﬁgﬁ)etmt{c(ﬂmd'@ol: 5|1b?3( 90% 204 a%sall ghslhb re?eﬁﬂze'tcp oatlegyrus?ocohlc pne

assenbly sTe
surface 220 of cone mandrel 202 such that radially shiftable segments 238 of collapsible cone

204 radially inwardly retract resulting 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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configuration 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 ROGo12/ikiss7 snal | er maxi mum out er di aneter 234 picy/iaediz@isees as a
result of outer frustoconi cal surface 220 of cone mandrel 202 no | onger

outmardl i ng.radi shrftabl segnents 238 of | Lapsi bl e
cone. 204004, hRereohib i B Gubckeif oh deRdal 4T I PERIoR: Bt aSeEBRblT S 238
return téeurngea [1nérel§atngél‘91ncé) @&é@ugt%g qecorcﬁﬁgl hd iaRGthérNehRih & Wt thO Brds&AM
maxi mum out er di arret ér 232 of si bl e cone 204 to nmaxi mum out er

di aret ering@uopfthat ds g%n@sallrznd@%w@i 2 . ERpoaie] TRes asemblyi VA ingluésasiifon cone
assenbly I i n of
essero o gRRAgh!» BOMURBAC KA RS douthons Y36 B OB NG FRRBLT
downwar ddoylapqlmrlemgdre Binend lRadgene Mmajaéradeﬁenace to?%a [druaivmrheswteh*é)l)f BiGst

radi al ansi on f out er t.oconi rface 28 and i.mum out er
i et erCO%gnasiry ARt SEARRs &SR e Th B it RS BT S Bpand
and pl asdebicAUltyereief Qo mbndel J0anGeinclfes al-oppedvhoutet BES dpctable todithiathe
expansi on force, collapsible cone 204 provides a second radi al expansi on

force asXfmkphunwasditravel af dirbeqne asssmblohi0a Belovwapppepshouldsr 8 Hy, sengrmandredr
hanger 14p {0, agrlmrcrdr Ladcably F&B@Qghﬁ‘&%aplxﬁﬁ&é@% l(%néjﬁl RA-E1 4G28k JRanger
106. Once expans$ion cone assenb has conpl et ed the expansion process,
set ti ng euwalfrus®onient sméacpé%agmﬂer#hinmutqr rﬁ@stogqmqahglrﬁa@ﬁ32(hba5die@mprabgld above,
and sett o9l . 100 r etting
ool 100 oRiad sl o g, B il ROR, Boargitrehe R FerRUE IO st
expansi odegeenf Bglowadut@rfrusaﬁodneﬂ tsuﬁa:erBzOncofnre auunedreB 302 basi ¢ sylindticdl awddce
configurgtiaqn, as st een in figur e.s ecrfrc I | | aps
cone. S0 heica 3 it sorver 2 Gl Bt BEexera delirateaBF ot cone
mandrel &QPcondabsetpiimnadi al |y shiftable segnents 238 of collapsible cone
204 radrallg inwardly retract resultrng i n maxi mum out er di aneter 234 which
Ih ¥

is no mol0@48Ihaninaryg iPreraadagmiodine, tendroneudPerimslidibly andl sasipedispgdof | ead
cone. 20800l S el o4 BE cSRX R IO kbR hishlscf AdiBSg ke cone
204 is inportant as resilience In casing string 40, anger or

bot h mayfrestasssical wédufcﬁz(bnf ¢anetrhandiah 362. dicadreonsr 3Q8f hdsianequtdrdnigtacotiod af t er
setting uct, Qn X I: cone
204 enad?%%3?3?508@%% H?Xl ?1°H%rd t%b% eegﬂga %gregicﬁﬂgkggﬁt lﬁ%n of

t he i nnefrusthcanieslesurfade 3A8nieas ahamgamglk% betwieh 2@6112/&2118@26&5%%8@&1‘2&&25566

[0047] Referring next to frgynﬁ rein i %¥¥ ﬁd an expansi.on cone
assenbl yI9BEFS B MRY BrefSraR 8%95? & ca OW Phd*RRc 98§ % anot her
enmbodi Mefstebnicliesupfas 820 id ﬁr‘éﬁ:‘ﬁibl@@rdaféatthdnsthl&mp alnglxs ofesut g als@@omoL).
Expansi on cone assenbly 300 includes a cone nandrel 302, a coIIapsrbIe cone
304, a |eEdcTitte AD@PshRPTHN ehrellapsblaeme 384 istideldy dispesed aroud Fepsrigtle cone
304 and | gad, @??%f%gﬁe BRYdRE 3pef & rrswes Rorftsn Bf @uﬁipsm@o&smml Mld%ﬂr Cone
mandrel 302 1 ncludes a circunterential groove 312 I's operable fo

recei ve @SmmargurgiealltermtOt:M¢aéSquaCCé%Oﬁmndn@hdIBb@hI so includes an upper
shoul der gt th 4 r one
assenbly“@%g g&%h”%grksﬂ%%TéérOg%gggggﬁé3ﬁgﬁgfgf&égg%ngééggﬁ#Fﬁdr|ca
sur face &hﬁgurBe&mmeilnr dudr ¢onalasssmblyaid® 18 iBits wypaelopsivdr dh ti3O&orifigsradion,out er

frust oconi.cal.. surf 320. Prefera t conical surface 320 has
a ranp atfyrRiRf e 4&#‘&68ﬂ?mP@n‘g%é?%@%mg%@té%du‘“%%@ﬁﬁ&mﬁgﬁWgﬁ%t%nd nost
pr ef er abdliymatbo300 &fi léddene de@r TR largal manimuihelutdr issiecte G2 ¢wdchiued almeto320
cone mandrel 302 has a_cylindrical sur%ace 324. End @gf 308 |ncI%ﬂ§

shoul derthsPerrgpierashpot eutrr. fystocopalesuffagh 340 ofronmweperet pO% against r cone
assenbl yspiddie JPRERL bicdiRpsibik bottIoat RdicamBedhpRBt Asheade RN EeHRT, bhe
slidably and sealing di sposed around cylindrical surface 324 of cone

mandr el ~ Beembind0® rinjigiretyicw! sprumtian ohstrin duad coter assardp A1 Q il indlgAewde 320
of cone 1%Brrr$rl%eﬁazrapm@@o&@m a3 BeddaBn @ B0@ L. beki margﬁ&mefaado“wawe 328
with a maximumouter dianeter 330 at its upper end. Preferably, outer

f r ust ocohmitbialconfigufation, @H8psizls cener’@ihannglawimyim dusedeneteridd that s megr ees
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 ranp angle of outer frustocohdcal 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
expansron confrguratron mherern dual ~cone assenbly 310 |s |n |ts “upper

o, . . o o ”~ .



WO 2012/ 121857PCT/ US2012/ 025566 t han and preferably | ess than maxi mum outer
di aneter 330 of |ead cone 306. This snmaller maxi numouter dianeter 334 is
achieved as a result of outer frustoconical surface 320 of cone mandrel 202
no | onger watren@hgssradi ally propping the radially shifpahieopaassats of

col | apsi bl e cone 304. In the unpropped configuration, the radially
shiftable segnents return to their resting confi%uration resulting in the
reduct i oaR PRPIRESERRIY MRS (e i B fer slipmicgr 338)9f dgrdli 9ne 38ondhisgmatley

maxi mum ﬁuiiﬁ{unﬂbﬁ’tgpﬁﬁ&eé?égﬁs &Pl I 36 B su®OdCoud@HrustRbsicdladbedd 97p 6 t he

maxi mum out er di aneter o | apsi bl e cone 304 is inportant as resilience

i n casi nepnstmindeel 202 npilorger laivged!y 188albyr propping the rediaBe skiftekldwegmants o t he
i nnerdi &W@tgsﬁﬁla%ﬁmé {x&@rInﬁﬁ‘é‘Qﬁrg%})gelﬁgﬁgﬁ%e;ug%tio%g%”rgdial hﬁliﬁﬁ)@”?&gﬁ%gﬁslr%%l;nhe

maxi mum ou ilaneter of ¢o enabl es retrieva setting
t ool 100toghe@nreafiigconsigetatian resdtisg inothe afduttive fromeraxtanmetier diefeler B&r ohanger

106. [005Q]While this .invention has been ,described with ference to
[ st r RV Rl ota HEP B Phied OusETpReer i eolBrtis toun b ThEReSelfst r uea
in a |imntthognaxBREE ouléabiatidter BDAblidpCidlel AS 30N Gk HPdantedsi rosiBert i B&ing
illTustrative enpodinents as well as other enbodj nents of the jnvention wll
be appar &Hte ¢4 lper kagger W6iar et T ciue 2 srducigivi theraseiErBetpieP gt hanger

descri pt i@ afidrlscitdg. IR RHQBn ih thERILEUMBhict RRRRRINISHaflAd BBnceTUHONPaSS
any such nodificatirons or enbodi nents. WD 2012/121857PCT/ US2012/ 025566

What i s @lahlepedri¢val of setting todl 10Agvepimsidre wdndioass drephyerfdpymatestofilingr a
l'iner hag%ggﬂotéhe expansi on cone assenbly conprising: a cone mandrel having
an outer ust oconi cal surface; a lead cone slidably disposed around
t he conel0d8fldr eWlaled thiavimgntam cus ebednr uktobedi eath sefefeace toi tihusaramexi mum
out er di anget

em od‘?rgléntsa;qgis 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 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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a coll apsible cone slidably disposed at |east partially around the outer
frustoconi cal surface of the cone mandrel, wherein, in an expansion
configuration, the outer frustoconical surface of the cone mandrel radially

props the wologpsidat e cone such that the coll apsi bl e caoa/dxasi2@29s6d St
maxi mum out er diameter that is greater than the maxi num outer dianeter of
the | ead _cone; and . wherein, in aretrieval configuration, the

col | apsi Bihatigglammedis:a) |y shifts relative to the outer frustoconical surface

of the cone npndrely sialsibd@bne {8 faPSidReCa GRACHANBS:, TreSEGIGLHBHMUM

outer dianmeter that is no nore than %’he maxi mum out er di ameter of the |ead
cone. assemblyp compigsingt pansi on cone assenbly as recited in claim1 wherein

t he cone ”ang{c%lne%ﬁd%{%aﬁl{gg&[ﬁlo%YeL'itﬁ%ilgfx%o%?éal Sykface and wherein the | ead cone

is slidably spose par y around’'the outer cylindrical
surface of the ledneon¥aritfadly. disposed ardundThie: exjransindidl aadehasgeabl yuras

recited in cl aj?rl?l V\her.ebisn the | ead cone is slidably disposed at |east
parti al I{‘/’“%HCBG‘H SUFACeOYiEe mexpunbelE demeteyttbice of the cone mandrel .

4. The expansd amafgme cBas sihably @spokaratties bartiahRbiBuld WResRirnishRohigad cone
and the co| |l apsi bl e cone are adjacent to one another. 5. The

expansi oﬁﬁ‘r@%gté"s%‘é’ﬁﬁ??\}‘d‘% recited in claim1l wherein the collapsible cone

further comphiedn dinSliOblpaiaeafBliifiR hodulA fLablohi AP WhARIE GeagRnt S,

6. The expansi on cone assenbly as recited in claimb ereln the radially
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.

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 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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shiftabl e segnents of the collapsible cone are radially propped by the
outer frustoconical surface of the cone nandrel when the expansi on cone
assenbly is in the expansion configuration. WO

2012/ 12185w3hi1/B185%2/ 025566 7. The expansi on coOper/asHeENdkitsas
recited in claim1 wherein the | ead cone and the collapsible cone axially
shift together relative to the outer frustoconical surface of the cone
mandrel when The ekifaferrsipicione awssbhtasyeqisd opelain &avheramthenadeepaard on
confi gur gl @NagsPolt Q@ner @)&5“}’3\4@!} ﬁ%me'r QUERLel 8Mthe outer frustgcon_ﬁ?ﬂ3 sEERANgIRN cone
assenbly as recited in claiml erein the cone mandrel further conprises
an end ceguet mendie] nvhen 4hd axpansionaveic @sscntvly |ieaeperete fitmenthe hexpargemsi on

conti gur STy BB B B o010 025500 - 6. A mothod for

setting a liner hanger, the method conprising: operably associating a
setting tool paving an exXPanhoRuCons AR ol b hedif e ShE hiurc

i ncl udi ng the®line eh%%rg an cone assem
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.
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| owering the setting tool and the liner string into a well bore casing;
applying a force in the downhole direction to the expansi on cone assenbly
such that a | ead cone and a col |l apsi ble cone of the expansion cone assenbly
radi al | y exwpand/iaisst east a portion of the |iner hanger pcrig2090i586st W t h
the wel | bore casing, the coll apsible cone having a first maxi num di aneter
that is larger than a i mum out.er dianefer of the |ead cone; decoupling
the setting ool ﬁ'@ﬁﬁhg‘_ﬂgrls?tﬂ’é%a ??rihﬁ'@%er’éE?)W9‘?‘ﬂ%°‘Hn?rb?r§é in the uphol e
direction to J,BELEXRANHHAR aCRMMASSHIRING: andPansion con@es@hltyy $/phfd jiflg the

| ead cone and the“col | apsible cone relative to an outer frustoconi cal
sur f ace Wingingladies theddeehangefieh that the col | apsi bl e cone has a second

mexi mum out er, Ji 4yehELeddpabollafd R IFRF &ifdAR 4 HEmRXE outer dianeter of
the | ead cone. ' el(_)d.ﬁéé‘T%ea1 met hg{g as é]eci tegl In caig]; m 9 wherein axially
shi fting the applathgadnee amthetdhenbaé Hiagrsioh kethe exmansieh atrievessembly fish dhat er

frustocani cal surface of ,the c mandr.el further, conprjses axiall

shi f (1 ng thEralh s olaris demeael B PRPTEGH o ool rHellyesRgpd wdeast e
mandr el . portion of thelllner Ritggenitd @@ tadswitie the et bbiid cadidd, heoRiteé Sondhlading ¥
shifting_ the | ead cone and the coll apsipble cone relative to the outer
frust ocofﬁﬁ'craw@aw%%etﬁfth%tF@latﬁah%%mmum arterdpmetsigfitheslead eppral |y
shifting the : At ial ly,about the outer frustoconical
surface of t#g&g@ggg&rgﬁﬁﬁlg%-ﬁ)%{SFrOIHQEéIIiIf%%Lt¥R " method as recited in claim9
wher ei n appl ypplyinghacfofoe i the iuphgié dirghtiom hothe extiangon fane asssmbhe aekpansi on cone
assenbly furt C IS ial Ly, pr i | al le se nts of
t he col | apsi bapgqlzoﬁgﬁl\g\l?t ﬁ]%t [%&Iol@;otngra rgﬁs)etoocggﬂ{s%g‘% acghér/f%@{e'i%?gt e Oélgeﬁ
mandr el . frustoconical k8rfacEhd anetdmendad suecthbtete callapsiblic o hdsarse¢cond apgairgimg t he
force in the uphole direction to the expansion cone assenbly further
conpr i se¥tF SIRAMAGryhal oY ANt A at my ‘?ﬂt?rtdéﬁﬁ‘Feéeré’gﬁﬁé?ﬁd§°B- t he

col | apsi bl e cone with the outer frustoconical surface of the cone mandrel.

WO 2012/ 121857PCT/ US2012/ 025566 _ . .
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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14. The nethod as recited in claim9 further conprising limting the axial
travel of the |ead cone and the coll apsible cone wwth an end cap of the
expansi on cone assenbly. WD 2012/121857PCT/ US2012/ 025566 15. An
expandabl ewlg fags1digsager system conprising: a liner stripgrgoiiigsssl | ner
hanger di sposed at an uphole end thereof; a setting tool operably associate
with the |iner hanger; and __.an expansion cone assenbly operably

associ at ed wi th t hEnesbethodhds regisd in glaan B fuHhes papprissigdingisia g Hisiapial Heyalaf ng a
cone mangigl,dhayd R B0 AKbEb1HMSERE ANEELap D fHed%Fansn | 6ACLcGMRy S! i dabl y

di sposed around the cone mandrel and having an outer frustoconical surface
with a maxi mum outer dianeter and a col |l apsi bl e cone slidably disposed at

| east 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 coll apsible cone such that the

col | apsi bl e cone has a first maxi numouter dianmeter that is greater than

t he maxi num outer dianeter of the |ead cone; and wherein, in a
retrieval configuration, the collapsible cone axially shifts relative to

t he outer frustoconical surface of the cone nmandrel such that the

col | apsi bl e cone has a second maxi num outer dianeter that is no nore than

t he maxi num out er di aneter of the | ead cone. 16. The expandabl e

| i ner hanger systemas recited in claim15 wherein the cone mandrel has an
outer cylindrical surface and wherein the |l ead cone is slidably di sposed at
| east partially around the outer cylindrical surface of the cone mandrel.
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17. The expandabl e |iner hanger systemas recited in claim15 wherein the
| ead cone is slidably disposed at |east partially around the outer
frustoconi cal surface of the cone nandrel. 18. The expandabl e li ner

hanger sysygemiag2igecited in claim15 wherein the col |l apgirRisg180138s6f Ur t her
conprises a slotted assenbly having radially shiftable segnents and wherein

the radially shiftable seqnents of the collapsible cone are radially
propped by tHé& out’@rcxpindablsbingriheager Sy ExNYISiighe cone nandrel when t he

expansi on conginasg MNirdeS: lifdr hiEe ARV An GPIYIE G RlkoD. WO
2012/ 121857PCT/ US2012/ 025566 ~19. The expandabl e |1ner hanger system
as recited i settiag tnol Bpardiay aisociathevithgkedlincohengandnd he col | apsi bl e cone

axially shift together re | vie t he ter, frustaoconi cal rface of the
cone mandrel “MSATPHE ghELTLNYS obdabV Rk LT ERNE i, B RSof
expansi aon€ aitmplyriaéluding baohdmandielr haavg acanéd fustabniodl. surface, a leadOcondhe

expandagya hi er h ngfr iysten1as r chLed.in claim 15 wherein the cone
mandr el Y'8#3h PP%SS&& b Hesgone mandih ot hifvINg 4 QUCrRIsCPYCR 3V i Ehe | ead
cone WhafadiRemNRAARLRE: aRNE cARPEPRIcYnd FidaNQHAbERd bl RNt b BXABRS @B
configuration to the retrieval configuration
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.

19



WO 2012/121857 PCT/US2012/025566

19.  The expandable liner hanger system as recited 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 the retrieval configuration.

20.  The expandable liner hanger 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 configuration to the retrieval

configuration.
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