- 1 - 5 SETTING TOOL FOR EXPANDABLE LI NER HANGER AND ASSOCI ATED
METHODS TECHNI CAL FI ELD 10The present invention relates generally to
equi prentwotznbwesesioand operati ons performed i n conj unct PQW/USRENS/080423
subterranean well and, in an enbodi ment descri bed herein, nore
particularly provides a setting tool fof an expandable |iner hanger
and associ ated net hods. 15BACKGROUND Expandabl e | i ner hangers
are generally used to secure a liner within a previously set casing
or liner string. These types of |iner hangers are typically set by
expanding the |iner hangers radially outward into gripping and
sealing 20 contact wth the previous casing or liner string. Many
such liner hangers are expanded by use of hydraulic pressure to drive
an expandi ng cone or wedge through the |iner hanger, but other

met hods may be used (such as mechani cal swagi ng, expl osive expansion,
menory netal expansion, swellable 25 material expansion,

el ectromagnetic force-driven expansion, etc.). The expansi on
process is typically performed by nmeans of a setting tool used to
convey the liner hanger and attached liner into a wellbore. The

setting tool is 30._in eréonnected bet ween a work strin e.g., a
Cubul ar stri ng EDBTIbOTOBs IS0RT EBE DA 5 LNER . HANEEH, 2D
drill pipe or other segnent edhggom,bﬁbo%&,ﬁgﬁsar el enents) and the

| i ner hanger.

TECHNICAL FIELD

10 The present invention relates generally to equipment
utilized and operations performed in conjunction with a
subterranean well and, in an embodiment described herein,
more particularly provides a setting tool for an expandable

liner hanger and associated methods.
15 BACKGROUND

Expandable liner hangers are generally used to secure a
liner within a previously set casing or liner string. These
types of liner hangers are typically set by expanding the
liner hangers radially outward into gripping and sealing

20 contact with the previous casing or liner string. Many such
liner hangers are expanded by use of hydraulic pressure to
drive an expanding cone or wedge through the liner hanger,
but other methods may be used (such as mechanical swaging,
explosive expansion, memory metal expansion, swellable

25 material expansion, electromagnetic force-driven expansion,

etc.}).

The expansion process is typically performed by means
of a setting tool used to convey the liner hanger and
attached liner into a wellbore. The setting tool is

30 interconnected between a work string (e.g., a tubular string



If the liner hanger is expanded using hydraulic pressure, then the
setting tool is generally used to control 5 the comruni cation of

fluid preyeuo®yosasid flow to and fromvarious portions ofpctthig2008088423
hanger expansi on nmechani sm and between the work string and the

liner. The setting tool nmay al so be useg to control when and how t he
work string is released fromthe |iner hanger, for exanple, after
expansi on 10 of the liner hanger in energency situations or after
an unsucc f _the ner s.desirable to

i i 26 SERE| FB; RECRAGLS BF EnEroBEhEhgSEaBPRERE P nePTHARTERE

assenbly,t&bu&b&teeqmemabqnhndlthélahhﬁg dengety (ECD) is reduced,
and so that the 15 assenbly can be conveyed rapidly into the well. It

will, thereforef baecappheei ab8gdeirhat eXphoveAEdkIngr yaeadedci n the
art of expandabl e Ii ner hanger setting togQls and associ at ed net hods

of instal PFR§SEXBandhBRetPPnépthangetoClTRESFCNRpRSFENERLE Eancontrol
include | PREOVEBARARS R 148 6?d¥§31§CBrg§§h9@ rHHH‘@QOWntotgan@ESﬁse

operational efficiency, convenience of assembl y and operation,
i nproved Vawdppsnaprtyonst of Wh@tﬁéne@rhnagealgapssedoabmeehasuwmARY

In carryiggyo pLinc s e nveptio ttin
t ool and ggsog%gkggnn%b% ggkgrggglEg 8@8 %ﬁ §8 ve g@ I§§§?l§§ %009
problen1|mayhalaotbecneedxanpbentsodewhenbaddbhb@mtha wbrkhsthéng is

setting tooh usea % Bre§§ ﬁ balagced exp%nsion coEe to_expand the
| i ner han{&rS2&R6t AEP™ &NPE HBBEPE e dCbe FERMPhSwhPERCENEXBAPELAB
30 palg shed bﬁéelﬁﬁ@ephaﬁb@r(,PBR) efbrybacki Betubaneas, WBirchrext-eads

upwardly fromthe expansi on cone. WO 200 / 055319PCT/ US2008/ 080423 - 3
unsuccessful setting of the liner hanger.

It is desirable to minimize a wall thickness of the
setting tool and liner hanger assembly, so that equivalent
circulating density (ECD) is reduced, and so that the

15 assembly can be conveyed rapidly into the well.

It will, therefore, be appreciated that improvements
are needed in the art of expandable liner hanger setting
tools and associated methods of installing expandable liner
hangers. These improvements can include improvements to

20 reduce ECD during running in, to increase operational
efficiency, convenience of assembly and operation, improved

functionality, etc. whether or not discussed above.
SUMMARY

In carrying out the principles of the present
25 invention, a setting tool and associated methods are
provided which solve at least one problem in the art. One
example is described below in which the setting tool uses a
pressure balanced expansion cone to expand the liner hanger.
Another example is described below in which there is no
30 polished bore receptacle (PBR) of the liner hanger which

extends upwardly from the expansion cone.



In one aspect, a nethod of setting an expandable |iner hanger in a
subterranean well is provided. The method includes the steps of:

rel easablwo s@owsizng a | i ner hanger setting tool to the PCes2008089¢13,
the setting tool including 5 an expansi on cone for displacing through
the liner hanger; and conveying the setfing tool and |liner hanger
into the well on a generally tubular work string. No portion of the

| i ner hanger extends | ongi tudi nally between the expansi on cone and

t he work strin h ey 0 h I
hanger settinglPoarerorPeert agtarhed et RBr iRt (g GRREianTe 1Ex
subterranbang@elinla @ubueﬁﬂdneahewebltLsgptomidé@clunbe m@tbm@an5|on
cone, which is dlsggaceable tgrougg t he |ner hanﬁer tﬁ and t he
liner hanyer; udes| thet SHARS pP 5t oh %@??P Hed®oRt bhe Si ubBf 13°9hk
expansi onsgeRehgabdoBNt8NEROT L DHedeNbfgef Ol thel easabhy 666UriRGLEAENg
setting tool to the liner hanger, the anchoring device_being

posi t iSonedN oA¥BANSHPBsFPRE sFEE @%SPﬁéCéRﬁaHEF%HQEoﬁ%ef%bﬁ?%h%a%9%¥on

The eXpan§h8n081%'§yiﬁgpEﬁéSé'éﬁt?ﬁJéa@ﬁSﬂ Qﬁ'&v‘@fﬂeftﬁaﬁ sifes vhen
t he expansion cone i1s” 20 di spl ace rough the |1 ner hanger.

These andwelheonfeaagenesaliyvinbuges, wcehestranlnd Bbj pertion ehethe

PEsert QUL b SHEGATE, AR 208, S 200 VL 40

the art upon caré cOnsi escrip

repr esent abh&eartdbodeneotk str2hgt he theeobnoaybergestbel ow and the
acconpanyi ng drawings, in which simlar elenents are indicated in the
variaus fi guremuah@ghéheaspé‘eueéeneﬁae nangersseBRLEE DESCRESH | ON
OF THE DRAW NGS FIG 1l.is a ﬁchenatlc gagé%all

cr oss- secﬁﬁaﬁapgvﬁamﬁﬁPagéasl?.%é?eﬁa §BPFCE et Eertonpan well is

associ at ed-g9t hads w@héhs@eégﬂg pebnci phesdel hheeRpessNbni BY¥LAS I ON;
WO 20091055319PCT/ US2008/ 080423 - 4 - FIGS. 2A-K are

cross-secwhéﬁhli@iéﬁépéﬁcga@é@s§hV@uahiéhesééﬂﬁﬁngaﬁﬁeé FPnexrraBAgehe
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i |l ustth at ede5ekpaasion- conepnhiduant ananhoring device for releasably
securing the setting tool to the liner hanger, the anchoring
device being positioned on an opposite side of the expansion
cone from the piston. The expansion cone 1is pressure
balanced between its two sides when the expansion cone is

20 displaced through the liner hanger.

These and other features, advantages, benefits and
objects of the present invention will become apparent to one
of ordinary skill in the art upon careful consideration of
the detailed description of representative embodiments of

25 the invention hereinbelow and the accompanying drawings, in
which similar elements are indicated in the various figures

using the same reference numbers.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-sectional view of
30 a liner hanger setting system and associated methods which

embody principles of the present invention;



FIGS. 3A & B are cross-sectional views of a portion of the setting
tool after a conpressive force has been applied froma work string to

the settiwg foomisssm a rel ease procedure; and 10FI GS. 4APKTAISR008/080423
cross-sectional views of the setting tool at the conclusion of a

| i ner hanger expansion procedure. DETAILED DESCRIPTION It is to be
under stood that the various enbodi nents of 15 the present invention
descri bed herein may be utilized in various orientations, such as

inclined, inve , ri,zqnt al rtical C..and in_various
configurations%&%%fh%%t%égﬁngFﬁé%fFgﬁgﬁﬁ@%%rWHggﬁl8§ gycfﬁésﬁygsent
i nventi onaxilad erbadionsniof ar & itesc hiabheermeeelty ngs texanphds e2dadtable

useful appl.ications of the_ principles of .the_ invention, which_ is not
'imited {026y LAOSRR PIEEAMRY GF DRECe iBnEbE FIRTEM PRO; HEthod of

fol | owi ngrdescni,pihen sefctlifg epIesdt alinke ERGEMBRIS G0 1108trated
invention, directional terms, such as 25 "above'", "below', "upper",

"l oner?, éficd ITAPeclfis EONEGOUESHIERiTence in referring to the
acconpanyi ng draw ngs. In general, "above", "upper", "upward" and
simlar terms F&fér B5& & & p&et copssonecd ioheledieiss ofupf peatabongfa

mellbore,tﬂgdng%%$g'taéhog§%gr e felTVaX u%géi%%df%E@E|%%st%%EgO%EEﬁn 0

30 a direction away fromthe earth's ace along the we

2009/ 0553 £2PATA1¥S2B08LE804230- the- settingRepodsent at iredkepse
iIIustrate% in.,FILG 1 is a liner hanger setting system 10 and
associ at eB*SERSGSInPEA embody principl es of the present invention.

In thjs syste a.casing string 12 has been.installed and cenented
whhi 100 5 el FBGe 498, Aol choRSasertaanay Mg Prathenartrang
ext endi ngtevtiwardiyel tomcausawer oEn@ 0fi nkbhe heagierd ekbhhBdoh?2, 1N

order to further line the wellbore 14 at greater depths.
procedure.

DETAILED DESCRIPTION

It is to be understood that the various embodiments of
15 the present invention described herein may be utilized in
various orientations, such as inclined, inverted,
horizontal, vertical, etc., and in various configurations,
without departing from the principles of the present
invention. The embodiments are described merely as examples
20 of useful applications of the principles of the invention,
which is not limited to any specific details of these

embodiments.

In the following description of the representative
embodiments of the invention, directional terms, such as
25 "above”, “below”, *“upper”, *lower”, etc., are used for
convenience in referring to the accompanying drawings. 1In
general, “above”, *"upper”, “upward” and similar terms refer
to a direction toward the earth’s surface along a wellbore,
and “below”, *“lower”, “downward” and similar terms refer to
30 a direction away from the earth’s surface along the

wellbore.



Note that, in this specification, the terns "liner" and 10 "casing"
are used interchangeably to describe tubular materials which are used

to form pgaheglgs¥fiel i Nings in wellbores. Liners and casppggshd¥ bRz
made fromany material (such as netals, plastics, conposites, etc.),

may be expanded or unexpanded as part an installation procedure,
15 and may be segnmented or continuous. Tt is not necessary for a

| iner or casing to be cenented in a wellbore. Any type of liner or
casing may be used in keepin WL&T the pringiples of the present

i nvention. As BEBFEFERTRHIEPEY %, HﬁtgﬁﬁﬁﬂdéﬁlngrnérlﬁaﬁgiFnﬁﬁ is 20

used to seahgardsseeihg aPs¥BRenoeBddoksthReikicRar mé€hbgaihachovRhoaPd
of the casing string 12. ternatively, the |iner hanger 18 coul d be

used to sPafingAglsecofethrePlppenteptiventine-| i Aer thésapyotca Wndaw
(not sho { I f t g b o] S| E rong
12, wi th TR Pngr b ondrna o ST TR Badn CEhe b aash o a
br ancltb or wedflepak Wél| bdteisThow, desiwnell tbeiapprédi at @dnehal 6many

di fferent nfi,gurations d relativ osi tiagnsof ,the_casing,string
12 and 11 f&ro188eOBGUATRIE FRoReaplRlch BRI RE SPEnEPPLEY SFLLAE

i nventi on1230Ansettergtbodur2eirs 1dasnebkedebebneenithatl ypeatbanger
18 and a gprk string 22. The work string 22 is used to convey the
setting t86PtB8- |iner hanger 18 and liner 16 WO

2009/ 055319PCT1US20081080423 - 6 - into.the well bore 14, cgnduct"
fluid pressureNahg thaky tPah8dASt SPEFGhacatansirl hendeeBaprddspye and

forceq et ocaThRgsehibNgska0kn2@ribnansedni¢ kackkibalseconygyapce and
installation of "the liner 16 and |inér hanger 18, 1 n part by 5 using

t he tor quBatesasiibevhaghceoirpr ussfveof fpemsprptgripgeessningandnf | ow,
etc. deli t he striyn i pnt, It ,
be specif%%gﬁgﬁgéﬁdergﬁg%gstﬁg? ?ﬁ§%BPFn8?B|§§ %Pbghgg?ﬁvgﬁ#igﬁgggégl
not to be(kurht ed meptady,wayasoithe dem@bbiteb,tbgcsystmaylﬁeand

associ ated_10 Eethods descrigeg hereint Iﬁstead i t zhguld be clgarly
under st 0oG*PRAFCENET sYEFERPRACINEENBALTE 2hd*BarPPLatdRtEPBABRPSSIUre)
thererd (auehmay bbBessghbhngdt el c38rihiibak.hangefisl8ot! hBeesdbry for
etc.) are only exanples . of a wide variety of configurations,

al t er nat i fes1NBECOTWARERNMaCI ReoFEBRREET A8 & wellbore. Any type of

liner or casing may be used in keeping with the principles

of the present invention.

As depicted in FIG. 1, an expandable liner hanger 18 is
20 used to seal and secure an upper end of the liner 16 near a
lower end of the casing string 12. Alternatively, the liner
hanger 18 could be used to seal and secure the upper end of
the liner 16 above a window (not shown in FIG. 1) formed
through a sidewall of the casing string 12, with the liner
25 extending outwardly through the window into a branch or
lateral wellbore. Thus, it will be appreciated that many
different configurations and relative positions of the
casing string 12 and liner 16 are possible in keeping with

the principles of the invention.

30 A setting tool 20 is connected between the liner hanger
18 and a work string 22. The work string 22 is used to

convey the setting tool 20, liner hanger 18 and liner 16



15 principles of the invention. Referring additionally now to
FIGS. 2A-K, detailed cross-sectional views of successive axial

porti ons WH wdv@mskdiper hanger 18 and setting tool 20 arepcr/us2008/080423
representatively illustrated. FIGS. 2A-K depict a specific

configuration of 20 one enbodi nent of_the |iner hanger 18 and setting
tool 20, but many other configurations and enbodi ments are possible

w t hout departing fromthe principles of the i nventi on. The

| i ner hanger 18.and ting.tool 2 are in FIGS. 2A-K.in the
cont | gur alfibh FHOHELREPHEy Lir oCEBAVET ol oSS, REGSPHESWaR b eV 1e  The
work stripgadémi® @bkgeBedtkasthe aﬁatbagp&@@bl%e &@brag,upper The

t hreaded connection 24, and the liner. 16_1.s attached to the liner

hanger 1858t tangoherlt RPedgeldsednikecEr6hlibakiReAONNEYBVERaPPdassenD! y

i's Conveygﬂs%Q&QaEEQn“%klQﬂéel%ﬂer3qgh3naeﬁﬁh89 hgﬁbegolBs EE|EQ§€bB¥
secured to the [iner hanger 18 by neans of an anchoring dévice

(see ElG.U&Kﬁgwhhehtpﬁquade§e@6ﬂﬂ6tQHQOC@mQagéélWBtﬁoreeéssééu3g

formed in 898%9%18@”@9@208%1%8%@ by thefwBBk! LBG REEgYS 34

of the |iR&r -hanger ati velry enga e recesses 32

and outwardly zgp%grgegogﬁta syupRart 1§ etmgéélgﬁhgli |hﬁ5§ PBgrnlt

transm ssi on of tor que-a axial orce en e se tl ng
and the 5thhmethbapgehc1§1e§hef5uppoﬂhveheewﬁ aﬁelaotetalbedlumlted

posi ti on qutwardl portin coI s 30 shea ins 38
However, i §BHfW§V B ﬁPéségFé QSpF%EdSFStSW ﬂﬁt&P aPSEPGiAted

passage 4ﬂeehoaaedégb&hagdtﬁ@&eaa arps$kan , afeashelvgeBeseabsrdg 10
will cause the shear pins 38 to shear, and the support sl eeve 36" w ||

di spl ace SbdRREEAPY, thasr 8be ENSEERRP nGethedsoel Pafs PTtARELAK] owi ng
themto disepaags LhaTebhe (SGERSSES R setting tool 20, liner hanger

18, liner 16, etc.) are only examples of a wide variety of
configurations, alternatives, etc. which may incorporate the

15 principles of the invention.

Referring additionally now to FIGS. 2A-K, detailed
cross—-sectional views of successive axial portions of the
liner hanger 18 and setting tool 20 are representatively
illustrated. FIGS. 2A-K depict a specific configuration of

20 one embodiment of the liner hanger 18 and setting tool 20,
but many other configurations and embodiments are possible

without departing from the principles of the invention.

The liner hanger 18 and setting tool 20 are shown in
FIGS. 2A-K in the configuration in which they are conveyed
25 into the wellbore 14. The work string 22 is attached to the
setting tool 20 at an upper threaded connection 24, and the
liner 16 is attached to the liner hanger 18 at a lower
threaded connection 26 when the overall assembly is conveyed

into the wellbore 14.

30 The setting tool 20 is releasably secured to the liner
hanger 18 by means of an anchoring device 28 (see FIG. 2K)

which includes collets 30 engaged with recesses 32 formed in



In addition, the anchoring device 28 can be rel eased by 15 downwardly
di spl acing a generally tubular inner mandrel 44 assenbly through

whi ch t hewbl-ewdzasgsage 40 extends. The threaded connect ipeR4o0sBs@bs
an upper end of the inner mandrel 44 assenbly (see FIG 2A). A set of

shear screws 46 releasably retain the_ifiner 20 nandrel 44 in position
relative to an outer housing assenbly 48 of the setting tool 20. If
sufficient downward force is applied to the inner mandrel 44 (such

as, by slacking.off on the r ri 22 after the_liner hanger 18
nos buen Bosctifgt siRebBeatont, bl U9nER Behbhe' norbbh: brtativeter
25 obstruehgaged Withhehki retedBps Bheagleautseiany 48ppblkteahBdr aand
permt downward displacenent of the_inner mandrel relative to the

out er hou§PE§°§§s§%ﬁPVe4§5r the cpllptes3O3regmgt §6PP§EH§SéPntﬁ§

setting teghqd@ aL8 aﬁﬁaﬁsgegabi ¥ek¥ekh! ¥k %b‘l’:@iﬁtﬁt €bollNeoi BRAM the

mandrel 44 has 30 displaced downward rel ative to the outer housing

assentty 48nernhenger3A8.t he sheared screws 46 can be seen, along WO
2009/ 055319PCT/ US2008/ 080423 - 8 - with the manner in which the inner
mandrel 44 is Gbensapgbytdicdpeseedéd is rethanBHGLn3Bpsiitimayobéwsedhy

t hat the [ , n nget, ,0 I otted t he_support
sl eeve 36%%?R§E%l§%|%é s°§6H§§% ggm/%ggégﬁéaggggf? ﬁ]tﬁéngggésgg 32
by rai si ngutliéciener presdueke 44 Gpbpeiedbyopbakingerpadnfibe waeskage

string 22). Locking dogs 50 prevent the support sleeve 36 from again
supportin&otﬁg §B?I§F§%%Bga§09ﬁe%pmnérpﬁﬁﬁ8 ePrg3 E?tW5?§e8?ai§Ng?e

that tde gehti baukeokndOseanrbeinel 88sed Ehaakth@nd the support
sleeve 36 will displace downwardly, thereby unsupporting the
collets 30 and allowing them to disengage from the recesses
32.

In addition, the anchoring device 28 can be released by
15 downwardly displacing a generally tubular inner mandrel 44
assembly through which the flow passage 40 extends. The
threaded connection 24 is at an upper end of the inner

mandrel 44 assembly (see FIG. 23).

A set of shear screws 46 releasably retain the inner

20 mandrel 44 in position relative to an outer housing assembly
48 of the setting tool 20. TIf sufficient downward force is
applied to the inner mandrel 44 (such as, by slacking off on
the work string 22 after the liner hanger 18 has been set,
or after tagging the bottom of the wellbore 14 or other

25 obstruction with the liner 16), the shear screws 46 will
shear and permit downward displacement of the inner mandrel

relative to the outer housing assembly 48.

In FIGS. 3A & B, portions of the setting tool 20 are
representatively illustrated after the inner mandrel 44 has
30 displaced downward relative to the outer housing assembly

48. In FIG. 3A, the sheared screws 46 can be seen, along



|l i ner hanger 18 at any tinme. For exanple, the anchoring device 28
woul d typically be released after the liner hanger 18 is set in the

casi ng stwpnReookds319r the anchoring device coul d be rel eageRisafs@sos2s
contingency procedure in the event 15 that the liner 16 gets stuck in

the wel |l bore 14. Returning to FIGS. 2A-K,_the setting tool 20 is
actuated to set the liner hanger 18 by applying increased pressure to
the fl ow passage 40 (via the interior of the work string 22) to

t hereby i e diff tial 20 f t fl
an- oxtor i BECBr CORGTGBEE PGt DDA TRBS oA PBPFoPeBRTPhatdotFi g PBRFLY

correspondgspraasdannul us 52 between the wel | bore 14 (or the interior
of the casing string 12) and the work string 22, setting tool 20,

| iner hanger 18napdglingr 16. md9Abeaseent ahBtpPLadetslTbRgd3nr 888URS
differential fromthe flow passage 40 to the annulus 52, a shear pin
58 ret ai nlAgIaTvahtwasHdyyEuBROEFPH Biehhe SHPPQHEvElspEevabwi | The

di spl ace WpyaRLM. §ggc§nrh8QpBFa¥éhéﬁséﬁ %&5@0%588§ecggﬁggcg?s%ﬂg of

t he flapper valve W I'so € an upper portion e flow
passage 4bafisengathewennpor mkodr4db4éf (tthe.f| bw paskageg (peenFtle

cqual i 2od BRwEbh L ROZ LW 2bBSROBISIORETA NepoBkPBb0Res SBBLER) fieee

passage pos6t feom 4QaindBhppbenihbethaceeasedspsosayr ehapphhad hantibel
rom1passage,40 via the work string 22 is released. Pressure in the
upper fl o#*pa8skféSEBrtion 40a is then 5 increased again (such as, by
appl ying increased pressure to the work_string 22) to_apply a

pressift e diffep@ﬁ?igpaécFB@sS?ﬁFéégpFQPén§069aPnpérEﬁﬁﬁééﬁédfFﬁmtﬁEe

outer housipdragagghly148a£s88yFLERe . 2CroP &xEhp18) YRABCANnShESiRE

each piston 60 is éxposed to pressure in the flow passage 40 via
device 28 would typically be released after the liner hanger
18 is set in the casing string 12, or the anchoring device
could be released as a contingency procedure in the event

15 that the liner 16 gets stuck in the wellbore 14.

Returning to FIGS. 2A-K, the setting tool 20 is
actuated to set the liner hanger 18 by applying increased
pressure to the flow passage 40 (via the interior of the
work string 22) to thereby increase a pressure differential

20 from the flow passage to an exterior of the setting tool.
The exterior of the setting tool 20 corresponds to an
annulus 52 between the wellbore 14 (or the interior of the
casing string 12) and the work string 22, setting tool 20,

liner hanger 18 and liner 1l6.

25 At a certain predetermined pressure differential from
the flow passage 40 to the annulus 52, a shear pin 58
retaining a valve sleeve 54 will shear, the valve sleeve
will displace upward, and a flapper valve 56 will close.
This closing of the flapper valve 56 will isolate an upper

30 portion 40a of the flow passage 40 from a lower portion 40b
of the flow passage (see FIG. 4H). The closed flapper valve

56 will, however, allow pressure to be equalized between the



10 ports 62 in the inner mandrel 44, and a | ower side of each piston
is exposed to pressure in the annulus 52 via ports 64 in the outer

housi ng ageei®lossAS. If the valve 56 were to | eakppfRIR2008858 €
is increased in the upper flow passage portion 40a, the increased 15

pressure coul d possibly be applied via ¢dhe | ower flow passage portion
40b to the interior of the liner hanger 18. This coul d damage the
| i ner hanger 18. To prevent this fromoccurring, a venting device 70

is provid%g bel ow t he val¥e 56. §he gsgtiﬁg dgﬁice 70 mﬁlh 20 vent
the | over “FPEWPEEEE4GePR5FtPER 4867t 6 'Ph¥ SRnGPEs 18T EGP§IoRESEP  fie
ports 64) abblaefr esstthe diblepasshgk aor ¢33 the vwemrki Bgrdayi ce is
reaches a predetermned |imt. The venting device 70 is

repr esént AB-¢8F§% | | ustrated in the drawings as a rupture disk, but

ot her types of venting 25 devices, pressure relief devices, etc. may
be used, if deSFrP&§Ure in tphe pppeyafievspagsasel eaktianbile &F bhABr

pl ug (ot jphewakeaanqRendQpREd QN B?rSBFngqgtQEQEQQSEBepf@EE $Lr 89
22 to sealingly engage a seat 72 in the I'nher “mandrel 44."30 THIS
wi || ef feshevEbyki sorane £Re Gppepplvow passaysepdififenendaalraarohs

lover 11 owpassage RAL! kan 408, o Y0.2009/ OFSIASPCTLLS200A(080423 - 10
- An expansi on cone I'Spositioned at a Nower end of °the
out er housksngmbigenBl ysé8. FIRE.e2panbi anFgoneAGbubpsraslideedf each

f t o- i.cal face 68 forned thereon which,i riven through the
o Dor B S he BDaE R aRgERT 50, BLEC SR RarH ShEy AR BRESEPRLED ViS

hangero Therter 82" expansi @Ane@NRanaseusead hangi A 1ewkpt 8nd8dokOcach
enconpass equi val.ent structures which nay be known _to those skilled
in the ar PL8§CRed§e8*BPSERa§es PTRAELKEr 18r thEt 2PRYSESsPEu¥iarpgrts 64

include copi eak SUEERCBSusing assembly 48.

If the valve 56 were to leak when pressure is increased
in the upper flow passage portion 40a, the increased
15 pressure could possibly be applied via the lower flow
passage portion 40b to the interior of the liner hanger 18.

This could damage the liner hanger 18.

To prevent this from occurring, a venting device 70 is
provided below the valve 56. The venting device 70 will
20 vent the lower flow passage portion 40b to the annulus 52
(via one of the ports 64) if a pressure differential across
the venting device reaches a predetermined limit. The
venting device 70 is representatively illustrated in the
drawings as a rupture disk, but other types of venting
25 devices, pressure relief devices, etc. may be used, if

desired.

If the valve 56 does leak, a ball or other plug (not
shown) can be dropped or circulated through the work string
22 to sealingly engage a seat 72 in the inner mandrel 44.
30 This will effectively isolate the upper flow passage portion

40a from the lower flow passage portion 40b.



10Note that only a small upper portion of the |iner hanger 18
overl aps the expansion cone 66. This configuration beneficially

reduces tygw@ALs3ied outer dianeter of the setting tool p@Pidshsiler
hanger 18 assenbly, which thereby reduces the equivalent circul ating

15 density while circulating through_thg assenbly, and enables the
assenbly to be conveyed nore rapidly into the well. The
differential pressure across the pistons 60 causes each of the

d dly biasing f h 66
Ui a the romar nhlr CEPAPRECBUERPSnBhs HoP S0 AL ERRRI EaB. I TRECCSEAnBFned

bi asi ng fehéesudérVBohbengxaasambmycaae 6@hdomnpaﬁsh¢ntBbﬁagb6thas a
interior of the |liner hanger therebg expandlng the Iiner_ hanger.
Al t hough LAVEE &FUERe~FPELERE 86r§9€9|ﬁ usPFReddtPRTEAR WPAGPNGE and

descri bedgaboug, tﬁexugﬁeeherlﬁEek§5§eafneaaeilaéroﬁaﬁgékomg gy be
used. If greater biasing force is needed for a particdlar setting

t ool / 15 nepuheayeiycerppgdr sheohinekehanges- pi $hensesn ﬁaypbéSlon
ded. t
provi ded. G gat gL ﬁggﬁ'§%£LQBCESnﬁxgghaggTﬁooBBébﬂﬁgs ohﬂggganheg a

pi ston ar 83 of e3c I'stons Sefti

l'i ner hangéru&Buaes WbﬁchsmayabevkhywnltusthaBedskmlEe&Sin4ﬁhK afteas
the liner has._been ex ed. Note tp t the, expansion.cone .66
W0 20001 0EBIT9BCTT RYBEEP 0ot 198N RS OB " dF SpFBCBAT HBRRRRR: EREBAG
the |inercbangen i8rfackBereby expand the liner hanger radially
outward. Note that, when the outer housing assenbly 48 has displ aced

downviy d a pregeter ehaedodiigt anspal el app¥e H6rthén of the liner
hanger 18 overlaps the expansion cone 66. This
configuration beneficially reduces the required outer
diameter of the setting tool 20 and liner hanger 18
assembly, which thereby reduces the equivalent circulating
15 density while circulating through the assembly, and enables

the assembly to be conveyed more rapidly into the well.

The differential pressure across the pistons 60 causes
each of the pistons to exert a downwardly biasing force on
the expansion cone 66 via the remainder of the outer housing

20 assembly 48. These combined biasing forces drive the
expansion cone 66 downwardly through the interior of the

liner hanger 18, thereby expanding the liner hanger.

Although three of the pistons 60 are illustrated in the
drawings and described above, any greater or lesser number
25 of pistons may be used. If greater biasing force is needed
for a particular setting tool/liner hanger configuration,
then more pistons 60 may be provided. Greater biasing force
may also be obtained by increasing a piston area of each of

the pistons 60.

30 The setting tocl 20 and liner hanger 18 are
representatively illustrated in FIGS. 4A-K after the liner

hanger has been expanded. Note that the expansion cone 66



5 inner mandrel 44, a closure 76 will be contacted and di spl aced by
the inner mandrel to thereby open a port 74 and provide fluid

conmuni cayipodassyeen the exterior of the setting tool 22@tarRdodRsoss
i nternal chanber 78 exposed to an upper side of one of the pistons 60

(see FIG 4D). Since 10 the chanber 78.i,s _also in comunication with
the upper flow passage portion 40a abové the valve 56 (via one of the
ports 62), this operates to equalize pressure between the flow

passage 40 _and t he annylus 5 ast royi de.a noticeab

P essure dPBy PSER AASBPrRce P AREC ShEohAl: Thee LiBelohpfiigy 18 to
oper at i on therehgCesphuld Yheonghaetedhngtie rpaibli4 Baywakber natively
be placed in fluid comuni cation with the chanber 78 due to the port

di spl aci ng pasioeseaat§Owdahr ked entbhehonRehgmardesbl 4@5ﬁagbly
Wth the liner hanger 18 expanded as depicted in FIGS 20 4A-K

external §é8Pdaged GRVIMETLi RePrRERGErMigefodigtabnes salptale sadthe
9;'pp'ﬁglinﬁgga&%nhg%l'QgerhOElBEuEQe7%a%hﬁgl%brbBﬁgégth Bﬂg SyStem

. The I nner 44 can now be spl ace ownwar
by sl acki Agspfibced bweth@rkngeﬁlmgnﬂzpltﬁoréheasbytheean@hpprng74 and

device 28 anedancifod 2anaAYE,. g Bgtling Loel 20cean.thenhe

retrleved romthé oW
t he systeseta;ngetbbng2Doahdzanaﬁdte$aa¢|ahadb&etnedsxgesealbedaabove

rovi de significant rove in.the art of setting 30 expandabl e
Pl ot “hanbePer SH8enERaPr. Pe that DAl CoRPeFAal saPakttor 109 o1 heLnce

setting teak 28aaBdrl 7Befshanger i A8 BRuRecheduaedithhise ug yrmlow
reduces equival ent circulating W 2009/ 055319PCT/ US2008/ 08 223 -

- densi t yPA8FRAG PPrEaPat #8A, a&ﬁﬁethéwga%ﬁﬁe5ﬁa¢Véalﬁ§?apﬁath9npgrts
the settigg, tthl%OO?ggaEbgeth@ g§ﬁ1%§n89e§§W§El IQSeﬁbQMS flow

description, "in particular, provides a setting
expandabl pabsage Kangad taelnnauéubtéﬁrén@aatwébhstwprhvude ﬁethod

i ncl udi ng easahly rin i ner er. se g
tool 20 tg%tggé% %rgkgﬁﬁgk §roph8% g r?% Rcﬂugg Stgm%hagg the
expan&ionseanen§6obemadnsplaelagcbbsemgm1yheohbmeﬁebqngemheapdrt 74
cony eyt 9,k a12e26L 081108k §19cbi"Eh BEREE chihntBgeYeh W2 lhtene
chamber 78 due to the port displacing past a seal 80 carried

on the inner mandrel 44 assembly.

With the liner hanger 18 expanded as depicted in FIGS.
20 4A-X, external seals 206 on the liner hanger 18 would now
sealingly and grippingly engage the interior of the casing
string 12 in the system of FIG. 1. The inner mandrel 44 can
now be displaced downward (i.e., by slacking off on the work
string 22) to release the anchoring device 28 as described
25 above. The setting tool 20 can then be retrieved from the
well.

It may now be fully appreciated that the system 10,
setting tool 20 and associated methods described above
provide significant improvements in the art of setting

30 expandable liner hangers. One benefit is that an external
diameter of the setting tool 20 and liner hanger 18 may be

reduced. This, in turn, reduces equivalent circulating



tubul ar work string 22, wherein no portion of the |iner hanger 18
extends | ongitudinally between the expansion cone 66 and the work

string 23yobb®/gzeiihod nmay al so include the step of di spkagiu’geokisniid
expansi on cone 66 through the |liner hanger 18, with the expansion

cone being pressure bal anced during theg,displacing step. The
step of releasably securing the setting tool 20 to the |liner hanger
18 may include positioning the expansion 20 cone 66 between an
anchori ng denge g8_and the m?rg.string 221 The rel easabl.y securing
step may [(REPUAE éB%‘r"Pugoﬁ%ﬁSu R&18RpaREoR1EENE BE Bt #BEH an
anchoringidetht@aZ@oandfathkeasttOng RbsLOD06AndThensREt HatlgeRy18 in a
i ncl ude the Eiston 60 di spl aci ng the 25 expansi on cone 66 through the
| i ner hanU@ﬁ 18 in response to a pressure differential between an

exterior 52 of the setting togl 20 and an internal flow passage 40_ of
the setting t o6he ?H@Vﬁeﬁﬁéﬁrﬁﬁﬁlpﬁzl&Bepﬁﬁ§l§Péﬁrof966§hﬂﬁ§ & pethod

74 39:?r0&EdEBQtﬁhgiQnC% RlERE £OR j RBEWBERGERE 18X RM hOEuBtelPEnean
setting tool 20 and an internal chanmpber 78 of the setting WO
2009/ 0553¥eRCT/ ws2bo8hesmarBod 13cludaol ither esporseftordispbabément

o he PLEkS:2c" PASHEL ILBSS, Dstahsosogy ag T Be! LR Rihodd

pi stons mag,aphkysattesgetbbiteibchudinggahoegpaheibvhecexrpahsi dbrcone

66 i to th di f.f tial. The pistons.60 b
annul ar SHABBARGAASCIPERHEE: FBE 4 0EReraPRy ¢ UBGFaF OPHFEI HaflFel 44

of the segkikB@ngoebo20anandihbe KEhGed ABYyol Rekudellihenshepefbrally
dlspIaC|n% the inner mandrel 44 to rel ease the anchorlng .
ubular work string 22, wherein no portion of the liner
hanger 18 extends longitudinally between the expansion cone

66 and the work string 22.

The method may also include the step of displacing the
15 expansion cone 66 through the liner hanger 18, with the
expansion cone being pressure balanced during the displacing

step.

The step of releasably securing the setting tool 20 to
the liner hanger 18 may include positioning the expansion

20 cone 66 between an anchoring device 28 and the work string
22. The releasably securing step may include positioning

the expansion cone 66 between an anchoring device 28 and at

least one piston 60.

The method may include the piston 60 displacing the
25 expansion cone 66 through the liner hanger 18 in response to
a pressure differential between an exterior 52 of the
setting tool 20 and an internal flow passage 40 of the

setting tool.

The method may include the step of opening a port 74
30 providing fluid communication between the exterior of the

setting tool 20 and an internal chamber 78 of the setting



10 device 28 fromthe |iner hanger 18. Al so provided by the
above description is a liner hanger setting tool 20 for setting an

expandablwgolbgyaissdianger 18 in a subterranean well. The seitush@sihsabs
20 may i nclude an expansi on cone 66, which is displaceable through 15

the liner hanger to expand the |iner_hgnger; at |east one piston 60
positioned on a first side of the expansion cone 66; an anchoring
device 28 for releasably securing the setting tool 20 to the |iner

hanger 18, the.anchoring device bein gsi ti.oned on second si de of
e expankPBi dBnEgBon8eof ot eB PR s PEo hE: BArfoRnE0ogpans: on
cone 66 bpiragepeessued Rakaaged.between its first and second sides
when t he expansion cone is displaced through the |iner hanger 18.

The setting toghe?28ciBYngl $80iNchude a8hBOMELRAEWRLGNih&1aBENARLCibYe
provi de fluyid conmuni cation between an exterior 25 of the setting

tool and RAStRREr 6€hafber eaghoptt kbesBiFtAYSt BAY PRPLEsPoRgEPEEtive
di spl agenpht 5o 4t bSEB”tﬁQ.éxBaﬁgﬁbggﬁbﬁédg@'25398§8333e tofthe

&
| east a portion o? fhe expansi on-cone 66 nay be positi
| ongi t udi paebgubet deéfierratilpder Famgpisi8ngnd030ayhbephsnvhasOshhpad

2009/ 0553 F8RCHFUEUBBBTERags Sonp a9 ebButls TRLEKTHahARe s ofOkne

responsi veetaiagptesiueé ,dehtietant malkthbdt wagnianludeethkl ewepasgage

40 and an exterior of . the setting .tool 0 to displ ace.the expansi on
cona 66 L AESBTRCERE FRRoin Rk BAATES 15 e ooF ELRBS B RO SRRRD R IRE ! ude

a valwve 5§ew@b@hzgsfggheghévgﬁﬁeglgsﬁgbg ttg.isolate a first portion
of the flow passage 40a froma second portion of the flow passage 40b

influid connunkgéaﬁgavwaba gg ikRbehbBkeOtebbeibiABh Rangerih8y and a
venting device 70 which provides fluid communication 10 between the
fl ow passhgegsecenrtitpost torlaél ARy erEtdrgepropxphndnblselinfy t ool

20 i n respange.! 9ga ;i edelRiaiagd anessyne difhlecential bebhweon hig

fl ow passage”second portion and the exterior o e sefting tool.
setting taokl2@emay empkodéomukbngl é6pi whank 66, diSpéackabflet hbrough

pi sto being,o erahive to,apply.a.r ect.ive giasing force to the
bxpantl ontBEnd 86" AoPEgonSe SFB e tHEededre APTPEfantral SaTheots
pi stons 6@igaynbeéoapbeliaioskdped andiektcylder blfethegerpaakliynt gbukar
i nner mandrel 44 of the setting tool _20. )
6; an anchoring device 28 for releasably securing the
setting tool 20 to the liner hanger 18, the anchoring device
being positioned on a second side of the expansion cone 66
20 opposite the first side; and the expansion cone 66 being
pressure balanced between its first and second sides when

the expansion cone is displaced through the liner hanger 18.

The setting tool 20 may also include a port 74 which is
openable to provide fluid communication between an exterior
25 of the setting tool and an inner chamber 78 of the setting
tool in response to displacement of the piston 60 a

predetermined distance.

At least a portion of the expansion cone 66 may be
positioned longitudinally between the liner hanger 18 and
30 the piston 60 when the liner hanger is releasably secured to
the setting tool 20.



20O course, a person skilled in the art would, upon a careful

consi deration of the above description of representative enbodi nents
of the inventismaszipeadi |y appreci ate that many nodi fi capconS2008/080423
addi tions, substitutions, deletions, and ot her changes nmay be nade to
25 these specific enbodi ments, and suchschanges are within the scope
of the principles of the present invention. Accordingly, the
foregoing detailed description is to be clearly understood as being

gi ven by way o R tiQn d,.ex Ly, . th nd scope
ot 'the. pr esent TevBHEESR 50”58 FaRP8aSIsterh By PFRE UsBended
cl ai s andlfﬁerEnEQaEthEWéen aﬁ[hﬁﬁ@Q/@55@1@E€§b@e15a068808ﬁ423 - 15

- WHAT IS tt dabl
| i ner han§é thog ngFE?rﬁﬁggﬁnﬂeggogogg %Qtﬁﬁﬁb ﬁﬁngéﬁggP%ESgPEps

of : conkebgasabbMgheeHel NGnarl hAakeRanger setting tool to the 5
| i ner hanger, the settlng tool including an expansion cone for

di spl aci ng thr@Hghséhelhgn%5omangemayamﬁc1ude aCoBRYO¥I BE {HecECiEI Ng
tool and liner on a generally tubular work

string, mﬁ@iepﬁlﬁa%ﬁoﬁipéﬁbéﬁ tRelBphatenan§drstxpentisonondi thei Fapwy
bet ween tBS ﬁ§§@9?5E9 mCQ”SeGBHthSr%ﬁBE ékrkﬂg glow agsadBCaob in

nmet hod of urt risi e step o C|n the
expan5|onféumd chmmugmcabeohlWethhangenterherewﬁanhaohlnenehbegag 18,
pressure bal.anced gurin

i ) ; hod . of | a
e i AR FEpEtbyr A ige /DAL RO PhF Rt S B i, BBLASR et ShAg

t he empanBEGWeéﬁnehbeEmeanpaasagéhnébagddpmkeﬁonndobhanmotKeSéktaglor
of the setting tool 20 in response to a predetermined
pressure differential between the flow passage second

portion and the exterior of the setting tool.

The setting tool 20 may include multiple pistons 60,

15 each of the pistons being operative to apply a respective
biasing force to the expansion cone 66 in response to the
pressure differential. The pistons 60 may be annular shaped
and circumscribe a generally tubular inner mandrel 44 of the

setting tool 20.

20 Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the invention, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to

25 these specific embodiments, and such changes are within the
scope of the principles of the present invention.
Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the present invention

30 being limited solely by the appended claims and their

equivalents.



4. The method of claim1l, wherein the rel easably securing step
further conprises positioning the expansion 20 cone between an

anchori ngydeyjopesand at | east one piston. 5. The petr/ieeho9bso423
claim4, wherein the piston displaces the expansion cone through the

liner hanger in response to a pressure;differential between an
exterior of the setting tool and an |n%ernal fl ow passage of the
setting 25 tool. 6. The nethod of claimb5, further conprising

the step ﬁﬁaﬁpgg ggpiﬁggrEgprOV|dlng fluid conmuni cati on between the

exterior and an internal chanber of the setting
tool in respon e to dis t he piston edet er m ned

di st ance. 000/ D553 BATPBesE68/ 0802035 BB bse ThEnEE: hghoer in
claim 4, &hgﬁﬁt@rkﬁﬁeéﬁtWEmm t eak mBehbdesompktisRhg Phét 9088psaBE:
wherein each of the pistons applles a respective biasing force to the

expansi on conerbNeh85899S8etari g Br§§§HEGthBE§r§8£t§hg P¥1Acbi BRE
hanger setting tool for setting an expandable’|liner hanger in a

subt er anéaneehpngeke §é?t5ﬁ§tﬁﬁglt@@ﬁpﬁﬂ@ﬂﬁélng an eypapgpanstone
cone, “h'EBr'al g&a# gaéhEOE hough §he.lipey éngshgto expand the

l'i ner hanger; one piston p05|t|one oh a first side of the
expansi on cone,,

oneyﬁnﬁ tﬂECB8E£QQ deyhge Larlasgﬁaﬁ§95§r$%ﬁgai@ﬂethe
setting tool to thé er Ranger. the anc orlng evi ce’bei ng

posi ti onededh ansacgedesadéyotubhéaexwankleﬂrmnge whposihendSpbheion
first Sldef %He liner hanger extends longitudinally between the

10 expansion cone and the work string.

2. The method of claim 1, further comprising the step
of displacing the expansion cone through the liner hanger,
the expansion cone being pressure balanced during the

displacing step.

15 3. The method of claim 1, wherein the releasably
securing step further comprises positioning the expansion

cone between an anchoring device and the work string.

4, The method of claim 1, wherein the releasably
securing step further comprises positioning the expansion

20 cone between an anchoring device and at least one piston.

5. The method of claim 4, wherein the piston
displaces the expansion cone through the liner hanger in
response to a pressure differential between an exterior of
the setting tool and an internal flow passage of the setting

25  tool.

6. The method of c¢laim 5, further comprising the step
of opening a port providing fluid communication between the
exterior of the setting tool and an internal chamber of the
setting tool in response to displacement of the piston a

30 predetermined distance.



t he expansi on cone being pressure bal anced between its first and
second sides when the expansion cone is displaced through the |iner

hanger. w&Yepedh&sfetting tool of claint, further conpri&ingomkiodfszs
port which i's openable to provide fluid conmuni cati on between an

exterior of the setting tool and an infgr_charrber of the setting tool
in response to displacenent of the piston a predeterm ned di stance.

| b. The setting tool of claim , wherein at |east a 25 portion of the
expansi on cone_ is pgsitioned. |ongitudinall WO ,

2009/ 055319PCT7/U820"§B?G% -nglald’ét%\ee FHRLD P FRiHGET Pk he

pi ston whge1hed imelt {31065 S0 €] easdblNe SELHT S4b] G hehs G idttths
t ool . 11. The setting tool of claim$, wherein the piston is
responsi VAPRbLES i e63IRRCHITE et iy DR erP arhe mrpandinl SPwEssdye

and an e;‘%%é@ﬁsé’f%é h&éeﬁ}égg&%%%@e%ﬁﬁgﬁe t he expansi on cone

t hr ough I ner hanger. ng tool of claimtA,

furth i Si al whi ch i | ectivel I l.e to isolat
Fi st Spor 1 on %ot Lo Y18 PRt S50MS Stnd Borkd o 8 he 10

flow pas%&gﬂaﬂdﬁﬁiéﬂﬂimcﬁﬁ ii0n AN dubdr it areldf, tdhe ldenaring
hanger, and a venting device which provides fluid conmuni cation

bet ween t#eO¥ | RIPRIESSHYE® second portion and the exterior of the
setting tool in response to a predeterni ned pressure differential

between the f|aw geangeon Fareorith ik ti v bRl arrakia e Dt Hive
setting Ego er n%?n%egacoT%?%%’g&t%ﬂ@ iP0d- q];%lg%%m 1.1, wherein the

setting udes mul pl st ons, eac the pistons being

operdtive to a@@'féég{q%@gcélgﬁbﬁﬁ§§%{%&$ﬁ%&eoﬁOath%st side of the

expansion cone;

an anchoring device for releasably securing the setting
tool to the liner hanger, the anchoring device being
positioned on a second side of the expansion cone opposite

15 +the first side; and

the expansion cone being pressure balanced between its
first and second sides when the expansion cone is displaced

through the liner hanger.

Q. The setting tool of claim ¥, further comprising a
20 port which is openable to provide fluid communication
between an exterior of the setting tool and an inner chamber
of the setting tool in response to displacement of the

piston a predetermined distance.

i0. The setting tool of claim ¥, wherein at least a

25 portion of the expansion cone is positioned longitudinally

30



expansi on cone in response to the pressure differential. 2004. The
setting tool of claim1l, wherein the pistons are annul ar shaped and
ci rcunscwd®eowogsner al |y tubul ar i nner mandrel of the sett/Usmos/aaDklz3

10

15

20

- 17 -

between the liner hanger and the piston when the liner

hanger is releasably secured to the setting tool.

\1. The setting tool of claim §, wherein the piston is
responsive to a pressure differential between an inner flow
passage and an exterior of the setting tool to displace the

expansion cone through the liner hanger.

{2:. The setting tool of claim |, further comprising a
valve which is selectively closable to isolate a first
portion of the flow passage from a second portion of the
flow passage in fluid communication with an interior of the
liner hanger, and a venting device which provides fluid
communication between the flow passage second portion and
the exterior of the setting tool in response to a
predetermined pressure differential between the flow passage

second portion and the exterior of the setting tool.

13 . The setting tool of claim i\, wherein the setting
tool includes multiple pistons, each of the pistons being
operative to apply a respective biasing force to the

eXpansion cone in response to the pressure differential.

\lt. The setting tool of c¢laim '3, wherein the pistons
are annular shaped and circumscribe a generally tubular

inner mandrel of the setting tool.



