EXPANDABLE UNER HANGER SYSTEM AND METHOD RELATED

WO 26¥8RR196ATI ON Thi s application is a conti nuat ponustvopazizs
of U S. Serial No. 10/855,044 filed May 27, 2004.
FI ELD OF THE | NVENTI ON The present invention rel ates
to dowEXRANDABLE LINER HANGERSYSTEM AND MEEHODner
inawll. Mre particularly, the invention relates to

REf.AMBDPRLICATEDNabl e |i ner hanger assenbly for
gri ppingly engaging a casing string to support the

| i mepisidppliBatiorels!a ca_ﬁtﬁ\da%ﬂlir?—%ah%'U.S'?‘$_eﬁ§! 8! ﬁz/ésé,om filed

fromthe set |iner hanger without rotation of the work
i BACKGROUND OF THE | NVENTI ON Vari ous types of
Ma?itz;?ér%gﬁghgers have been proposed for hanging a |liner
froma casing string in a well. Mst |iner hangers are
set wwth slips activated by the |iner hanger running
tool . Liner hangers with nmultiple parts pose a

5 FIEGRR TEEMNVEMBIONty when one or more of the parts

becones | oose in the well, thereby disrupting the
set Thagregant inveption nefateskio mpwitole tootd antd fdchoidues for hanging
O her liner hangers and running tools cannot perform

a lineninean welln Moreguaticulady, ape iiidrdion rblaltwmowﬂmg{maw&wdame
tool before setting the |iner hanger in the well.

lin%%se" %_@t@éhmtﬂﬁg%gﬁpﬂf}g@ RgaBIngBeaind S8 sUBBYH the tiner in
the well. The running tool may be released from the set liner hanger without

10  rotation of the work string.

BACKGROUND OF THE INVENTION

Various types of liner hangers have been proposed for hanging a liner from
a casing string in a well. Most liner hangers are set with slips activated by the liner
- hanger running tool. Liner hangers with multiple parts pose a significant liability
15 when one or more of the parts becomes loose in the well, thereby disrupting the
setting operation and mgking retrieval difficult. Other liner hangers and running
tools cannot perform conventional cementing operations through ghe running tool

before setting the liner hanger in the well.
Other liner hangers have problems supporting heavy liners with the weight
20 of one million pounds or more. Some liner hangers successfully support the liner
weight, but do no reliably seal with the casing string. After the liner hanger is set in
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of one mllion pounds or nore. Some |iner hangers
successfully support the liner weight, but do no
woebicabtggiseal with the casing string. After tRETIUSZ®G/020395
hanger is set inthe well, high fluid pressure in the
theamellj| high Heidyeresstfecinlthaehnang bdiweenshadneruntlthe/ caging may
the liner hanger, thereby defeating its primary

¥ eatl .
opmeste i et s oty oo O e o
are:: Eﬁ g6 t‘&glcybl‘gz"nobﬁ{s‘ft’;e[n‘acx‘?lmJ %ﬁlﬂé}tsga&gﬁ%ctgﬁ%fsﬂgi%ﬁﬁ%ﬁoythat of the

apse and burs hreﬂg . IeasOI SHoSH 3
: , iner. Liner
o450 R 5 A A R 5 Lo e
| Cthin t
subsZEFily able et o barie peing e eing: el i ed upon

expansi on of the tubular anchor froman elastic state

t o kinpr hgngersshauing grippingcemeotsard patkisy dlementd hgve been

el asti.city or nenory. The subsequent relaxation of the
expETEleglytonsuEEsrhayliney withintié cabing. | Prer afakgiinshald generally

fully expanded diameter may thus lead to a failure of

reli@dalpohtex@2hsRin @thEQQL'iﬁdIQPaﬁéHH??LdnH CN) é??é?tﬁ:bé'thtet% a

Anot her significant problemw sonme |1 ner hange

i WATEh ST R Y ioE AP o i R RfERecation of
theSHEABY ePERFTH D 1 Wit ranger Ab ety ended dameter

di sengage fromthe work string when the Iiner hanger

may dqus il toea Tailyre ef pealing andior suapengianosupparting capability.
well. Prior art tools have di sengaged fromthe |iner
hanfeethiey signiffeant prablerotwith someflinehleangers is thidttige running tool
al t hough sone operators for certain applications

carpiatfoer reliabBvdisehgdgid frdmnterset ihbPRaderd TRIErEblem Yith liner
to rel ease the

hanger technology concerns the desirability to rotate the liner with the work string

Plastic state
SIS

in the well, then disengage from the work string when the liner hanger has been set
to retrieve the running tool from the well. Prior art tools have disengaged from the
liner hanger by right-hand rotation of the work string, although some operators for
certain applications prefer to avoid right-hand rotation of a work string to release the
tool from thé set liner. -
Publication 2001/0020532A1 discloses a tool for hanging a liner by pipe
expansion. U.S. Patefif 3,948,321 discloses a reinforcing swage which remains

downhole when the tool is retrieved to the surface. U.S. Patent 6,705,395 discloses
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tool fromthe set liner. Publication 2001/ 0020532A1

wo RbgLhages a tool for hanging a liner by pip&erys2006/020395
expansion. U S. Patent 3,948, 321 discloses a

rei nforci ng swage whi ch remai ns downhol e when the tool

a rhéiaﬂl?@kbéﬁ&é’d liRet RéhgetiiRes gsﬁs an & ﬁ%o@aﬁi@ gqr%%_’ar piston to

) l .
di scl osesa radi al | y 'expande ner hanger whi use

=T annul ar piston to expand a tubul ar
epEhdE Eblukr AR

i sadvant ages of the prior art are
ove by the present invention, and an jnproved. . .
11 naPerpRAnsas e i PRt arbare e Y ebbiesaat invention,
Hang,er are herejnafter disclosed. SUMVARY OF THE
ang QUBRNRTENES e RARgRIBISien; anst metinske! ssiting Ahe figer hanger are

met hod achi eves positioning, suspension, sealing and
heeginafteradisgdesetht i ng of a liner in a subterranean wel |
In an exenpl ary application, the nethod invol ves
expansi on of a high strength steel tubular hanger body
havi ng slips and packing el enents positioned about its

SUMVRARE O rpEeme=eTiog contact with the inner surface
of a casing string, which has a |arger internal

| STRRCE IR Robfna by S48 3hoh BRI el bostioning
<o B kg AR R oL 530 e, i an
- _expanded hanger body for support at its final expanded
exq etpplicatian.stirdmediach vohuesemansian pf ashighastrgngth steel
tubular hanger body having slips and packing elements positioned about its outer
circumference for contact with the inner surface of a casing string, which has a
larger internal diameter than the initial external diameter of the liner and liner
hanger.

The present invention preferably uses a tubular expander to expand the
hanger body, and which remains positioned inside the expanded hanger body for
support at its final expanded diameter, thus sandwiching the expanded plastically
deformed hanger body between the casing and the tubular expander. This method
provides improved sealing and gripping capability and requires shorter lengths of
expandable tubular liner hanger, typically in the range of from one to two feet.

According to one embodiment of the invention, a liner hanger for use
downhole in a wellbore is provided to seal with a casing string and transmit fluid
between a liner supported on the liner hanger bady and a production string
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def ormed hanger body between the casing and the
t ubul ar expander. This nethod provides inproved

weeeleiagpsand gri ppi ng capability and requires BODUS206/020395
| engt hs of expandabl e tubul ar |iner hanger, typically

in.the range of frqmaone to feet. rdi :
xtangd, W or oo s engar by it Wi P feGefBBay is
downhole in a wellbore is provided to seal mﬁtg,a
reraeralygsepRariablara a Waning tookfoppesiiering &e lubuardiner downhole.
supported on the |liner hanger body and a production
A tabulangrpardetiis glsopesrayablyosuppesablenan theamgemngiogy antHas an
tubul ar |iner hanger body is renopvably supportable on

exParidgtbuternten | didraetap epedtes tharothiehinitialibanger inneediameter. The
downhol e. A tubul ar expander is al so renovably

J 1 |
rurﬁtﬁ?@%&l MG Pifalit W?'a@ﬂjaﬁﬂg, suciss Prsord) whidlfieibly move

rnmost di aneter gfeater than the initial hanger
. di o N i ocl . .
RS SRAFLEF B A LK 5P el S8 B Wik ner
ety SR S SO B3R A P bocy, ety
position substantially within the tubular |iner hanger
radislly expandingihe hangarBody,qaaingt the caing sHing togsegyre the tubular

agai nst the casing string to secure the tubular

expapdedard thedubiiar hargdriody dogaholeo dysedding Istdeye may be secured
sealing sl eeve may be secured to an upper end of the

to aRbud Ry sePaNIY tubBlar GXPEHAE € R icomrhahivatth beevddbtHeatubular
expander and a production string or |liner extending

exﬁ@@@%ﬂa@é{’ Ffﬂ?ﬁgﬁé’cﬁn@tﬁnﬁgp ﬁnéﬁ@&élﬁ'ﬁngi@@\far@%‘ﬂ% Sl]h%é.

I nterconnected w unni ng too
i YT R I S
toct)lhrﬁallwcijrg(lekr)y iascorllgtn ori onthctarh I%tc\ﬁe%lebhgrngml, \%/ ?crr]\ irsr?)(r:gvaewtesmrom moving
radially inward by a stop when the liner is run in the well. The latch mechanism
moves axially relative to the stop after the tubular expander is positioned within the
liner hanger body and the work string is subsequently lowered. A catch mechanism
interconnects the latch mechanism and the running tool mandrel, thereby allowing
the latch mechanism to move radially inward and release the running tool from the
set liner hanger without rotating the running string.
A method of hanging a liner in a well bore is also provided to seal with a
casing string and transmit fluid betweeh the liner and a production string exténding
upward from the liner hanger. In one embodiment, the method comprises

positioning an expandable tubular liner hanger body and tubular expander on a
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noves axially relative to the stop after the tubul ar

expander is positioned within the |iner hanger body
wanaetibwsnor k string i s subsequently | owered. ACTAS206/020395

mechani sm i nterconnects the [ atch nmechani smand the

I t ] h .
rorgRBIeR ARE R el feg Filadh e 8 elR1eq e fihin a wetloore
running tool, fromthe set |in hanger...w t hout . o
the WiBAlaT mYPERECF SrTATGIRY SEovasAalyHR HBastioh rUfisantall within the
liner in a well bore is alsbo provided to seal with a .
tukgdayr lingr hangey taradialiaexnand thedvbulpeinfrdirnass against thg gasing

a production string extending upward fromthe |iner
strimay) tiereby secuniagéndutbutartiner hdngerand the tubuijar expander downhole.
positioni ng an expandabl e tubul ar |iner hanger body

Thaworkatih@ s motrarged toreleddathie pduraiiyl of adtuagors from the set liner
positioning the |liner hanger at a sel ected depth

haﬁg%ﬂ%ﬁ%@%ﬁ'tﬁﬁﬂéﬁexﬂe{}ﬁetrybU' ar expander is forcibly

'y to a position substantially within the

tuby ar .l i (.al :

| Vet Arier dBRREE. R (LALE o8 FEY RTd< 8 sblipt Maricrel with

secyring the tubul ar |iner hanger, and. the tubular.

a bagdnterssing Asaen! ihtpuchifiasianiig 1goiRiard? splipg ey hanger.
release the plurality of actuators fromthe set |iner,

Thearywing degl maadieal modis elsexipalidera ledt hpad taraadhiar releasing the
feature, the running tool may include a central

runnindrtebl by rightthhnd eofationpafshe rvgprkestiing as lar backupt toethe primary
running tool prior to setting the |liner hanger. The

relc43BIrREcHARSmTAAhedodEotatgdire w@rws@ing rb&ftfonhand
thread for releasing the running tool by right hand

o8 iAol Ol e AR Gh BB L b dlaseo
frcgr%ttﬁé 5 liner hanger assembly after expansion of the liner hanger body without
rotating the work string. Interference between the tubular expander and the liner
hanger body secures the tubular expander within the liner hanger body. The
running tool may then be removed from the well.

An advantage is that the liner hanger may be constructed more economically

than other prior art liner hangers. The assembly consists of few components. A

related advantage is that many of the components of the assembly, such as slips

~and packer seals, may be commercially available in accordance with various

downhole conditions.

i S————"

Another advantage is that the system for forming a liner hanger may utilize
conventional components each with a high reliability. Existing personnel with a
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Anot her feature is that the running tool actuator nmay

be reliably released fromthe set |iner hanger
wagsewnifygl af t er expansi on of the liner hanger BOUYS2006/020395

wi t hout rotating the work string. Interference between

- 1. t [._expan n ld-net i
i 8P el G {BER gl B e peF hadBeRSeiaF hogipairi tis
. runni ng tool . ma\é A he%. be rem)vEg from hhe well ... An liabl
inveriorhsige e inveRtoR KRligs RAN Wah§BPWHE)THES ORISR Jeiiably

nmore econom cally than other prior art |iner hangers.
formHbedissehBngelconsi sts of few conponents. A rel ated
advantage is that nmany of the conponents of the _ )
assThise anduftinthes fedtupss and guivaktagescel the prggebt invention will
commercially available in accordance with various

bedtve Apbaraittidifie dwiryaéfadied ddveritape wheréihatfdrerce is made
system for formng a |iner hanger nmay utilize

i Wﬁ ith a high reliability.
to @%ﬁ}g{?%%ﬂg@resonnel W t@ gwp%m of training my
rel'iably use the |liner hanger system according to this
i nvention since the invention relies upon well known
surface operations to reliably formthe |iner hanger.
These and further features and advantages of the
present invention will becone apparent in the
foll owi ng detail ed description, wherein reference is
made to the figures in the acconpanyi ng draw ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1A depicts in cross
section an upper actuator portion of the running tool.



Fi gure 1B depicts the expansion sleeve. Figure 1C

depicts the liner hanger body prior to expansion.
woi2onerie78A depi cts the actuator as shown in Fi garasSiod6/020395

stroked. Figure 2Bdepicts the |iner hanger body

' -t pansi on sl eeve. DETAI LED

BR&é%@%ﬁﬁ#?@kﬁ%&wgkgpaﬁdE%A MENTS A |iner may be

conveyed,into.the well to . the desired, setfin r .

SusHSHE bA JRFRIR gTossaaetion anbRsT AXBATOIRHRR of the running

connected to a nulti-stage,  double action hydraulic
tooketting and rel easing tool (running tool) that

furni shes the necessary forces to expand the |iner

hanBiguread Beddgigtsithe expansigesteevewi t h t he casi ng. The

runni ng tool may be constructed of sufficiently high

st I P@ivd 161 @sPictsahs WiRBPhANnddrodyi it tobxpamsionner as
it isrun into the well and to provide the necessary

for epuké zﬁxfg@ﬁ??ﬁttﬂé actUREr A9BYRUN ASFRTPS YA stroked.

Addi t9 ona e running tool preferably has a

suf £ ci ent)l ' LW : ;

ran € 2B depichy 8% sngh A ety BubRablian it e cet expansion

for cenenting the liner within the well bore.
sle®¥ferring to Figure 1A, the upper end of the running

tool actuator assenbly 10 may include a top connector

12 structurally connected by threads 14 to the running

tool inner mandrel 16, which in turn is structurally

at the lower end of a work string. A throughport 18 in

the mandrel 16 bel ow the top connector 12 allows fluid

pressure within the interior of the running tool to

act on both top connector 12 and

c



10

15

20

a |l ower connector 13, which as shown incl udes

conventional seals 20 for static sealing with one of
woOheormamdtel 16 and an outer sleeve 17, and foPCTyIS2096020395

sealing with the other of the mandrel 16 and the outer
DESIWIEED BESORIPTRURIGF FREFERREDEMBODIMENTS essur e

hin the running tool acting on the | ower connector
r .
S e&“e'*e{%”mﬁ IR, Rl e déslRld 500G ¢ Suspension
r cophector F ;
depfiBy of e o shlio"Bittudled i o (pHiRERE. Wdble action
t hr gughport 18 nd.the to connect t 12
hypepLlE R ABOsElReINg M RBITE Codh e ERRes ?fé% nggessary
Fl uid pressure thus exerts an upward force on th
forsea e expand thediner hRnger sasembininip engagermgpt Wit Hesasing. The
a downward force on the | ower connector (lower piston)

rudidingdolt thay det esnstiuetackofl uffidieatly bighc stneregth eteglttosupport the
pi ston), |ower connector (lower piston) , sleeve 17

welgist 6fURBi MGy at is'RRAAR) thEbweihuaddefprowde thanesbssary force to
stze hydraulic cavity. The throughport 18 passes

o e L
sufigerif 1O oRIRIBEL POIS i g redint e n?i?§e3>”‘%%58|% igﬁ%ﬁ!de and
OB Ao pemepida T AR e b ot

the tubul ar expander 40 downward to expand the |iner

handRefetringytosfigusetA rhgwppel Bnd wfitheaunningdloe! axtliatas@ssembly

inthe art will appreciate that a series of top
1 Otl) gmyemb&rd@, a ltoponpectoe di2ostsuctstadip wasinaokdniay thirekds nelyto the
running tool inner mandrel 16, which in turn is structurally at the lower end of a work
string. A throughport 18 in the mandrel 16 below the top connector 12 allows fluid
pressure within the interior of the running tool to act on both top connector 12 and
a lower connector 13, which as shown includes conventional seals 20 for static
sealing with one of the mandrel 16 and an outer sleeve 17, and for dynamic sealing -
with the other of the mandrel 16 and the outer sleeve 17. A predetermined amount
of fluid pressure within the running tool acting on the lower connector 13 will thus
provide downward movement of the outer sleeve 17 with a known force which is
connected to the lower connector 13 by threads 24. ;
Fluid pressure to the top connector 12 thus passes through the throughport

18, and the top connector (top piston) 12 is sealed and structurally connected to the
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provi ded, so that forces effectively "stack" to create

wo 2obg1289@51 r abl e expansion forces. Further det Q’tﬁﬁls%%ﬂﬁos%
alternative actuator assenbly are disclosed in U'S

Patent 6,622,789. It is a particular feature of rhé
maPURSIeNs. FIKEPicsStrd hak cxohS Hnaspvedrdtforceadr tHeoy@inector 12 and
connectors nmay exert a force on the tubul ar expander

thu'lgnrhgeIr a@flreﬁ’ﬁ 61 Q0P a0 @%”Q%OWM%(E 4 3brcbWiF F@J‘Wiar connector

in’excess o ut 1,5 000 pounds of

ex the bul ar anchor. Still
(IO‘S}S é\s qrﬁgﬁf%niﬁbeu?@teﬁgleeg f1 rce transfer rrerrber 28 may :
2 T s ot g R B U881 anc
Iovverrrost connector 13, so that the force transfer
rurgtioql et mandral idr thes definengaveriabieesize hghawlicisavity:  The
on the sleeve 38 at the upper end of the tubul ar

threuglapait r1 81 pasew ftercaighy thea rurmieg  tebloolatelrel4@ndtthubes in fluid
end of the force transfer sleeve28 al so engages a

commbiilSatidiPwithl eHe BSrea6 ih fite maNRIFeiaBd With SRAtobMenesr coviector 12
38 to nore reliably nove the tubul ar expander 40

fnxééi’\nrg‘étﬁé ggaﬁerrehxé agﬂi rﬁgbut)é ¥h8Got 18 nyéréGZtg) hbadisd®e 22, fluid

downwar ar expande
progis Prpslisa S ine AW RFAT B Ra e sTepvs é@ﬁnwsa@re!aﬂve
g'geoutward and i nto engagenent with the casrﬁ% strin

aReReli 16 e rgaye thetu PHROeet +aforeward 1o expand e finer

sl eeve 28 may thus be positioned above the tubul ar
hapggeery 50 ém igues1 B end i Cok Ebosa ekilled in the actwwill apereciate that

downward to a position within the |iner hanger body.
a Sbeeslofdop- sdrapetorsy iowar compeotdes, siéevast andsnandrels may be

setting sleeve which is
provided, so that forces effectively “stack” to create the desirable expansion forces.
Further details of an alternative actuator assembly are 'disclosed in U.S. Patent
6,622,789. ltis a particular feature of the present invention that a series of top and
lower connectors may exert a force on the tubular expander in excess of 1,000,000
pounds of axial force, and preferably in excess of about 1,500,000 pounds of axial
force, to expand the tubular anchor,

Still referring to Figure 1A, a force transfer member 28 may be threaded to
and move axially with the outer sieeve 17, or to another lower sleeve provided on
the lowermost connector 13, so that the force transfer shoulder 27 on member 28 |
engages the top shoulder 37 on the sleeve 38 at the upper end of the tubular
expander40. Preferably, a lower shoulder 42 at the end of the force transfer sleeve
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adj ustably supported on the force transfer nenber 28
and noves in a downward direction during the |iner

woamgar7set ti ng operation. The force transfer ReEmS2002820395
may be adjusted axially with respect to the tubul ar

28 Q&B@F@Qﬁeé% rRAtIMFShETIdEBY dtthatbwisrendsd sedlingysieeds#\Bs to more
unti | e lower end of the tubular expander is in

rolEBAAABTE e HiKkflar BpaHBBEL0 BrAarghe T ner hanger

ower taper 52 on the tubul ar

o -1 Rrlody DAGHR drerhals P risi REY SypREl R bular
The " ﬁg 6(?r21b| S%%Mga gﬁ[?%gﬁﬁqﬁr{aﬁth%{ vgﬂ%hﬁlﬁ}eqtrm%er body 50

rranner The cenent may be displaced fromthe drill

to pdiallyamave the lingh hangeraheSQouWaErand INie ngAGBIMeSt with the
using cement wi per plugs as is customary in the art.

ca$ing strirte aplshgwnhiaigute 28, ateiioréetrarsfenmenneras sieaye 28 may
near the bottomof the liner, pressure nmay be applied

thusObd bbsitioned RbBvé life YWarséx) afnidgr ardll menvesuetrbkys the tubular
through the pressure ports 18 of mandrel 16 and into

exgé?ﬁg SrdB 8§|ﬁoﬁw. kRN 48 RAnkeres .Tovi ng
| Stons

connecto and downwar erV| g pI st ons

(cognect.ors Pre r |s i NhCl ease f
Cr eatBrIPeTe s ed M e Smalils ApCa M vy sty § el yin
downward, forcin eex er 40 into the upwa
adjusta iy SHEE@B%@D&“@EO&% ANSiRT MRAIRGS Bo%r&f eslﬂa@éﬂq‘/ﬂ"wafd
t he expander 40 downward causes the |iner hanger body
dirsotioro desipa e lirefi hariger settingreperaiioni hhe dpicgdrasfenmember 28
sealing elenments 55 into engagenent with the inside
ma&pbé adgistdd dtiallyowith respai to thesulsdar eéxgaraled 46 byrzaljusting thread

the liner hanger within the casing.
21 (see Figure 1A) until the lower end of the tubular expander is in engagement with
the upper end of the liner hanger body, such that the lower taper 52 on the tubular
expander 40 as shown in Figure 1B is in secure contact with the upper taper 54 on
the liner hanger body 50.

The liner 98 (see Figure 2B) may be run to setting depth on drill pipe and
cemented in a conventional manner. The cement may be displaced from the drill
pipe and liner and into the well bore/liner annulus using cement wiper plugs as is
customary in the art. Once the plugs have displaced the cement and seated near
the bottom of the liner, pressure may be applied to fluid within the work string and
consequently througlj the pressure ports 18 of mandrel 16 and into the pressure

chambers formed between upward moving pistons (connectors) and downward
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If pressure within the drill pipe and |liner cannot be

i ncreased after |anding the w per plugs, a setting
woabde/mawg1 be dropped into the drill pipe and pecmiusStme/ 020395

to gravitate until the ball engages the seat at the

mo{/iﬂ lsl%'ﬁg @ bnh&oF ””Pﬁ&sh%’hs if¥reassd einfikthd heBebfteated is
I'n 0 e

rease opera setting tool as previously

sof5i0n e 1 peﬂﬁé@m‘%@m%@@%g@grdg?%@wh;m& CRbapisg o

oS SRR e R i s o

dowiaelaaUsen e BieringsT Bos 54 e BEANLEHAMOTHATHeforng slis
| i ner hanger for securing the liner hanger to the

53 andisegling elentenip 66 intopengsigement Méthshe énaide Rilaee of the casing
expander 40 is set substantially within the bore of

22 tthas esakiy add eogyodiflg the tnéhhengeravithie thescdmingnt i al
r adi al support to the tubular body or anchor 50 once

they Eas e ﬁiﬂ'thé Arifl gfp'érd?ﬁﬂmb?céﬁ}%t%ér uﬁé\@ﬁsea' Bfiér landing the

i ncr suppor't to the body or anchor
R, : g%mr@&@a@i@ Lo ST e
gt optibireapal aneRaes e Seatiet: ap I%ﬁiﬁé?ﬁ”sﬁ@aebiwﬁwg tool.

t he tubul ar anchor when run in the well. The tub

Pr@squae.mytharsbamcéa@@em@rop@m@rth@sgwégé@d@ﬁ@a@\é@uwaﬁscrlbed
t hel i ner hanger inner dianmeter, such that noving the

t ubTharlinex hangarbodyt 30 Braetdbijfwrmémbgeprdﬁemplyvﬁ\a\ling elastomer,
expand the |iner hanger body against the casing string

STt o datng sttt s nrcomtrnc
for sealing with the casing upon expansion of the liner hanger. A plurality of
gripping members, such as slips 53, may be provided on the liner hanger for
securing the liner hanger to the casing string upon expansion. The sleeve-shaped
expander 40 is set substantially within the bore of the expanded body 50, and thus
provides substantial radial support to the tubular body or anchor 50 once tpe
running tool is returned to the surface. This increased radial support to the body or
anchor desirably maintains fluid tight engagement between the liner hénger and
casing string.

The liner hanger assembly includes a tubular anchor or expander bady 50
and a tubular expander 40 preferably positioned above the tubular anchor when run

in the well. The tubular expander has an expander outer diameter greater than the
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expander downhole in the casing string. The tubul ar
expander may initially be positioned above and rest on

woheoshiamger body prior to expansion, restraini RQT/US2006/020395
axi ally downward novenment of the tubul ar expander. The

linek WangaF irpee idAerndsidibiag meviipideiubdlraxpandehinto the liner
preferably solid rather than perforated or slotted.

e R BT e g gl el v
B R L
o3RS SR T e g RStk gy ey

spi ke in setting pressure as an indi cator of - ,
posiitansiccabaye ayid Kastor feanask beeiy pESEIO erpRESigRsfastigining axially
shown in Figure 2B. The running tool may then be
downivaide weenerd\af rilge titsulauexpamdesx Javediebufas diadydeand tubular
radially inward of and axially aligned with the liner

expEHHER 140t e dh freferbbly dolideatheafigaT pddshatediogsiotied.ng
engagement with the casing string. One or nore

SC akhggér ?&{\lﬁﬁa}oaho%ﬁm%n%f tﬁ'gu&v Eﬁﬁ?m% Withif hd m]?er hanger

out si 0 e tubul ar expander 40 forma series o
l.-to-petal hall I OV| '
bogi‘a% BetaBBe R sho0s 5P Tepf KR IR A0RweLER ofgubuler
anger body 50 assenbly. The tubul ar expander -
expARIRI b )0aGESSt08 RLITAL 69 ) '@s&&wﬁégeﬁy Rrde shon 4m Figure
radi al l'y supports the |iner hanger body once expanded.
1CTAniscangagemaptet compistioand the agial gkpangien pracgss eadsesa spike

along its length (except for the annul ar
in b@ﬂﬁiﬁg)c?rbbgmreta/s ae dndicator oh eompleatidnhofoithet dvgtansiom process. This

expander wll slide out fromunder the set
position is shown in Figure 2B. The running tool may then be retrieved, leaving the
tubular expander positioned radially inward of and axially aligned with the liner
hanger to maintain the liner hanger body in gripping engagement with the casing
string.

One or more scallops, circular arcs or circular bumps 62 on the outside of the
tubular expander 40 form a series of metal-to-metal ball seals that provide a gas
tight seal between the set tubular expander 40 and set liner hanger body 50
assembly. The tubular expander preferably is a continuous sleeve-shaped member
which radially supports the liner hanger body once expanded. The OD and ID;of the

e

expander is substantially constant along its length (except for the annular bumps),
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i ner hanger after the running tool is retrieved to

the surface. The upper end of the tubul ar expander 40
woayoshiawsian upward faci ng sealing sl eeve 38 (BE®US2006/020395

Figures 1A and 1B) with an internal sealing surface 66

thefdbyt rRBLBIngatheriReRhoddthad thd exparderwalblide ppt #omf drefer the set
thé liner is installed in the well. The tubul ar

Iine,‘?i’ﬁ%ggeﬁaﬁépﬁeéb@gryﬂ@gobhig%%vgeﬁhténelp_g@.qiadg,t hin the

h anger “to expand i ner hanger, while
0 0P 5 B PGPS i oy o

eal nipple for extending t iner upward. Th
sealipdr HaPVa SBusRONES | A Bh ieed BN, sHiing gurtace 66
threads 72 on the |iner hanger body 50 by external
suitaiblefod secriviog aﬂ@-b@@@ﬂﬁ@én@@?& erthe fagrds instaltegdn tha well. The
fingers extend fromcollet ring 78 surroundi ng the
tubulzréxpgntepbodpAdmedy s benposiiomedhwithtn fhediner bangemiody 50
collet fingers |lower ends 80 are prevented from

to Ekgafid@e! | lahgef, Wriletthe Uppek BRavat3sBidtddral witls and above the
t hreadably connected to mandrel 16 by a |left hand

tu&ﬁﬁn@ﬂaﬁ&e%o%ﬁ?ﬁ 'B%'lﬂ‘.’egi' foiléeélfng{\?iﬁwné 'é,g?i @ngeﬁ@? exfBMEng the

In an upvvard Irection during s I ner

i hanger sl ips, and becones stationary once the slips
Ny @’fj.‘ Conti nued application of pressure within the
setting tool_ noves the tubuyl ar exgan{ﬂer, 40 f

. rther

i nt dheydraiigeunpitg togbmayiRe ee i %%rnﬁﬁtjﬂreads 72 on the

operati on causes the upward novi ng pi stons i
lingrcloamgsartioody) 5Q by enxternakthireads 74ovi relpasiableoesllet fingers 76. The

(connectors) 13 to stroke or separate
collet fingers extend from collet ring 78 surrounding the running tool mandrel 16.
In the running position, the collet fingers lower ends 80 are prevented from flexing
radially inwardly by the nut 82 that is threadably connected to mandrel 16 by a left
hand thread at 84. The mandrel 16 of the running tool moves in an upward
direction during setting of the liner hanger slips, and becomes stationary once the
slips are set. Continued application of pressure within the setting tool moves the
tubular expander 40 further into the hanger body 50.

The foregoing setting operation causes the upward moving pistons
(connectors) 12 and the lower moving pistons (connectors) 13 to stroke or separate
from one another as the tubular expander 40 is moved into the hanger body; 50 to
setthe liner hanger. Thereafter, the drill pipe may be lowered to collapse the setting

stroke causing the mandrel 16 to move downward relative to the collet ring 78. This
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fromone another as the tubul ar expander 40 is noved

into the hanger bodys 50 to set the |iner hanger.
woheveafaser, the drill pipe may be | owered to eoriuap®e/020395

the setting stroke causing the nmandrel 16 to nove
dowonanaheverabat daleesthitehds Fdldrethe mamgréBl 6 fihinedefromeardaxially

novenment causes threads 74 on the mandrel 16 to nove

spefdeBIch%‘ﬁicﬁ'?(ﬂoaéﬂ ¥n SodiisH With ol nesdifsh 2Sdr ihercollet
with a ratchet chanism 92 on the collet ring 78

ind 75 JaRfe i the BHBHEEEAE0 by EX o CAdiera DRicofREfiigers 7e.
drel 16 addijti I t he.
ThT”%Bme e ahe S Te soBBHbhahSe et to be
ds 80 of llet fi iall d

moyaaiTors s BeNBg end SeBingaosiianysHeRoRBadRe g ATERR0 of colle
2B. The running tool may thus be retrieved by nmerely

fingarsito ag axiallyrspacedpmsition belew the icoligtfingeia asoshawn in Fig. 2B.
fingers 76 to nove radially inward and di sengage from

Thé hanhihﬁet@dﬁm%@- thut Desrettivsechby emdratyepulfing bp omthenimaodrel 16,
that the running tool may be retrieved wthout right

allb\ang thet %li&ﬁingferé e WPHtovat l’aiditglxoﬁwsia*ﬂ@ drndisehga§e from the

e actuator assenbly of the running tool may
al t.ernat i vel e r dj
oo | S SethuSTa SERENE 81 e WoHERCRE e Tup BTSN may be
na hus be ackup. tp preferre L sconpnecti o
rotipted iiBatEigd NI R A ok g & s Reggr g
rotation. Upon unthreading by right hand rotation of
t he Theracteater agsernhly aidie Bining taekmay alterpatively pedpgoved by
nove fromits position supporting the inner surface of
unthreadingl the threagiedscorbiectione 8dut TioR lefipabd thraagied aomngction 84
| ower coupling. Upward force applied to the collet
mdy haistieen baskiFe proferfsd distomndigiohas/diséusselderbove, which does
not require work string rotation. Upon unthreading by right hand rotation of the work
string, the nut 82 is then free to fall and move from its position supporting the inner
surface of the collet fingers 76. The nut 62 may be caught on a lower coupling.
Upward force applied to the collet ring then causes the collet fingers 76 to flex
inwardly, moving external threads on the collet fingers from engagement with the

internal threads of the liner hanger body. The running tool is then free to be

removed from the set liner hanger.
Figure 2A depicts the actuator assembly 10 stroked to move the tybular
expander 40 within the liner hanger body 50. Compared to the Figure 1A view, the

upper connector or upper piston 12 and the mandrel 16 axially secured thereto have
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inwardly, noving external threads on the coll et

fingers fromengagenent with the internal threads of
woheoslierest hanger body. The running tool is thearfuseme6/020395

to be renoved fromthe set |iner hanger. Figure 2A

mo?%t%ﬁvﬁr& I}Fr&@gﬁ%ga fIGR a8 e Hassingakasighahepeet 18and into

ar expan n the |iner hanger body 50.

eSSBS G5 AR e B 49Re SBRE e

t heret o havenoved ward i n respopse to flui.d pr r
17,458 [WeR FRTBRGIPTOr WS Ristod Ta-aini sequied &9 i, Bper Sicebe 17
bet ween the pistons and between the mandrel, aﬂd he
hasomowed sioweward velativesto thasrandsainkés CEratisd 8 @M@P 6@96 Retween
13 axially secured to the outer sleeve 17 has noved

" thedsottonaofl tieelppénannectdnd 2ranttihel top ®f the teararegnaeeioilg.

chanber between the bottom of the upper connector 12

andrigife PEPdEpicishsst! IRieehapganbotp 501With he wulsulaBexpander 40
depi cts set |iner hanger body- 50 with the tubul ar

thei%iﬂ%%@g%%rfé?{dﬂfﬂqvﬁkﬂalfthﬁ%@é?/ws ifRGrAwitiRe S@RUlANgkpander

eeve egra e tubul ar éxpander 40 and

ext.endi ng upwar [ : :

syt BETR AL R T it ¥keaha g e rinefe 7B n inserted

. portion 38 of the tubular_e nder 40, unt,i | .

inte HiR MRRS" Qﬂa"ﬂaé{é@éﬁlpoﬁi%ﬁ%gfg@ﬁ? 12T pangaL ¢, ytil a shoulder
surface 79, as shown in Figure 2B. The sealing_sl eeve

of #& sealpnippler cantgctsibe geatingisuacad du@seshawtiroFigure 2B. The
t ubul ar expander 40, and preferably has a polished

seling sideve 38 it praferably Integraf with Healipper erid of tabular expander 40,
cylindrical outer surface of the seal nipple. The seal

anBi?BicRabBhad! SolisREH ¥ dHEainpgt SuRAdSTor séamhgr witHalcydiadrical
a Chevron seal stack, for sealing wwth the cylindrical

outdPKrfaR8"df3AE 8k nipple. The seal nipple may also include an elastomeric

. seal, such as a Chevron seal stack, for sealing with the cylindrical inner surface of

the sealing sleeve. The seal nipple may also be furnished with one or more external
metal-to-metal ball seals for metal-to-metal sealing engagement with an inner
surface of a sealing sleeve. The sealing bumps alternatively could be provided on
the ID of the liner hanger body, although providing the bumps on the tubular
expander may be less costly to manufacture.

The method of setting a liner hanger according to this invention within a well
is a considerable improvement over pri'or art hangers because radial expansion of
the liner hanger body effectively closes off the annular gap between the casing and
the liner, providing high pressure integrity at the top of the liner that is conventionally
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the sealing sleeve. The seal nipple may al so be

furnished with one or nore external netal-to-neta
woabde/1zealils for netal -to-netal seal i ng engageneat/uvsedok/020395

an inner surface of a sealing sleeve. The sealing

equlli® therldseenaf iuRirthe edbidglee tns tivérd ddnamsuspensibn ehpatity can
i ner hanger body, aIthough provi di ng the bunps on the

be #Pé’és%’c\j\ﬁw(l%nf@ﬁ% anl.A%?’ fowesdd by irdr M dllrrce area of

_ Set t I ner hanger aclcor ing to this
o R R TSR g e
ratigg T OURAHD 1S S HGCRHE PFD® ‘?’ﬁP@Pd%?WI'HPHa&ﬁ‘@RMS the

pressure integrity at the top of the |iner that
lingrdranger bodw Tge dGuaning doal ireraleasedfrosn the seldiner ﬁéneafs@#&mbiy
or the liner. Liner suspension capacity can be
withoat regsirrthgiightdweindsratationi efithg wortketring. f | ow area by
i ncreasing the surface area of the low profile slips.

Bot hatohemboiriymewitiertRa® E6if wiethanishgs inay banded to selectively
suspension rating provide long termeffect because of

int%n‘&gnﬁé{?lﬁﬂg ﬁﬁeﬂ?emgdé? BGP? I\Méfthftlg?eas e@ fobemaha’. M(@@Sér ring may

e runni ng t oo fromthe set |ner

oo 35 5584 Yo BT RELR A 4o 8 G e i

mechani sns may be use el ectivel |nterconnect t
functieer ARRIAT theayPhrat trn%éﬁwmmaavﬁm U fiecpr Fpre radially

keeper ring nmay alternatively be used to selectively
mavadpig)dogs eadh ferfijtioe withjr aslad. t o serve this function.

Anot her type of catch nmechani sm may include one or

mor @notitkrefieaiurei did expaytatda tiherf lander s thag therekdra r moving

pats‘tls(z)tn. the liner hanger that may become disengaged from the liner hanger body
during installation of the liner in the well, thereby making it difficult or impossible to
get the liner to the required setting depth. For that reason, the expandable liner
hanger is particularly desirable for its adaptation for use in liner drilling operations.
This is a technique for drilling the well by positioning a drill bit at the bottom of the
liner and rotating the drill pipe (work string) and liner to drill the liner into the well.
In order to drill the liner into the well, relative rotation is prohibited between the liner
and the running tool and drill pipe during this operation. However, relative rotation
between the running tool and the liner after the liner is drilled into position and
suspended from the casing is permitted in order to effect release of the running tool

from the set liner hanger. Also, this technique may be used apart from a drilling
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Anot her feature of the expandable |iner hanger is that
there are no noving parts on the |liner hanger that may
woeowne79wi sengaged fromthe |iner hanger body #ariusgno6/020395

installation of the liner in the well, thereby making

positiorfid fot&te! the Gihet BERQI5ErRLG nﬁ@reg@cisnymsért the liniar inteea deviated
requi red setting depth. For that reason, the

wel?xlaﬂ{hg%ka dnl REY KR RgRvEd R fHeCué@blr ﬂo@@sds’ ailabRst@’in U.S.

apt at or use in |ner drilling operatlons

erbagSI d iﬂ&é&e@}gr ﬂ'lﬁ'% %?{kll%{d' g\'éga{t{%rﬁ‘?% %-‘t‘he}’cl only the upper

* poripn i A e nereNah I HGUIRRP: Mvpa?%gﬁgijew'aa?%t?n‘%’ figwnward

liner into the well, relative rotation is prohibited
hundrede ef feetorimersrfremdhe kedy ®i ng t ool and drill pi pe

during this operation. However, relative rotation
bet Whe assémbiyumay rrg:ludmdanandmom: dbgmeactafarengaginga sletin the
is drilled into positiop and suspended fromthe casing

lindr¥o P&bfﬂﬂl)‘! Rk tHe @rﬁé’ B8F mofe 8bfs I thesihea sk clatcH seledtivelyiergages
tool fromthe set liner hanger. Also, this technique

angﬁ}éeﬂgag§§§%mé?tg{§%ﬁ‘aaruﬂhl g grﬁﬁﬁ&lte‘l 9Ad i 61% 8FRore dogs,

more e Insert the liner

VI ate Li net r.ot
sugf izt i o Begifih g hing GolfpeRfr bR nB el Eongaged
10/ 855, 044. Those skilled in the art appreci ate that
angihg linpeisuipiationally dissenaecied o hoguBRGGAHMERHTS! when the
Figure 2B. A typical |iner nmay extend downward
clutenidrdisengegeide dturtherrdstailsiregardimg thie tachiiueraig disclosed in the
assenbly may include one or nore dogs each for

pafsraagpligatiors lapid are iht@pbrated byaefaréacaheseim.ock the one
or nore dogs to the liner. A clutch selectively

ﬁg%??ﬁ?mgﬁgr %aé@rgé%gggt? ﬁ%’éregﬁ 'wﬁ)gég'ﬁ@ﬁ Vefiat the HiHHiMgtdoPMcludes
a sufficiently large bore to allow for the reliable passage of cement and one or more
cementing plugs to pass through the bore of the running tool and cementlthe liner
in place. Cement may thus be pumped from the surface through the work string
and ihrough the liner hanger, then out the lower end of the liner and into the
annulus between the liner and the borehole. Once the proper amount of cement is
pumped into location, the liner hanger may be set.

As disclosed herein, the tubular expander is positioned at least partially within

the hanger body, thereby radially expanding at least part of the liner hangeribody.

In other cases, all or substantially all of the tubular expander will be within the liner
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such that the liner rotates with the running too

mandrel when the clutch is engaged and the liner is
woab@tiemsal | y di sconnected fromthe runni ng to®CT/US2006/020395

mandrel when the clutch is di sengaged. Further details
harigegaiodiy Mhenths aseeriblyds sefrGorpleid nsedionroftietybatamxpander

application, and are incorporated by reference herein.

WItI'ﬁn RAE qlhéHhﬁ‘ﬁ%é%dyr@ nef rddifreB! B&RBYer foreiitdgpichBoridiat

he runni ng I'ncl udes a suff|C|entIy | arge bore to

aI | Rithd hn%&‘aclffcee}rh@@éhﬁ\gﬂ?es&ﬂﬂ@ nﬂfenﬁﬁﬁﬁﬁge g@@n WeScfifed herein

nmore ce pass throug ore o

runni,ng.t and cenent th er a
in Sofs o kit et one suabriat i Bofs Siiulid inBlrous
string and through the [iner h then out.the ,
aspasie o Hedinyenion ANCisnohiMeRdRtbIo Bt i aeoRe giigdayention as
the liner and the borehole. Once the proper anpunt of
defireackint the claimspeich fallow. cEraseoskilladis the aerwill ainglerstaag that the
be set. As disclosed herein, the tubular expander is
emipeBihennetbya ahd alvscrioed Issékemplathiand: Veridusngher Saisstitutions,
thereby radially expanding at |east part of the |iner

alté\?ﬂ@ﬁé aﬁENn diflcdM i b@ﬂ hotdimifedditAosd absiyn altbrmatives

e tubu ar expander Wi be wthin the |inerhanger

sp?ﬁﬂgalwg%ﬁé}%gg%z% n\\%ytl% rﬁgéie] Cﬂi@ﬁﬁrﬁ& aéﬂ&@tﬁ%ﬁh\ght% without

red, however, for all appllcatlons Although

de@ﬁ@@@fqﬁnéﬁﬁﬁﬁpﬁents of the invention have been
descri bed herein in sone detail, this has been done
solely for the purposes of explaining t he various
aspects of the invention, and is not intended to |imt
the scope of the invention as defined in the clains
which follow. Those skilled in the art will understand
that the
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enbodi nent shown and described is exenplary, and
various other substitutions, alterations and
waondiecf 2zt i ons, including but not limted to tROSAIS2006/020395
design alternatives specifically discussed herein, nay
WHBT I8CEAIMEDNS: practi ce of the invention w thout
departing fromits scope. WHAT IS CLAIMED IS: 1. A

| i ner h@(‘ﬁiﬁér ﬁaﬁPéHEHHthm@| toas segbhply fur wse downhole in a
downhol e in a wellbore to seal with a casing string

wel%%?e RO Withd, ééé\g_tj st‘ﬁﬂ bh8 éu Ft 8t allABEBAH thd I’ﬂfér'Haﬂ@ér the liner

and runnin too asse 'y conprising: a tubular
ner ,han d portabl e on a running

ha“ﬁ&&?"f’d&‘”ﬁ'&?.‘?& %ﬁsﬁg{@%ggl‘%ﬁéﬁedomhol e, the tubul ar

i ner han bo hav an initial out er

i iR ey RAgeT PO GbLSUBPOLIB R’ Bl ymalg tool for

string, the tubular |iner hanger body being radia
posmqmgiﬂuaImebylownboleutmtugulabMermngeabowfﬂfﬁ"mg@nEﬁ%ﬁ' hgnger

string; a tubul ar expander renovably supportable on

outehdianmeter tesstthah, ant mner winrheier of pae dasingastiing, the tubular liner
expander outer dianeter greater than an initial hanger

har%i%dd?ﬂfé‘n@ radB\EExpdridRble By tHrundirlg toaf taiskalgvithntheasasing
re aCtuators for forcibly noving the tubular

striﬁﬁpander axially froma position axially spaced from
e tubular liner hanger body to a position

© hoR Lk B de e AP B RRnls S ing RRE e BRTpe tubular

body agai nst the casing string to secure the
expander having an expander outer diameter greater than an |n|t|al hanger body

inner diameter;

the running tool including one or more actuators for forcibly moving the
tubular expander axially from a position axially spaced from the tubular liner hanger
body to a position substantially within the tubular liner hanger body, thereby radially
expanding the tubular liner hanger body against the casing string to secure the
tubular expander and the tubular liner hanger body downhole;

the tubular liner hanger body axially interconnected with a running tool
mandrel by a collet mechanism, the collet mechanism being prevented from moving
radially inward by an annular stop when the liner hanger is run in the well;

the annular stop moving axially relative to the collet mechanism after the
tubular expander is positioned at least partially within the liner hanger body to
expand the liner hangér body; and
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tubul ar expander and the tubular |iner hanger body

downhol e; the tubular |iner hanger body axially
wonveriecmsnect ed with a running tool nmandrel byPaTaskioen20395

nechanisn1 the coll et nechani sm being prevented from

MV &%ﬁﬁ Al Hanysrh W{tgr&%néﬁlﬁm@c@ﬂeﬁh@@aﬁﬁﬁﬂ anld&he running
i ner t he

anger s runin the annul ar stop
o RerpigH triep@a@é“ et ¥ a0 R FERBRSEERA fifin e

within the |iner bod the lin
ineahgRdebBagY. AneIRbgaR IR IRy, MiSeEiiReet thg colet
the col l et nmechani sm and the running tool mandrel when
methenisobigl rgleasethadenning tQ@JeréhééegiJHQféﬁﬂg%art ially
within the |iner hanger body, thereby allow ng
radially i nward novenent of the collet nechanismto
rel ease the running tool fromthe set |iner hanger. 2.

A lpner Rafgsrhaitfbrratth iirhin@aboleassamibly @s daéiheddd Claim 1,
Caim1l, wherein the running tool has an internal bore

whpRin A alﬂﬂ E@dithéshéﬁqgﬂ%rriéleodﬁénﬂr SRR ceménPWirodigh the

ower en I ner 1 ner nger and runni ng

t ool im1, wherein the catch
fo}Pé%H%ﬂ |aﬁ‘§&’£? aégéljﬁée] '%'?ng on one of a coll et
nmechani sm and the running tool mandrel and ratchet
t hreads on the other of the collet nmechani smand the
running tool mandrel. 4. A liner hanger and runni
t 00B. asséntingr hangest anddunming! tephagsembbyr as e 'ﬁ‘éd in Claim 1,
ratchet ring is supported on the collet nechanism
wherein the catch mechanism includes a ratchet ring on one of a collet mechanism

and the running tool mandrel and ratchet threads on the other of the collet

‘'mechanism and the running tool mandrel.

4. A liner hanger and running tool assembly as defined in Claim 3,

wherein the ratchet ring is supported on the collet mechanism.

5. A liner hanger and running tool assembly as defined in Claim 1,
wherein the annular stop includes a left hand thread for releasing the running tool

from the set liner hanger body by right hand rotation of the work string.

6. A linerhanger and running tool assembly as defined in Claim 1, further
comprising:
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5 . Aliner hanger and running tool assenbly as
defined in daim1l1, wherein the annul ar stop includes

wa 2bwsfie74sand t hread for rel easing the runni ng POoIUSEIV6/M020395
the set |iner hanger body by right hand rotation of

thoneikmsid patker&eald b RS tubaRgdinerhangemvodyofor sehling with
assenbly as defined in aim1l, further conprising:.

the E%%Q%é% gg@ﬁ‘%gﬁé@%ﬁﬁtbﬁtrfér‘tubB%rtliHBHh&ﬁgéri HiRiy; Brager

€ casing string upon’expansi on

of the tubul.ar. liner, hapgesr.b . l¢] :

o1 el Hied R8RS Tunr i ingd RafebbHAP b dedliring the

securing the tubul ar hanger bod 0 e casing stri .
tubgiALhander bagulianhe asmcaRperwhe SySa RS ha)iarisbay is
" tubul ar expander. 7. A liner hanger and running too
expapdedivyythadubldar expariderCl ai m 1, wherein the tubul ar

expander is sealed to the tubular |iner hanger by a

plurality of annul ar bunps on an outer surface of the
tubul ar expander. 8. A liner hanger and running tool

assgenbl yA apef $lahBel ahd AnAing fool WeekRIbly tBeddfied Rr Claim 1,
expander has a generally cylindrical exterior surface

o R Shol RS SRS 4Tl ARAGor o9 ity o
sybstantially the sa t, al th ial | th

annifa hinps A odtEp iifers CbtieAuBLRERXRANIR and r unni ng
tool assenbly as defined in Claim1, wherein a stop on
the tubul ar Iiner hanger body limts axial novenent of

the tubul ar expander with respect to the tubular |iner
hanBier bAdiner hanger and running tool assembly as defined in Claim 1,

wherein the tubular expander has a generally cylindrical exterior surface along an
axial length of the tubular expander, such that the tubular liner hanger is expanded

substantially the same amount along the axial length of the tubular expander.

9. A liner hanger and running tool assembly as defined in Claim 1,
wherein a stop on the tubular liner hanger body limits axial movement of the tubular

expander with respect to the tubular liner hanger body.

10. A liner hanger and running tool assembly for use downhole in a
wellbore to seal with a casing string and support a liner on the liner hanger, the liner
hanger and running tool assembly comprising:

a liner hanger body removably supportable on a running tool for positioning

the liner downhole, the liner hanger body supporting the liner in the well;
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10. A liner hanger and running tool assenbly for use
downhole in a wellbore to seal with a casing string

wanaesiapsort a |liner on the |iner hanger, the?PCTms2006/020395
hanger and runni ng tool assenbly conprising: a |liner
hangédubliladgxpamarabmpovablymsuppaniableoen the wmingtachdhe tubular
for positioning the |iner dowhol e, the |Iiner hanger

expartierHiaviry &h wgbheeﬂ outer diamétee greitbr thanudrulmtial hanger body '
expander renovably supportable on the running tool,

inneP@idrioig-ar expander having an expander outer di aneter
greater than an initial hanger body inner dianeter;

t he,rupni [, ' fOr.
eyl POl 58 rHUEIAEEE YR BB R oI g e
sition substanti al l xially spaged fromthe . tubul ar
tutiarexpRangERdely o auasitipn Sbsiaialviexalyaged ramihetloutar
~hanger, thereby radially expanding the tubular liner
linerhanger ko apostignithin fhe whsiasgnet hanger ihehyiadially expanding

tubul ar expander and the |iner hanger body downhol e;
the tebulablinar hanger boaygagaibstdtheagasing ystiing éocesousettba tubular
with a running tool mandrel by a | atch nechanism the

expah@ér st trnirenHaigegbedgdewhrelef r om novi ng radial l'y
I nward by an annul ar stop when the liner hanger is run

0 4 S, 1hOE 1280 sy SR SopriabEL kg o

expander 1Is
ot R nacRAN ke i hethilioth b ke RS moving
raqiglh e A B IS 55D WHGH LTS S egeT [Sauiathg el
" %2 atnrr]\ilalrI sr’:g;; moving axially relative to the latch mechanism after the
tubular expander is positioned at least partially within the liner hanger body; and
a catch mechanism for interconnecting the latch mechanism and the running
tool mandrel after the tubular expander is positioned at least partially within the liner

hanger body, thereby allowing radially inward movement of the latch mechanism to

release the running tool from the set liner hanger.

11. A liner hanger and running tool assembly as defined in Claim 10,
wherein the catch mechanism includes a ratchet ring on one of a collet mechanism
and the running tool mandrel and ratchet threads on the other of thecollet

mechanism and the running tool mandrel.
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hanger body, thereby allowi ng radially i nward novenent

of the latch nechanismto rel ease the running t ool
wonrwwetesiset |iner hanger. 11. A |'i ner hanger pamaiS2006/020395

runni ng tool assenbly as defined in Caim10, wherein

the catch nechani smincludes a ratchet ring on one of

a coll et nmechani smand the running tool nmandrel and

ratphet Ahrn%?%nger fahrergﬁ%? g{an%r fa%&larﬁbl?,ﬁéé efefifBE hArTIsim 10,

?nd fhﬁ runni ng t'oo 1 A liner hanger and
Wbl B04Ta, SR8 B8 R A ot dRAting WEFsiring oo
froticlap 355 HPGRRNRP B GULRaTL =GR eiRbcng e sTHHRE " o

i ner hanger and |liner hanger assenbly as defined in

Claim 10, wherein the tubular expander is sealed to

the tubul ar |iner hanger by one or nore annul ar bu&gs_
on 48. ouAdinesharmee anid lifer hanger assempihaerdefined inHelaim 10,
tubul ar expander has a generally cylindrical exterior

wheksih 366 hi Padepanaier & sédledtd i tubbartinerhangexippodebr more
such that the tubular liner hanger is expanded

an@#l'lgﬂqbgfﬁ:\%%'dny ah r@utéﬁ%@}‘@@%z& ’5&1%: RIMUIAMExEar g, Igﬁﬂgl‘h@ tubular

ul ar expan I ner hanger an
. t ool _ , , , ’ ,
oxp a1 R perBin iafiie Seaiitsufok A #h pRERYR of the
St s el RSB RO Sy e
liner in a well bore to seal with a casing string, the
same amduobalongdhegxial length of the tubular expander.

14. A liner hanger and running tool assembly as defined in Claim 10,
wherein the running tool includes a central mandrel with a bore for passing cement

through the running tool prior to setting the liner hanger.

15. A method of hanging a liner in a well bore to seal with a casing string,

the method comprising:

positioning an expandable tubular liner hanger body and tubular expander
on a running tool, the tubular liner hanger body having an initial liner hanger inner

diameter, and an initial liner hanger outer diameter less than an inner diamegter of
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positioni ng an expandabl e tubul ar |iner hanger body

and tubul ar expander on a running tool, the tubul ar
woOizowri2feenger body having an initial |iner hanger/uszwen20395

dianmeter, and an initial |iner hanger outer dianeter
thelcesingtsidng aheitiingar eiielee hadhy e eqendgr stiter tipmétee greater

t ubul ar expander havi ng an expander outer dianeter

thaﬁ"tl@é‘irﬁt‘althh@ﬂhhhﬁc]aﬂlﬂhétéilantét@ﬁr hanger inner dianeter;
p05|t| oni ng the™liner hanger body at a sel ected depth

ﬁﬂbﬁl éﬁ Hé;@ﬁieﬁ (5{ ngEL BOW étﬂ% §Elrec&9:i d%;ﬁﬁ%mlﬁ( 2 Pib%e from

axra

bs antlaIIy within the tubular Ilner hanger body to

amp % expand the tubular Iiner hanger body against
t he ca3|ng string, thereby securi the tubular Iine
harf§&siblysagviag the h@utatwpamd@xa@@atwgp aRAGHI %Jbsaﬁnt@"vwlthm
i nterconnecting the tubular Iiner hanger with a

ther whalandinesdiangem docaly toy radidliyt exparet thanitubolar inenheadger body
fromnoving radially inward when the |iner hanger is

agdibst the ddsing\etrihg, thereby YecmitigitieaubliRp linet Ahhyér bedy Aad the
| at ch mechani smafter the tubul ar expander is

tubﬂ%?'éx?ﬁﬁ@gr ééwhﬁé‘lg partially within the set |iner
hange ody; and di sengagi ng the | atch nechani sm after

w o oA tenuBERy i fhisndky witf g Ak Bof Mandrel
by b BB el BRI L BB HNG Fediely InWAFA gz Tge finer hanger

. body.
is run in the well;

axially moving a stop relative to the latch mechanism after the tubular
expander is positioned at least partially within the set liner hanger body; and

disengaging the latch mechanism after the tubular expandeér is positioned at
least partially within the liner hanger body, thereby allowing radially inward

movement of the latch mechanism to release the running tool from the set liner

hanger body.

16. A method as defined in Claim 15, further comprising:
providing a ratchet ring on one of the latch mechanism and a running tool

mandrel, and providinvg ratchet threads on the other of the latch mechanism and the

running tool mandrel.
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16. A nethod as defined in Claim15, further

conprising: providing a ratchet ring on one of the
woOabwh2mschani sm and a runni ng tool nmandrel, aRdT/US2006/020395

providing ratchet threads on the other of the l|atch

mechani sm and the running tool mandrel.17. A nethod as

defined in daim15, further conprising: sealing the

t ubyhar AxpamRrad @efitl inublalnar 5| further cangeisingody by a

plurality of annul ar bunps on an outer surface of the

t “b%e%!ing’fmﬂﬁﬁﬂar ipantiel R} iheduBalaf fhérnethde? Hedgiby alFlsurality

furt onprising: 'providing one or nore packer sSea

o RuBE ALY o R AR o B e L1 e

hanger body; and fixing a plurality of slips on the
tubul ar I'iner hanger body for securing the tubul ar

hanger to the casing string when the tubular |iner

hangér bédyethodayp datieed mygtanm ubuihar compising:. 19. A

met hod as defined in Caim15, further conprising:

pos providinggoridher inudrel packex saakieon dfve vebulhelinerbharsger body for
I i ner hanger body prior to forcibly noving the tubul ar

seﬁ%?ﬂﬂﬁ thé u&ghg@tﬁr@ hporexpnRidrnest the Bubuidr lined Banjenssdy; and
body. 20. A method as defined in Caim15, further

co i 0, : .

RS R SIS T e, Al e B8 g tre
tut\ﬁﬁlﬂ hgr?greei"to the casing string when the tubular liner hanger body is expanded

by the tubular expander.

19. A method as defined in Claim 15, further comprising:
positioning the tubular expander above the tubular liner hanger body prior to

forcibly moving the tubular expander substantially within the tubular liner hanger

body.

20. A method as defined in Claim 15, further comprising:

passing cement through the liner when the liner hanger body is set to cement

the liner in the well bore.
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