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WO 2006/127981 PCT/11S2006/020395 EXPANDABLE LINER
WANGER*SYSTEM AND METHOD RELATED APPLICATI®NIMISi®06/020395
application is a continuation-in-part of U.S. Serial No. 10/855,044 filed

May 27, 20Gkxp ANBIAR OF L THERVMRCREIL TESENPARES EOR

relates to downhole tools a niguéstor hanging a liner’in a well.

Ngre pprtis by, | gTrygntion relates to forming an expandable liner

hanger assembly for grippingly engaging a casing string to support the

liner in thes\welblitarorRNINGHBLRMAGE-pRlraTY Jom e st iBRES 044 filed
hanger without 10 rotation of the work string. BACKGROUND OF THE

INMEZ ST ) @D0Yarious 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
belddheefobbiEiNHEMNBMthereby disrupting the setting operation and
making retrieval difficult. Other liner hangers and running tools cannot

perform CEhRESRIH AN Ceiientipiglepdrdionahiiotepisasddeshnintes for hanging
before setting the liner hanger in the well. Other liner hangers have

prdiierde apbriMeraearioam e megiogreleetofemingsn expandable
pounqﬂs or more. Some.liner.hangers successfully support the liner
AT AN SERRIN PRBSSPERABS AHITE e RO geliner i
YRS tv!/ré!!. The running tool may be released from the set liner hanger without

rotation of the work string.

BACKGROUND OF THE INVENTION
Various types of liner hangers have been proposed for hanging a liner from
a casing siring 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
when one ar 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 *;he running tool
before setting the liner hanger in the well.
Other finer hangers have problems supporiing heavy liners with the jeight
of one million pounds or more. Some liner hangers successfully support the liner
weight, but do no reliably seal with the casing string. Afier the liner hangeris setin
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-1 WO 2006/127981 PCT/11S2006/020395 the well, high fluid pressure in
the annulus between the liner and the casing may blow by the liner

r eby defeating its primary purpose. Other liner h r ox
AR il

not able to obtain burst and/or collapse characteristics equa

theamll MyRRIRITSRE486NANRE MANIa De kSR8 aiIABF MY h étﬁ%?r?ig Ry

least 5 substantially equal to that of both the casing and the liner. L

blbartgetehindngageping RIBMentaanRg iRASNNSE IAMSES NOYRPRSS hangers

expanded to support a liner within the casing. Prior art designs have

argenet albyeridietbiaiomerpansivr ebikpsehtharsehistidoayan elagis: of the
state to a plastic state in which the steel lost its fully elasticity or memory. -

capiitgsubsugiaraddissationgsf aihtatseagyotiepessarny hursesiteriythat least
liner hanger at the fully expanded diameter may thus lead t.o a fallure of
sufsiantiadil avaliopbatioibstiphsrthagiogpatditive sother significant ‘
problem with some liner hangers is that the running tool cannot be reliably
disertdagebansiereeayidinepring flementsogieariing shendmisdave been
technol concerns the desirability to rotate the liner with the work string
e’?f@ﬂﬂﬁﬁ%&ﬂﬁﬂ%ﬂ gidoryNibindhemasingk Sringathensisasikereasgerally
has been set to retrieye the running tool from the well. Prior art tools have
R MBS e HaMBE A R e e
. ratars,for, certain applications_prefer to avoi )
R T B e o it ngion of
e LRERFALRRAR M5 RR A b TR0 ﬁgnagtegoalttf%eh%@ %%p%gggé Yameter
pipe
may thus lead to a failure of sealing and/or suspension supporting capability.
Another significant problem with some liner hangers is that the running tool
cannot be reliably disengaged from the set liner hanger. This problem with liner
hanger technology concems the desirability to rotate the liner with the work string
in the well, then disengage from the work string when the iiner hanger has been set
io retrieve the running ool from the well. Prior art tools have disengaged from the
liner hanger by right-hand rotation of the work siring, although some operators for
certain applications preferto avoid right-hand rotation of a work string to release the
tool fram the set liner, o -
Publication 2001/0020532A1 discloses a tool for hanging a liner by pipe

expansion. U.8. Paterit 3,948,321 discloses a reinforcing swage which remains

downhole when the tool is retrieved to the surface. U.S. Patent 8,705,395 discloses



expansion. U.S. Patent 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 -2 a radially expanded liner hanger which uses an

. axi : r.piston to expand a ,fubular member. The
@ e L T DTl von soene
tubul@héxBreved liner hanger system and method of setting the liner hanger

are hereinafter disclosed. SUMMARY OF THE INVENTIQN One aspect
offthe preaeRAIAVANIPRHIVides 2 iRetanasi-an¢ HONNAAQ0LASSEIIPYnd an

for use downhole in a wellbore to seal with a casing string and support a

improliRgr bicthediner Renegsr, she lineihbangerseAthEUNRINGACP! RFRRMBY: hereinafter
comprising: a tubular liner hanger body removably supportable on a
disclosgdning tool for positioning the liner downhole, the tubular liner hanger
body having an initial hanger outer diameter less than an inner diameter of
the casing string, the tubular liner hanger body being radially expandable
by the running tool to seal with the casing string; a tubular expander
SUMMMaVABE SdpdoHaBEIdRhe running tool, the tubular expander having
an expander guter diameter greater than an initial hanger body inner
didhfctepethatthenies b IMmERin gianiter srdner densioradarmoinibigol assembly
maqving, the tubular. expander axially from a position axially spaced from ]
for QORI Hick HEHBER 01 & OHEL RS fhy WO Sraniatbe lie:
lingr hanger body, thereby radially expanding the, tubular liner hanger
hangey B T TR T RR G 5o the BI5GB goner bods

remm}%'}"@ﬁéﬁb%%z@gﬁzabi%gxigg \{\ér(l)fl]i St %%%i%yot%llil&r tlfqréeigr{]e%%%% %Pé{ %)é:i%lllguiar liner
Interconnected wit

hanger body having an initial hanger outer diameter less than an inner diameter of the casing
string, the tubular liner hanger body being radially expandable by the running tool to seal
with the casing string; a tubular expander removably supportable on the running fool, the
tubular expander having an expander outer diameter greater than an initial 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 downhile; 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 ﬁnér hange.r body to expané the liner hanger body; and
a catch mechanism for interconnecting the collet mechanism and the running tool mandrel

when the tubular expander is positioned at least partially within the liner hanger body,

thereby allowing radially inward movement of the collet mechanism to release the running



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

tool FEllelechanism after the tubular expander is positioned at least partially
within the liner hanger body to expand the liner hanger body; and a catch

meshaRism S Qs RS eMesIRe- NS CHIRITRGhRRISAN ARE THRJUNHAGIRRh tool

mandrel when the tubular expander is positioned at least partially within

assemil® fineiangeihodyn thetghyloning waeinlyiRmardmovamenbebthe liner on

collet mechanism to release the running 3 tool from the set liner hanger.
the lirdnlaligenateedspediaighepdasentripiectiasariideseptinaighanges aatger body
running tool assembly for use downhole in a wellbore to seal with a
remoe@gingisporgtdndisapponiaglioet on ghetimenpangénethéokndroharbetiaadhanger
running tool assembly comprising: a liner hanger body removably
body suppwtadléheniasunniteetosiiforpoaditioningntrdinerdovaitioleupherfatde on the
_hanger body supporting the liner in the well; a tubular expander o
running foelaBR SOBIEreEpRGH ey Rgrimisyravichatahdiameigaetendingn initial
an expander quter diameter greater than an_initial hanger body inner

hangeg; BaGK EnEh S RIARIHG BBITHENRENG V8 Brdis @ ae iaiBreg ot turasiyfor forcibly

m tubular expan ially from a ition suhstantiglly axiall

o RS R s Teobr s BoQHERAIN S brBi feom te

tubul he}?r%?rhgg S Pcy 4 a%is%l(%r? )X(JP@Q% i gﬂ?u%rbﬁgf? E—'iPa%r Q ANRSE P‘? ng?aqg(I rg{tpanding
afII"IG casing-string tg secure the tubular expandeer ang tli’le ine hange

the tBRCY SQWRROR: %wgaﬁ{s{ia% %ﬂgfépﬂﬁgﬁ]@e%‘éf%ﬂ}(ei nie gy %ﬁg}ﬁm fnd the

running tool mandrel by a latch mechanism; atch mec g

liner RARYENIRATreIIRYINGHAdIAMPWALY RY3RahaL.SI0R WhER TARJIRET with a
hanger is run in the well; the

running tool mandrel by a latch mechanism, the latch mechanism being prevented from
moving radially inward by an annular stop when the liner hanger is run in the well; the
annualar stop 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
1s 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.

A further aspect of the present invention provides 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 diameter of the casing string, the tubular expaﬁdér having an expander
outer diameter greater than the initial liner hanger inner diameter; positioning the liner hanger

body at a selected depth within a wellbore from a work string; forcibly moving the tubular

expander axially to a position substantially within the tubular liner hanger body to radially



annualar stop 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
expangd 1h¢ fuhukm iRsihikaeer PR hasriBY BBE athRF et RaFRP Yawam aviag qubular
ovement of the latch. mechanism to release the running tool from the set

tiner {iiRE ST AAHUMH I RSB G BRINETpOSERCIV S pFEpieRn ST tubular
liner RLQ%?%%%"?&%#&? Sl bore ¢ %egétu%%gﬁhaiﬁgﬁg”ﬁ%\%%“ﬁ% moving

COMPrisiNg: positioning an expanda
racialfy AL PARCR 1,8 AN 90) IRELOHAL NSk DAL PO DAY 16 the
n initia Ilner)hanger inner lameter, and an iniial iner hanger outer

latch Qiévfﬁgﬁ?srml%ﬁ%ﬂﬁ?é]tﬂﬁuilﬁp%R%ﬁ%?tﬁr&fsms&ﬁsé@%éﬁﬁ%ﬁ%ﬁyt%{ﬂ the set liner

expander having an expander outer diameter greater e Initial liner

hangeh®0Eer @ﬁa@iéé@gﬂ%@g:tﬁe%@amﬂgc%iy,ﬂ%ﬂ@me&u@%& aasalewiebsitioned at
depth within a wellbore from a work string; forcibly moving the tubular

least expalderigxialy tonarpRsiiansdbstaatialhy Mihindhedtubylarinarhdng8snt of the
body to radially 4 expand the tubular liner hanger body against the casing

latch sterigntherebylsestting-tiheitguisl fline tHaarg éhbokhaadsids, tubular
expander downhole; axially interconnecting the tubular liner hanger with a
rufihiadvovkpandieltbiha latoh meshramsmbprevesttediéb meroeimgomically than
radially inward when the liner hanger is run in the well; axially moving a

other gy wlaking kpassriaicee rsendnisavemes teferbotarmysatidek rslated advantage
positioned at least partially within the set liner hanger body; and

is thagiggafirifer o TRRORSHECRB ST SR tublury ShpaABgmackesikitedmay be

at least partially within the liner.hanger body, thereby allowing radially
Comn}ﬁWQﬁjyrﬁo%@ﬂgﬁ? GFREREIAEER B SHERNSHIS PERlE SR ARIning tool from

thﬁr?oe&lgln ee{dbf%]%gé bgd)(hat the system for forming a liner hanger may utilize

conventional components each with a high reliability. Existing personnel with a

wh



An advantage is that the liner hanger may be constructed more
economically than other prior art liner hangers. The assembly consists of
Yawzemmporents. A related advantage is that-many of the compparents®hisos
the assembly, such as slips and packer seals, may be commercially

AR LI RARSRIGARGE ﬁﬁ%@%@Wﬂ&oﬁEQBQ'é'%%én‘?‘ﬁ@%?&mg to this

advantage is that'the System for forming a liner hanger may utilize
ir@RYISRKINGS SRETROBRIGE SaRE WHB RS FRIGAD il eI SHREPBIROH Rliably
with a 5 WO 2006/127981 PCT/US2006/020395 minimum of training may
faetiahly luse thentieer hanger system according to this invention since the
invention relies upon well known surface operations to reliably form the
liner Hamger afdekethad feathrrsfeatdredvanicadsant dge poddbet drasenibn will
invention will 5 become apparent in the following detailed description,
batemeErpgfarencs hefatlewinglvefijarcdgscipiiancoimyaiy rdedeaninigsnade
-6 WO 20061127981. PCT/US20061020395 BRIEF DESCRIPTION OF
iothe figrayinGs FrgorePRRAYIEHEEMINGS0SS section an upper actuator
portion of the running tool. Figure 1 B depicts the expansion sleeve. 5
Figure 1 C depicts the liner hanger body prior to expansion. Figure 2A
depicts the actuator as shown in Figure 1A stroked.



Figure 2B depicts the liner hanger body substantially within the set
expansion sleeve. -7 WO 2006/127981 PCT/US2006/020395 DETAILED
iERZRIEEION OF PREFERRED EMBODIMENTS A liner rg%%’t%%i?%{wms

conveyed into the well to the desired setting or suspension d
ulti-stage, double action

drill pipe or work string connected to a
Biﬁ!ﬁﬁg{gﬁ@g&{ﬁ@g @5@8%%% ing tool) that furnishes the
5f dthe i h i
with BIELE8C A S G oI B EpL e o A T0E Fiiing

t sﬁrength steel to support the weight of the liner as it is run into the well
and to provide the necessary force to expand the liner hanger assembly.

Additﬁwgqggé%@qgé%@gﬁglgé@ a sufficiently large internal

bore Iinits central' mandrel to enable passage and 10 displacement of

cemenhipe aRMEsHing the linsF Hﬂm_?@rtbsdwhbeta-éiséeféiag.to Figure 1
0

A, the upper end of the running tool actuator assembly 10 may include a

top cerHigstonldepleuctHeadytaaititesietdyrilineridarkd i shrekadining tool
inner mandrel 16, which in turn is structurally at the lower end of a work
stringriguky aBatupintsBd liribehamageirebdp sutlsiarttisfopiibimieciot @dansion
allows fluid 15 pressure within the interior of the running tool to act on both

stepveonnector 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 20 provide downward movement of the outer sleeve 17 with a

known force which is connected to the lower connector 13 by threads 24.
\‘L_{} 2006/127981

uid 'préssure to the top connector 12 thus passes through 1&g /US2006/020395

AR o i e B0 J000 o Re L B0 €2006/020305

mandiel 16 Iy BresTeR e RIRAMUE HL LSS Q04RE PBEsiARion

6 , and also exerts a downward force on the

alNeTRPANERIopKOWE T RIgtoRA] 3efiBeiaytes daausibladdied@ible action

connector (top piston), lower connector (lower piston), sleeve 17 and 5

hildhaime ©atimpadtekdiBdbig debneranvaitipbiobizedydraighe sarisyndbessary

throughport 18 passes through the running tool mandrel and thus is in

5 fdlcisk poaxpamichiomadthatiys basestbly thio magelietikhit Wiith tedasirigndihe

connector 12 fixed to the mandrel 16 and the outer connector 13 fixed to

riheiatpével 22:ylbie cpressintednofoslifticidtiv high epagificatesltorsuppert the

the sleeve 22 downward relative 10 to the mandrel 16 to move the tubular

vesighihdbivolidewasviird toreiparitieheainandrigreiorissdiis D esessaiyurrae to

B and 1 C). Those skilled in the art will appreciate that a series of tog
expanddirdinenarngsinssendiycAvdiianalindharerningior] Rirteraely kes a

that forces effectively "stack" to create the desirable expansion forces.

seiffigrtiyelaiecoinATaRE PRIGV o lRL SR I BHABRT el dRjigRRINERASSage and

atent 15 6,622,789. It.is a particular feature of the present invention that
10 cﬁsgéqﬁggqﬂ%g Saqent forc ment#ig theahtner w{thmt eweﬂtbore.

Referring to Figure 1A, the upper end of the running tool actuator assembly

10 may include a top connector 12 siructurally 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 below the top connector 12 allows fluid

15  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 seais 20 for static

sealing with one of the mandre! 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 wiil thus

20  provide downward movernant of the outer sleeve 17 with a known force which is

connected 1o the lower connector 13 by threads 24.

E

Fluid pressure to the top connector 12 thus passes through the throughport

18, and the top connector (fop piston) 12 is sealed and structurally connected to the

-8-
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lower connectors may exert a force on the tubular expander in excess of
w06k Q0Bspounds of axial force, and preferably in excess of@h@utnos020395

1,500,000 pounds of axial force, to expand the tubular anchor. Still

referrlré%to Figure 1A, a force transfer member 28 may be threaded to 20Q

BB AR P SXaNe 37 UBE SRR Ao ErcqBBsetor 12 and

growded on M the lowermost connector 13 SO tE%t the forc transfer

s s W%W%éﬁbé‘ﬂ%aﬁ’g%’&:é?t QCe O8Nt ﬁe%%eé’v%oggector
h 40 Preferably, a | hould
TR SR A BRI WO sooaiagoar. o
rd of SOSTeE GnE B BEHEIR A SRS APANINCH G BT and
QBWW&Y%ﬁyrHXH&?&"%'%mQVH&HE @r@rﬁﬁﬁfgfﬁwgﬂﬁg cavity. The

ownward the tubular expander 40 is forcibly moved at least

SHRSIBALAMNY YaiadbeslinaolgRosebahnkly 208 ratiallyamars Hednerin fluid

hanger body 50 outward and Iinto engagement with the casing string, as
R iRiCigivievith the®desces tietrienanarabes onsteare B Magr towsdeior 12

positioned above the tubular expander, and moves or strokes the tubular

efimhdeticowandrd| théagpabttiencwitricdhadicter hangerdordihel Sieeve 22, fluid
sleeve-shaped tubular expander 40 acts as a setting sleeve which is 10

goijessabbjirdopbareedido trehfoieaicresity mevebén@Slemd Bbdewward relative
downward direction during the liner hanger setting operation. The force

tigribremasaibel @8 maydive disied expandwitOrdspavvaitieaxpardl the liner
expander 40 by adjusting thread
hanger body 50 (see Figure 1B and 1C). Those skilled in the art will appreciate that

a series of top connectors, lower connectors, sieeves and mandrels may be
provided, so that forces effectively “stack” to create the desirable expansion forces.
Further detalls 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 fop and
lower connectors may exe-rt 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 fransfer member 28 may be threaded to
and move axially with the outer sleeve 17, or to another lower sleeve provided on
the lowermost connector 13, so that the force transfer shoulder 27 on member 28 V
engages the top shoulder 37 on the sleeve 38 at the upper end of the tubular
expander40. Preferably, alower shoulder 42 at the end of the force transfer sleeve

-9-
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21 (see Figure 1 A) until the lower end of the tubular expander is in
engagement with the upper end of the liner hanger body, such that the

d,%vg% 65?97% tl52 on the tubular 15 expander 40 as shown in Fll%éTrf lglé‘?“fiﬁ%i&%

secure contact with the upper taper 54 on the liner hanger bo

25!iHﬁh%ﬁécﬁj%%&é%ﬁiﬁr&MBE}HBP:{@'Qttméﬁ}%q st Qé‘aﬁﬂg BID&,8%4 to more

cemented Tn a conventional manner. The cement may be displaced from

relf¥i§HopiPmaREHiNGF @Rshinierts wslldypspdiner annulus using cement

wiper plugs as is 20 customary in the art. Once the plugs have displaced

the cegftralfcanpiediegthi e kettemsns thesines: prsswravanaythe tubular
applied to fluid within the work strirtg and consequently through the

efpassordpayortbiyf manrdrat Easnaibdathieljyredthinehehiamtteisdorinedy 50
between upward moving pistons (connectors) and downward -10 WO
02006 ek RETHIuS20060e2084y SG0anitwaribmms ifdoraresigeshent with the
Pressure is increased until the force created is sufficient to cause the
casipastingesshovieia bigweal. [dhwigroetepriageeabrier feeipraraay
. facing receptacle of the liner hanger body 50. Forcing the expander 40

tonesbalneaiite WankE e IR @ es paReRaaiokasthritubular
forcing slips 5 53 and sealing elements 55 into engagement with the
CXRADESS HRNETthio CaRRREIILWHIR Nsalingr LI eBhPBHing the liner
hanger within the casing. If pressure within the drill pipe and liner cannot = |
e e LR PR e I DA v B GD s SRR BTEag BGHa e s
into the drill pipe anpd permitted to gravitate yntil the ball engages the seat
aﬁuﬁg e}}’m?eﬂp%’,ggt%‘fp t%lf%%é%%et%gﬁs B GTDES D8 and MOVES IR a downward
direction during the liner hanger setting operation. The force transfer member 28

may be adjusted axially with respect to the tubular expander 40 by adjusting thread

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 drili
pipe and liner and into the well borefliner annulus using cement wiper plugs as is
customary in the art. Once the plugs have displaced the cemernit and ssated near
the bottom of the liner, pressure may be applied to fluid within the work string and
consequently throug%? the pressure ports 18 of mandrel 16 and into tﬁe pressure
chambers formed between upward moving pistons {connectors) and downward

-10-
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10 Pressure may then be increased to operate the setting tool as
previously described. The liner hanger body 50 is a tubular member

\,Eéeggr;?g%gaving elastomer, graphite or other suitable sealirg((g1 elements
Attixed about its outer circumference for sealing with thet yﬁﬁ%ﬁ@?\“””

i f li h lurality.of grippi b h \
mEBE S, Boms R e ils, R ol R s e is
h i i jon. -sh d
S e e B il T B saB AR
thBWIReS ﬂ&?ﬁé@%ﬂ@ %aeﬂé'cgwgmﬁ% LRy BOJY SR ISP NG 40

the running tool is returned to the surface. This increased fadial support

ddRiiRRAH 8B ARENPLARSHERI L MR BEMP o1 d 0AG N BaRAPA tBRING Stbs

the liner hanger and 20 casing string. The liner hanger assembly includes

SRR ¢led RRCEIRHAHTRXBETHRY SeshuBhonn it iy insiesnantiiedst the casing

preferably positioned above the tubular anchor when run in the well. The

22uthilarsexpag dedhapportng ans éneutanganddengheatesidan the -11
WO 2006/127981 PCT/US2006/020395 liner hanger inner diameter, such

that tiipvasguteviitbinl éinedpihpiperantditees devenohbe geréasbd\ailies lgraiing the
the liner hanger body against the casing string to seal the liner hanger
wigsdypiigs, thessditingg halimpaih s scoppetanitee thadgérripe greitobunitted to
expander downhole in the casing string. The tubular expander may initially
OIRIBIso SENte R engrROASilh saathaintie bowsT peid F dRpaisibing tool.
restraining axially downward movement of the tubular expander. The
PraBsike B@dﬂ@@“é’rﬁi%ﬁﬂﬁ?d to operate the setting tool as previously described.
The liner hanger body 50 is a tubular member preferably having elastomer,
graphite or other suitable sealing elements 55 affixed about its cuter circumference
for sealing with the casing upon expansion of the liner hanger. A piurality 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 the
running tool is returned to the surface. This increased radial support to the body or
anchor desirably maintains fluid tight engagement between the liner hanger and
casing string.
The liner hanger assembly includes a tubular anchor or expander bady 50
and a tubutar expander 40 preferably positioned above the tubular anchor when run

in the well. The tubular expander has an expander outer diameter greater than the

-11-
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expander 40 are each preferably solid rather than perforated or slotted.
Further downward movement of tubular expander 40 within the liner

e 50 is prohibited when shoulder 58 (see Figure 1 leﬂat lower
‘gﬁggooﬁl&b% gr 10 expander 40 engages stop surface 60 on ftd gﬁ(ﬁa&omws

iinrggﬁéﬁg?ﬁiﬁ@&ﬂrﬁé@%@cﬂ ﬁamﬁﬁﬁg?ﬂ&%ﬁ?aﬁl RIgioRB e iner

pansion procesé causes a spike "In setting pressure as an

h%ﬁgpme&ywmgﬁ%@ﬂm@rﬁéﬂ@aﬂ%@@g&a& HusJasitianis £heudt the

igure2B. The running tool may then be retrieved, leaving the™ tubular

lirfRXPRAGEF Pegiane thasdialyd Rwakplrndadaiy misneshydhdhe thRaudblar

hanger to-maintain the liner hanger body in gripping engagement with the

ogRiaer AREhEIBarotHB ARsHtRliRnsg Ciminatdrcs oegpsutir buaypmiizigrbe
the outside of the tubular expander 40 form a series of metal-to-metal ball

peesitds topd lproy isledaem s rtihbteerg)dréwdyanittecsexpabaian exstmohnglaxially
and set liner hanger body 50 20 assembly. The tubular expander

dprefeesd ipisvarcentiofi s klbelas-skpgretemenfisctubuitebestyidlf) auphpdvtdar
the liner hanger body once expanded. The OD and IDof the expander is

expRRtentdigrecrramraieraivselidhtatiexdept for fheaigmh ors'eietps), -12
WO 2006/127981 PCT/US2006/020395 thereby reducing the likelihood
that thEEHgHREPIRICSTRY BReRbeh fuhykr SPaBESI S W Hﬁb‘hﬁf‘!@?fﬁ‘@”ger

running tool is retrieved to the surface. The upper eni of the tubular ,
bagy s REHRIPAVReI-SISWART PRiIRGSSEIOHE dRLAL Iswessndghiuaular

1 A apd 1 B) with an int ' face 66 .
expana er %O gnvé%\ggsnsl{]og %nua a?c?eaEB%ﬁ%é"‘ %eanger body 50, as shown in Figure

1C. This engagement at completion of the radial expansion process causes a spike
in setting pressure as an indicator of completion of the expansion process. This
position is shown in Figure 2B. The running tool may then be relrieved, 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 82 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 QD and ID:ofthe

el

expander is substantially constant along its iength (except for the annular bumps),

s
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5 suitable for receiving a tie-back seal nipple after the liner is installed in
the well. The tubular expander body 40 may thus be positioned within the

Iinezroh6<311n2 esribody 50 to expand the liner hanger, while the utFé[:)er sleeve
e 1 egra‘? with and above the tubular expander body may [&84°F6020395

b R A

linﬁ?%?&e‘i’%ﬁéﬁﬂ%@&ﬂxﬁ%‘?&%ﬁé"PeEﬂE‘”\?&%l%@EGH&BQ?B 76. The collet

fingersTextend from colletring 78 surrounding the running tool mandrel 16.

in heTHenigadosHots i dalieidregiataseusnidapiave ereupiad fathg
flexing radially inwardly by the nut 82 that is threadably connected to

sdBfngrabi0oR (sHic1ihanrd thread &84 wikle anomesehdibsebiing rsinfiee 66

tool moves in an upward direction during setting of the liner hanger slips,
sultibledepraesigiajianarp aricsctiaigtiesafiee tal litarititustdliappticatiorsibf The

~ pressure within the setting tool moves the tubular expander 40 further into

tuibeal dramgemnided p&dy 0 erfayahombesptisikipopdraitbin dhedivstihangavinetly 50
moving pistons 20 (connectors) 12 and the lower moving pistons
toexpasdtire)ingnbangsie whit e atepérosieere 3hintegrakwite anguabove the
expander 40 is moved into the hanger body 50 to set the liner hanger.
tubmiaeareantRs Beipnayhaysed fvaeling vdihpsethaigplgiey exferding the
_causing the mandrel 16 to move downward relative to the collet ring 78.
lingi¢Pwardyo 2006/127981 PCT/US2006/020395 downward movement

causes threads 74 on the mandrel 16 to move from an axiall
e‘%163 I:ly%rau ic running tool may be connecteg o ?ntema! t¥1reads 72 on the

liner hanger body 50 by external threads 74 on releasable collst fingers 76. The
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 anether as the tubular expander 40 is moved into the hanger body 50 to
setthe Iinér hanger. Thereafter, the drill pipe may be lowered to callapse the setting
stroke causing the mandrel 16 to move downward relative to the coliet ring 78. This

-13-
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spaced position to an engaged position with a ratchet mechanism 92 on
the collet ring 78 retained in the hanger body 50 by external threads 74

on collet fingers 76. The downward movement of the mandrel 16 ]
“agéfﬁéﬁ%%g%auses the nut 82 to be 5 moved from its running%ﬂgsgg?ﬁ’%mgs

AR RUOBREINS Iie e wrb 8849 A0 AheH R RIS BXBHY an axially

spaced position below the collet fingers, as shown in Fig. 2B. The running

sPR0ASIRNS REIPHIRRE Y StV N etihen HIRHBARMFIA B the collet

allowing the collet fingers 76 to move radially inward and disengage from

rithe gheeadsd th Hhéshifvgen ealyse ol tbrrémMantoadbat/hesuuniadim@s 76.

may be 10 retrieved without right hand rotation of the work string or the
Teathsikelvifrd Theveateatasf assanipivire! teeadditimoatiyotanapatter mati\Byto be
be removed by unthreading the threaded connection 84. The left-hand

mthved dedndnnizction 84 aedijnthpeditioa, sagkuptiogpieddmedrdisdsriteotionilet
as discussed above, which does not require work string rotation. Upon

fingrra dadingugihigimaseddrsititorbelowahesrrlies figaes. as slhrwen ik tigrRB.
free to fall and move from its position supporting the inner surface of the

TosIRyiRR fedenandvis: B2 ieiie yrAdB GRIGH LIRS o FRitRE ORISR 16,
force applied to the collet ring then causes the collet fingers 76 to flex

aliwinaeneoliey thassarth 0w Eﬂ@%ﬂéﬂ*ﬂﬁﬁfér@wgomsaﬁ@ag@nﬁm the
with the_internal threads of the liner hanger.body. The running tool is then

RS 7 2 Forkbised FRAReCLa i RHGB il he SO EaY be

ctuatqr assembly 10 stroked.to moye the tubular expander 40 jthin the
e R R RNt 2 e Pty et S g o

ﬁg(‘/g%‘i’%%ra%ﬁd%?é@éé%%ﬁﬂg HISmANAs 8 A RIN SRS RGP a by
unthreading the threaded oonnectiqn 84. The left-hand threaded connection 84
may thus be a backup to preferred disconnection as discussed above, which does
not require work string rotation. Upon unthreading by right hand rotation of the work
string, the nut 82 is then {ree 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 coliet 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 tubular
expander 40 within the liner hanger body 50. Compared to the Figure 1A view, the
upper connector ar upper piston 12 and the mandre! 16 axially secured thereto have
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-14 WO 2006/127981 PCT/US2006/020395 moved upward in response
to fluid pressure passing through the port 18 and into the chamber

v?tﬁ%’?ﬁpﬁgﬁ pistons and between the mandrel and the outer sleeve 17.
&"[GWar onnector or lower piston 13 axially secured to th& Gl Ledgess

17 dd d relati h I ' lyi .
o SRR R e S

. thel 3. Fi 2 [ i - i
T T T

e sealing sleeve

1781 E%@LW&%HE%%HP&{%@?ZSE%\’ A andiexieninoHRMEE P RdbEe 17

tubular expander. A seal nipple may be inserted into the upper sealing

haleRyeJHAMRBE A gl BrErRardar1H) crvbilirgah puld endMeéibetween

seal nipple contacts the seating surface 79, as shown in Figure 2B. The

| theSsHRensIseNR: %%beepé@fﬁr@&wrimﬁegﬁal wihdpatipeaored efinboiar 13.
p

expander 40, and preferably has a polished cylindrical inner surface for

sealifgguwth ZBcybnibicaleioliner siarigee b dyeSteaithitpte ihdesenipripgle 40
may also include an elastomeric seal, such as a Chevron seal stack, for
themaiingrdithet lovey kmdrid dih ensesaling Seeve Rt teg sd atitiyth eteinsliarexperder
nipple may also be furnished with one or more external metal-to-metal
4pahdextending epivesdiremnitbedlhyl@rgampadent Aviephhinmrmay Hadeserted
a sealing sleeve. The sealing bumps alternatively could be provided on
indecth upRREIRAEINDSRREIRTTcRRSRIGhevtRR §XRa SRt shoulder

tubular expander may be less costly to manufacture. 20 The method of

of ghensealinbrimpeRiRaiceiRgRINRIRUARERIGH RRSRCMRN Figure 2B. The

sealing sleeve 38 is preferably integral with the upper end of tubular expander 40,
and preferably has a polished cylindrical inner surface for sealing with a cylindrical

outer surface of the seal nipple. The seal nipple may also inciude 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-matal 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 fo manufacture,

The method of setting a liner hanger according to this invention within a weil
is a considerable improvement over prior art hangers because radial expangion of
the liner hanger body effectively closes off the annular gap between the casing and

the liner, providing high pressure integrity atthe top of the liner thatis convaniiona.tiy
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is a considerable improvement over prior art hangers because radial
expansion of the liner hanger body effectively closes off the annular gap
n the casing and the liner, providing high pressure integrity at the

TR

& liher that is conventionally -15 WO 2006/127981 PCl 2“{_'6/020395
ol AR AR eRner (3 L1c BPaR! M ANahIS Gasingon DB IERY can
iner suspension capacity can be‘increased without sacrificing anmula

IR BV IR EASRGIbR HFTF}E%PQS% are@w%@&&iﬁaﬁgéuﬁ% H8a of

improvement in pressure infegrity and suspension rating provide long

thieishefietid ety seaetine e rRpRsiRraiAUSksY s IRRERLNS i RRbension
hanger body. The running tool is released from the set liner ‘hanger
rafiBseIbdyitheLierr il Bigt ek tatadrpaplidewRKURIING dudisdis the

mechanisms other than collet mechanisms may be used to selectively

linatdrangeebbthe ey haniger tbotly velbadee iromitigetest linantletlgéy keepeibly

ring may alternatively be used to selectively engage and disengage a
wilhoowaaguitngerigis nantlirdsdionAr dbiserveypetohgatch mechanism may

include one or more radially movable dogs each for fitting within a slot. ‘

Anothétebanaehaninaegiiaidannchliel maphanismamaysre uaedio satrtvely
_ parts on the liner hanger that may become disengaged from the liner
intRicgBnset edingsansel kednvathieameninghecarngiele Ly ARRGRGNG may

difficult or impossible to 15 get the liner to the required setting deﬁ)th. For
IR AUNEHhD tESER R RRIBRE YRR e RSRgR AR UIRRAAEAS AddiPaNR iR PRYe this

adaptation for,use in liner drilling operatjons. This is a technique for .
"Rt VT RSB RISS BIRFBR AT BB ey e o more radially
movable dogs each for fitting within a slot.

Another feature of the expandable liner hanger is that there are no moving
parts on 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 weli 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 lfiner 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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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

\féozlﬁic%iftﬁ té){atween the liner 20 and the running tool and drillﬁpi%)e durin
his opera%lon. However, relative rotation between the runni 5 SoraNg20s9s

' liper is dri | iti . .
oG e R R i

wéf! I0RENRNRENRay isop0i G manBa.dacs 303 emifiltagn U .
6 WO 2006/127981 PCT/US2006/020395 position to Totate the liner and

séharaby. merssesiy insersdbeslineriniomsiavialpgronaltcLinal EvgtivR Tgver

be achieved with the use of dogs as disclosed in U.S. Serial No.

 pHILIBEI QA o e KilRehith TRy ars aErecigisdhiimnhe dspped dThard

of a liner 98 is shown in Figure 2B. A typical liner may extend downward
himbtedl ed $eeft feetorarese fflosrbtrdy 158dy 50. The assembly may include
one or more dogs each for engaging a slot in the liner to rotatably lock the
one dihmeassdoidytondydritiedeAdntute mestedtige lganidgay esgagihg a slot in the
disengages rotation between a running tool mandrel and the one or more
lingrde radatabthndhhgranerotaosadagsie fmbngy. tdotvichaptactively engages
clutch.is engaged 10 and the liner is rotationally disconnected from the

anghinen gaorminiatienbRreema SuRBinsslonl apdeland FrpnppsOre dogs,

regarding this technique are disclosed in the parent application, and are
Ut Mgy reigieh R HNAG e TR RSk Sh RS Siisi e engaged

S AL AL D ol ncies, & Dty I b P M e
clutch is disengaged. Further details regarding this technique are disclosed in the
parent application, and are incorporated by reference herein.

A particular feature of the present invention is that the running tool includes
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 cement the liner
in place. Cement may thus be pumped from the surface through the work string
and ;l:hmugh 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 hangerbody.

in other cases, all or substantially all of the tubular expander will be within the liner
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15 cementing plugs to pass through the bore of the running tool and
cement the liner in place. Cement may thus be pumped from the surface

thr work string and through the liner hanger, then
RIS, sl

iner and into the annulus between the liner and renolé.

haRGSEHbG RIRBR IR B8N (orpBREAIBIIdACNM nIBGIdNSkpander
hanger may be set. 20 As disclosed herein, the tubular expander is

wiinsitienRibahiaass Pastig!ly withingahed)aegesveedin:thik eaiplicatiialb/
expanding at least part of the liner hﬁangerdbody. In other cases, all or
subsethidaiphaipefithestubutiimexpaoitee illdeivithavéhscknefestAbaherein
2006/127981 PCT/US2006/020395 hanger body when the assembly is

in sem€ detplbibimbesinreofdbretabigiyfexibapiepasithinfterplmeinigdhgerrious

- body is not required, however, for all applications. Although specific

aspedisdiftbatinvemtiennasdtioneidutended elviidba Reppm ofik@invendienl as
this has been done solely for the purposes of explaining the various 5

defigpstis bR RiaaNfisH fiavs RBprRaRiea i ITFemBicasiestand hat the
invention as defined in the claims which follow. Those skilled in the art will

eMRAdiaEHEHRN IR SRRIRGSHS SHRMP Y AESLHREAUS RahBasrtutiens,
various otheé substitutjons, , al eratiogs and modiaj%tfgns includingﬂ but

2RI NS MRLLIRIGER HRAL Lt SRbUMRR UISETSiP I8 At TRty
oSS B S e B R R A RO R o

departing from its scope.
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WHAT IS CLAIMED IS: 1. A liner hanger and running tool assembly for
use downhole in a wellbore to seal with a casing string and support a liner
w10 theslinessnanger, the liner hanger and running tool assem@ v sau06
comprising: 5 a tubular liner hanger body removably supportable on a
WiARihg @ARERSItioning the liner downhole, the tubular liner hanger
body having an initial hanger outer diameter less than an inner diameter
of thd casirfty §f@idianeat MR rHReInG Ak eBseR pkifgr ruaiitiownhole in a
expandable by the running tool to seal with the casing string; 10 a tubular
W%Uylm{ﬁ&ers?@r%%&mawas@r&ﬁwm% g tco gvﬁém@bbmer, the finer

expander having an expander outer diameter greater than an initial
. hﬂﬁ“z‘j&’lﬁ%&%ﬁ%& ?ﬁgﬁgﬁ{ﬁ%@@ﬁﬁﬁﬁ%ol including one or more
actuataqrs for forcibly maoving the tubular expander axjally from a positio
5 adalhy SRR MARE S AP AR SRS ApastHBAnG tool for

T .

g
o%%ﬁ%eﬁggﬁhwgﬂqﬁﬁén&ﬁn%wp Hﬁh@@éé}%&?@pﬁ;%g %Y%)gjg?c}kﬁher

the tubular liner hanger body axially interconnecte nning
hanRe &Y e re] pldRachanisRube 59'tﬁemﬁmﬂa%x%‘%saj’ﬁﬁa\(ﬁ%dcastng

from moving 20 radially inward by an‘annular stop when the liner hanger
sifrign in the well; the annular stop moving axially relative to the collet

mechanism after the tubular expander is positioned at least partially

10 withirathéblikerdxpageebashideably supportable on the running tool, the tubular

/026395

expander having an expander outer diameter greater than an initial hanger body

inner diameter;

the running tool including one or more actuators for forcibly moving the

iubular expander axially from a position axially spaced from the tubular liner hanger

15  body to a position substantially within the tubuiar liner hanger body, thereby radially
expanding the tubuiar 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

20

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 hanger body; and
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expand the liner hanger body; and -19 WO 2006/127981
PCT/1JS2006/020395 a catch mechanism for interconnecting the collet
weehrniswrand the running tool mandrel when the tubular expandesissazes
positioned at least partially within the liner hanger body, thereby allowing

radialy; ipar BRaKRIRER fiiisdrelkelinBer BaBIRTHIBARIGASS HIRI HE RMGing

tool from the set liner hanger. 5 2. A liner hanger and running tool

toasseams pRdefines iidalained andiar i pthationming teakhparaniipternm the
bore for passing cement through the, running tool and out a lower end of

ke eegs. AJgr ihangey axlibwingingddiagseantlyrassdaimeddh Glairoollet
1, wherein the catch mechanism includes a ratchet ring on one of a collet

racichasisio feasd the running toadl inoantirel saidimatdm@tghreads 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
runnidg tooladEembRNgsHandetiimiohiect  assaitirens tHefimesuiarSaip 1
includes a left hand thread for releasing the running tool from the set liner

whegier BSagHBPIAGHaRAREPoBR SHBPHORSHURRS SI0 GRIBERRTYEKHN the

and runnin%tool ass?mbI%/ as defined.in Claim 1, further comprising: -20
running teol and out a lower end of the iner.

3. A liner hanger and running tool assembly as defined in Claim 1,
wherein the caich mechanism includes a raichet ring on one of a collet mechanism

and the running tool mandrel and raichet 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 raichet ring is supporied 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 too!

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

8. A linerhanger and running tool assembly as defined in Claim 1, further

comprising:

20
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WO 2006/127981 PCT/US2006/020395 _ -one or more packer seals on
the tubular liner hanger body for sealing with the casing string upon
wrpansiamef the tubular liner hanger body; and a plurality ofships dx6d.9hs 05
the tubular liner hanger body for securing the tubular hanger body to the

casingisttingwiaemmtie tubdlaingehabgerr iedy isryexpendast Bydihey with
tubular expander. 7. A liner hanger and running tool assembly as defined
thincaking diringhepein dkpatudioracietkpandelsis|sealkartgethecnuad liner
hanger by a plurality of annular bumps on an outer surface of the tubular
expahddurBit tihelipmfiged andharinmgaobhassemidy hedieforeskiuMiaiine
1, 10 wherein the tubular expander has a generally cylindrical exterior
t@umd@amﬁfgbawmmh@mw gidnopvheneiisaidaias dicetanger body is

tubular liner ha&%er Is expanded substantially the same amount along the
eXpaRrRMGINRE SE WA AXP@Rder. 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 15 expander with
resp%pt to the tubu ar liner han ger bod

line d .
tool assemb hl%‘?u 3%&%‘ 'I'H%in é‘ﬂﬁifgfg B‘ %h‘gﬁ @#@%%@1
e e S A R o o

anger y remo

afRRPE AR dYPASIEG Pgux%ﬁ)cg]gf HS&H‘QMYQPS@W&P”GV hanger body

supporting the liner in't e we

8. A liner hanger and running tool assembly as defined in Claim 1,

wherein the tubular expander has a generally cylindrical exterior surface along an
axiaf 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.

g. 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

welibore to seal with a casing string and support a iiner 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;

01
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WO 2006/127981 PCT/US2006/020395 a tubular expander removably
supportable on the running tool, the tubular expander having an expander
autendiameter greater than an initial hanger body inner diar@%tﬁﬁs%@mms%
running tool including one or more actuators for forcibly moving the 5
tubula® &Xpaadexpadialy feonovaplysiippstbbtamtiallyeaxiatingpack thirdobular
the tubular liner hanger to a position within the tubular liner hanger, ‘
YHRABEP I AANINg arpaffGingetios tehdiamiter rester thetpagaifiat asger body
_casing string to secure the tubular expander and the liner hanger body
‘%Wr&%f@?iﬁ@ tubular liner hanger body axially interconnected with a

runnin&%ool 10 mandrel by a latch mechanism, the latch mechanism

being PYRVERRYAGHS IRGUWAR O Qe RFimpsRu 35y icaR iafahoihivaneningethe
tIi%e hanger i run.i?r”t e well; t%(f, annuéar stq&lmov,i axial!%/drelative to
el SR dRs TP RO TS - RIS R HORRF ARG oular
ially withi i body: h hani o
R B SRR L2 P amsing
) . I il within the i
At e S e R R

észpaﬁiaaﬁsﬁawnﬁm%@efm%pﬂso%&m@gr hanger. 11. A liner hanger

and running tool assembly as defined in Claim 10, wherein the catch

mechafisruinakidRsen FRISHE HBE0R:eRR Jhisralisiepeehamism AMARY tool
the running tool mandrel and ratchet threads on the other of the "collet
mesdanisymaaetihesahaning ok Ratrechanism 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 laich mechanism afier the
tubular expander is posttioned 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 finer

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

release the running tool from the set liner hanger.

1. Aliner hanger and running tool assembly as defined in Claim 10,

wherein the catch mechanism includes a ratchet ring on one of a colist mechanism

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

mechanism and the running tool mandral.
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-22 WO 2006/127981 PCT/US2006/020395 12. A liner hanger and liner
hanger assembly as defined in Claim 10, wherein the annular stop
wiglvmles adafthand thread for releasing the running tool fropdhgsatlinShes
hanger body by right hand rotation of the work string. 13. A liner hanger
and liner hanger assembly as defined in Claim 10, 5 wherein the tubular
expander is sealed to the tubular liner hanger by one or more annular
bumpEon aA dinterisinfecaantithiedu bulagsexpsswieb)\and teditdoularCiaim 10,
expander has a generally cylindrical exterior surface along an axial length
wheledn thewanerpatnieincdudastiadethband drastddphetersingdrpandeing tool
substantially the same amount along the axial length of the tubular
o RIEP J0r haRaRIA ML EHNGRHIRPNRD SbtesyieadeBned 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

casind g TRErRBHRSE niGI G185 GARBRINY 41 GRLARGRBaim 10,
B R R G e R e etaror more
5 B e BB 5 o U ety AR lap
SRR EAVANGLAR AP ARG R B GN ES g an axial length of the
tubular expander, such that the tubular liner hanger is expanded substaniially the

same amount aiong the axial length of the tubular expander.

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

through the running tool prior to setting the liner hanger.

15.  Amethod of hanging a finer in a well bore to seal with a casing string,

the method comprising:

positioning an expandable tubular liner hanger body and tubuiar 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 diamster of
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than the initial liner hanger inner diameter; positioning the liner hanger
body at a selected depth within a wellbore from a work string; 5 forcibly

woxingithesiubular expander axially to a position substantialp-yitRinoéR8es9s

tubular liner hanger body to radially expand the tubular liner hanger body

thagaisisptsisnading ishirg; thpretteskaviigathexpauder hutshdiagetdagtpater

and the tubular expander downhole; axially interconnecting the tubular
thpndhadnitiet ek kengetiinpesdiamaterel 10 by a latch mechanism
prevented from moving radially inward when the liner hanger is run in the

well; ReHiRnRe iy inetbanomirdyafedakeatercterihivithimerwebhomsuieom

expander is positioned at least partially within the set liner hanger body;
a r‘frik §l88fgaging the latch mechanism after the tubular expander is

S onl i PR T E g6 R G P AR RS Y agbely gtin
| ' ' ‘ dy. hod as defined i
o B G o BTy S PR A Lt B aRErbocy
| ' 1, .and. providing ratchet thread
< R LRI, I R P
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axially interconnecting the tubular finer hanger with a running tool mandrel

10 by alatch mechanism prevented from moving radially inward when the liner hanger
is run in the well;
axially moving a stop relative to the latch mechanism afier the tubular
expander is positioned at least partially within the set liner hanger body; and
disengaging the latch mechanism after the tubular expander is positioned at
15

least partiaily within the liner hanger body, thereby allowing radially inward

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

hanger body.

16. A meihod as defined in Claim 15, further comprising:

providing a ratchet ring on one of the latch mechanism and a running tool

20 mandrel, and providin'g raichet threads on the other of the latch mechanism and the

running ool mandrel.
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17. A method as defined in Claim 15, further comprising: sealing the

tubular expander to the tubular liner hanger body by a plurality of annular
Wwornps/orran outer surface of the tubular expander. 18. A meippd 8506020395
defined in Claim 15, further comprising: 5 providing one or more packer
seals on the tubular liner hanger body for sealing with the casing string
upon expansion of the tubular liner hanger body; and fixing a plurality of
slips dA-the fumatiathas Hafiaed Bofaior teciitifiptmempistchanger to

the casing string when the tubular liner hanger body is expanded by the

tubulaPEBRshig: iy ipy exnaades tedbabidaniinehanos: hethepy a plurality

_comprising: positioning the tubylar expander above the tubular liner
KARGHRS e

FMSTHER § f substantially
within the tubular liner hanger body. 20. A method as defined in Claim 15,
further comprising: 15 passing cement through the liner when the liner

hangeig 0% th i SRR BRI 128 RN DS ZRing:
providing one or more packer seals on the tubular liner hanger body for
sealing with the casing string upon expansion of the tubular liner hanger body; and
fixing a plurality of slips on the tubular liner hanger body for securing the

tubular hanger to the casing string when the tubular liner hanger body is expanded

by the tubular expander.

18, Amethod as defined in Claim 15, furthet comprising:
positioning the tubular expander above the tubular finer 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 finer hanger body is setto cement

the liner in the well bore.
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