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ENTRY GUIDE FORMATION ON A WELL LINER HANGER

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
10 and operations performed in conjunction with a subterranean
well and, in an example described below, more particularly

provides for entry guide formation on a well liner hanger.

BACKGROUND

15 For a variety of reasons, an end of a tubular string
which is to be entered by another tubular string, equipment,
wireline tools, etc., may not be satisfactorily configured
for such entry. For example the end of the tubular string
could be cut off, or a liner hanger could be connected in

20 the tubular string, with the liner hanger lacking an entry

guide, etc.

It will, therefore, be appreciated that it would be
beneficial to be able to form an entry guide at an end of a

tubular string.
25
SUMMARY

In the disclosure below, a forming device and a method

are provided which bring improvements to the art of tubular
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rming device into the wellbore, and deforming the end of

e tubular string from a cylindrical shape to an outwardly

dening shape with the forming device.

In another aspect, the disclosure provides a method of
rming an entry guide at an end of an expanded liner hanger

a wellbore. The method can include outwardly expanding

the liner hanger, thereby sealingly securing a tubular

st

ring in the wellbore, and deforming the end of the liner

hanger from a cylindrical shape to an outwardly widening

shape with a forming device.

These and other features, advantages and benefits will

come apparent to one of ordinary skill in the art upon

careful consideration of the detailed description of

presentative examples below and the accompanying drawings,

in which similar elements are indicated in the various
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-sectional view of

well system and associated method which can embody

30 principles of the present disclosure.



WO 2012/ 071208PCT/ US2011/ 060617 -3 - FIG 2 is a schematic
cross-sectional view of a form ng device which may be used in the system
and net hosoab12A@72081. FI GS. 3A & B are schemati c cross- ®ETSeMAI06061EWS Of
anot her configuration of the formng device prior to and 5 after form ng an
entry guide at an end of the tubular stg§ing. FIGS. 4A & B are schematic
cross-sectional views of yet another configuration of the form ng device
prior to and after formng an entry guide at an end of the tubular 10

string. FIGS. ?ﬁec @r sSGNEMRLEG +GLOSEHEECLLARE n%peW§e f o@NQt B8Lmin
configuration o the orm ng device prior to and after formng an en?ry
gui de at devere whithembybblkausetr ingthébspPETAm. BEBADBESEROETOENFIG. 1.
Representatively illustrated in FIG 1 is a well system 10 and associ at ed
met hod whi ch caﬂGsanAy&pBiambpbehemﬁtﬁbisrdssebesmﬁenaunvﬁb@sspiten110, a

t ubul t 20 i t I1b 20 [ i |
eour o | AnatBerorbrtiapantion e The Bhemiah 2ovictrgratr ko) ag o i ne

hangers16aﬁmb@r@@m&gﬁgednabn@myu@peaeea@ 32 ehdt bg tubukabusbii ng 12. After

the liner hanger 16 is set, it is desired to
strihg.

FIGS. 4A & B are schematic cross-sectional views of yet
another configuration of the forming device prior to and
after forming an entry guide at an end of the tubular

10 string.

FIGS. 5A-C are schematic cross-sectional views of
another configuration of the forming device prior to and
after forming an entry guide at an end of the tubular

string.
15
DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well system
10 and associated method which can embody principles of this
disclosure. In the system 10, a tubular string 12 (such as
20 a liner string) in a wellbore 20 is sealingly secured in
another tubular string 14 (such as a casing string) by a
liner hanger 16 interconnected at an upper end 22 of the

tubular string 12.

After the liner hanger 16 is set, it is desired to
25 convey yet another tubular string 18 (such as a completion
string, perforating string, etc.) into the tubular string
12. However, the upper end 22 of the liner hanger 16 has a
cylindrical shape and is smaller than the wellbore 20 so
that, unless the tubular string 18 is axially aligned with
30 the liner hanger, difficulty will be encountered in

displacing the tubular string 18 into the liner hanger.
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One way to set the liner hanger 16 is to expand it
radially outward into sealing and gripping contact with the
tubular string 14. Various expandable liner hangers and
setting tools therefor are known in the art, one of which is

15 described in U.S. patent application serial no. 12/342,718
filed 23 December 2008, the entire disclosure of which is

incorporated herein by this reference.

In the system 10 of FIG. 1, the upper end 22 of the
tubular string 12 can be swaged or otherwise deformed
20 outward to form an entry guide. This will allow the tubular
string 18 or any other equipment (such as, wireline tools,
coiled tubing, etc.) to easily pass into the tubular string

12.

Referring additionally now to FIG. 2, an enlarged scale
25 cross-sectional view of one example of a forming device 24
which may be used to form an entry guide 26 at the end 22 of
the tubular string 12 is representatively illustrated. The
forming device 24 is provided with a connector 28 at an
upper end thereof for connection to a tubular work string 30
30 used to convey the forming device into the wellbore 20. The

forming device 24 may be used in the system 10 and
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A biasing force is supplied by a weight of the work
string 30 being applied via the forming device 24 to the
upper end 22 as the deforming structures 32 roll about an

15 inner diameter of the upper end. This forms the outwardly
widening entry guide 26 in the upper end 22. The work
string 30 with the forming device 24 can then be retrieved
from the wellbore 20, and the tubular string 18 can be
conveniently guided into the upper end 22 by the entry guide

20 26.

Referring additionally now to FIGS. 3A & B, another
configuration of the forming device 24 as used in the system
10 is representatively illustrated. Preferably, the work
string 30 would be connected to the connection 28 and would
25 be used to convey the forming device 24 into the wellbore

20, and to transmit pressure to the forming device.

In FIG. 3A, a lower end of the forming device 24 has
been inserted into the tubular string 12. A deforming
structure 32 contacts the upper end 22 of the tubular string

30 12. 1In this example, the deforming structure 32 has a

frusto-conical shape and is positioned on a lower end of a
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of the form ng device 24 has been inserted into the tubular string 12. A
deform ng structure 32 contacts the upper end 22 of the tubular string 30
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g 40 is dropped andborppumped tgroug% t%e wor strgng 3% and
flow passage 38, until it sealingly engages a seat 42. With
the flow passage 38 blocked by the plug 40, increased
15 pressure can be applied via the work string 30 to the
passage 38, thereby applying a pressure differential between

the flow passage and the exterior of the forming device 24.

The pressure differential displaces a set of anchoring
devices 44 (such as slips of the type used on packers)

20 outward into gripping engagement with the tubular string 12.
This anchors the forming device 24 to the tubular string 12
for as long as the pressure differential is maintained. The
pressure differential can then be increased, until it is
sufficiently great to shear the shear screw 36. This

25 releases the piston 34 and deforming structure 32 for
downward displacement (as viewed in FIG. 3A) toward the

upper end 22.

In FIG. 3B, the forming device 24 is depicted after the

pressure differential has biased the piston 34 and deforming

30 structure 32 downward (as viewed in FIG. 3B) into the upper
end 22, thereby forming the entry guide 26. Additional

pistons may be provided, if needed to generate sufficient
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to shear the shear screw 36. This 25 rel eases the piston 34 and deform ng
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configuration of the form ng device 24 is representatively illustrated.
Thi s conf Butet dsainsasi Aitl as retimasyedeypsbt $he forming device 24
from the wellbore 20. Opening of the port 50 also bleeds
10 off the pressure differential, allowing the anchoring
devices 44 to retract out of engagement with the tubular
string 12, so that the forming device 24 can be withdrawn

from the tubular string.

Referring additionally now to FIGS. 4A & B, another

15 configuration of the forming device 24 is representatively
illustrated. This configuration is similar in many respects
to the configuration of FIGS. 3A & B, but differs in at
least one respect, in that the deforming structure 32 is not
displaced toward the upper end 22 by the piston 34, but is

20 instead displaced downward (as viewed in FIGS. 4A & B) by
threading together sections 52, 54 of the forming device 24.
The sections 52, 54 are initially secured relative to each

other by a shear screw 58.

In FIG. 4A, the forming device 24 has been conveyed
25 into the tubular string 12 (for example, on the work string
30 connected to the connector 28), until the deforming
structure 32 is in contact with the upper end 22. The plug
40 has been dropped and/or circulated into sealing
engagement with the seat 42, and a pressure differential has
30 been applied from the passage 38 to the exterior of the
forming device 24 (for example, by increasing pressure in

the work string 30). The pressure differential causes the
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screw may be used to increase the biasing force, or to

decrease the torque needed to form the entry guide 26, if

desired.

When the entry guide 26 has been formed, increased

15 torque will be detected in the work string 30 (due to the
sections 52, 54 being fully threaded together). Rotation of
the work string 30 is ceased, and increased pressure is
applied to the work string to break open a rupture disc 56.
Opening of the rupture disc 56 relieves the pressure

20 differential, thereby causing the anchoring devices 44 to
retract, and allows the work string 30 to drain as it is

retrieved from the wellbore 20.

In the configurations of FIGS. 3A-4B, the anchoring
devices 44 could be replaced by keys, collets, lugs or dogs
25 which engage a profile or recess formed in the interior of
the tubular string 12 (for example, in the liner hanger 16).
This may be the same profile or recess which is used to
secure a setting tool for setting the liner hanger 16 (for
example, a setting tool which outwardly expands the liner
30 hanger into sealing and gripping engagement with the tubular

string 14).
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inclined surface 62 on the upper section 52 of the forming
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15 retained by keys 74.

In FIG. 5B, sufficient weight has been transmitted from
the work string 30 to the forming device 24 to shear the
shear screws 60, thereby allowing the upper section 52 to
displace downward (as viewed in FIG. 5B). The inclined

20 surface 62 biases the deforming structures 32 to pivot
outward, thereby forming the outwardly widened entry guide

26 in the upper end 22 of the tubular string 12.

In FIG. 5C, the work string 30 has been raised, thereby
relieving the biasing force that pivoted the deforming
25 structures 32 outward. A biasing device 64 (such as a
spring, compressed gas chamber, etc.) has displaced the
lower section 54 downward (as viewed in FIG. 5C), thereby
allowing the deforming structures 32 to pivot inward to a

radially reduced portion 66 of the upper section 52.

30 The structures 32 are now preferably retracted
sufficiently far that the forming device 24 can be displaced

through the tubular string 12 (i.e., the forming device is
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5. ' 30The CREPaR: HeblsBeRRRtngE SPEr APHEF) SPELAARL 34 SERPEATEntry tFEr that
the form ngpdeviseetiédncan ,benhdirepyapedvebhtangh thee detbuimahgstring 12 (i.e.,
t he forning device is_ W 2012/0712Q08PCT/ US2011/ 060617 - 10 - no wi der than
t he i mher SEFERELELSOP 2t KECPUBEILRS ?ﬂ@?ﬁ&)PUEW§ﬁ§paHPH6'68T@ﬁgages a

radial |y geduverdngesesaciirk@ Bhewenhqupwarndydiranlacergiheal piyhg | over
section 54 relative to the upper section 52, thereby preventing the

def or m ng98r$eruePyiag,32nhpomibei n§rbrage@tbetwdediagai n. The def ormi ng
structures 32 could be inwardly retained by a garter spring, snap ring, or
any ot her devi ae oastpautlipsubanefanebift tbfist kionfdgufriagaoat iisnthatt hat

the forming device 24 can be displaced further into the

10 tubular string 12 after the entry guide 26 has been formed.
Thus, seals (not shown) could be interconnected in the
string 30 above the forming device 24, and could be stabbed
into a seal bore 72 of the tubular string 12 (more
specifically, a seal bore of the liner hanger 16) after the

15 entry guide 26 is formed. 1In this case, the work string 30
could be a production tubing string for producing fluid from
a reservoir intersected by the wellbore 20, an injection

string for injecting fluid into the reservoir, etc.

Note that any of the forming device 24 configurations
20 described above could be incorporated into a liner hanger
setting tool, so that the entry guide 26 is formed in
conjunction with setting the liner hanger 16. This would
eliminate any need to make separate trips into the wellbore
20 to set the liner hanger 16, and then to form the entry
25 guide 26.

Although the above descriptions of the system 10, the
forming device 24 configurations and the methods of using
the forming device have been applied to creating the entry
guide 26 at the upper end 22 of the tubular string 12

30 (specifically, the upper end of the liner hanger 16), it
should be clearly understood that it is not necessary for

the end 22 to be an upper end (e.g., it could be a lower end



the form ng device 24 can be displaced further into the 10 tubular string
12 after the entry guide 26 has been forned. Thus, seals (not shown) could
be i nt er cwonrertotko8n t he string 30 above the form ng deectas2ei/oensd? coul d
be stabbed into a seal bore 72 of the tubular string 12 (nore specifically,
a seal bore of the liner hanger 16) aftgr _the 15 entry guide 26 is forned.
In this case, the work string 30 could be a production tubing string for
producing fluid froma reservoir intersected by the wellbore 20, an

injection_stri [.11 nj.acti fil uid icnt.o e S8LVQIT ;. e e at any
of the foP%iﬁgﬁggéggé %&géoﬁ??g&(a??o%gEZSBgegégiggdggbgﬁebggﬁngbghg

i ncor por afledernhangelri Aér. hanger setting tool, so that the entry guide 26
is formed in conjunction with setting the |iner hanger 16. This would

el i m nat e any aAegdoffothek€ecaeparat eft angsoifnthet iermihkghdegize 2a set the
| i ner hanger 16, and then to formthe entry 25 i 26. Al t hough the
bbove dosLPRSLEbtE CoP Enaou S Bh Hooa: HA thoaRva Y tdbdreeth8 cont | gur at ons
and the nmebhedguehtisneg thekbepinggwdew eachavenbegneappli ediko creating
the entry guide 26 at the upper _end 22 of the tubul ar strlng 12 30

&

(speci fi cALBFLoERECuppEPLeRTBPEne thenEMPhRAGeA186) P6i PIshEEI 166 cl early

under st oodat Rag bbnlrs gRPbtIBRCESAY ber usBE ¢Rd+244t 8 fbenanpuprespend
(e.qg., it could be a 'ower end WO 2012/071208PCT/ US2011/ 060617 or a

lateral endd efleeye 86 Por thheFaRE-23At 6 Becpafiguirathenl.i séc-hafges,16.
Any of thﬁtfgﬁggﬁﬁsbgfc§§§r§§ hﬁﬁekg%gbﬁgtﬂ3¥!%%ﬁgéeﬁ%ﬂkbggh%tkﬂas coul d be

used with an the “of conrrguratrons, in eprng w t he "principles
of thiG dvacliossr eonFiguexatiphe, atrke notiptuteadilyc exélakitrke FI GS. 4A & B
configuration could be used instead of the port 50 and sl eeve 46 of the
FI GS. 3A & B canf mgyr abiwobe €uldlyThpprectatkdultialie thkeeabbyeunder st ood t hat
the features Rf the 10 various configurations are not tually eﬁclusive.
disclosure provides several®advancements to the art.” The
forming device 24 allows for convenient forming of the entry
guide 26 in the end 22 of the tubular string 12, so that
15 another tubular string, equipment, wireline tools, etc. can

easily enter the end of the tubular string.

The above disclosure provides to the art a method of
forming an entry guide 26 at an end 22 of a tubular string

12 in a wellbore 20. The method can include conveying a

20 forming device 24 into the wellbore 20, and deforming the
end 22 of the tubular string 12 from a cylindrical shape to

an outwardly widening shape with the forming device 24.

The tubular string 12 can include a liner hanger 16,
and the method can include expanding the liner hanger 16
25 radially outward in the wellbore 20 prior to the conveying

step.

The outwardly widening shape may comprise a frusto-

conical shape.

The deforming step can include rolling at least one
30 inclined roller of the forming device 24 within the end 22

of the tubular string 12. The deforming step may also



It may now be fully appreciated that the above discl osure provides several
advancenents to the art. The form ng device 24 allows for convenient
form ng ovothe/emosy guide 26 in the end 22 of the tubulpar/usteiitngel?2, so
that 15 another tubular string, equipnent, wireline tools, etc. can easily
enter the end of the tubular string. _ 12 _ The above disclosure provides to
the art a nmethod of formng an entry guide 26 at an end 22 of a tubul ar
string 12 in a wellbore 20. The nethod can include conveying a 20 form ng

device 24.int he .wel:l ho 2 d LiNg At 2 f e-tuhul ar
Ctring 12irELaoE"BIEEI A0 R EprRlAcCRERI BN B4 HEATIS TG Sl 2B B e
form ng déhecéuBdlaThettribgl A2 bdyr epgliy2 ngameigbltudeom ki werkhangengl6, and

the net hod .can incl ude expandi ng t [ i r hanger .16 25 radiall. utward in
Lhe el a0 tB, tB] 8ot NBn B i foL iy D A208%hihG, SR6OCA N T G o
shape may re®&Riinge thef idgkosomiagl 39hapadnected to the defainigndestiep can

include raolling at |east one 30 inclined roller_ of the form ng device 24

wi thi Pt hédeh@ 2Begebih&otdotibar TollrrgWizhifh&hgePBANRAg Ot EFCmay al so WO
2012/ 0712@8BGT14H¥YS301+10@69017 - 12 - include biasing the form ng device 24
agai nst the end 22 of the tubular string 12 by applying weight froma work

o 20yt L LR, ey ol G A caR, ] Ll otari g
pressure differential across a piston 34, thereby biasing a
deforming structure 32 into the end 22 of the tubular string

10 12. The method can also include anchoring the forming
device 24 relative to the tubular string 12 prior to biasing
the deforming structure 32 into the end 22 of the tubular
string 12. The anchoring step may include biasing an
anchoring device 44 into engagement with the tubular string

15 12 in response to applying a second pressure differential to

the anchoring device 44, the second pressure differential

being less than the first pressure differential.

The deforming step can include threading together first
and second sections 52, 54 of the forming device 24, thereby
20 biasing a deforming structure 32 into the end 22 of the
tubular string 12. The threading step may include rotating

a work string 30 connected to the forming device 24.

The method can also include anchoring the forming
device 24 relative to the tubular string 12 prior to biasing
25 the deforming structure 32 into the end 22 of the tubular
string 12. The anchoring step may include biasing an
anchoring device 44 into engagement with the tubular string
12 in response to applying a pressure differential to the

anchoring device 44.

30 The deforming step can include outwardly displacing a
set of deforming structures 32, and the method can include a

step of inwardly retracting the deforming structures 32.



5 24 to thereby roll the roller within the end 22 of the tubular string 12.
The deform ng step may include applying a first pressure differential
across a Wwo20n78208 t her eby biasing a deform ng struct uPeTdB26mnbesihe end
22 of the tubular string 10 12. The nethod can al so i nclude anchoring the
form ng device 24 relative to the tuhuhar string 12 prior to biasing the
deform ng structure 32 into the end 22 of the tubular string 12. The
anchoring step may include biasing an anchoring device 44 into engagenent

Wth the Eg? kit h Hrhggh&%c&%d'ndl%%&%%iﬁg%%h@pgb¥gﬂggetggﬁoa _pressure

differenti tot e anchorin evi Cc € secon ssure differenti al
bei ng Iesshrbaghthheftubulpmessmnagdﬂﬂfeﬁeatlahe step ofhendefrdim ng step

can |ncludetthr%ad|n her flrs% seco sections 52, 54 of the
formi ng d&Vii¢8°241% gFegﬁ 26™3"ds g & éF&r “nig structure 32 into the end

22 of the tubular strin The_t hr adln |nclude otatlng a work
string 30 conné@?@dpf8 gﬁg%foWSH 9V€e Egﬁg éeﬂﬁo& Osih 8 s8%i ncl ude

anchorsg ng fbhmhgr Bhngnéey ¢aidé Q%' atl ¥ bﬂdt he bébdhaexpbhded iZneki or to
bi asing 25 the deformng structure 32 into the end 22 of _the tubular string

12. The ahéﬁeernéGSﬂapany§l#H@F&d8Obua?bﬁgmﬁﬁhaﬁcwéw| Agcd&drce 44 into

ehgagenenbuwmggdqg e&BQHB@thEanQl%%r'Bah%%&oﬁ%e R e2RBYY5Bg18nRR§SSUr €
differential to the anchoring device 44 he 'déform ng step can incl ude

out war dl y sgcypliagi agtabsderostaddngr dizngnsthecweldbo32, 28ndande nmet hod can
i ncl ude a trac g deforning,.s tyres 32 WO
2012/07128%%@%?%&? fﬁ%ogbél?ﬁ O% Eh@ Egggt ggg%%yqﬁn%%é%egdlsplaC|ng t he
formhy teglliAdrical shape to an outwardly widening shape with a

forming device 24.

The expanding step may be performed prior to the

deforming step.

The deforming step can include rolling at least one
15 inclined roller of the forming device 24 within the end 22

of the liner hanger 16.

The deforming step can include applying a pressure
differential across a piston 34, thereby biasing a deforming

structure 32 into the end 22 of the liner hanger 16.

20 The deforming step can include threading together
sections 52, 54 of the forming device 24, thereby biasing a
deforming structure 32 into the end 22 of the liner hanger
l6.

The deforming step may include outwardly displacing a
25 set of deforming structures 32, and the method can include

the step of inwardly retracting the deforming structures 32.

It is to be understood that the various examples
described above may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and

30 in various configurations, without departing from the

principles of the present disclosure. The embodiments



through the tubular string 12 after the step of inwardly retracting the
deform ng structures 32. Al so provided by the above disclosure is a nethod
of 5 formvogoer7e&ae8ry gui de 26 at an end 22 of an expanaeu/useoienscisanger 16
in a wellbore 20. The nmethod may include outwardly expandi ng the |iner
hanger 16, thereby sealingly securing ggtubular string 12 in the wellbore
20, and deforming the end 22 of the liner hanger 16 froma 10 cylindrical
shape to an outwardly w dening shape with a form ng device 24. The

expandi ng ;st e.pe r .Qr . roi.ng . The
deforninglgeggtggﬁepnéﬁugégro Wﬁéggta%gaéggéggg%SgbﬁcF?%E IPSFIer of the
form ng deweireédy2éswetkhmplebe oénds2Zudf appé ikatéonkandgeth&6principlélke

def orm ng st can include appl.ying a pressure, differential across a piston
34, thereB) BISsPAGCAOREr & nRG Lt PGt 0P 33MARES (e B¥aSBSC4f 1ehe | | ner

hanger 16de2@The def ehgsagembegigantisncl ude threadi ng together sections 52,
54 of the form ng device 24, thereby biasing a deformng structure 32 into

the emgl 22 of thethenabokandesctiption of rébecdehenriing skampray,i nclude
outwardly displacing a 25 set of deformng structures 32, and the nethod

can i ncl udéreréiorep SPTMSwafydr) P&t FaPPVRg "t heedeWor ni'HEPSEriict ures 32. It

is to be uRdgesteodiihat Ji-he wan ¢us e¥aNRheendesth Rede2Roug Ry the
utilized in various orientations, such as inclined, iInverted, horizontal,

vertical , agrompaaydng0dirawiagiseus Inogkingueadti §abovei 'hdurreespdrti ng from

the pri”Cbgbgéfggzé?ﬁlgg@%ﬁg&_%%%&g°§%%%r {02 HR9dL8RhS tW¥Rra the

2012/ 07120
10 earth’s surface along a wellbore, and “below,” “lower,”

“downward” and similar terms refer to a direction away from

the earth’s surface along the wellbore.

Of course, a person skilled in the art would, upon a

careful consideration of the above description of

15 representative embodiments, readily appreciate that many
modifications, additions, substitutions, deletions, and
other changes may be made to these specific embodiments, and
such changes are within the scope of the principles of the
present disclosure. Accordingly, the foregoing detailed

20 description is to be clearly understood as being given by
way of illustration and example only, the spirit and scope
of the present invention being limited solely by the

appended claims and their equivalents.



illustrated in the drawi ngs are depicted and descri bed nerely as exanpl es
of useful applications of the principles of the disclosure, which are not
limted twoane/gpmsi fic details of these enbodi ments. 5PATIUSR01A0606E7
description of representative exanples, directional terms, such as "above,"
"bel ow, " "upper," "lower," etc., are_ugegd_for convenience in referring to
t he acconpanyi ng drawi ngs. |In general, "above," "upper," "upward" and
simlar terns refer to a direction toward the 10 earth's surface along a
wel | bore, and y OWg" 7 , re.downward” and simlar terns refer to a

di rection amaywﬁggnﬁthngp?P'gséurface al ong the wel | bore. O
course, a person skilled in the art would, upon a careful consideration of
t he above description of 15 representative enbodi nents, readily appreciate
t hat many m)diflicat'h_()lr%l%:e,t a d%%ign; i%ubstit% Eonsuigelg i Qns ndfo%her
changes may be rade’to tﬁg e spegipicgeﬁﬁogineth, Sd9Suen &R n8es are

wi thin theubttpe striihg phi aciveleboet,t Rdepmeshntl domplrasuheg.: Accordi ngly,
the foregoing detailed 20 description is to be clearly understood as being
given Dy way otohnkkyshgabi gorantgedanpke anky, thkewspilbobt-egndngcope of the
present invention being limted solely by the appended clains and their

equi val ents. WOfd@hinhg71tREBRGH UE2@he/ 8GBG1Ar- stZingWHASml & CLAI MED | S:
1. A nethod of formng an entry guide at an end of a tubular string in a

mellbore,cﬂﬂénﬁéﬁﬁéé §8ﬁﬁﬁi§Pn@? outwardly widening shape with the
forming device.

10 2. The method of claim 1, wherein the tubular string
includes a liner hanger, and further comprising the step of
expanding the liner hanger radially outward in the wellbore

prior to the conveying step.

15 3. The method of claim 1, wherein the outwardly

widening shape comprises a frusto-conical shape.

4. The method of claim 1, wherein the deforming step
further comprises rolling at least one inclined roller of

20 the forming device within the end of the tubular string.

5. The method of claim 4, wherein the deforming step
further comprises biasing the forming device against the end
of the tubular string by applying weight from a work string

25 to the forming device.

6. The method of claim 4, wherein the deforming step

further comprises rotating a work string connected to the



5conveying a formng device into the well bore; and deform ng the end
of the tubular string froma cylindrical shape to an outwardly w deni ng
shape wi twothe/d7:2081 ng devi ce. 102. The net hod of cl ai m PCTRisesigionostihe
tubul ar string includes a liner hanger, and further conprising the step of
expanding the liner hanger radially auygard in the wellbore prior to the
conveyi ng step. 153. The nethod of claim1l, wherein the outwardly w deni ng
shape conprises a frusto-coni cal shape. 4. The method of claiml
wherein t rm t [ rises LLi.ng.at .l e i.acl i ned
roller of@§6ﬁ§&§ g%?%ﬁ%g% e%ﬁgggg't%?gﬁtﬁggeﬁ Q%FEt%é%%&buﬁgk g@?ihg.

5. The nethedtabudkai st4ingherein the deform ng step further conprises

bi asing the form ng device against the end of the tubular string by

appl ying weight froma work string 25 to the form ng device. WD

2012/ 071208PCT/ US2011/ 060617 - 16 - form ng device to thereby roll the
roller within vhe emtieofnetthedt vifukaniat ni,ngherein the db€omriihgdsakpcl ai m
1, wherein the deformng ste further .conprises appl.yi a first pressure
differ%ntE&théFogngrﬁg§§oﬁgpiﬁéPgbﬁ EF&éFn@rﬁsééFérHFES%§PPG&P§re into

the end ofct-best byliakost, M itheredy BhesiBghaddekoehang serbetuber igeapri sing
the end of the tubular string.

8. The method of claim 7, further comprising
10 anchoring the forming device relative to the tubular string
prior to biasing the deforming structure into the end of the

tubular string.

9. The method of claim 8, wherein the anchoring step
15 includes biasing an anchoring device into engagement with
the tubular string in response to applying a second pressure
differential to the anchoring device, the second pressure
differential being less than the first pressure

differential.

20
10. The method of claim 1, wherein the deforming step
further comprises threading together first and second
sections of the forming device, thereby biasing a deforming
structure into the end of the tubular string.
25

11. The method of claim 10, wherein the threading step
further comprises rotating a work string connected to the

forming device.



10 anchoring the form ng device relative to the tubular string prior to

bi asing the deform ng structure into the end of the tubular string. 9. The
nmet hod ofwol2aizm7808wher ei n t he anchoring step 15 i ncl udesThiSaslilngiean
anchoring device into engagenent with the tubular string in response to
appl ying a second pressure differentialjst@ the anchoring device, the second
pressure differential being |less than the first pressure differential. 20
10. The method of claim1l, wherein the deform ng step further conprises

t hreadi ng togetber firs seco ction e f I evi ce, thereby
bi asing a defo#?fng&gfrhgﬁggg g%tgq?gg épd %ngﬁgqtﬁgﬁﬁgﬁggpging. 25

11. The menhkbddrahgclthemtb@mingedeniceheellbteadi g sheptubuillber stonpy ses
rotating a_work stri.ng.connected_to the form ng device. .WO

2012/ 0712B5PLT) R261EF 6806 15¢. ApForming sTryctyre dnERothSr epfarh, he
further cegpulsrngtaaahgQring the formng device relative to the tubular
string prior to biasing the deform ng structure into the end of the tubular
string 13. The method of claim 12, wherein the anchoring step

i ncl udes biasing an anchoring device into engagenent with the tubular
string in respanse trhecaRBtyoAdod pnagmune,divhbecent kak hachbeiagcheebng
device. 14. The method of claim 1, wherein the deformng step
further cémrplisles baerandl pndpsgheeing deyaceofinger enarAgMentudithes, and
further c ris,\ h : i trachi t he .ng
structureg.ﬂg %ﬁbﬂga%Sst% ggng%hgggng%¥a%§1fggl?ggghgrpggkgpgéing

di spl aci ndifflfierkeotriaigtootshet hnohglringedewbakar string after the step of
inwardly retracting the deform ng structures. WO

2012/ 1208PCT/ US2011/ 060617

14. The method of claim 1, wherein the deforming step
further comprises outwardly displacing a set of deforming
structures, and further comprising the step of inwardly

retracting the deforming structures.
15

15. The method of claim 14, further comprising
displacing the forming tool through the tubular string after

the step of inwardly retracting the deforming structures.



- 18 - 16. A method of formng an entry guide at an end of an

expanded |iner hanger in a well bore, the nethod conpri sing: outwardly
expandi ngwohe12ai7m®8 hanger, thereby sealingly securing &Craisediane®uti ng in
the wel | bore; and 5deform ng the end of the liner hanger froma cylindrical

shape to an outwardly w deni ng shape_wjigh_a form ng devi ce. 17.
The nmet hod of claim 16, wherein the expanding step 10 is perfornmed prior to
t he deform ng step. 18. The nmethod of claim 16, wherein the deformng

step further c rige [ t _ane_incli rqll t rm ng
device within ?EE e%dﬁg%ﬂkheggi%%Fhﬁgﬁggg.gnE99 gﬂﬁﬁe % %@.g%ﬁeg%e%ﬁod of
cl ai m 16, ewpended flheedehangemrngiat epwelibbee,caipr meehodppbypmdsangressur e
differential across a piston, thereby biasing a deformng structure into
the end of theoutwardigngepanding the 1in2@. hdhgenmgt hherebyckaahihgly
wherein the detornin% %tgp further con@bises greaQin t oget her first and
second seEEFURINGF & FEPHGPH RETARGI &8, ﬁeW@&g Br&éi A% def or ni ng
structure into the end of . the Iingr gan er. 21. The nmethod of claim
16, wherein t h8edersrronghe: epds ot Hée g&HﬁFi§€§gﬁﬁt%éPHI9 di spl aci ng a set

of defor ncRg isHiiehdr 8hapandof Bht Batwaeomki #identihe shapeotviitAvardly
retractln% t he deform ng structures.
orming device.

17. The method of claim 16, wherein the expanding step

10 is performed prior to the deforming step.

18. The method of claim 16, wherein the deforming step
further comprises rolling at least one inclined roller of

the forming device within the end of the liner hanger.
15

19. The method of claim 16, wherein the deforming step
further comprises applying a pressure differential across a
piston, thereby biasing a deforming structure into the end

of the liner hanger.
20

20. The method of claim 16, wherein the deforming step
further comprises threading together first and second
sections of the forming device, thereby biasing a deforming

structure into the end of the liner hanger.
25

21. The method of claim 16, wherein the deforming step
further comprises outwardly displacing a set of deforming
structures, and further comprising the step of inwardly

retracting the deforming structures.



