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The present invention is directed, in general, to well
drilling and completion in a multilateral drilling operation and
more specifically to methods and systems for hanging a liner in
a main wellbore, the liner extending from the main wellbore into
a lateral wellbore.

BACKGROUND OF THE INVENTION

Horizontal well driliing and proauction have become
increasingly important to the oil industry in recent years.
While horizontal wells have been known for many years, only
relatively recently have such wells been determined to be a cost-
effective alternative to conventional vertical well drilling.
Although drilling a horizontal well costs substantially more than
its vertical counterpart, a horizontal well frequently improves
production by a factor of five, ten or even twenty in naturally-
fractured reservoirs. Generally, projected productivity from a
horizontal wellbore must triple that of a vertical wellbore for
horizontal drilling to be economical. This increased production
minimizes the number of platforms, cutting investment jan@
operational costs. Horizontal drilling makes reservoirs in.urbap
areas, permafrost zones and deep offshore waters more accessible.

Other applications for horizontal wellbores include _p_griphery
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2 wells, thin reservoirs that would require too many vertical well bores,
and reservoirs with coning problens in which a horizontal wellbore could be
optimally distanced fromthe fluid contact. Al so, sone horizontal well bores
contain additional wellbores extending laterally fromthe prinmary verti cal
wel | bores. These additional lateral wellhores are sonetinmes referred to as
drai nhol es and vertical wellbores containing nore than one |ateral well bore
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increasingly inportant, both fromthe standpoint” of new drilling operations
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wel | bores, including renedial and stinmulation work. As a result of the
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hori zontal well conpletion, and particularly multilateral well conpletion,
have beencpPrpdftant concerns and continue to provide a host of difficult
probl ens to overcone. Lateral conpletion, particularly, at the _juncture
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i sol ate pypdYRhbPBsZOdtRd vertical wellbores containing more than one

lateral wellbore ére referred to as multilateral wells.

Multilateral wells are becoming increasingly important, both from

the standpoint of new drilling operations and from the

' increasingly important standpoint of reworking existing
wellbores, including remedial and stimuiation work.

As a result of the foregoing increased dependence on and
importance of horizontal wells, horizontal well completion, and
particularly multilateral well completion, have been important
concerns and continue to provide a host of difficult problems to
overcome. Lateral completion, pafticularly at the juncture
between the main and lateral wellbores, is extremely important
to avoid collapse of the wellbore in unconsolidated or weakly
consoiidated.formations. Thus, open hole completions are limited
to competent rock forﬁations; and, even then, open hole
completions are inadequate since there is no control or ability
to access (or reenter the lateral) or to isolate production zones
within the wellbore. Coupied with this need to.complete lateral
wellbores is the growing desire to maintain the lateral wellbore
size as close as possible to the size of the primary vertical

wellbore for ease of drilling and completion. Additionally,



within the well bore. Coupled with this need to conplete |ateral well bores
is the growing desire to naintain the lateral wellbore size as close as
possible to the size of the primary vertical wellbore for ease of drilling
and conpl eti on. Addi tionally, 3 there is substantial concern for.
prematurely setting the liner in the casijig or inadvertently hanging the
liner near the |ater well bore on the casing since such actions could result
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In many instances, the prior art liner hangers consist of a plurality of
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These slips of the liner hangers, while in a retracted position are fully,
or at |easexpemsivé|gnéxposelly time edglawki ng them susceptible to either
prenat ure depl oyment agai nst t he sides of the caS|n% particularly by
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many instances, the prior art liner hangers consist of a
plurality of gripping slips radially disposed ' about the
circumference of the liner. These slips of the liner hangers,
while in a retracted position are fully, or at least partially
exposed, thereby making them susceptible to either premature
deployment against the sides'of the casing, particularly by
catching on a lateral wellbore casing window at the juncture
between the main and lateral wellbores.

Multilateral drilling operations may. include either
providing a critical section of casing with a pre-formed window
or forming a window in the casing after the casing is set in the
main wellbore. The presence of the window presents potential
problems for the exposed slips that were not present in
conventional single wellbore operations. For example, in some
instances, the portion of the liner on which the liner hangers
are posiﬁioned is inadvertently inserted through the window. The
window typically has sharp corners that can catch one of the
exposed slips as the liner is inserted therethrough, causing it
and the other slips to deploy prematurely. When the slips deploy
in this manner, they hang on the corners of the window.

Extensive and costly time and effort must then be spent in trying



mai n wel | bore. The presence of the w ndow presents potential problens for

t he exposed slips that were not present in conventional single wellbore
operations. For exanple, in sone instances, the portion of the |iner on
which the liner hangers are positioned is inadvertently inserted through
the wi ndow. The window typically has shagp corners that can catch one of
the exposed slips as the liner is i nserted therethrough, causing it and the
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typically have significant curvature or "build radius" associated
with their drill path. When the liner is inserted in the lateral
wellbore with an upper portion remaining in the main wellbore,
the curvature of the lateral wellbore path causes a spfing force
to be exerted by the liner’s upper portion against the casing
wall. The above-discussed conventional 1liner hangers, when
deployed, have a slip arm that deploys the slip between the liner
and the casing wall. However, when the slip arm encounters
substantial resistant force resulting from wedging the slip
between the confined space between the casing wall and the liner,
the slip arm begins to bow or flex, and in some cases collapses
completely, thereby preventing the slip from being deployed
further to effectively centralize the 1liner’s upper portion
within the casing.

Second, such conventional liner hangers typically have only
one set of liner hangers positioned on the liner. Even with the
hangers properly deployed, the section of liner below the hangers
may still be de-centralized and therefore slightly curved because
there is not another set of hangers to straighten and align a

portion of the 1liner. When more than one liner hanger is

employed, they must be sufficiently distanced, one from the



wal | . The above-di scussed conventional |iner hangers, when depl oyed,
have a slip armthat deploys the slip between the liner and the casing

wal | . However, when the slip armencounters substantial resistant force
resulting fromwedging the slip between the confined space between the
casing wall and the liner, the slip armiegins to bowor flex, and in sone
cases col |l apses conpletely, thereby preventing the slip from being depl oyed
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lateral well drilling and completion processes that have a
protective covering over the slip housing to prevent the slips
from catching and deploying prematurely and that also provide for
a centralization and forced alignment of a portion of the liner
residing in the main wellbore that can act as a drill guide for
subsequent drilling and completion operationé.
SUMMARY OF THE INVENTION

To address the above-discussed deficiencies of the prior
art, it is a primary object of the present invention to provide
a liher hanger apparatus and methods associated therewith related
to multi-lateral well drilling and completion processes.

In the attainment of the primary object, the present
invention provides a liner hanger and a method of hanging a
liner. 1In a first aspect of the present invention, the liner
hanger comprises: (1) a élip having a. gripping surface theréon
and édapted to slide axially with respect to the liner between
a retracted position and a deployed posit;on and (2) a slip
housing located radially outwardly of the slip and covering the
slip when the slip is in the retracted position, the slip
emerging from under the slip housing when tﬁoving toward the

deployed position, the slip housing preventing the gripping



| ateral well drilling and conpl etion processes that have a protective
covering over the slip housing to prevent the slips from catching and

depl oying prematurely and that al so provide for a centralization and forced
alignment of a portion of the liner residing in the main wellbore that can
act as a drill guide for subsequent drilking and conpl eti on operations.
SUMVARY OF THE | NVENTI ON To address the above-di scussed deficiencies of the
prior art surface afptheasYipbfeen ebntder e Lriaditeehiepnthe BLOpi €8 #n

| i ner hanger apparatus and net hods associated therewith related to

mul ti-| at ehel metradtedl ipggianidmonphet isdippricesies. thereby gptevemeihgof
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the liner and (2) a slip arm extending from the slip carrier and

coupling the slip carrier and the slip, the slip carrier capable
of transmitting a deploying force to the slip via the slip arm
to move the slip from .-the retracted position to the deployed
position, the slip arm partially collapsing when the deploying
force exceeds a predetermined limit, a nosé ektension of the slip
carrier moving toward and directly engaging the slip as the slip
arm partially collapses thereby to allow further transmission of
the deploying force exceeding the predetermined limit from the
slip carrier to the slip via the nose extension. As used herein,
the phrase '"predetermined limit" means that amount of force .
transmitted through the slip arm at which the structure of the
slip arm begins to fail resulting in the collapse or folding of
the slip arm. The predetermined limit is, of course, dependent
on the material,'dimensiéns and the strength of thét material
from which the slip arm is made. This embodiment has distinct
advahtages over the above-discussed prior art devices. For
example, the engagement of the nose extension against the slip
subsequent to the slip arm’s partiai collapse provides a
deploying force that wedges the slip further between the casiﬁg

and the liner. This not only more securely hangs the liner, but



the retracted position, the slip housing thereby preventing premature
novenent of the slip toward the depl oyed position by virtue of the
contacting. In a preferred enbodi mrent of the present invention, the liner
hanger further conprises: (1) a slip carrier slidably nounted to the |iner
and adapted to nove axially with respect,to the liner and (2) a slip arm
extending fromthe slip carrier and coupling the slip carrier and the slip,
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the slip armto e the slip frrom-the retracted position~to the pl oyed
position, jiheyslip armpartially coll apsi ng when the depl oying force
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In a preferfed embodiment of the present invention, the
liner comprises a duality of axially separated liner hangers.
" The duality cooperates to hang the liner within the casing in a
desired location and direction. As such, the liner is capable
of being employed as a drili guide. The subsequent deployment
of the dual axially spaced-apart liner hangers permits the upper
portion of the liner to serve as a drill guide for subsequent
drilling operations. The separate set of hangers are deployed
in such a manner to centralize and axially align a portion of the
liner, thereby creating a substantially straight and centralized
section of the liner that can serve as a drill guide, an
advantage that is not offered by the above-discussed prior art
devices. |
In a preferred embodiment of the present invention, the slip'
housing is tubular and surrounds the liner. The liner hanger
further comprises a plurality of slips located regularly about
a circumference of the liner and is adapted to slide axially with
respect to the liner between retracted positions and deployed

positions thereby to centralize the liner as the slips move



and the liner. This not only nore securely hangs the |liner, but 70t
al so provi des adequate centralization and alignnent of the liner. In a
preferred enbodi nent of the present invention, the |iner hanger further
conprises a centralizer mandrel associated with the liner and having a ranp
thereon. The ranp forces the slip radialgy outwardly as the slip noves from
the retracted position toward the depl oyed position. The slip bears agai nst
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a preferred enbodi nent of the present invention, the liner conprises a
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prior artliner and coupled to the slip. The piston slides the slip |
axially with respect to the liner when hydraulic fluid contacting
the piston places a force on the piston. Because the piston
encompasses the circumference of the liner, the single piston can
.be used to concurrently activate a plurality of slips about the
perimeter of the 1liner, thereby to provide a combined
centralizing force.

In a préferred embodiment of the present invention, the slip
is located within a pocket in an outer wall of the liner, the
slip housing covering the pocket.and the slip when the slip is
in the retracted position. This aspect is a significant
advantage over the above-discussed prior art devices because the
pocket that is covered by the slip housing provides a protective
covering for the slip. As such, the slip cannot inadvertently
contact a portion of case and prematurely deploy.

In a preferred embodiment of the present invention, the
linef extends through a window in the_casing. The slip housing
prevents the gripping surface of the slip from contacting a
periphery of the window when the slip is in the retracted
position. ‘Ags such, the slip housing thereby' prevents the
premature movement of the slip toward the deployed position by

virtue of the contacting. In the above-discussed prior art



devices. In a preferred enbodi nrent of the present invention, the slip
housing is tubular and surrounds the liner. The |liner hanger further
conprises a plurality of slips |ocated regularly about a circunference of
the liner and is adapted to slide axially with respect to the |liner between
retracted positions and depl oyed positiogs thereby to centralize the |iner
as the slips nove 8 toward the depl oyed positions. The plurality of
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depl oyed, they create opposing, centralizing forces with respect to The
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“hydraulic fluid contacting the piston places a force on the piston.
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In a preferred embodiment of the present in&ention, the
liner extends through a window in the casing. The liner bends
and exerts a spring force on a side of the casing.' The slip
serves to centralize the liner within the casing.as the slip
moves toward the deployed position. When the slip, which opposes
the casing wall against which the spring force is exerted, is
deployed the slip exerts an opposing force to that of the spring
force and causes the liner to move toward a centralizing
position.

In a preferred embodiment of the present invention, a slip
carrier is slidably mounted to the liner and adapted to move
axially with respect to the liner. The slip carrier is
releasably coupled to the slip housing by a shear pin. The shear
pin functions as a reétraining force to prévent the slip from
moving to a deployed posiﬁion until such time when a force, which
igs sufficient to shear the shear pin, is axially exerted against
the slip carrier, thereby allowing the slip carrier to move
axially against the slip.

In a second aspect of Ehe present invention, the liner
hanger comprises: (1) a slip carrier slidably mounted to the

liner and adapted to move axially with respect to the liner and



slip housing covering the pocket and the slip when the slip is in the
retracted position. This aspect is a significant advantage over the
above-di scussed prior art devices because the pocket that is covered by the
slip housing provides a protective covering for the slip. As such, the slip
cannot inadvertently contact a portion gfp case and prematurely deploy. In a
preferred enbodi nent of the present invention, the liner extends through a
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slip fromcontacting a periphery of the wi ndow when the slip is in the
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premat ure novenent of the slip toward the depl oyed position by virtue of
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deploying force exceeds a predetermined limit, a nose extension
of the slip'carrier moving toﬁard and directly engaging the slip
as the slip arm partially collapses thereby to allow further
transmission of the deploying force exceeding the predetermined
limit from the slip carrier to the slip via the nose extension.
The unique combination of elements aé set forth above provides
a novel liner hanger that simultaneously provides greater
securing force and centralizing effect for the liner via the
deployment of the nose extension against the slip.
In a third aspect, the present.invention provides a drill
guide, comprising: (1) a tubular liner having an upper portion
located within a casing and a lower portion extending through a
window in the casing, the liner bending and exerting a spring
force on a side of the casing, the spring force tending to
misalign the liner with réspect to a centerline of the casing and
(2) first and second centralizing liner hangers spaced apart
along a length of the upper portion, the first and second liner
hangers fixing the upper portion of the liner at a desired
location within thé casing, the firsﬁ and second liner hangers
cooperating to counteract the spring force to centralize the

liner with respect to the centerline and hang the liner within



and exerts a spring force on a side of the casing. The slip serves to
centralize the liner within the casing as the slip noves toward the

depl oyed position. Wen the slip, which opposes the casing wall against

whi ch the spring force is exerted, is deployed the slip exerts an opposing
force to that of the spring force and cauges the liner to nove toward a
centralizing position. In a preferred enbodi nent of the present invention,
a slip carther casing dabl § rewitred tditdetiomer thad dddepitdent cdebimimyi al | y
with respect to the liner. The slip carrier is releasably coupled to
the slip hdoklhingydireteien pph.a Brildliaw twol passtingnshxoughr her appemg
force to prevent the slip fromnoving to a deployed position until such
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respect toof helld Ne{n-RAVERSD &hat follows. Additional features and
advantages of the invention will be described hereinafter that
form the subject of the claims of the invention. Those skilled
in the art should appreciate that they may readily use the
conception and the specific embodiment disclosed as a basis for
modifying or designing other structures for carrying out_the same
purposes of the present invéntion. Those skilled in the art
should alsq_realize that such equivalent constructions do not
depart from the spirit and scope of the invention in its broadest
form.
BRIEF DESCRIPTION OF THE DRAWINGS
For a more compléte understanding of the present
invention, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

FIG. 1 illustrates‘ a vertically foreshortened, highly
schematic partial cross-sectional view of a cased main wellbore
after the step of setting and cementing with a lateral wellbore
having a liner inserted therein and hung with axially spaced

apart liner hangers within the main wellbore; .



retracted position and a depl oyed position, the slip carrier capable of
transmtting a deploying force to the slip via the slip armto nove the
slip fromthe retracted position to the deployed position, the slip arm
partially collapsing when the depl oying force exceeds a predeterm ned
limt, a nose extension of the slip cariP noving toward and directly
~engaging the slip as the slip armpartially collapses thereby to allow

further transmpgsi oy of14(8edaplgyl N0 veatagapteeCHbRGNdR et grpiied

limt fromthe slip carrier to the slip viat nose extensi on'.
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that sinmultaneously provides greater securing force and centralizing effect
“for the |she of alddeditidroWinie witht BReNebEp el &l detaGaitest podtilong. I n
a third aspect, the present invention provides a drill guide, conprising:
(1) a tubular Fl@er hatlhysamatppera pvertdcaldyatforeshdrteredasipagtdad a

| ower portion extending through a window in the casing, the liner bending
and exer t¢¥eSa-2¢et hondbretewnod theeldnerhbanger ngppeanatugr pngther deft
tending to, msalign the liner with respect to a,centerline of the casing
and (2) ffide ahditecemrBteEntinei Yk EPRePLABN&Br EhepdeRdoNper POgLEAG A
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W thin orogg-sectional view of the liner hanger apparatus on the left
side of its center liﬁe with the slip in the depldyed position
wherein the slip arm is collapsed and the nose extension directly
-engages the slip.
DETAILED DESCRIPTION
Turhing initially to FIG. 1, there is illustrated a
vertically foreshortened, highly schematic partial cross-
sectional view of a main wellbore 10 with casing 12 that has been
set and cemented in place with casing cement 14 squeezed between
the exterior wall of the casing 12 and the various geological
formations 16. The casing 12 has formed in its side wall 18 a
casing window 20 with a diverter or whipstock 22 set immediately
below the casing window 20 for directional drilling. A lateral
wellbore 24 having been drilled in a generally lateral direction
from the main wellbore 10 as determined by the orientation of the
diverter 22 is also illustréted. Received in the lateral
wellbore 24 is a liner 26, which has not been cemented into
place. A first portion 28 of the liner 26 extends and resides
uphole within the casing 12 and a second portion 30 of the liner

26 extends a predetermined distance into the lateral wellbore 24.



the casing in a desired direction, the direction defining a drilling
direction of a drilling tool passing through the upper portion. The
foregoing has outlined rather broadly the features and techni cal advantages
of the present invention so that those skilled in the art may better
understand the detailed description of qfie invention that follows.

Addi tional features and advantages of the invention will be described -

~hereinaft gig tshhtemaerl&atmg subj8eta0bd} hens | Rinex ofe tilsenunyesti s8cudb@sen
skilled in the art should appreciate that they nay readily use the

concepti oplare wWithkipedHe enacinb ol Iibdredildc vdsed iarers Heasyexrd @2 804 f yAsg
or designing other structures for carrying out the sane purposes of the
present i shown egchemathoadlyki theveiare hepraflersidyl,daaduvslibul dfeaximllyuch
equi val ent constructions do not depart fromthe spirit and scope of the
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- nore conpl ete understanding of the present invention, and the advantages
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- lateral
sets of liner hangers. Each set is preferably comprised of four

slips regularly spaced around the . outer circumference of the
liner 26. |

Turning now to FIG. 2, there is illustrated a vertically
foreshortened, enlarged partial cross-sectional view of a liner
hanger 36 previously mentioned and schematically illustrated in
FIG. 1, aslseen from the right of the liner’s 26 center line.
The liner 26 is received within the casing 12 that is set in
place by the cement 14. The liner hanger 36 is comprised of a
slip 38 having an outer gripping surface 40 thereon and an inner
surface 42 opposing an outer wall 44 of the liner 26. The slip
38 is adapted to slide axially with respect to the liner 26
between a retracted position (as shown in FIG. 2 ) and a deployed
position. The slip 38 is preferably received in a slip pocket
46 that is milled from the outer wall 44 of the liner 26. 1In a
preferred embodiment, the liner hanger 36 comprises a plurality
of slips 38 that are equally spaced regularly about the outer
circumference of the liner 26 and that are adapted to slide
axially with respect to the liner 26 between retracted positions
and deployed positions to thereby centralize the liner 26 as the

slips 38 move toward their respective deployed positions.



having a liner inserted therein and hung with axially spaced apart |iner
hangers within the main well bore; 12 FIG 2 illustrates a vertically
foreshortened, partial cross-sectional view of the |iner hanger apparatus
on the right side of its center line with the slip in the retracted
position; FIG 3 illustrates a vertically,foreshortened, parti al
cross-sectional view of the Iiner hanger apparatus on the |l eft side of its

center line with ét‘ﬁpshbﬁshﬁﬁt he éﬁahoxsdweatbaoeawrﬂan NoliRRatally a.erﬁam s
partially flexed to deploy the slip; and FIG 4 illustrates a vertically

f oreshort etied, s iy AgalcovedessafdcieéOndes WiwsAfipt B8 beéteeeh aitge ovARIAWALAS
on the left side of its center line with the slip in the deployed position
wherei n t hed sbfpthenliseroRfaprddthadsihp howsirgt ¢8swhendthecslyipefgadess
the slip. DETAILED DESCRI PTI ON Turnlng initially to FIG 1, there_is

i |1 ustrat ebRatherretapryedopeshbiornedThai ghip g@ﬂé#ﬁﬂi ¢8pipt tubudpysand
sectional view of a main wellbore 10 with casing 12 that has been set and

cemented | %uﬁ%%dw the e REMRAter ofq e, dd Nt wbeANthd ScRTEERERADINI |
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whi pst ock g@ f§§méén?ﬁnéﬁ(¥ﬂ%erlor wall perimeter 52 near an anchor end 54
of the slip housing 48 and on the outer wall 44 of the liner 26
at a predetermined point. The anchor end 54 preferably has a
rubber seal 56, such as an "O" ring, positioned between the
interior wall 52 of the anchor end 54 and the outer wall 44 of
the liner 26 to prevent the leakage of fluid between the threads
50. The slip housing 48 has a slip cover portion 58 that is
offset from the anchor end 54 and the outer wall 44 of the liner
26 and that extends along a length of the liner 26 to cover the
slip 38 when in the retracted position.
Whea the slip 38 ié in the illustrated'retracted position,
the slip housing 48 prevents the gripping surface-40 of the slip
38 from contacting the casing 12, which thereby prevents
iﬁadvertent premature movement of the slip 38 toward the
deployed position. This can be significantly advahtageous
because premature deployﬁent of the slip 38 can cause the liner
26 to be set prematurely.theréby causing a great deal of time and
money to be spent trying to unseat the liner hanger 36 and free
the liner 26 from the casing 12. In any lateral wellbore
completion method, it is extremely important that the liner be
hung at the appropriate distance from the casing window.

However, due to the large weights and lengths of associated with



bel ow t he casing wi ndow 20 for directional drilling. A lateral wellbore 24
havi ng been drilled in a generally lateral direction fromthe main well bore
10 as determined by the orientation of the diverter 22 is also illustrated.
Received in the lateral wellbore 24 is a liner 26, which has not been

cenmented into place. Afirst portion 284af the liner 26 extends and resides
uphole within the casing 12 and a second portion 30 of the liner 26 extends

a predet enineed disé@nde i the complatebal ol bbai€lR4. it I8 Adt always
schematically illustrated, the liner 26 is hung or secured in place within
the mai n pelsisible Ho \keep i tise binger peBfedélyAalibned sdibnuthecaddnysrdalere
are, preferably, a duality of axially separated |iner hangers 32,34 that
correct | yaxiisgrefantheenadal iwed lboxel igmrtle Winkin isherumi hntel ther gndin
such that the centralized liner 26 may serve as a drill gquide in a manner
as her ei n¥eddbPogescrhpesuchn thereiidas ef Ehsodinen:  ardcrhug, thevdianger of
| i ner hangers. Each set is prefergbly conprised of four slips regularl
spaced ar DEkG: RERBLRTO (ARGt BE RHIST frthsotasinl R T haes o
2, there i,s illustrated.a vertical foreshaqrtened, enlar . partial, .
cross-secf‘%oﬂ%@vf‘%El o%@?lwﬁkﬁ Hﬁ%¥89r§6 p iaugﬁ? Ht%%g aHged in
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26 center
deployed against the casing as the liner is run into the hole

because the slip housing 48 is not present to cover and prevent
the slips 38 from gripping the side of the casing 12. The liner
can be, therefore, prematurely set against the casing
substantially uphole from the desired distance from the casing
window causing extensive and costiy time delays in the.drilling
and completion procesées. Additionally, in some cases, the end
of the liner on which the hanger is positioned is run through the
window. In such instances, the slip in conventional devices may
catch on the sharp edge-points of the_casing that are formed when
the casing window is formed, which results in extensive and
costly time delays in freeing the liner from the casing.

The liner hanger 36 preferably further comprises a slip
carrier 60 that is slidably mounted to the liner 26 between the
slip housing 48 and the.outer wall 44 of the liner 26 and is
adapted to move axially with respect to the liner 26. In a
preferred embodiment, the slip carrier 60 ig releasably coupled
to the slip housing 48 by a shear pin 62 and extends a
substantial length of the slip housing 48, as illustrated. The
slip carrier 60 has an uppér end 64 with a groove 66 formed

therein and a lower end 68 that is in physical contact with a



The liner 26 is received within the casing 12 that is set in place by the
cenent 14. The liner hanger 36 is conprised of a slip 38 having an outer
gripping surface 40 thereon and an inner surface 42 opposing an outer wall
44 of the liner 26. The slip 38 is adapted to slide axially with respect to
the liner 26 between a retracted positigg (as shown in FIG 2 ) and a

depl oyed position. The slip 38 is preferably received in a slip pocket 46

that is mehbadak @ideim O erwhbdh Sdrfbudd® théebubr pRramRtekeidfethe

enbodi nment, the liner hanger 36 conprises a plurality of slips 38 that are
equal Iy smaned REquU| ahey pilidin t70e iGutsdri b1 HertedRved Metiwaen ithey 26imnd
that are adapted to slide axially with respect to the liner 26 between
retract edhposiingod8 and tibhpl oyterpwalli vhsof cchdeligimr ctarad iize abtiallyner
26 as the slips 38 nove toward their respective depl oyed positions. 14 A
sl i p housshdda®lehwithsregpactdteatihel linewt2@mrwhen ihydnana & 1§1nizs @wter s
and secures the slip 38 between the outer_ wall 44 of the liner 26 and the
slip housFhgwns \#RItades sRRg Julaces nat HOnas r @Bt &dipoBIBFER. Thevipi B

housing 48 is tubular and surrounds the out i nete f the |liner 26 and
'S prefor BEFPSUFEaERen (o (eet Praroadbpre Zeapbyatieludna HoRr Heae

e A 5 A B R 80,9 a0
to respectively seal those sides against leakage of fluid between
the piston 70 and the outer wall 44 of the liner 26 and the
interior wall 52 of the slip housing 48. 1In the retracted
position, the piston 70 is positioned near the anchor end 54 of
the slip housing 48 and exerts no deploying force against the
'slip carrier 60.

A slip arm 76 is réceived in the groove 66 of the slip
carrier 60, extends from the slip carrier 60 and couples the slip
carrier 60 and the slip 38. The slip carrier 60 is capable of
transmitting a deploying force to the slip 38 via the slip arm
76 to move the slip 38 from the retracted position to the
deployed position when hydraulic pressure is applied through the
pressure port 72 as hereinafter described.

Turning now to FIG. 3, there is illustrated a vertically
foreshortened, enlarged pértial cross-sectional view of a liner
hanger 78 previously mentioned and schematically illustrated in

 FIG. 1, as seen from the left of the liner’s 26 center line. The
liner 26 is received within the casing 12 that is set in place
by the cement 14, and the slip 38 is illustrated in the deployed
position with the gripping surface 40‘wedged against the innér

side wall 18 of the casing 12. As shown, hydraulic pressure



at a predeterm ned point. The anchor end 54 -preferably has a rubber seal
56, such as an "O' ring, positioned between the interior wall 52 of the
anchor end 54 and the outer wall 44 of the liner 26 to prevent the | eakage
of fluid between the threads 50. The slip housing 48 has a slip cover
portion 58 that is offset fromthe anchar, end 54 and the outer wall 44 of
the liner 26 and that extends along a | éngth of the liner 26 to cover the

slip 38 whamdiRatlhd Lt tae! 8drBRSEb) OlasVBEant Resté® Aaidst NthdSiston
illustrated retracted position, the slip housing 48 prevents the gripping

surface 4Goofvife tHd ppar%sfswm CeECtZ2NOwi R GAStBfvéRt ionhl Chydedebic
“prevents inadvertent premat ure novenent of the slip 38 toward the

depl oyed peoeissuaizingThit®odan (hetsi ghowhiant | yIadwehihgeonf bemearse, be
premat ure depl oyment of the slip 38 can cause the liner 26 to be set

pr emat ur eRPpriesiabpdc iEthgwhere eat Pdaaialityt iofe ahibsoary bresendperthe
trying to unseat the liner hanger 36 and_free the liner _26 fromthe casing
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the liner fde3pblf £81Ond NEiB 26 between the slip housing 48 and the outer
wall 44 of the liner 26 and has engaged the lower end 68 of the
slip carrier 60 and exerted a force thereagainst. The upward
force exerted against the slip carrier 60 has sheared the shear
-pin 62. With the slip carrier 60 freed from.the retraining
effect of the shear pin 62, the piston 70 has driven the slip
carrier 60 also in an upward direction, which in turn has forced
the slip arm 76 and the slip 38 in an upward direction, thereby
causing the slip 38 to be removed from the slip pocket 46. The
interior wall 52 of the slip 38 has engaged a centralizer mandrel -
82 that is associated with the liner 26. The centralizer mandrel
82 has a ramp portion 84 thereon that has forced the slip 38
radially outwardly as it moved from the retracted position toward
the deployed position. The interior wall 52 of the slip 38 bears
against the ramp portion 84 as the gripping surface 40 contacts
the inner side wall 18 of the casing 12 to thereby hang the liner
26.
As shown in FiG. 3, the slip arm 76 has partially flexed or
bowed as the result of the deploying force. However, now turning
to FIG. 4, there is illustrated the deployed hanger liner 26 as

illustrated in FIG. 3 with the exception that the slip arm 76 is



wel | bore. As such, the sides of the liner, and thus, the hanger often cone
into contact with the sides of the casing as the liner is run into the main
wel | bor e. As a result, slips used in conventional hanger devices can be
i nadvertently and prematurely depl oyed agai nst the casing as the liner is
run into the hole because the slip housifyg 48 is not present to cover and
prevent the slips 38 fromgripping the side of the casing 12. The liner can

be, therefibwn té’rlséaéélgﬁé%seéebecé‘ﬁléé Nche 88BlogifiyNBobebshast eakbbkded
uphole fromthe desired distance fromthe casing w ndow causi ng extensive

and cost | ya tpreictadAayined) Ltid tdr | Ak hlascrsoed] dihorrqlleapesses. the slip
Additionally, in some cases, the end of the liner on which the hanger is
posi ti onedarms 7Tdirhdshraligivacheche mibme ektensdlon 86t efictbe shépstapriar 60
conventional devices may catch on the sharp edge-points of the casing that
are for meccahdgvehet@ardgandndbirectwr angagenitdie resipt $8.n ex@hensnogeand
costly time delays in freeing the liner fromthe casing. The |iner_hanger
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with a groove 66 forned therein and a |lower end 68 t I's 1 n physical

-contact WZé which provides for even better anchoring of the liner 26
against the casing 12. The additional deploying force exerted
by the nose extension 86 engaging the slip 38 is a distinct
advantage particularly when used in lateral wellbore operations.

Typically, the insertion of the liner 26 through the casir_lg
window 20 of the casing 12 and into the lateral wellbore 24
causes a bend in the liner 26 (see FIG. 1.), which creates a
spring force against a side of the casing 12 that is opposite the
casing window 20. As the slip 38 is moved fully toward the
deployed positioh by the nose extension 84, the additional
deploying force is sufficient to counter the effects of the
spring force and permits the slip 38 to wedge further between the
casing 12 and the liner 26, thereby to centralize the liner 26
within the casing 12. |

With the apparatus having been.described, the method of
operation of the liner hanger will now be described with
reference to FIGs. 1-2. In a conventional manner, a main
wellbore 10 is drilled, after which casing 12 is set and cemented
into place within the main wellbore 10. A diverter 22 is set in

place at the desired depth and oriented in the desired direction.



16 tubul ar piston 70, which surrounds the outer perinmeter of the liner 26.
The piston 70 is slidably received between the slip housing 48 and the
~outer wall 44 of the liner 26 and is axially slidable with respect to the
i ner 26 when hydraulic fluid (not shown) contacts and places a force on
the piston 70 via a pressure port 72. Thggpiston 70 preferably includes
rubber seals 74, such as "O' rings, placed on opposing sides of the piston
70 to respEtthvel yastay Lhoses dest agavesha beaek@gemeld MWindbwietaeeasihg
piston 70 and the outer wall 44 of the liner 26 and the interior wall 52 of
the slip housiow 2/8.is tihen Heormedr dot thepoastingnl2tWithi 8tdni¥D bit that
posi tioned near the anchor end 54 of the slip housing 48 and exerts no
depl oyi ng Ieér &eegyapprenriatelyp dedlecsedsby nhs| dpvarkeye622s rdEeevethen
the groove 66 of the slip _carrier 60, extends fron1thf slip carrier 60, and
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previously nmentironed and schenmatically 1"l ldstrated in
positioned within a slip pocket 46 and are covered by a slip
housing 48. The liner 26 also has a centralizing mandrel 82 with
a ramp portion 84 formed on the outer wall 44 of the liner 26
adjacent the slip pocket 46. Preferably, the liﬁer hangers 32,34
are axially spaced approximately 6 feet apart. The liner hangers
32,34 each preferably comprise three or four slips per hanger
which are regularly spaced around the outer circumference of the
liner 26. In a conventional manner, hydraulic pressure is
applied to the interior of the liner thereby setting the slips
of hangers 32, 34. _

The specific deployment of an individual hanger wili now be
discussed with primary reference to FIGs. 2-4. Prior to the
hydraulic pressure’s application, the slip 38 is in the retracted
position within the slip pocket 46. The slip 38 is held in the
retracted position via the shear pin 62 that couples the slip.
housing 48 and thelslip carrier 60 to which the slip 38 is
coupled. As hydraulic pressure 80 is applied to the hanger 36
via the pressure port 72, a force is exerted against the piston
70, which is in contact with the lower end 68 of the glip carrier
60. The rubber seals 56,74 on the anchor end 54 and the piston

70 prevent the hydraulic fluid from leaking from the hanger



FIG 1, as seen fromthe left of the liner's 26 center line. The liner 26
Is received within the casing 12 that is set in place by the cenent 14, and
the slip 38 is illustrated in the deployed position with the gripping
surface 40 wedged agai nst the inner side wall 18 of the casing 12. As
shown, hydraulic pressure 17 (indicatggl by the arrow 80) has been
exerted against the piston 70 via the pressure port 72 with a conventi onal
hydraul i ¢ gppasatugi ng Theodyddauliic Shraegure 80t iswiddertend agaimsie, thbke
appreciated that where a plurality of slips are present, the slips are
concur r entpistimpl Wy exhdychdee thedsdilp caprdezu6d .vi Thehbydravipecpreesure
pressure ports. In response to the hydraulic pressure 80, the piston 70 has
noved axi #Q \CugAke 3 faxae tdateds syfifieiengefo26hparwebf eheax| ppn 62

housi ng 48 apd .th t || 44 _of the i 26 and h dth
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pocket 46. The interior wall 52 of the slip 38 has engaged a centrali zer
mandrel 46, the interior wall 52 of the slip 38 engages the ramp portion
84 of the liner 26. The ramp portion 84 forces the slip 38
radially outwardly from the liner 26 as the slip 38 moves from
the retracted poéition toward the deployed position. The slip
38 bears against the ramp portion 84 as the gripping.surface 40
contacts the casing 12 and thereby hangs the liner 26 in place.
As the slip arm 76 engages the slip 38 against the casing

12, the slip arm 76 begins to bow or flex in response to the
counter acting force resulting from the slip 38 engaging the
casing 12. However, as hydraulic pressure 80 is further applied
to the hanger 78 via the éressure port 72, the force overcomes
the slip arm’s 76 support strength and the slip arm 76 begins to
partially collapse, which allows the nose extension 86 of the
slip carrier 60 to directly engage the slip 38. The slip carrier
60 has sufficient supporﬁ strength to further wedge the slip 38
between the casing 12 and the liner 26, thereby increasing the
centralizing force and effect of the 1liner hanger 78.
Additionally, in many instances, a spring fofce is created in the
first portion 28 of the'liner 26 by the bend in the liner 26.
This spring force is exerted by the first portion 28 against the

side of the casing 12 opposite the window 20 and results in the



82 that is associated with the liner 26. The centralizer mandrel 82 has a
ranp portion 84 thereon that has forced the slip 38 radially outwardly as
it moved fromthe retracted position toward the depl oyed position. The
interior wall 52 of the slip 38 bears against the ranp portion 84 as the
gripping surface 40 contacts the inner sjde wall 18 of the casing 12 to
thereby hang the liner 26. As shown in FIG 3, the slip arm 76 has

partial 'y ifiretep@rodpygddascéheraEbzéd wickie €Rel ebhdgf ance. wieVekhe
now turning to FIG 4, there is illustrated the depl oyed hanger |iner 26 as
i I'lustrat ediipn 38 Gs Jepldydd eagadret ithe tdiade tdf tHe praging 612 s agaiist
shown to be col |l apsed because the depl oying force has exceeded a
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transm ssion of a depl Oﬁizng force that exceeds theaﬁredejterm' ned |imt of
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12, thereby to form a drill guide for subsequent operations. The
drill guide serves to aim a drilling tool di;ectly at the center
of a hollow whipstock 22 beneath the liner 26, allowing the liner
26 and whipstock 22 to be drilled out and reestablishing access
to other regions of the main wellbore 10.

From the above, it is apparent that the present invention
provides a liner hanger and a method of hanging a liner. The
liner hanger comprises: (1) a slip having a gripping surface
thereon and adapted to slide axially with respect to the liner
between a retracted position and a deployed position, (2) a slip
housing located radially outwardly of the slip and covering the
slip when the slip is in the retracted position, (3) a slip
carrier slidably mounted to the liner and adapted to move axially
with respect to the liner and (4) a slip arm extending from the
slip carrier and coupliné the slip carrier and a slip having a
gripping surface thereon and adapted to slide axially with
respect to the liner between a retracted position and a deployed
position, the slip carrier capable of transmitting a deploying
force to the slip via the slip arm to move the slip from the
retracted position to the deployed‘ position, the slip aﬁ

partially collapsing when the deploying <force exceeds a



advantage particularly when used in |lateral wellbore operations. Typically,
the insertion of the liner 26 through the casing w ndow 20 of the casing 12
and into the lateral wellbore 24 causes a bend in the liner 26 (see FIG
1), which creates a spring force against a side of the casing 12 that is
opposite the casing wi ndow 20. As the ip 38 is noved fully toward the
depl oyed position by the nose extension 84, the additional deploying force

is suffi gl Riteddd it Alinite &f hesESeLfeddifors RIE e an? aaérme&mnamﬁ
slip 38 to wedge further bet'ween the casing 12 and the [iner t hereby to
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been descri bed, the nethod of operation of the |liner hanger wll now be
descri bed:ozli]ldpsrea‘ ¢eherebyt coFalRow fluPther ltramsmdimsdicn offat hesdeployiagnai n
wel I'bore 10 is drilled, after which casing 12 is set and cenented into

pl ace wi tifnee lecaeedingeEhgopredet eymimedrtimito £1om she Bhipl garriert be
desired depth _and oriented in the desired direction. 19 If the casing 12
does not T SR aHF Gr%d‘%%&é%enél@&m ng wi ndow 20 is then formed in the

arher ! e o et 05 5, ST RS
s Conve%Ba%a'é%s‘l“ P LeBnli"S 108% hEgEER! RayLbbPEEaL8 LS AP0 the
liner to be employed as a drill guide. |
Although the present invention and its advantages have been
described. in detail, those skilled in the art should understand
that they can make various changes, substitutions and alterations
‘herein without .departing from the spirit and scope of the
invention in its broadest form.

WHAT IS CLAIMED IS:



run into the lateral wellbore 24 via the diverter 22. The liner

261s ———
provided with dual axially spaced |iner hangers 32,34 t | iu
within a slip pocket 46 and are covered by a slip housinm"mm 'mmﬂH!"ZG
al so has a centralizing mandrel 82 with a ranp portion 8% farnedsonst

outer wall 44 of the |iner 26 adjacent t@f slip pocket 46. Preferably, the

| i ner hangers 32,34 are axially spaced approximtely 6 feet apart. The

l'i ner hangers 32, 34 ﬁq;ircheeg_r &l %ﬁ]&o@rlii%%ﬁ,h%% i hiQur, slips per hanger

which are regularly sp aro e outer circunterencé of the liner 26.

In a conventi onal NGy inBY & adtigpiHPSstrLaté 8RBLESH ad NRddpied i gp Of
the Iiner therebysgg?ti ngl'?ﬁe slaél,%)sﬁ%f {anger% 32,34. The specifiifzl£ -

depl oymentslofdeanak gl Vi dwak hhakgelect 4o neaidelihagueetiesn ha pretRayted
reference to FIGs. 2-4. Prior to the hydraulic pressure's application,
the slip 3Ipsition tdrmd reetdepdicyokd gistiitdiony \inidn t he slip pocket 46. The
slip 38 is held in the retracted position via the shear:-pin 62 that couples
the slip housi iy sdgradusiag (losatedr rediedlyoowhwandiyect| saidgslsp and
coupl ed. As hydraulic pressure 80 is Zgﬁ{ied to the hanger 36 _via the

pressure [EMErAng saigy edipswhear said Himdis dRespidt BACYactafi RAsikien,
‘The rubber seals

t act ith ihe.| d 68 of th [ i i ., 60, T
56. 74 on (TEhEhbP STETEATG, E 19 BRaehn 578 Shih BPHELAG MR oY 1hg

from | e_akitrqu\rafrrdj'gatilaedgﬁﬂgﬁéd position, said slip housing preventing said

gripping surface of said slip from contacting a casing when said
slip is in said retracted position, said élip housing thereby
preventing premature movement of said slip toward said deployed
position by virtue of said contacting.

2. The liner hanger as recited in Claim 1, further
comprising: . _

a slip carrier slidably mounted to said liner and adapted
to move axially with respect to said liner; and |

a slip arm extending from said slip carrier and coupling
said slip carrier and said slip, said slip carrier capable of
transmitting a deploying force to said slip via said slip arm to
move said slip from said retracted position to said deployed
position, said slip arm partially collapsiﬁg when said deploying
force exceeds a predetermined limit, a nose extension of said
slip carrier moving toward and directly engaging said slip as
said slip arm partially collapses thereby allowing further
transmission of said deploying force exceeding said predetermined
limit from said slip carrier to said slip via said nose extension

thereby centralizing said liner.



20 appar at us. The hydraulic pressure 80 is exerted—agarnst the piston 70

and thus the slip carrier 60. The hydraulic pressur rce
that is sufficient to shear the shear pin 62 and al ﬂ'mlmﬂgwﬂmﬁm@o to
drive the slip carrier 60 axially upward with respect to enl 1 mer*>26. The
upward notion of the slip carrier 60 cauges the slip arm76 to nove the

slip 38 fromthe slip pocket 46. As the slip 38 noves fromthe slip pocket
46, the interiar, walthe521@hethenflddx 3@sengagecedhein amanar t Lpn Sdrtiet he
liner 26. The ranp portion 84 forces the slip 38 radially outwardly from

t he |iner cotpadsting s cpnifaddrver handrébeassdchated woshtsaid t hiveer drind
depl oyed position. The slip 38 bears against the ranp portion 84 as the

gri ppi ng saviage ai0rsuopt ddtexrecms ceaidgramparfdndiangbyabdngd icheradimklyo
in place. As the slip arm 76 engages the slip 38 against the casing 12, the
slip arm PotwagPdy a8 saidoPlip Moved faopoAadd: pethacked Peeikien fPvarde

resul ting fn%g1th slip 38 .engagi ng ,the Qas#p 12. However, as hydraulic

pLessure &3+ &2 BOFItIF o Frige 109, 3973 n5te R a5
t f .th [ i i 76 t st h he. sl i 76
boci n. +osatf SEIER1RG® shrdcl fhRr40:2 R0k CSLISRHY A08q 2818 {nED

I ier 6Q to direqtl L 387 T i e 60
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of the liner hanger 78. Additionally, in many instances, a spring force is

created i Batileduality cooperating to hang said liner within said casing
in a desired location and direction, said liner capable of being
employed as a drill guide.

5. The liner hanger as recited in Claim 1 wherein said
slip housing is tubular and surrounds said liner, said liner
hanger further comprising a plurality of slips located regularly
about a circumference of said liner and adapted to slide axially
with respect to said liner between retracted positions and
deployed positions thereby to centralize said liner as said slips
move toward said deployed éositions. |

6. The liner hanger as recited in Claim 1, further
comprising a tubular piston surrounding said liner and coupled
to said slip, said piston sliding said slip axially with respect
to said liner Qhen hydrauiic fluid contacting said piston places
a force on said piston.

7. The liner hanger as recited in Claim 1 wherein said
slip is located within a pocket in an outer wall of said liner,

said slip housing covering said pocket and said slip when said

slip is in said retracted position.



first portion 28 of the liner 26 by the bend in theiner 26._This spring
force is exerted by the first portion 28 agai nst theMe of the casing 12

opposite the wi ndow 20 and results in the 21 line MMHMMM]M _
al nst

de-centralized within the casing 12. Wen the slip. i
the side of the casing 12, against whichyghe spring force i's &xeft t he
“wedging action of the slip 38 forces the first portion 28 of the liner 26

away fromthe g de ahd hEifasinghder &yribeivtedeinWeeaimha plherdid Ys@ia
slips are concurrently deployed, they have the effect of substantially
central i ziligneirhextiensls parbugh 28viriddweind isadd 2asingt heatdsship lousiwey eby
to forma drill guide for subsequent operations. The drill guide serves to
ai ma dri prieventdalg saidcgnipatingheuréatcer obf saifiosl tpv fdmpseonta2ine reeat h
the liner 26, allowing the liner 26 and whipstock 22 to be drilled out and
reest abl i PeriPpheavexf tsabd hwindeyi whenofsaiise shim W8l LBomait) reagted

above, it is ,apparent that_the present 'hg\l_ée tion E)rrovi,des a,Id( ner hanger

and a net ROFIGRRandiHS 51 imehousiRg| FREFSRYNGELVERRPPSs 8219 Bremafyre
having a qgripping surface thereon and adapted.to slide.axially with respect
o tne 11 evehelh. Bt 25, pLER PR I BB YA pESLE AR Y B e
slip housisﬁg_dl %%i‘i;%‘ét&i@j.a' ly outwardly of the slip and covering the slip
when the slip is inthe“retracted position, (3) a slip

9. The liner hanger as recited in Claim 1 wherein said
liner extends through a window in said casing, said liner bending
and exerting a spring force on a side of said casing, said slip
serving to centralize said liner within said casing as said slip
moves toward said déployed position.

10. The linér hanger as recited in Claim 1 Qherein a slip
carrier slidably mounted to said liner and adapted to.mmve
axially with respect to said liner is releasably coupled to said
slip housing by a shear pin.

11. A method of hanging a liner_within a casing, comprising
the steps of:

providing a slip on said liner, said slip having a gripping
surface thereon and adapted to slide axially with respect to said
liner between a retracted location and a deployed position, a
8lip housing located radiélly outwardly of said slip and covering
said slip when said slip is in said retracted position, said slip
housing preventing said gripping surface of said slip from
contacting said casing when said slip is in said retracted
position;

moving said liner axially through said casing until said

liner reaches a predetermined position within said casing; and



carrier slidably mounted to the liner and adapted to.nove axially.w th_
respect to the liner and (4) a slip armextending fromthe sI| carrier

coupling the slip carrier and a slip having a gri ppi jm |r'l "l Mmt and
adapted to slide axially with respect to the liner b

position and a depl oyed position, the sl3g¢ carrier capable of transmtti ng
a deploying force to the slip via the slip armto nove the slip fromthe

retracted posi Tdéﬁldﬁri%‘l%a(iapbmlﬁﬂ SO 819D, ebegShg PEpdinupley 8hlid slip
col | apsi ng when the d oyi ng force exceeds a 22 predetermned limt, a

nose ext ensiuyirmf wmmsfnbpmgr Hosardb el t depl dyad dpdisiedbhy sajaglsglphe
slip as the slip armpartially collapses thereby to allow further

transni ssihousiing hbedeplyoyrevenving premeddinegmoviempntdef @atiched ipi powardom
the slip carrier to the slip via the nose extension. In a related

enmbodi mentsadid deplnvesk posihion byh vigsaecof §padt cPREICLART-second |i ner
hangers may cooperate to allow the liner to he enml o%d as a drill UId .

Al t hough the prdsentT }}%V@M‘Pénaﬁnﬁe?%ge%d’vfhrﬁ]zfd& HaBepedn gaid sh

detail, thps k.l | | t he art .shoul ersta d that they can rrake
various c %gﬁt?{ﬁr GREPLiFES ttg‘F fi-6R8 ﬁ fein without departing

fromthe spirit ﬁ'&lnsgc%o 51 %p (G QLY P45 (s d 4 Miner and

adapted to move axially with respect to said liner; and

transmitting a deploying force to said slip via a slip arm
extending from said slip carrier and coupling said slip carrier
and said slip, said slip arm moving said slip from said retracted
position to said deployed position, said slip arm partially
collapsing when said deploying force exceeds a predetermined
limit, a nose extension of said slip carrier moving toward and |
directly engaging said slip as said slip arm partially collapses
thereby allowing further transmission of éaid deploying force
exceeding said predetermined limit from said slip carrier to said
slip via said nose extension thereby centralizing said liner.

13. The method as recited in Claim 11, further comprising
thelstep of forcing said slip radially outwardly as said slip
moves from said retracted position toward said deployed position
with a centralizer mandrei associated with said liner and héving
a ramp thereon, said slip bearing against said ramp as said
gripping surface contacts said casing to hang said liner.

14. The method as recited in Claim 11 wherein said liner
comprises a duality of axially separated 1liner hangers

cooperating to hang said liner within said casing in a desired



VWHAT IS CLAI MED | S: 23 1. A liner hanger for atiner, conprising: a

slip having a gripping surface thereon and adapted t | de axi al1y-w-th
respect to said liner between a retracted position'aﬁu@ g’m ition;
and a slip housing located radially outwardly of sai d« ng
said slip when said slipis in said retrgfted position, sai'd 4lip rgi ng
fromunder said slip housing when noving toward sai d depl oyed position,

sai d slip houyi Ngy &rﬁ%ﬂféé&&%ﬁ il RleRfodU el 2E R cgab&lié&'h Eaeﬂbaegl o

contacting a casing en sal ipi1sinsaidretracted positidon, sal
housi ng t hey edwpIRSPMENtdA1H PIrigfey W AaamEnigudldesai d slip toward said

depl oyed position by virtue of said contacting. 2. The |iner hanger as

recited in Caire.l, THarméehod oapr rechfgedaial adar rilerwisdratabl yat@dusleg to

said liner and adapted to nove axially with respect to said liner; and a

“slip arm éxtumidiqigig romskax] ahd pseerounds ssaiid oldreng said inerchanger

and said slip, said slip carrier capable of transmtting a deploying force

to said slfiyrther sompmisinganplaradisys afdsdipg 19@1’#_@& geguianiy eabout

posi 11,00 0 SUSERl e BPUNLT 12 Gl LBLSLINPRL LELLY SRLLERS Bfeithen
- respect to said liner between retracted positions and deployed
positions thereby to centralize said liner as said slips move .
toward said deployed positions, said method further comprising
the step of centralizing said liner.

16. The method as recited in Claim 11, further comprising

' the step of sliding a tubular piston surrounding said liner and
coupled to said slip axially with respect to said liner when
hydraulic fluid contacting said piston places a force on said
piston.

17. The method as recited in Claim 11 wherein éaid step of
providing éomprises the step of locating said slip within a
pocket in an outer wall of said liner, said slip housing covering
said pocket and said slip when said slip is in said retracted

| position.

18. The method as recited in Claim 11 wherein said liner
extends through a window in said casing, said method further
comprising the step of preventing said gripping surface of said
slip from contacting a periphery of said window when said élip
is in said retracted position with said slip housing, said slip

housing thereby preventing said premature movement of said slip

toward said deployed position by virtue of said contacting.



force exceeds a predetermned |imt, a nose extensionof said slip earrier

nmovi ng toward and directly engaging said slip as sal
col | apses thereby allowi ng further transm ssion of s ﬂmﬁm*!uﬂﬂ Zﬁﬁt
exceeding said predetermined limt fromsaid slip carrier

sai d nose extension thereby centralizing,gaid |iner. 24 3. The Ilner

hanger as recited in Caim 1, further conprising a centralizer mandrel

associ ated wi thy$ai drld R il AYERI A P 0N wididld M1 Shebnee

said slip radially outmar y as said slip noves fromsaid retracte

position tweikh Sedpisd dnak Y id movding skiid Deaerngh@eagAsh ﬁﬁhdo&anp
as said gripping surface contacts said casing to hang said |iner. 4.

l'i ner hangixi s$sidecasbiy) nsdidi Midewibending aand| exett Lagpai spmﬁgdﬁakbéy
of axially separated |iner hangers, said duality cooperating to hang said
liner withim sasildeasfngaia eadésgredai@calipnsandidgrEctcentrahidelBaéd
capabl e of being enployed as a drill guide. 5. The |iner han as

reci ted i ntimen mithimeseild sasdngl ap soidisgin savesutawazddssd rdgnagysdu d
liner, said |jner hanger further conprising a plurality of slips |ocated
regularlyEHﬁ&Rl%PC|rcunference of said liner and adapted to slide axially

W th respect to,Fal Gy d Rfendd Wt RebetedCi 8 Lot tl'f’%erem said step of

deploying comprises the step of shearing a shear pin releasably
coupling a slip carrier slidably mounted to said liner and said
slip housing. |

21. A liner hanger for a liner, comprising:

a slip carrier slidably mounted to said liner and adapted
to move axially with respect to said liner; and

a slip arm extending from said slip carrier and coupling
said slip carriér and a slip having a gripping surface thereon
and adapted to slide axially with respect to said liner between
a retracted position and a deployed position, said slip carrier
capable of transmitting a deploying force to said slip via said
slip arm to move said slip from said retracted position to said
deployed position, said slip arm partially collapsing when said
deploying forcé exceeds a predetermined limit, a nose extension
of said slip carrier moving toward and directly engaging said
slip as said slip arm partially collapses thereby allowing
further transmission of said deploying force exceeding said
predetermined limit from said slip carrier to said slip via said
nose extension thereby centralizing said liner.

22. The liner hanger as recited in Claim 21, further

comprising:



depl oyed positions thereby to centralize said [Tner as said slips nove

L her comrteing s tuburar pi ston surround ITMARNRIEE.' Sovoree
to said slip, said piston sliding said slip axially “with Fespect to said

| i ner when hydraulic fluid contacting sg?g pi ston places a force on said
pi ston. 7. The liner hanger as recited in Caiml wherein said slipis

l'ocated within 2 NGGkaoudimy 1VHVed\dadiall 192bdevhpaly 88 dashl thguaxag
covering said pocket and said slip when said slipis in saidretracted

posi tion. cove¥iry saithellipnehehasged sbip aad tier saidCratpadtalieposit $6n(d

| i ner extends through a window in said casing, said slip housing preventing
said gripgaig sstipcemeirgiagd Sfop finderc@atidctship ahpusipgemherf msaving

w ndow when said slip is_in said fegractedwgosttion, said slip housing

t her eby prt@ward §gisardgrpeyadt beeinborneridEldn hoypipdt Braventing said
depl oyed posjti,on g&ﬁyirtue of said contacting. 9. ., The liner hanger as
recited i FXAPRIAGL sHFEAGENOSafal| kP SEUFORLIEIPT & GRAGBA YReR $31d
casi ng, sai,d_liner,bending_and exerting.a.spring.force on a side of said
Casing, SAdRITE §8, Grhg FECEBREEY PORLEAPR | REF WIOH MR SRR EY
sai d SI'ppreventing premature movement of said slip toward said deployed

position by virtue of said contacting.

23. The 1liner hanger as recited in Claim 21, further
comprising a centralizer mandrel associated with said liner and
having a ramp thereon, said ramp forcing said slip radially
outwardly as said slip moves from said retracted position toward
‘said deployed position, said slip bearing against said ramp as
said gripping surface contacts said casing to hang said liner.

24. The liner hanger as recited in Claim 21 wherein said

'liner comprises a duality of axiall? separated liner hangers,
said duality cooperating to hang said liner within said casing
in a desired location and direction, said liner capable of being
employed as a drill guide.

25. The liner hanger as recited in Claim 21 wherein said
slip housing is tubular and surrounds said liner, said liner
hanger further comprising a plurality of slips located regularly
about a circumference of said liner and adapted to slide axially
with respect to said liner between retracted positions and
deployed positions thereby to centralize said liner as said slips
move toward said deployed positions.

26. The liner hanger as recited in Claim 21, further

comprising a tubular piston surrounding said liner and coupled



noves toward said depl oyed position. 10. The |iner- hanger as reei+ted in

Claiml wherein a slip carrier slidably nounted t e adapt ed
to nove axially with respect to said liner is regmmgmuugmﬂqmo sai d
slip housing by a shear pin. 11. A nmethod of handi e i it4 n a
casing, conprising the steps of: providigpgg a slip on said liner, said slip
having a gripping surface thereon and adapted to slide axially with respect
to said | teesalidt skep, assbd rpidtesh |sldaling said slipparyelilposith arespedsd i p
housing | ocated radially outwardly of said slip and covering said slip when
sai d sliptiessaadshider evhen thgtiyzosliid dluidacdnshcpihgusaid pistvemtplaresai d
gripping surface of said slip fromcontacting said casing when said slip is
in said rét £agcedoposeidopisfioni.ng said liner axially through said casing
until said liner reaches a predeterm ned paqsition w_.thin said casing; and

| 111111 1111%7-117he11iner) hengersagegiecithg 4 Flaimp 2isathergin said

osi £1 on, SLaPaLE| LBCABES: MOERHB BORORFEbct |7 Prartrel o G Ted d

slip tOmaggiaagqige%E%%?ggp%%bgkgﬂgbga{hrbg%kQE %%EQS%RQF%EEEP%hen said
slip is in said retracted position.

28. The liner hanger as recited in Claim 21 wherein said
liner extends through a window in said casing, said slip housing
preventing said gripping surface of said slip from contacting a
periphery of said window when said slip is in said retracted
position, said slip housing thereby preventing said premature
movement of said slip toward said deployed position by virtue of
said contacting.

| 29. The liner hanger as recited in Claim 21 wherein said
liner extends through a window in said casihg, said liner bending
and exerting a spring force on a sidg of.said casing, said slip
serving to centralize said liner within said casing as said slip
moves toward said deployed positibn.

30. The liner hanger as recited in Claim 21 wherein a slip
carrier slidably mounted to said liner and adapted to move
axially with respect to séid liner is releasably coupled to said
slip housing by a shear pin.

31. A method of hanging a liner within a casing, comprising
the steps of: |

sliding a slip carrier slidably mounted to said liner and

adapted to move axially with respect to said liner; and



12. The nethod as recited in Caim1l wherein said step of deploying
further conprises the steps of: sliding a slip carrier slidably nmounte

said |iner and adapted to nove axially with respeculm Imw llﬁmn and
transmtting a deploying force to said slip via a g from
'said slip carrier and coupling said sligjcarrier and said s I p, sai d slip
armnoving said slip fromsaid retracted position to said depl oyed
position, sai dt&bhanarc@mgr bi akbYog®hbapsies ¥heq SPif stedLyd ALK Geia
exceeds a predetermined limt, a nose extension of said slip carrier noving
toward and diligctdsm eébgsgndtmgsafﬁbrsl 8pidssispdcalkirpesr Bindaddulihee ddRpses
thereby allowi.ng further transm ssion of said depl oying force exceedi ng

sai d predeitépncasdikbrnandf saidsalilps| spidasligrhavirspial giippivica ssatfthaese
extension thereby centralizing said liner. 13. The nmethod as recited in

Cl ai m 11, therepar anénpdaptad taestide axiablyiwith aeBprget tadad L iner

outmardly as said SlIE noves fromsaid retracted position toward said
depl oyed be&reesnavre récESﬁt tarasien nandra | deRlQyed ReF G iR s f3dd istdiP and

h h l .
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desired deploying force exceeds a predetermined limit, a nose extension

of said slip carrier moving toward and directly engaging said
slip as said slip arm ;partially'_collapses thereby allowing
further transmission of said deploying force exceeding said
predetermined limit from said slip carrier to said slip via said
nose extension thereby centralizing said liner.

32. The method as recited in Claim 31 further comprising
the steps of:

providing a slip housing located radially outwardly of said
slip and covering said slip when said slip is iﬁ said retracted
position, said slip housing preventing said gripping.surface of
said slip from contacting said casing when said élip is in said
retracted position;

moving said liner axially through said casing until said
liner reaches a predetermined position within said casing; and

deploying said slip, said slip emerging from under said slip
housing when moving toward said deployed position, said slip
housing thereby'preventing'premature movement of said slip toward
said deployed position by virtue of said contacting.

33. The method as recited in Cléim 31, further comprisiﬁg

the step of forcing said slip radially outwardly as said slip



27 location and direction, said nethod further conprising the step .of
enploying said liner as a drill guide. 15. The neun C aim
11 wherein said slip housing is tubular and surro m,gmﬂﬂ”agﬂjial d ,
| i ner hanger further conprising a plurality of slips lcocat

about a circunference of said liner and gfdapted to slide axially with
respect to said |liner between retracted positions and depl oyed positions
thereby t@oeRB! EabinZ8adl Fet +dEfedHoslitd ol h%a&ﬂavsaiam?lé?é

positions, said nethod further conprising the step of cen I zing sald
liner. l6witheaneéhedadszéLchddiré] ddstidiakted WithhsaidolDhési Ngd tHer SiEP
of sliding a tubular piston surrounding said |iner and coupled to said slip
axi al |l y wat hrawgs pebéréonsaisdild relipwhbeahinlg aagadnkkuishichntampi ag ssaid

pi ston places a force on said piston. 17. The method as recited in Claim1ll
wherei n sgrdppisg surface dongactaperidscahingt bp bangosaidnbizerd slip
within a pocket in an outer wall of said |liner, said slip housing covering
sai d pocket and4sai &hg metieen a§a|r@cg.|tp§ ia Gladm @1 stheraiad %ﬁ?éi t]tJé’Ff‘—r 18.
The method as recited in_Clajmill erej fald | i ner extends t
mnndom1|n°95P615&§|n@'SQH%9¥EthB fu?Fﬁ%? ¥onffParage heqéﬁﬁi
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housi ng, i@bgtikhpand direction, said method further comprising the step

gers

of employing said liner as a drill guide.

35, The method as recited in Claim 31 wherein said slip
housing is tubular and surrounds said liner, said liner haﬁger
'further comprising a plurality of slips located regularly about

© a circumference of said liner and adapted to slide axially with
respect to said liner between retracted positions and deployed
positions thereby to centralize said 1ine£ as said slips move
toward said deplo&ed positions, said method further comprising
the step of centralizing said liner.

36. The method as recited in Claim 31, further comprising
the step of sliding a tubular piston surrounding said liner and
coupled to said slip axially with respect to said liner when
hydraulic fluid contacting said piston places a force on said
piston.

37. The method as recited in Claim 31 wherein said step of
providing comprises the step of locating said slip within a
pocket in an outer wall of said_linér, said slip housing covering
said pocket and said slip when said slip is in said retracted

position.



housi ng thereby preventing said premature anenent of said slip toward said

depl oyed position by virtue of said contacting. - 28 19. The nethod as

recited in Claim1ll wherein said step of noving commeﬂﬂ”'
noving said liner through a window in said casing, "Mﬁmﬁg and

exerting a spring force on-a side of saif, casing, sdid®sl Fp %serving to
centralize said liner wwthin said casing as said slip noves toward said

depl oyed positizgn. 2Zfe m@ﬁd@%@%&iﬁe@'ﬂrﬁ%lﬂnﬂﬁ NWHerder £ 14 Spi de St €p
of deploying conprises the step of shearing a shear pin releasably coupllng

a slip caexdtendd itlakdyghoanveddoe Sal edidecasifigsaisdidl iMethRdi fgrchdr A
l'iner hanger for a liner, conprising: a slip carrier slidably munted to

sai d | i necompaizmdmgt ¢thet stmpvefapretréutmnghsawpg:rippmgasulrfaa:erof ocowhd
slip armextending fromsaid slip carrier and coupling said slip carrier
and a sli gliayvifmpma aprit@sitigoss @ exipheaveef @addninday when iskidxdbipy
with respect to said |iner between a retracted position and a dep|oyed,
posi tion, i§aiie SRig setrperedapapsiEien v+'ahsﬁ¢%$ fHLR BRI nFdit Rlip

sai'd sI|p via.said slip armto npve sai sI| fromsaid retracted posjtion
To said GBOVGIEE GhereBynPTexRatina,satth BERRLIRS YT (o \ARIE ol P
toward said deployed position by virtue of said contacting.

39. The method as recited in Claim 31 wherein said step of
moving comprises the step of moving said liner ﬁhrough a window
in said casing, said liner bending and exerting a spring force
on a side of said casing, said slip serving to centralize said
liner within said casing as said slip moves toward said deployed
position. |

40. The method as recited in Claim 31 wherein said step of
aeploying comprises the step of shearing a shear pin releasably
coupling a slip carrier slidably mounted to said liner and said
slip housing.

41. A drill guide, comprising:

a tubular liner having an upper portion located within a
casing and a lower portion extending through a window in said
casing, said liner bending and exerting a spring force on a side
of said casing, said spring force tending to misalign said liner
with respect to a centerline of said casing; and

first and second centralizihg liner hangers spaced apart
along a length of said upper portion, said first and second liner
hangers fixing said upper portion of said liner at a desired
location within said casing, said first and second liner hangers

cooperating to counteract said spring force to centralize said



depl oying force exceeds a predetermined Iimt, a_nose extension of said
slip carrier noving toward and directly engaging said slip as said slip arm

partially collapses thereby allow ng further tranimmumflm”ﬂﬂ "Mepl oyi ng
force exceeding said predetermined [imt from sai sai d
slip via said nose extension thereby cen{falizing sai d |itnef. 22.* The liner
hanger as recited in Claim?21, further conprising: 29 a slip housing

| ocat ed raghadyt WosHH ‘&%rs(ﬂe)bt()ftosﬁhgdsééﬂté‘fﬂlﬁévﬁd HarPisd id LBnekeqisRid
slipis in said retracted position, said slip emerging fromunder said slip

housi ng whedi drovasind onar d Swisd r@ep|diRetion,! isdid sirkddidh h@efining a
preventing said gripping surface of said slip fromcontacting a casing when

sai d slip dsiinispidirerdtiant ef podrilbingseoal Hagsimgshroughesathd upper
preventing premature novenent of said slip toward said depl oyed position by
virtue of pnﬂtiqmuntacting 23. The liner hanger as recited in Caim 21,
further conprising a centralizer mandrel associated with said |liner and
havi ng a ranp t4fer edthe s@ril} agpider epngesitadsing Gladimi4y wherRial gaid

said slip es fr n1sa|d retracted sition toward said depl oyed position,
said slip %g‘%ﬁ ‘gg%ﬁq‘%rl IEFrr é?ﬁ?%g%ﬁad’ Ny OB H§esur f ace contacts said

casing to hang Sa'flﬁ'ﬂaVlng a gripping surface thereon and adapted to

slide axially with respect to said liner between a retracted
position and a deployed position; and

a slip housing located radially outwardly of said slip and
covering said slip when said slip is in said retracted position,
said slip emerging from under said slip housing when moving’
toward said deployed position, said slip housing preventing said
gripping surface of said slip from contacting a casing when said
slip is in said retracted position, said slip ﬁousing thereby
preventing prematuré movement of said slip toward said deployed
position by virtue of said contacting.

43. The drill guide as recited in Claim 42, further
comprising:

a slip carrier slidably mounted to said liner and adapted
to move axially with respect to said liner; and

a slip arm extending from said slip carrier and coupling
said slip carrier énd said slip, said slip carrier capable of
transmitting a deploying force to said'slip via said slip arm to
move said slip from said retracted position to said deployed
position, said slip arm partially collapsing when said deploying
force exceeds a predetermined limit, a nose extension of said '

slip carrier moving toward and directly engaging said slip as



24. The liner hanger as recited in Caim2l1 wheretn-said |iner conprises a

duality of axially separated |iner hangers, said | lng to
hang said liner within said casing in a desired | ﬂ'ﬂumﬁ’im@m,m# i on,
said |iner capable of being enployed as a drill gukdeg — er hanger
as recited in CGaim2l wherein said slipghousing is tubular and surrounds

said liner, said |liner hanger further conprising a plurality of slips

| ocated regiy 1 loy 18P0ulna Ll LU BF €REE1absadl %ﬁé%%%awlw@edghggﬁkkde

axially with respect to said [1ner betweenh retract ositions an pl oyed

posi ti ons dheisied Lot F saldzeplayidd FekcasSetdésimd Raidpeebovarslinagd
depl oyed positions. 26. The liner hanger as recited in Caim2l, further

conpri si-ndlimitwlfidon spist sabhipurarriet e said sliprviancgaddipbed extéfision
said slip, said piston sliding said slip axially with respect to said |liner
when hydr dilereby dehtomiliminagn@asiad dimest.on pl aces a force on said piston.
27. The liner hanger as recited in Caim?21 wherein said slip is |ocated
within a pocket44n &Fheouedldal gubdesas rprafedsaiy JL3gimodsingfesbBerng
sai d pocket andsaid slip when said slip is in said retracted, position. 28.
- The |iner FRIRESEY & ﬁ%ﬁ%zeraﬁﬁnﬁlg‘%héﬁéf’ﬁléaﬁé with saill Tiner ang

having a ramp thereon, said ramp forcing said slip radially
outwardly as said slip moves from said retracted position toward
said deployed poSition; said slip bearing against said ramp as
said gripping surface contacts said casing to hang said liner.

45. The drill guide as recited in Claim 42 wherein said
slip housing is tubular and surrounds said liner, said liner
hangef further comprising a plurality of slips located regularly
about a circumference of said liner and adapted to slide axially
with respect to said liner between retracted positions and
deployed positions thereby to centralize said liner as said slips
move toward said deployed positions{

46. The drill guide as recited in Claim 42, further
comprising a tubular piston surrounding said liner and coupled
to said slip, said piston sliding said slip axially with respect
to said liner when hydrau;ic fluid contacting said piston places
a force on said piston. |

47. The drill guide as récited in Claim 42 wherein said
slip is located within a pocket iﬁ an outer wall of said liner,
said slip housing covering said pocket and said slip when said
slip is in said retracted position.

48. The drill guide as recited in Claim 42 wherein said

slip housing preventing said gripping surface of said slip from



| i ner extends through a window in said casing, said _slip housing préeventing

said gripping surface of said slip fromcontacting a peri | d
wi ndow when said slip is in said retracted positi on\\%‘ﬂ@‘ﬁ“ﬂ“‘@kg
t hereby preventing said premature novenent of said sl Sai d*

depl oyed position by virtue of said contgcting. 29. The liner hanger as

recited in Caim2l1 wherein said |iner extends through a window in said

casing, S@_dixtlalc_&thb%n%&aFm@yeéer Ehie FiAQ6WNEhéR! §£iQ@NsPiSi e Dh SR d
casing, said slip serving to centralize said |iner within said casing as
sai d sli p reevrestedVadsk iaich dega Dy edl ppShbusling3@hetabyl ipI®vdrigry $®id
recited in Claim2l1 wherein a slip carrier slidably nmounted to said |iner
and adapt edematurec maxveakhy oftdaidsyleqp ttowasd galidndepleoyed| pasitbion by
coupled to said slip housing by a shear pin. 31. A nethod of hanging a
liner withirtaecofi sgidcooptiastaggthe steps of: sliding a slip carrier
slidably nounted to said |iner and adapted to nove axially with respect to

said liner; and?- 3Jhe dxiddi guildg asdepryedoin Flain #% v1eyeih aFHP

LT 12 S P e 58 St AR | Shat el B SR
axially with respect to said liner is releasably coupled to said
slip housing by a shear pin.

50. The drill guide as recited in Claim 41 wherein said
drill guide is employed in a multilateral well, said drill guide
directing said drilling tool toward a location on said upper
portion of said liner.

51. A method of guiding a drill, comprising the steps of:

locating a tubular liner with respect to a casing, said
liner having an upper portion located within said casing and a
loﬁer portion extending through a window in said casing, said
liner bending and exerting a spring force on a side of said
casing, said spring force tending to misalign said liner with
respect to a centerline of said casing; and

- fixing said upper portion of said liner at a desired
location within said casing with first and second centralizing
liner hangers spaced apart along a length of said upper portion,
said first and second liner hangers cooperating to counteract
said spring force to centralize said liner with respect to said
centerline and hang said liner within said casing in a desired
direction, said direction defining a drilling direction of a

drilling tool passing through said upper portion.



thereon and adapted to slide axially with respect tosaid |iner between a

retracted |l ocation and a depl oyed position, said sli [ gy S11 P
fromsaid retracted position to said depl oyed positi 3"“[“Hm:!mﬁ“ﬂmm
partially collapsing when said depl oying force exceeds* a ¢pr @dever s ned
limt, a nose extension of said slip cargjer noving toward and directly

engaging said slip as said slip armpartially collapses thereby allow ng

further transmsssi onhef me@hdddgs! syéNged ot wliweedi REesalifl pacdesesyised
limt fromsaid slip carrier to said slip via said nose extension thereby

central i zifdging cdomprdses3ZheTlseepst bdd as recited in Caim31 further

conprising the steps of: providing a slip housing |located radially

outwardly of sa@revidipgaadstipeon rapishildnsid,psatidnsiipdhavipgia drinping

retracted position, said slip housing preventing said gripping surface of

said sli pSﬂFémC@oﬁbQEFPﬁga%%ﬁﬂW%g%%hd%aﬁ’@-%]l]ix) Wil;%hi respeatrie? remkdd

position; .noving said |iner axiall Lgrough said casing until said |iner
t

reaches alpPEdeETHSTER HoSTETT TRSER 28Si AgdeRNAYEEDPRYTY Wi R
211 B 4ot Sa3k BoRREg Mokl QISR 3 b Sk IR SR SR NS I v
overent B3t wfel WAE S35 o0k G BRSEACORLIULELUE e flig
step of fabGERAgSFhrevenPinddisdiy SHMMAY s2raded 51 Baid slip from
contacting said casing when said slip is in said retracted
position; |
moving said liner axially through said casing until said
"liner reaches a predetermined position within said casing; and
deploying said slip, said slip emerging from under said slip
housing when moving toward said deployed position, said slip
housing thereby preventing premature movement of said slip toward
said deployed position by virtue of said contacting.
53. The method as recited in Claim 52 wherein said step of
‘deploying further comprises the steps of:
sliding a slip carrier slidably mounted to said liner and
adapted to move axially with respect to said liner; énd
transmitting a deploying force to said slip via a slip arm
extending from said slip Earrier and coupling said slip carrier
and said slip, said slip arm moving said slip from séid retracted
position to said deployed position, said slip arm partially
collapsing when said deploying force exceeds a predetermined
limit, a nose extension of said slip carrier moving toward and
directly engaging said slip as said slip arm partially collapses

thereby allowing further transmission of said deploying force



32 noves fromsaid retracted position toward said depl eyed position with a

centralizer mandrel associated wth said |iner and havi ranmp_t her eon,
said slip bearing against said ranp as said gripping squlwﬁg"mwum, d
casing. to hang said liner. 34. The nethod as recited in S A
said liner conprises a duality of axiallygseparated liner hangers

cooperating to hang said liner wwthin sard casing in a desired |ocation and

directi on,e:a@ééam%MJ preleteeRIREES] (Wit Haod 8R161 sBIP! i SRifghiiger
as a drill guide. 35. The nethod as recited in Caim31 wherein said slip -

housi ng i Sss1ipWid SHHE SNBSS Uetseristich |tiHEebys tichtraldiz i gRiid Qrilneas.
conprising a plurality of slips located regularly about a circunference of
said liner and $aptthe tnetHodl s derdiltedvinh Claimese, t durahdr| comprihsingen
retracted positions and depl oyed positions thereby to centralize said |Iiner
as said slths aver obfwirdcingdsadd ®Jd® pwditaldiys outwardist el satdhetip
~conprising the step of centralizing said liner. 36. The nethod as recited
in C ai m JOVes fuen saddprepsragtefderesihion wanthgais depilaved seghtion
surroundi ng, sai d |iner and cougled to said sli ' ]

ol d 1T e REBLIALLEer BRAdESh: detoriated Qi P ibss S3Rokerin
said piston. gy AR IRHNOLA% "8F1pCReaiHh? dathatCisld 28k HSPeRla
éripping surface contacts said casing to hang said liner.

55. The method as recited in Claim 52 wherein said slip
housing is tubular and surrounds said iiner, said liner hanger
further comprising a plurality of slips located regularly about
a circumference of said liner and adapted to slide axially with
respect to said linei between retracted positions and deployed
positions thereby to centralize said liner as said slips move
toward said deployed positions, said method further comprising
the step of centralizing said liner.

56. The method as recited in Claim 52, further comprising
the step of sliding-a tubular piston surrounding said liner and
coupled to said slip axially with respect to said liner when
hydraulic fluid contacting said piston plaées a force on said
piston. |

57. The method as recited in Claim 52 wherein said step of
providing comprises the step of locating said slip within a
pocket in an outer wall of said liner, said slip housing covering
said pocket and said slip when said slip is in said retracted
position.

58. The method as recited in Claim 52 wherein said liner

.extends through a window in said casing, said method further



provi di ng conprises the step of locating said slipwthin a pocket .in an
outer wall of said liner, said slip housing coverin sald ocket and said
slip when said slip is in said retracted position. j Jl muﬂﬂ hod as
recited in Claim31l wherein said |iner extends thro

casing, said nethod further conprising tyi¢ step of preventlng sar d grlpplng
surface of said slip fromcontacting a periphery of said wi ndow when sai d

slip is i el AUHL GG Idf YreVent i1y dath Erfiggih@gsu§ﬁhéesbfpsa1d _

housi ng t her eby preventlng sai d premature novenent said slip toward said
depl oyed peisig | faroycontddeing &apsrDsidnetoNgsatd. wihdowewhes saideslipd
in Caim31l wherein said step of noving conprises the step of noving said
l'iner thrdshims sdidoetracsd poaditign sdtth bandr shépdhogsang, esaidi syin
spring force on a side of said casing, said slip serving to centralize said
liner witHioussiaigl thevehy ayeyantisg paidyprematire mavemenpl ofedapdssiinn.
40. The nethod as recited in Caim31 wherein said step of deploying

conpri ses §I1R%3 SRris darlaved) Resdifdan ﬁW’VF&F@&S&ﬁI?aééuﬁppﬁéc&l§9'p
carrier ol dably, PYLed S 9Phg LbaSEed"th Wk 2 AR Natk obefl !
deploying comprises the step of shearing a shear pin releasably
coupling a slip carrier slidably mounted to said liner and said
slip housing. _
60. The method as recited in Claim 51 whe:ein said drill
guide is employed in a multilateral well, said method further
comprising the step of directing said drilling tool toward a

location on said upper portion of said liner with said drill

guide.



a tubular |iner having an upper portion |ocated wthin a casing and a | ower
portion extending through a window in said casing, said |liner bending and
exerting a spring force on a side of said casing, said spring force tending
to msalign said liner with respect to a centerline of said casing; and
first and second centralizing |iner hanqgrs spaced apart along a | ength of
sai d upper portion, said first and second |iner hangers fixing said upper

portion of said |iner_at_a Lred |ocation within said casing, said first
and second |iner [ G co i!ging to counteract said spring force to
centralize said ~3{-fNHner Y+ respect to said centerline and hang said
liner within said1ha:i in aired direction, said direction defining a
drilling directiof=of:Nldril t ool passing through said upper portion.
42. The drill guid€ ENHecitlel§:}n O aim 41 wherein said first and second
| i ner hangers eacgnf il se:fl /l*HMi p having a gripping surface thereon and
adapted to slide j W t Q’,pect t? said liner between a retracted
position and a de I ANHposifi (Ph: jan glip housi ng | ocated radially
outwardly of said nd said slip when said slipis in said
retracted position® ki sli ; in fégnlunder said slip housing when
novi ng N A '
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toward said depl oyed position, said slip housing preventing said gripping
surface of said slip fromcontacting a casing when said slipis in said

retracted position,

said slip housing thereby preventing prenature novenent

of said slip toward sai d depl oyed position by virtue of said contacting.

43. The drill

guide as recited in Caim42, further conprising: a slip

carrier slidably nounted to said liner and adapted to nove axially with

respect to said |iner;

l[imt, a nose extension of

engaging said slip as 3 .

extension thereby centrali 2
further conprilsing a

in Claim42,
i ner and

and a sl g

xteadi Nng fromsaid slip carrier and
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d. depl oyed position, said slip arm
.force exceeds a predetern ned
r.i.gr moving toward and directly
mipartially coll apses thereby
pl'qyi ng fokce exceedi ng said

er Jto~Said slip via-said nose
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having a ranp thereon,

said ranmp forcing said slip radially outwardly as

said slip noves fromsaid retracted position toward sai d depl oyed position,
said slip bearing against said ranp as said gripping surface contacts said

casing to hang said liner.

45. The drill
wherein said slip housing is tubul ar aq?
hanger further conprising a plurality o

guide as recited in C aim42
surrounds said liner, said |iner
slips located regularly about a

circunference of said |iner and adapted to slide axially with respect to

said |iner between retractegypa
centralize said |liner af d sl ’ds
46. The drill guide ad9reoikid.i
pi ston surrounding said |ingr.a
said slip axially wilé =Tt 10
contacting said pi st?? pl acgs. f
as recited in daim | Lo
outer wall of said |inéed At ]
slip when said slf§— n saj.d et
recited in Claim42 wherein [gai
surface of said slip fr €0
said slipisin said e
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retracted position, said slip housing thereby preventing said premature
novenment of said slip toward said depl oyed position by virtue of said
contacting. 49. The drill guide as recited in Caim42 wherein a slip
carrier slidably mounted to said liner and adapted to nove axially with
respect to said liner is releasably coupled to said slip housing by a shear
pin. 50. The drill guide as recited in aim4l wherein said drill guide is

enployed in a multilateral well, said drill guide directing said drillin
npl oy g g g
tool toward a | ocation on sajd_u i of said liner. 51. A method of
guiding a drill, conpristagN-He, psi/pf: I qcating a tubular liner with
respect to a casing, said lijrér.-hayi an upper portion |ocated within said
casing and a | ower portl4 ehph roughla wi ndow in said casing, said
| i ner bendi ng and exer bj - n ce on]a side of said casing, said
spring force tending tQ m sdlidn iner With respect to a centerline of
sai d casing; and fixin§2 al T tion said liner at a desired
| ocation within said qgeing W=t NYgt! and deed4@Pd centralizing liner
hangers spaced apart along ajl.en (o) f p anportion, said first and
second |iner hangers c 1Ng nt sard spring force to
centralize said |linerpgv th rgSpet d ent%%4ine and hang said |iner
within said casing in a -ed |di i rection defining a
drilling direction of a drilktriy passi t hrough sai d upper portion.
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conprises the steps of: providing a slip on said liner, said sli oo Rrin
gripping surface thereon and adapted to slide axially with resp I”II,
1iner between a retracted | ocation and a depl oyed position,

|l ocated radially out waENTBALGEZINGIUINER HRNGERRIMETHODr ANIY SYXSTEM s| | p when sai d

slip is in said retracOBISURTERRANEAN METTLATERNL WELEiDRELpI& ent 1 ng sai d

gripping surface of said sl npghRRErCoPt @ﬁglﬁgsggbguﬁgm ng when said slipis

in said retracted position; noving said liner axially through said casing

until said |i nﬁrliﬁéﬁhﬁéndgﬁeﬁrﬁﬁ’&taeﬁﬁéﬂﬁf& RS iHan@fing hilinedi.d chel ddneand
deploying said slip, said slip emerging fromunder said slip housing when

novi ng t onafidle 8 atempepteyed (phsat sbbp haviingl apgirdpping shefeby pheweon ng
premature novenment of said slip toward said depl oyed position by virtue of
sai d contamdi agapted Thesibdhodxaslipcwith rﬁsp;eatntgzthﬁeﬂ-épﬁrséieé‘"??@p of

depl oying further conprises the steps of: sliding, a sl carrier_slidably
mount ed t® ESHERTEER P mFndd ar 6eRbO¥eR PeFT YLOR hzﬁeé"p@&tlpt jougigg

o oSBT AL 2 Sol gL e LA PR ShiRHG e e

the slip is in the retracted position, (3) a slip carrier

37 52. The method as recited in Caimb51 wherein said step of fi xbﬁgm

slidably mounted to the liner and adapted to move axially with
respect to the liner and (4) a slip arm extending from the slip
carrier and coupling the slip carrier and a slip having a
gripping surface thereon and adapted to slide axially with
respect to the liner between a retracted position and a deployed
position, the slip carrier capable of transmitting a deploying
force td the slip via the slip arm to move the slip from the
retracted position to the deployed position, the slip arm
partially collapsing when the deploying force exceeds a
predetermined limit, a nose extension of the slip carrier moving
toward and directly engaging the slip as the slip arm partially
collapses allowing further transmission of the deploying force
exceeding the predetermined limit from the slip carrier to the
slip via the nose extension to centralize the liner hanger(s).
In a related embodiment of the present invention, spaced-apart
first and second liner hangers may cooperate to allow the liner

to be employed as a drill guide.

Fig. 2



and-said slip, said slip armnoving said slip fromsaid retr m
to said depl oyed position, said slip armpartially collapsin '
depl oying force exceeds a predeternmined limt, a nose extensijo gagc\'ARIw

slip carrier noving toward and directly engaging said slip a R A i
partially collapses thereby allow ng further transm ssion of sald depl oyl ng
force 3§$§5@§§§tﬁ§ said predetermned [imt fromsaid slip carrier to
said slip se extension thereby centralizing said liner. 54. The

method as recited in Caimb52, further conprising the step of forcing said
slip radially outwardly as said slip noves fromsaid retracted position
toward sai (CENTRARIZING t [INER t HANGERr aMEFHODNJAND asSYSTEMd FOR

said |iner SUBTERRANEANMULTHLATERAE WELL DREAING agai nst said ranp
as said grfpprng surface contacts sald casing to nang said liner. 55. The

nmethod as recited in Caim52 wherein said slip housing is tubular and
surrounds said liner, said |liner hanger further conprising a plurality of
slips |ocated regularly about a circunference of said |liner and adapted to
slide axially wth Adimrdianger and & method dfchanging adineac Thd linerihanges and
depl oyed positions thereby to centralize said liner as said slips nove
toward sai QM e ot | s t ol : of
%&@&ng '| %\gr ?ln)gf_ﬁhf; haVihg o 2HiPpiig sirfack thirdsh ah@ AdapRU8 slide aXidRy

centrali zi

with respect to the liner between a retracted position and a deployed position, (2)
a slip housing located radially outwafdly of the slip and covering the slip when the
slip is in @e retracted position, (3) a slip carrier slidably mounted to the liner and
adapted to move axially with respect to the liner and (4) a slip arm extending from
the. slip carrier and coupling the slip carrier and a slip having a gripping surface
thereon and adapted to slide axially with respect to the liner between a retracted

position and a deployed position.

Figure 2



56. The nethod as recited in Caimb52, further conprising the step of
sliding a tubul ar piston surroundi ng sald i ner and coupled -

axially with respect to said |iner when hydraulic (i )
pi ston places a force on said piston. 57. The neth ) ' Ri m 52
wherein said step of providing-conprises‘the step oy at g '
within a pocket in an outer wall of said |liner, sai Vil
sai d pocket and said slip when said slip is in saidu=# acted posi tion.
The nethod as recited in Caimb52 wherein said |iner extends tiiraug MMmrhsannr

wi ndow in said casing, said nethod further 39 conprising th st

preventing said grippin surface of sald sli fron1contact|n

of said w ndow V\henm é@ h sal st p
housi ng, said slip venment of

said slip toward said dep ed p05|t|on by virtue of sald contactlng 59.
The method as recited in aFﬁstEBEEFIGEbonlng conpri ses

the step of shegring.a sh ar, pin releasabl \ a sli i er
sl'idably mount ett®t o PFSSES mRVeRteR; 4 :'p'r 'ngln6(9 ’%ﬁaa]met FBq wall
recited | ndg.f‘ifgig":’ %Me&oﬂﬁeﬁoqa q.rn' lal multilateral drilling operation and

more specifically to methods and systems for hanging a liner in

a main wellbore, the liner extending from the main wellbore into
a lateral wellbore.
BACKGROUND OF THE 'ImION

Horizontal well drilling and production have become
increasingly important to the oil industry in recent years.
While horizontal wells'have been known for many years, only
relatively recently have such.wellslbeen determined to be a cost-
effective alternative to conventional vertical well -drilling.
Although drilling a horizontal well_costs_substahtially'more than
its vertical counterpart, a horizoﬁtal well frequently improves
production by a factor of five, ten or even twenty in naturaliy-
fractured reservoirs. Generally, projected productivity'from a
horizontallwellboré mﬁst triple that of a vertical wellbore for
horizontal drilling to be economical. This increased production
minimizes the number of platforms, cutting investment and
operational costs. Horizontel drilling makes reservoirs in urban
areas, permafrost zones and deep offshore waters more accessible.

Other applications for horizontal wellbores include periphery .
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guide is enployed in a nultilateral well, said nethod further conprising

the step of directing said drilling tool toward a |ocation on said upper
porti-on of said:liner wﬁph,SQQdﬁdgill gui de.
- I A =
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CENTRALIZING LINER HANGER METHOD AND SYSTEM
FOR SUBTERRANEAN MULTILATERAL WELL DRILLING

TECHNICAL FIELD OF THE INVENTION

The present invention is directed, in general, to well
drilling and completion in a multilateral drilling operation and
more specifically to methods and systems for hanging ‘a liner in
a main wellbore, the liner extending from the main wellbore into
a lateral wellbore.

BACKGROUND OF TEHE IWTION

Horizontal well drilling and production have become
increasingly important.to the o0il industry in recent years.
While horizontal wells have been known for many years, only
relativély recently have such wells Been determined to be a cost-
effective alternative to conventional vertical well drilling.
Although drilling a horizontal well costs substantially more than
its vertical counterpart, a horizontal well frequently improvés
production by a factor of five, ten or even twenty in naturally-
fractured reservoirs. Generally, projected productivity'from a
horizontal wellbore mﬁst triple that of a vertical wellbore for
horizontal drilling to be economical. This increased productioﬁ
minimizes the number of platforms, cutting investment and
operational costs. Horizontal drilling makes reservoirs in urban_
areas, pe;mafroét zones and deep offshore waters more accessible.

Other applications for horizontal wellbores include periphery.



