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[ 0001] Expandabl e i ner hangers are generally used to secure a liner within
a previ onwbypopetozmasi ng or |liner string. These types of pcirnmseothanzyes s ar e
typically set by expanding the liner hangers radially outward into gripping
and sealing contact with the previous casing or |liner string. Many such

| i ner hangers are expanded by use of hydraulic pressure to drive an
expandi ng cone or wedge through the |iner hanger. [0002] The expansi on
process is typically perfornmed by Setéimg Tooh running tool or setting too
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{0003] If the liner hanger is expanded using hydraulic pressure, then the running
tool or setting tool is generally used to control the communication of fluid pressure, and
flow to and from various portions of the liner hanger expansion mechanism, and between
the work string and the liner. The running tool or setting tool may also be used to control
when and how the work string is released from the liner hanger, for example, after
expansion of the liner hanger, in emergency situations, or after an unsuccessful setting of
the liner hanger.
[0004] The running tool or setting tool is also usually expected to provide for
cementing therethrough, in those cases in which the liner is to be cemented in the
wellbore. Some designs of the running or setling tool require a ball or cementing plug o
be dropped through the work string at the compiletion of the cementing operation and
prior 1o expanding the liner hanger.
[0005] In running tools or setting tools that expand a liner hanger using hydraulic
pressure, mulliple stacked pistons may be employed to apply force 1o an expanding cone
or wedge to drive it through the liner hanger. The force required to expand the liner
hanger may vary widely due to factors such as friction, casing tolerance and piston sizing.
in addition, the pistons may be exposed to internal pressure in the tool during cementing
of the liner and/or release of a cementing plug and/or circulation of drilling fluids through
the liner and the wellbore, thereby risking premature expansion of the liner hanger.
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pressure, nmultiple stacked pistons may be enployed to apply force to an
expandi ng cone or wedge to drive it through the liner hanger. The force
requi red wo 2exp@sz#3t he |i ner hanger may vary w dely duePpPto/USacoexsssuch as
friction, casing tolerance and piston sizing. In addition, the pistons may
be exposed to internal pressure in the tool during cenenting of the Iiner
and/or release of a cenenting plug and/or circulation of drilling fluids
through the liner and the wel |l bore, thereby risking premature expansion of
t he | iAmordinglye hydiulinr@el 2é4 08 HSROTMus2 (2 cazAigansoitanedi hylng, attivdiesul i c

pressure t he tool nus carefull nonitored during activities
Cinder tBAa gﬁi‘@‘ﬂfg’m%gﬁﬂﬁ‘@fﬁ‘ﬁﬁe "hanger. SUMVARY OF THE | NVENTI ON
[0006] In an enbodi ment, a dewialFey &t THRINLENTICN di scl osed. The tool
conpr I[gggﬁl in an embodiment, a downhole setting tool is disclosed. The tool comprises
a tool housing and a hollow mandrel, the mandrel being situated in the housing. The tool
further comprises a piston situated between the mandrel and the ool housing and a collar
situated between the mandrel and the tool housing, wheregin the tool housing, the
mandrel, the piston and the collar define an annulus. The tool further comprises a first
valve, wherein in a closed position the first valve blocks a path of fluid communication
between the interior of the mandrel and the annulus.
[0007] in an embodiment, a downhole setting tool is provided. The tool comprises
a tool housing, a hollow mandrel having at least one transverse hole that runs from an
interior of the mandrel to an exterior of the mandrel, the mandrel being situated in the
housing, and a piston situated between the mandrel and the tool housing. The 100!
further comprises a collar situated between the mandrel and the tool housing, wherein the
tool housing, the mandrel, the piston and the collar define an annulus. The tool further
comprises a vent hole situated in the collar, the vent hole forming a path of fluid
communication between the annulus and a second annulus partially defined by the collar
and the tool housing.
[0008] In an embodiment, a method of setting a liner hanger in a welibore using a
downhole setting tool is disclosed. The method comprises providing a downhole setting
tool comprising a tool housing, a mandrel, a piston, and a collar, wherein the piston and
the collar define a first annulus, and wherein the tool housing, the mandrel, and the collar
partially define a second annulus. The method further comprises placing the downhole
setting tool into the wellbore, the interior of the mandrel and the second annulus being
subjected to an ambient wellbore pressure as the downhole setting ool is placed into the
wellbore. The method further comprises adjusting a pressure in the first annulus to
approximately the ambient wellbore pressure by bleeding fluid from the second annulus
into the first annulus via a first valve situated in the collar, between the first annulus and
the second annulus. The method further comprises pressurizing the interior of the
mandrel 1o a pressure greater than the ambient wellbore pressure. The method further
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a tool housing and a hollow mandrel, the mandrel being situated in the
housi ng. The tool further conprises a piston situated between the nandrel
and t he twol2oteomwsisag and a collar situated between the mramdarsedizaeassé he t ool
housi ng, wherein the tool housing, the mandrel, the piston and the collar
define an annulus. The tool further conprises a first valve, wherein in a
cl osed position the first valve blocks a path of fluid comrunication
between the interior of the mandrel and the annulus. [0007]1n an
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[0017] FIG. 4 is a schematic cross-sectional view of the setting tool embodiment of
FIG. 3, after a piston-type valve has been opened.

[0018] FIG. 5 is a schematic cross-sectional view of a further embodiment of a
setting tool.

[0019] FIG. 6 is a schematic cross-sectional view of a detail of the embodiment of

the setting tool shown in FIG. 5.

{0020] FIG. 7 is a schematic cross-sectional view of a further embodiment of a
setting tool.
[0021] FIG. 8 is a schematic cross-sectional view of a detail of the embodiment of

the setting tool shown in FIG. 7.



now made to the follow ng brief description, taken in connection with the
acconpanyi ng drawi ngs and detail ed description, wherein |ike reference
nuner al s wepneswsl43l i ke parts, [0011]FIG la is a schemeCirasesiesz2ssect i onal
view of a portion of an enbodi nent of a setting tool. [0012]FIG I|Ibis a
schematic cross-sectional view of a further portion of the enbodi nent of a
setting tool illustrated in FIG la. [O013]FIG 1 c is a schematic
cross-sectional view of a further portion of the enbodi ment of a setting
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schenatic cross-sectional view of a further enbodi nent of a _
implementations of one or more embodiments are illustrated below, the disclosed

assemblies and methods may be implemented using any number of technigues, whether
currently known or not yet in existence. The disclosure should in no way be limited to the
iustrative implementations, drawings, and techniques illustrated below, but may be
modified within the scope of the appended claims along with their full scope of
equivalents.

[0024] Unless otherwise specified, any use of the term “coupie” describing an
interaction between elements is not meant o limit the interaction to direct interaction
between the elements and may also include indirect interaction between the elements
described. in the following discussion and in the claims, the terms “including” and
“‘comprising” are used in an open-ended fashion, and thus should be interpreted to mean
“‘including, but not limited to ...". Reference to up or down will be made for purposes of

oo

description with “up,” “upper,” “upward,” “upstream” or “uphole” meaning toward the
surface of the wellbore and with “down,” “lower,” “downward,” “downstream” or
“downhole” meaning toward the terminal end of the well, regardiess of the wellbore
orientation. The various characteristics mentioned above, as well as other features and
characteristics described in more detail below, will be readily apparent to those skilled in
the art with the aid of this disclosure upon reading the following detailed description of the
embodiments, and by referring to the accompanying drawings.

[0025] in an embodiment, a liner setting tool is provided which includes a hollow
cylindrical tool housing coupled to liner hanger expansion cones; a hollow mandrel that is
situated inside the tool housing and is configured to convey pressurized fluid through the
setting tool; and one or more force multiplier pistons that are situated inside the tool
housing, are rigidly attached to the tool housing and are configured to slide along the
mandrel. When a liner hanger is {0 be expanded against a casing in a wellbore,
pressurized fluid from the mandrel may be allowed into an annulus, i.e., a cylinder,
bounded by the tool housing, the mandrel, the force multiplier piston and a coupling rigidly
attached {o the mandrel. Upon exposure 1o the pressurized fiuid, the cylinder and the ool
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setting tool, [0017]FIG 4 is a schematic cross-sectional view of the
setting tool enbodinent of FIG 3, after a piston-type valve has been
opened. [WODLB]ZA0&435 is a schematic cross-sectional vi emcofUsaoikoeisker
enbodi ment of a setting tool. [0019]FIG 6 is a schematic cross-sectional
view of a detail of the enbodi nent of the setting tool shown in FIG 5.
[0020]FIG 7 is a schematic cross-sectional view of a further enbodi nent of
a setting tool. [0021]FIG 8 is a schematic cross-sectional view of a

det ai |hafsingherefboddnenwniodlet fetivet ol thg teoidrgihowimitariaBsly7 .the expansion

cones, which are attached to the tool housing, are forced through the liner hanger and
expand the liner hanger against the casing. Much of the functionality of the liner setting
tool may be repurposed to other usage, for example in setting packers, by minor design
modifications such as removing an expansion cone from the setting tool.

[0026] The above-described setting tool may be referred to as an annulus
differential pressure operated tool, since during operation of the tool, at least a portion of
an annulus situated between the tool housing and the mandrel is subjected to an ambient
downhole pressure, whereas an interior of the mandrel is subjected to a higher fluid
pressure generated by fluid pumps. One problem shared by known annulus differential
pressure operated tools, in which hydraulic force is applied to force multiplier pistons for
the purpose of driving expansion cones through a liner hanger, is that the pistons are in
constant fluid communication with the interior of the mandrel and are thus always
subjected to the pressure in the mandrel. Accordingly, when, e.g., a cementing plug is
run through the mandrel, or cement is pumped through the mandrel for the purpose of
cementing a liner to the wellbore, or wellbore servicing fluids are circulated through the
mandrel, the pistons are subjected to forces that could possibly expand the liner hanger
prematurely.

[0027] The setting tool disclosed in the present application responds to the above-
mentioned problem of known annulus differential pressure operated tools by situating a
valve between the interior of the mandrel and one or more of the pistons, which is
configured to open only at a mandrel pressure significantly higher than mandrel pressures
experienced during, e.g., release of a cementing plug, cementing of the liner, or
circulation of wellbore servicing fluids. The valve may be, e.q., a rupture disk configured
to fail at a setpoint mandre! pressure, or a piston-type valve having a piston held in place
by a shear pin configured 1o fail when subjected to a force corresponding 1o a setpoint
mandrel pressure. In this manner, the liner hanger may be prevented from expanding
prematurely.

[0028] In addition, in order 1o prevent the portion of the tool housing surrounding
the annulus bounded by the tool housing, the mandrel, the force multiplier piston and the
coupling from collapsing when the setting tool is run into the wellbore and the tool housing
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WO 2012/ 103243PCT/ US2012/ 022586 [0022]FIG 9 is a flow chart of a nethod
for setting a |liner hanger in a well bore. DETAI LED DESCRI PTI ON OF THE
EVMBODI MENVE 2p0d334Bt shoul d be understood at the outset pChatS2@bkiokassgh
illustrative inplenentations of one or nore enbodinents are illustrated

bel ow, the disclosed assenblies and net hods may be inpl emented using any
nunber of techni ques, whether currently known or not yet in existence. The
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set ti R@nl8Phg a pressurized fluid, e.g., cement slurry, hydraulic fluid, etc.

{0030} In an embodiment, the setting tool 100 may further comprise pistons 200,
210 and respective pressure chambers or annuli 220, 230, which are in fluid
communication with mandreis 140, 150 via at least one pressurization port 240, 250,
respectively, and alternatively, via a plurality of pressurization ports 240, 250,
respectively. in addition, the setting tool 100 may include expansion cones 270, which
are situated downhole from the pistons 200, 210. As is apparent from FIG. 1¢, the
expansion cones 270 have an outer diameter greater than an inner diameter of a section
of the liner hanger 120 downhole from the expansion cones 270.



[ 0026] The above-descri bed setting tool may be referred to as an annul us
differential pressure operated tool, since during operation of the tool, at
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[ 003011 n an enbodi nent, the setting tool 100 may further conprise pistons
200, 210 and respective pressure chanbers or annuli 220, 230, which are in
fluid corwonoratsms w th mandrels 140, 150 via at | east POmA/SPOIRASIIBG zat | on
port 240, 250, respectively, and alternatively, via a plurality of
pressurization ports 240, 250, respectively. In addition, the setting tool
100 may i ncl ude expansi on cones 270, which are situated downhole fromthe
pi stons 200, 210. As is apparent fromFIG 1 c, the expansion cones 270
have arvCosme thal ragrteteedishrasit eThe valveaannuime B0diinirefleid aimmussatidowidf thehe

[ i h 20 d hole f th [ 270. . WO .
2012/ T0BDILPEHFUSZ00E] 38O IsBd A TS AR PAPYR! THthePmURROD20
may ber ey F?ﬁé'?/ﬁgleam%ﬁ&éé 3@@2@%?%@% sasidgiorke@bytthe Lpgs dias2d@emhe

cemented to 0 ore. To expand the liner hanger 120, a
hydr aubipturé | diskl 286 rbay hensissighednta Hail wir & differangiabhmiesswe greataraiidieRs

110, 1 140, 150, 190 at f 0..si 0000
osi FHerRpeLRieReure G ERTERY fiek 28h MRia 3R B esed T pdeien B don
port s B4 0ine? SRicHE 8K arderdehtiel plugnomtisd faor2 8P drifidg . flulde Coupixangse 1(He,
180, which form ughol e-side boundaries of the annuli 220, 230, are rigidly

at t acHepture digihdPé rsay be, dasignethip faibat asiffereaplopiestieiyof apRftatOGHPSt1ons
200, Lan. 7 e i aidl . t t Si
260, oS08 DHARSC ARERer s Sk’ 01/ B! LIGREEALS B pRbsOBRRE

| ongi trughadval | 0 antinthedispebanger taeismeady & se dkPand&D, 140, 150, 190. Wen a
sufficient pressure has built u mandrel s 110

) i h 10, 130, 140, 0,.190
and t HB0AHhul i Jdpean @g@poqamgnbitgg&r@tpﬁggj7@1@,aydpgihagevﬁ RNt %@'et %%ﬁ? Wal?gi ng

280 a i 0 I j Aihe

andr SO TR GSRE] 8 roff o ANt SoUROR! Brfibf dnfifeped derdl

t ool riwfisedd\28Gnaest LY, icoeipling dF6dnds t@P GrousSingc28Q. hd hewarerlul 3a8treay 6f t he
es 270 er than the i i anet

' . f. the |] h
120 aiBORES Hordh ahigar WIS, PIayI T ot I PotireBa fAOHSIPEEtE THotRE
vel | baj&ibofe Paher SR ftht Rent hBRY 3@ RGBS aldP the abMROkeMdrd prdssiey p@nRHhoN
cones 270 is expanded agai nst the casi'ng as the expansion cones 270 are

f or cedn@pvnach devglaad230e) psiier aresidrenathe bistbyosibet pomdus 328w tberabyt aj |

R T Y

housi ngwadRe inty BkeoeidPeand coupling 170. A contact surface of the coupling

170 and the tool housing 280 may be seal ed by an O-ri n& 172, and a contact
sur f ad@035] t he pnOPERAMED tamaeiting topindlehellfer hapase 1@ anddne ptiashesd tinglg

= pi ke TGRSk o, B Ao 108 ISRy yARLh e Bty 120% 0 b ERgbheE Y
comurih et embolehewte theamanirelsi 00, af30f HeOa6dy ¢80 bad thedartrutusBa0Imay 220,
! or duPOBE 1 SR BORD BIaSHEs o BTGB fi SRR LR BE 1B FoF Ebs 1 o
O g O R e s AL ST
so doiexgandegabvituidmmay i poopedydbvenfibenmanduwhs dh Ci < Boddded S0y ttBeat a
mandr %reésﬂ?e g?rggte?c%nglaitﬂg ambient wellbore pressure. At a mandrel pressure of about
3000 psi to about 9000 psi greater than ambient, the rupture disk 290 will burst, thereby
allowing pressurized fluid from the mandrel 140 to enter the annulus 220 and apply a
force to the piston 200. The force may cause the piston 200 and the tool housing 280 to
move downhole with respect to the mandrels 130, 140 and force the expansion cones
270 through the liner hanger 120. In addition, since a diameter of the pressurization ports
240 may be about 1 times to about 10 times greater than a diameter of the vent hole 310,

any fluid loss through the vent hole 310 during the pressurization of annulus 220 and the
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WO 2012/ 103243PCT/ US2012/ 022586 170 and the rupture di sk 290. The val ve
annulus 300 is in fluid comunication with the interior of the mandrel 140
Vi a presswoizaptiosra3ports 240, and a path of fluid conmurcTatszan/obrseen t he
val ve annulus 300 to the annulus 220 is bl ocked by the rupture disk 290.
The rupture disk 290 may be designed to fail at a differential pressure
greater than a differential pressure to which the rupture disk 290 woul d be
exposed during cementing of the liner, release of a cementing plug or

ci r cul displavembntiof | thengisfdnu20s . megreasignpd esortpengatgat doe bl kd 200mpaythate
designed to fail at g fferentlal pressure of about 4000 psi to about 9000
psi . |IRTCBPHIEERRTRANAMERT$1.s¥4h 200 is not subjected to the pressure in the

mandrel%géﬁ) unt i fo . B?aéh H?éi%%ro%%@gbﬁor{a@% P o ﬁgP%Mmbgpéﬁiﬂe“ an

enbodi t he coupling may I n e a vent hole ext ends
t hr ou@ema’@tmaﬁm ﬁ‘gmemsemtr@nhmﬁmm o eting 260!t i@ Cadiffenst fram theemibosirsaot

|1y d b dr.el ing 170 and tool 280. Thi
Bnul (ROHD S 2 PLATD Sdtcion T ARPGHO BaiseloPaoninBeloe B eneisre i heng
tool 1QQn#f% Haver&d thBlanhdigs bl el the Tﬁ'@* S 14008 1eBE hphBgsd.0 irﬁr%)‘z

all ow the anmbi ent wel | bore pressure, which may reach | evels of 30,000 psi
or gr eanbedimantpbeiganitypovalie %@mawom;setaq\e&!%wsmre%wa ﬁ@igﬁf@ 1400)]

ower AP e VAEGRMBS el PR By S BRI S8 S Bt

l'i ner tvanaet ddfeantréhacal mwﬂﬁﬂaylré!@asm&?fakmt;'@idelpﬁ‘t@n Glae imvebbiion evitho a
position at which the liner hanger 120 is to be attached. In an enbodi nent,

t he nmdBEPRFILOLDE couplng 146 angsthie plgg 3/t ﬁH@aa%l@wﬁgC%@ét%va%@ sipas¥d to
th ﬁlfiﬁ?ﬁ

ma§ ﬁ{%‘gg"ﬁ%p@%}?g{)he ent gé@? S@léhrﬂr)i?io z@g%nul u%%yg?bmgﬁﬁ;ﬁﬁfﬁ%re
hangerseb®y with respert &x trancmg;ling ﬁﬂ&bﬂarﬁwﬁwéﬁé}@mm down theI Imandrel s 110,
130, 50, 190 at t t han ient we or

ot essUPBITI a rRrReipiol aveasuedieupsaaconubes o8 daddhe R0 gavar er
than ajgeeie e&ﬂ&!szrg'fﬂpiaaﬁrﬁed{/érlﬂ kS8 'a@%étsettk%gfo%w | isowe@ﬁﬁl%st#{e' zed

fluid from the man 140 to enter the annul us Oan a force to
t he pivgeithor@00Where thadicer rapgeausd tshéo fhies espardiEd, dhe mlaedtaﬁommm g 280

t h h t t drel 140, and f 1
expandT B L eds a9 EHE I pishdrelci R REr S ProukPdnd e bR R R dogs

di aneten plo the v@f@émmggtaogrump@kén %A%n@wd:haa fheeonla ts'h@@ﬁie'?r @gabethelO
times greater than a dianmeter of the vent "hole 310, any f | oss t hrough

the vamvenRiBlea4D.dihena foree preded by 1ae peessorizad Auidus m@mmcﬁ WO tabe

comper RSP (0 BY 1Y ARNOpNSY TRARS oot ito SEREb AR sBd TRk Gy e

[ 0036]dRer sBrave 3680 stHeesRddr o0 SHOSBebke Akl eaahef patdrusid er feododpneet of
the setting tool 100. The present enbodi ment of setting tool 100 differs
from tHE 661 HepRuRliReW qp AngRE! cbengagaraentaviy mugﬁ@@aeemm&om fididused

to isgh %@ﬁﬁaéggier%i' %@t@éﬁﬁ%@ ahﬂuh@?é?%%%ﬁ apr%%g& A:??ﬂie tﬁsﬁﬁw%é‘én@%@rc%m H

the liner 0 1s to be expan I ston-type
val ve 138 @istay 206 ovindeia Fib v@s!ipe&ﬁt&a ‘{B@@mtﬂ)cmrhegt &30e setting mm 00 vhElGal ve

pi ston, 340 may nate, be ri ached t e coupl.ing 170;
Pha. o st PESHERr So ARl desrhgPn sncareuiny theahieistn, 24, ids 368 fortin
posi t iQmyrbih KRS RAG 350, tﬂ?a@@ﬁ@h' r?a@me%ﬁmbb@ﬁné‘ﬂﬂugf f18: 2A Fﬁgtﬂtﬂ@ lost
surface of the valve piston 340 and the plug 3 e sealed by an O-ring
370, dnwughgheatent hplesd thdaray ey prassydzaton Wannwm@%anﬁdhe s piasgohentg
170 b%fathfeubts%{ 2%0 Hé%/ %éommpensated for by the fluid pumps that pressurize the

mandrels 130, 140.

[0038] FIG. 5 is a schematic cross-sectional view of a further embodiment of the

setting tool 100. The embodiment of FIG. § differs from that of FIG. 2 in that a velocity

valve 400 is used in place of the vent hole 310. As is apparent from FIG. § and the detail
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[0037] I n operation, pressure between the annulus 320 and the annul us 220
may again be equalized via the vent hole 310, as the setting tool 100 is

| ower ed iwoaotdwe3wel | bore. Waen the |iner hanger 120 i sPCo/useoiespmseled, the
mandrel 140 rmay be pressurized, and fluid fromthe nmandrel 140 may travel

t hrough the pressurization ports 240 into the valve annulus 300 and exert a
| ongi tudi nal force on a shoulder 390 of the valve piston 340. Wen a force
applied by the pressurized fluid in the mandrel 140 to the shoul der 390 of
t he vativieepicidaty 302 i490siiGdiratednt RIG. dy éhe oprimcdy shbar 480 memgbh sfuatdeein

h 36Q,.th h . 360 _break dth i st 34
For o BHOR A /o 1A PELpELIUS SORBIUN PR DBvieRd BT e RBREHLAAth B ug
350, theretodiemtt e flot 4 é@'c&ﬁ&iée? 2C0hRE &iadn ! WRicR2(

i Gh1 e
exert pressure on the plsfgx %%%Qaégypgrce t he piston 200 downhole. FIG 4
i |1 ustsuppestetine 2 ndbrgiuding tbfoughehalet4dtngf theokbow@tigot 7FIbg, a Plag tded amd a

el et e e A b L e
f1 ui d ibagitudihgiomeduidirorento hah@ ap10pKbE | RSN &f RRE SAYE I40at iy B¢ ROAtEIUS

220 and the di spl acenent of the piston 200 nay be conpensated for by the
f1ui d plisge afiae typegsdole 420 kedrad restagedtt anpgmhgioskr) smdfams 143 af the

h iy i : L v ¢ ' . LY . |
T60° HARUTG dARhfe e e Bouthie) TR Ty pMENn e iR A B 900
vel ocidnd with vespHf to theus@ubling 1Htaeeadh T nerddithrl, ehSplig 4 irmydpgladent
fromF G 5 and the detail = WD 2012/ 103243PCT/ US2012/ 022586 of the velocity
val ve 16N hQle A0& npide which the valug siein¢td2 paydnowe iangitkdinalie vdin: iespeet i n

coupl i kRaQ ! i i
annul&gggéggxiﬁeghEQ%%@%?%%%%ﬂéﬁ%e vglg%%@%“%ﬁIgggﬁgggﬁgéqg%%%“ﬁégﬂ§m§%Ive
st em 402;padiiec naterialuppghiséenigth pladsicgi onuditimzl mdiecaighblolie 4ibstahdt high

a downhol e

[ 170 b I 404 d | eeve 406. | nbaodi t
por L1 R TBPIRHERS, R PHEsSUiEy 266 &10U30Na FRVIORSBSRESId e NSHPEsgh Thaie
420, afodmiePRohe Ak tdcanmal B exipldih 6%%@?@ Be pridutiagh Mﬁr@@r}lﬁ?aﬁge

t hrough- hol e 420 and may rest against an uphole-side end face 173 ©
coupl i4%§ arrtredriveths thjougznhaiey4 2@ inpaspther sujiablexsdnngr usin itoonerskilled in

t hr ough- e, 4 ] res t the couplin 70 lip.174. . 1n
o t 105 20 a8 SRetinichy! FREBG.Ade oS Rmienos, SErlmadidiain iy
val ve tsicairdfZengageremp thengbligeingd hyow th respect to the plug 404. In an
enbodi nent, the plug 404 nay be nade of a netal, netal alloy, conposite

mat er il@P3%hi gh- JPrAFhEIPOGIASEY @ SNttt M Maberbiagedbeavasy didometwirisiegh

t enper, [AY; Vil T, t in..

wel | bt E16RE AR oHbE T 354 & 6006 934 Gl b AR ACE BD%Rbelsie end

pr ess-ofitheisibeva HOGt Amdligha maluerad PBsitionf oixge Vaiotihe valbe ot - et ad@Bsi A
anot her s 't% e nner ﬁnomn to one skilled in the art. In an enbodi nent,
t he plsbﬁuw@ﬁ ?éyogg‘ec%‘& Ngetl” & 13 1a8itGatae valveapigMhaP2trE R REyindhage
wth i tonsini i

b1 ased R Fnen o 160 BIAT 204 kY 2 UhllB AT TRD i) BB SodS teeife,
414, iidchl the slacyat 400,atnc ad csteingice risg del & nahich, frhéhes ineatral gostiandyf the a

I i L h | oci I 4Q i houl d 175 of
The. con R gEhB0at, MG pBRNS Al SphPlscsde shfidode 325 B BaBHE MM he si ceve
406 angoddle pl ugn4fdeboiviahty avisdreRd Lapasy 44Re Q%irﬁ\% %ﬁ@ﬁ?ﬂinﬁ?éﬁtééd?e

flange 414 of the sleeve 406, and a retaining rin , ,
neut r B pd8n PO lpnaitudingl {ere & applied inanguholendiresian toagy sbivethead 4ol thesi de

val ve 56 enTaop R el o tahde faed 2D £TORE A0 ek S B SRebY: <
appl i @d0i is appligzhah eardliupeele afvetood talaee hiessh 424, ahet NBoyiB! VaIVEL 80D 492 or

a longitudinal force less than a force applied to sleeve 406 by spring 410
i's apgpi’ "BR 12rPRFRENe ! Bi MR RlE head 4R dS nwhdealnd of e valee st W2Bardd 400

is comf, R N - M o I i e Mal ve
3£ U HEE R IBORER, iy o) pe D9800 B SERLEC 90 kel
whi ch communitatitrdwido timopgb dtoled20iant ruhs gegerdipparai20tcahe thrmgyhglesiedall y

parallel to the through-hole 420.
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WO 2012/ 103243PCT/ US2012/ 022586 [0041] I n operation, since the neutral
position of the velocity valve 400 is an open position, as the setting tool
100 is | omerer/iost4d t he wel | bore, pressure between the aomuiSes28238@and t he
annul us 220 nmay be equalized in a manner simlar to the setting tool

enbodi nents of FIGURES 2 and 3, via a flow of fluid fromannulus 320 to
annulus 220. In addition, as is the case with the setting tool enbodi nent
of FIG 2, when the liner hanger 120 is to be expanded, fluid may be punped
down t[ﬁédmhndr el dﬂe&ataamos:nomme as0yal yeGitan of qnee&@mw g #e0 emantepadr eak

th d 290. V\h t 0 f | yi.d dr el
140 mPbiferas e intu 002600118 oblre 8 Ml valho B b toip BeliBBno¥ e
pi st orhrﬁ%sagﬁb bABGRe fahﬁu%szzyma? e‘&?ﬁﬁ@é@m h%ﬂér@nmm&aﬁaé ISERIMG, to@IS
t he annulus 220 is pressurized om the annulus 220 rmay initi aI I y

fl ow pabodimeniaol EIGURES22nd 8t warsfowd-Thl oapennilks A2gnoanudys RS

onbod et Thferh " o Ra SGg ISV splhg AR Ef%adifehl Py Hik, 'ﬂ”wéﬁ"aheprg%gur e
drop fHzgean2gl as&owex;ﬁarami_,llﬂusj Bmé@ nmpum@@asacsmmé haindee!s aride 16€Rented on
val ve head 424 the fluid in ann greater than a sumof a force

appl i etPG 0¥ atea @ra@wrsys@%ﬁ@wgm@@agrme aIUPBIf%é“%IﬁoSWed’VI’I@” dhe JpRbre digkde
end ofy QCP‘IaYiﬁ @a&fﬂ ﬁ%z ARdrdia4d Jﬂé\g%nférfﬁﬁe é&ﬁui‘&é QEQLII% 6/&!&'/@ d‘sf&é@oe xekhe
val ve ste 0 In a ction of annulus va

ve head 424
| ands ppassure Qraﬂheqmsteatzemd fonck theepiblcov2Qff déWohalef rom annul us 220 to

I t ted. Furt th | t I 400
be. o d0848TIur | ngPaeBoaredtpan oAU BEOTS RIS SHiFRIr LG BOT e AL
e”b()d'mhagftmhéliﬁ/ ﬁ@&gaggth@q@avem@a@am biﬁt&ﬁﬁ@uﬁﬁh@!ée@ﬁﬂ '%I%h@ﬁ ngbgs hb@er

[ 0043] FI G is d sch tic cross-sectional view of further enbodi ment of
t he setX( magdtiott anoolusTR20.enbodiernentinogonttast §etﬁ’xen@e’tttn@|tOQbemmdﬁn@tsmf

s r o GHARERy o€ Pl CPBgen \ERLRREEEd dvieron dlarind MOe e ABACHR SR

coupl itdGarikus BrOANPRIRefsuchuingt @owie&éhé@mrbea%aﬁewaghm} &30 flakdin
annul us 320. In addition, a second spring-|oaded check valve 470 is

si t uatEduiys 2EQ iT SRR A SUMoka ferch aﬁpiﬂemwtw@rﬁ@ﬁ ERSPEAg AR 8t he
| 2 h d | k
e a5 P00 LRREIE- e e AR A an DaRENd o LRERE 1o

posi t iarezup.rmsmrtaedwai\feesmm 48k i forretife sadinedtion @%hnums Beo a,mmutxalise 22kdand
remai ns cIo ed i reg&gnse to a 03|t|ve pressure differential fromthe

annul d2423005,08 thR e ebitrald 2826n01The Jav @1TbiE TORLaRRHIRG20 tognnulus 320 1S
2012/ %?rﬂzé?agr ! Wo2ALh8%2 385 e I%ag@gc@g%él@e"@éd’ %a§7 ﬁ?"@éfséﬁed?ﬁ §’étn%d fatch

that it opéns in responsé to a posit pressure erentla

annul @xpaasiotieftihe linet kanger 180, theepmsadt enbadibnent df trersditisg ¢dasi€d may be
response to a osi Lti Vﬁ gressure differential fromthe interior of the
mandr &15948 plr% e 18HAUP 189220, [0044] I'n an enbodi ment, the spring-I| oaded

check [gadye 440.ri0f 2R &RcRchRtiaidrodSsectional view of a further embodiment of the
setting tool 100. The embodiment of the setting tool 100 of FIG. 7 differs from the
embodiment illustrated in FIG. 2 in that the vent hole 310 is replaced by a spring-loaded
check valve 440, which is situated in the coupling 170, in a path of fluid communication
between annulus 220 and annulus 320. In addition, a second spring-loaded check vaive
470 is situated in the coupling 170, in a path of fluid communication between the annuius
220 and the interior of the mandrel 140. The spring-loaded check valve 440 may be
oriented such that the valve 440 opens in response {0 a positive pressure differential from
the annulus 320 to the annulus 220 and remains closed in response to a positive
pressure differential from the annulus 220 and the annulus 320. In addition, the spring-
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shown in FIG 8, may conprise a valve stem 442, which is supported in a

| ongi tudi nal through-hole 480 in coupling 170 by a hollow, cylindrical dog
444 and awelzeeve3id6. The coupling 170 may include a bypasashahke22659¢, which
is in fluid conmunication with the through-hole 480 and runs generally
parallel to the through-hole 480. The dog 444 includes a through-bore 448,
in which a portion of the valve stem442 is situated, as well as a circul ar
seat 450, in which a retaining ring 452 rigidly fixed to the valve stem 442
i s sedoadied cheds|vahvear7e mbayibeentientadsgpudthad Stopendirasespdnsewisea Eositive

B R e
the caoupldds bEBonsd t@ddddit@ plebsuerditiBErhiapses: ‘i%@%iérigﬂb’if/medfﬁ%nkiﬁei 140

configured such that in a neutral state of the valve 440, i.e., when no
| ongi t'RdPHAPNERIBEARS. are acting on an uphol e-side end of the val ve stem 442,

vatve B4 52, (P BRuRREuba 4 SadGiGRRA Eadh URUE 4857 bR i &
| ongi tadiwraln b Ccesnagt cargpase bhealvphade-sdaviaod iokupperadlive phgudda,
the retaining ring 452 and the dog 444 and on the uphol e-si de end face of
val ve TREMENATEE VIE IByowRing 676 ygd hplow cadingriedl dposbi 8nd 2 Siopva4eReried by

sprin 0g 4 d . | e-.5i : f
val ve ssBinga7e0ed Yot £ lBact rBkOR iRt I BrThRCRlth WIETE 1uo
i s i n tarceigbserle 480 endi rens, geheraflprpeeaibsiant e thyotuglehsiegr 480, 45he pishelg 4t he
dog 444, the retaining rj 452 agnd the val ye stem 442 hol e, and the
force iauieea Bl 4 i WiUR fomat Soihe v sicad 2es shiiaRasas el

val ve £ #®rdidr 4BBOLS0, HNWAiEh ENRNAINGEIRPA82 4811 ARES 1R Daile Biaidl a4 geat
464 situated at a downhol e end of theé through-"hol e 480. [0046?| n an
enbodiS@eid. t he second spring-1oaded check val ve 470 may be substantially
i denti to spring-|loaded check valv 40 .and be configured to, be

cl osecgﬁﬁ‘!ﬁuﬁ]a neut'Pd gpg{og%gpnf%sggﬁg,gsﬁf&baaWéMeen BAANSIE &y Rize
2012/ UBB2AIRE HodSUHL 24 @ 2 2RGGe 44 tlrich epaititbeB. ddenidie BRE BtMEEIceve 446
enbodi ments of the setting tool 100 illustrated in FIG 2, FIG 3, FIG 4,
FI G 5nahtests egaist tahéhwig@rr ABP farmeddn @ doeping 3¢0. 1oaddifor htheappingrs

over PSR ERE VAMBIMATE &tinalfeq 3P0 AR PEHEAHARL B I (AR, B s
320 amdherhec ilongiudetal dbrebbargrintng lonld® ubholkeedige ndi dfthhé naneasteng44izphb of

the setting tool, 100 and the spring-loaded check valves 440, 470 and the
r upt Lreaiag iog @Sz and therded #47 and by Fser0lg- S eRe {Roa et Kalve NRHAERL i al

devel , | Y €5 %
ranr o 120 5 e 33peSs FRA g0, 84 08 of ORbMnalerieSRra Blidre (o
becomsiphols-sidegd afitbetvable $tersi4e ta8etaninglring 45amse thedialest4 ayd theahe

i .. ,100. i i d f 8 if th
ool SErBBSsiR ER B S Hear 4l Lipd ek SR A0 islgshnan §besar § suge |
f1ui deixariedmyl sisirdP854 Qrupbe 42 4si6e a60%E BketdieoMal B@wﬁhé@%&@,e@%@dﬂ‘a&@%‘fdog

444, as well "‘as to the uphole-side end of the valve head 462 via bypass
hol e ¥8lye NRash#R by Bdhti@n anawius RE0chetinmiag-badedshatk valee $a0iint abipsed t he

the vale Frad 50 BRENET R a0 g aBh MR 6P oRE By MR B 802
downhahd,thé vahelsteti 442 oghoe| yed frentbréd 8xetdd b ehe/aliMen sealiud®Poadlvaive
al | ow nggfl uid fromannulus 320 to bleed into annulus 220 via bypass hol e

490. PRagfenRyahaRiie valve Spm A2 Iuhel wibdhe valvechearh 462 resist rgainsldat o

open | : | Ll i 't | rom annulus 320 to
annul nggﬁ?é?gﬁgisﬁga%rdg‘%%a%%%ﬁh@é%leﬁ%fghéallﬁ%%%@%%@%%éﬂ [ 0048] Conversel y,

I f thé0@AK]ti ng tocdn EDGoowedst t thebeecavespadgimaddie chetk bane aroumagnge out
of th |l bore,.or. if the . setti tool 100 passes through a region in

whi chgf‘ﬁ%agﬁﬁigye iHenigsl %?@rim"&a&%ed&%@? Zé%@@sf‘ghéf‘gl "y"‘;ayagep&@f‘{@‘g@dpﬁ@e%ur e
di f f egpabhiah ar(igeeehop: iHeomdgrannul us 220 to the interior of the
mandrel 140 and to the annulus 320. If this positive pressure differential
beconmes too great, it could conceivably damage the rupture di sk 290 and/ or
the tool housing 280 and/or pose a risk to personnel handling the setting
tool 100 outside of the wellbore. Accd®Bdingly, in an enbodinent, if the
positive pressure differential fromthe annulus 220 to the interior of the
mandrel 140 exceeds a threshold value ranging fromabout 1 psi to about

5000 psi, the spring-loaded check valve 470 opens to all ow pressurized
fluid fromthe annulus 220 to bleed into the interior of the nandrel 140.



WO 2012/ 103243PCT/ US2012/ 022586 [0049] I n further regard to the operation of
t he enbodi nent of the setting tool 100 illustrated in FIG 7 and FIG 8, as
in the savoizoy/msmB enbodi ments of FIG 2, FIG 3, FlIG pdTarsdoiBlo258&, when
the liner hanger 120 is to be expanded, fluid may be punped down the
mandrel s 110, 130, 140, 150, 190 at a pressure sufficient to break the
rupture disk 290. When the rupture disk 290 fails, fluid in the mandrel 140
may enter the annulus 220 via valve annulus 300, exert pressure on the

pi st orjp@4®] and fier gserhiien, pa§m9%ﬁﬁed@mmbalmentmw@tsemn@ toont d@dlustratadhe
setting tool enbodi nents of 2 and FI G t he spring-I| oaded check

vzﬁl vef“ﬂ@ 24783+ Bnfelh %I%@e@ Qélﬁirﬂ@‘g %ﬂ@%ﬁ'ﬁ?ﬁ’@a@fﬂﬁﬁ f’@ﬁnqrﬁ@ Bthdid@sansbihe and
annut (v SPBIERS GRS | Uil kbR NGLRRE LibEe fe ap i SRrlrl Rodi M0 s,

hangeriowere w&d)Itb@miih&r@es@mhﬁdgtﬂbme&hé|mgsMrel indbemanrsss 820 aold the
|ston a col irst valve and a

h d :
The 1 ORierRbALIS MEPAEE AP Rleaseh it s@@r@asm il St 510 SaaHoeid S us.

The t%ﬂrm@%ﬁﬁé’@ cRBEK %e%%&i@%ﬁ?éﬁ& athéyrug 29@%‘?@%@&!?}“5”%@5@@98
first valVe Is situated betweén an interio eman rel d 't he annul us.
The squmsitirevptessuiss difarentiad ddveiapsefrool aanuiubé:t?me&n anhelugn?20 lmdaﬁiant%h\@

d I 00 1 bl ock, 610, th tt tool i t
ot o @Bl A 0 8 0B o DR Bk AT L 2"
subj e%a%@ni@ta’%ﬁia?@@'tﬁ@to@%é@ﬁ@ QBD%@MB%@EQ@S@E@@ kicBEBy the RERFYUOLS) ﬁ@@t he
annulus is adjusted to approxi mately the anbi ent wel |l bore pressure by

bl eedit@vever asfig erident froacbia Snhtieuprassus ipRNTWIRIBEE Ingraaseresisdthid a

A

first stahvad2 andprsebg M4 oekl 0o mepgHol@Bidel emd bf thedvaive Urlagddad N viahe
mandrel is forced into the annul us. At bl ock 660, the piston is forced in a

downh1Baas HEIR 79, BRCOMIEISAIT tha thcomAMes ToresTd 3 ePIRD At oai Heos of
the | ’E’@”&h@%é‘ﬁ’@sﬁﬁ%@% TR éﬂ%iﬁ@%?b G;Q'F qa c{Jé %Ea‘e' of B 93!(1@ goe

made by one sKki he art "wt romt spirit
t eachi4ggs tlodn theevalng egrinohi2 Ghe tmﬂjoglmﬁarme fdmm(bwmdﬂe,r&uerew mag@ra‘prlear y

ocl i1 BB he MV rpanba - oh Ao AHAMER i bisptACiRTh 85 o Areulist i
the scapevRfl bipgsd MeRNULEN. | @ﬁmkrﬁenihﬁe %%ﬂ@igm C},@@%i& \J%g\get abevg may

be applied to"a fraction of the piston subasse ir’es and sti ain a
f or ce awfigigsidy ingpen fisgesponBe to Bopesitivy grespare clifferenédtfrorm@nnulus 320 to

2012/ 243P U82012 22 86 th,thpse icul ar piston subassenbli es.

For eiag%’ﬂ?% &% qr}génq %ﬁ}gw Ry do g B‘tj %@4833 pi ston subassenblies of a
stringooagp pi St@@nx%#b@i§sﬂfméls@mn ttael f 00 ¢ee8En8 batededt i tHehesbdtesdron
subassenbl'i es col [ ectjvely ¥ be sald to nultiply the force of one piston

subas $&nhng Oﬂhﬁ%@awmrar ot § theygeépatect HY passes thawanaa enigy ewtichohet he

three e n r

or odu OBl STRREPe FReER, dERRARRS el cd hBFIS T AFRa R ™ e
| i ner dwagmfmrmhe@mmus@mm thbanteribogi themhamdret D) asd to e dntiud 800, If
|Ilustrated in FIG 3, the vent hole 310 may be replaced with a velocity

val ve 105 BOSItYE RERISVERSHTURBER DRGArRSS 9P SXRRt .ﬂto@pufsi Fanseiverbodrmagesthet
the 5%%@?@&&%9@3 d‘ot'tﬁégfda?‘hggssh 'O%Olwcﬁ &es% 35 Q%’ Eks%nnéi h?ﬁ'dimg the,

additio rupture dis be con ecte essurl zation™ports
240 am@tttﬂgetcmhﬁ@K)ueuizm @fstm weﬁnmdarv&@mrdumgwasre amnembbdmﬂrm‘;tr dphemosdiveks

fails to b d d f tial . Furt

embodifrasre e iSRG 22010 DR FUPD " 1S TEATHE | 10 8108 haan
addi t igeeghoRi @ta@@ rér i %ﬁﬂé&aodﬁuf bE&abEpoat 5bHE pSetid ﬁ&ﬁg}%aé@%@@y vBRe
designed for setti ng tool s and/ or subassenblies ot her | i ner hangers,

for eddipPrensoc vt pragspazdiidgid ffooske Anenikisiagkto Edaed nmtagb@ irgerior of the
lim t%éf%}& uE expressly stated, such express
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ranges or limtations should be understood to include iterative ranges or
limtations of |ike magnitude falling within the expressly stated ranges or
limtati owe 20e/193243f rom about Ito about 10 includes, 2, P8T/US201e1022586 gr eat er
than 0.10 includes 0.11, 0.12, 0,13, etc.). For exanple, whenever a
nunerical range with a lower limt, RL, and an upper limt, Ru, is

di scl osed, any nunber falling within the range is specifically disclosed.
In particular, the followi ng nunbers within the range are specifically

di scl o@d8] R=R [Aluriley regdrdrieithe lopesatiorval thabdrebodingin gf thiesettingaocle1(0 to

or conlisttgtie 648, ? eUFEE e a8 Ih e Seingafakeribodimests LRl 37 Berbahe: o
per cend and6r L &fian ﬂ%r%@g Q%OQ@%% exiihdel a6kt mg?c?éell neg@ﬁ %%'Nn

Mor eover, any numerical range ined by two R nunbers a in the
above the’ raasdr@@édﬁf itcal 4o di@&;l Hiedt ayesafret siglicieninio’ bisekdhal ruptur@idisk

ded t that t bj
ol onort2- SR PedBle Y20 B, g 7 e B o By Bl P PPk &R
are i n&s@ﬂ@wet@mﬁuwm ré)@é?*iegﬁ@s%@@e(ﬁn tHhe O}Qé@hﬁﬁo@sﬁ'@f‘fo@éoﬁ@ i@ Eygsuch
as conprises, includes, having, etc. 12/ 103243PCT/ U82012/8J 22586

shoul dIB¥hHEEeHaEDET LD m\astj@ t@@rﬁ@@p‘ﬁg oot ermbodineits éFire. 2@eR RIS, 5, the
consi S&%r@%r agédeﬁﬁ%épggbgggp@ogw %%Rfcios%ﬁn@ﬁﬂ@eﬁreigﬁr?%ﬁi@w c?f' th¥ B ¢

[ 0054] Ac tion

descr i 389, caonch eerefdre ahovmebsiirizes il Vrdr rthe eghrivyud BeC dieeds mblthb droluiay,
t hat scoPe including all equivalents of the subject matter of the clains.
Each every claimis incorporated into the specification as an

e”b()d'[ptl by of th’?uﬂvﬁﬁ%éb@f@”b' 9%%%8%%&{5?35&%’ghﬁﬂaﬁgéwﬂt%@feiibore

descri anda rtiontot I ment

i nventié aescrive, 20’1@/ magmmﬂmmmm@n@ Smdhdtelnwe pméta:n rmmi!axura

| nventflrgtnvalixsfe ané a second va Tshe ttocg]%c}u%%g, the arr{d?rein%ﬁe pas%é)nolan %Exjg coflar
define an annulus. The tool housing and the collar partially define a second annulus.
The first valve is situated between an interior of the mandrel and the annulus. The
second vaive is situated in the collar, between the annulus and the second annulus,
[0051] At block 610, the setting tool is placed into the wellbore, whereby an interior
of the mandrel and the second annulus is subjected to an ambient wellbore pressure. At
block 620, a pressure in the annulus is adjusted to approximately the ambient wellbore
pressure by bleeding fluid from the second annulus into the annulus via the second valve.
At block 630, the interior of the mandrel is pressurized to a pressure greater than the
ambient wellbore pressure. At block 640, the first valve is opened. At block 650, a
portion of a fluid situated in the mandrel is forced into the annulus, At block 660, the
piston is forced in a downhole direction with respect to the mandrel.
{0052] While embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the
spirit and teachings of the invention. The embodiments described herein are exemplary
only, and are not intended to be fimiting. Many varations and modifications of the
invention disclosed herein are possible and are within the scope of the invention. For
exampie, the techniques described above may be applied to a fraction of the piston

subassemblies and stili obtain a force multiplying effect and/or force aggregation effect
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a hollow mandrel situated in the tool housing; a piston situated between
the mandrel and the tool housing; a collar situated between the mandrel and
t he tool wousimg324aherein the tool housing, the nandrel pcrhis2@iersss and t he
collar define an annulus; and a first valve that, in a closed position,
bl ocks a path of fluid comrunication between the interior of the mandrel
and the annulus. 2. The downhol e setting tool of claim1l1, wherein the
downhol e setting tool is operable to one of set a packer or set a liner
hangerwith thosgipartanahpistorssuhdasgnthbies. dor exampid, if Wedeehmiques afd agpliadhlove
downhol e setti of claim rein

Che t i eidhpUBsSsmiied iy a. Sy R8s baaSomele R iafte dafiiel bl o

cl ai Mireenprtct Bublssdnhtiifds Y@lerBvIlThAE beCOABItbSREIBlY the force of one piston
subassembly three times or t0 aggregate the force generated by each of the three piston
subassemblies, thereby reducing the force needed to be produced by one of these three
piston subassemblies to expand the subject liner hanger. For example, in the
embodiment of the setting tool 100 illustrated in FIG. 3, the vent hole 310 may be
replaced with a velocity valve or a spring-loaded check valve. in addition, in the
embodiments of the setting tool 100 illustrated in FIG. 2, FIG. 5 and FIG. 7, an additional
rupture disk may be connected between the pressurization ports 240 and the annulus 220
as a redundancy, in case one of the rupture disks fails to burst at a desired pressure
differential. Furthermore, in an embodiment, a rupture disk or a piston-type valve may be
utilized with an additional piston or pistons. Furthermore, the sefting tool 100 may be
designed for setting tools and/or subassemblies other than liner hangers, for example for
setting packers.
[0053] Where numerical ranges or limitations are expressly stated, such express
ranges or limitations should be understood to include derative ranges or limitations of
like magnitude falling within the expressly stated ranges or limitations {(e.g., from about
1 1o about 10 includes, 2, 8, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.18, etc.).
For example, whenever a numerical range with a lower limit, R., and an upper limit, R,
is disclosed, any number falling within the range is specifically disclosed. In particular,
the following numbers within the range are specificaily disclosed: R=R_ +k* (Ry-R),
wherein k is a variable ranging from 1 percent to 100 percent with a 1 percent
increment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 percent, ... .. 20
percent, 51 percent, 52 percent, ..... , 95 percent, 96 percent, 87 percent, 98 percent, 89
percent, or 100 percent. Moreover, any numerical range defined by two R numbers as
defined in the above is also specifically disclosed. Use of the term "optionally” with
respect to any element of a claim is intended to mean that the subject element is
required, or alternatively, is not required. Both alternatives are intended to be within the
scope of the claim. Use of hroader terms such as comprises, includes, having, efc.
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plug configured to mate with the valve piston. 6. The downhol e setting
tool of claiml, further conprising a second valve situated in the collar
bet ween twe 2arm0B24s and a second annul us partially defi ret/usgoizioe2ssel | ar
and the tool housing. 7. The downhol e setting tool of claim®6, wherein the
second val ve conprises a velocity val ve that assunmes an open position when
a pressure in the annulus is approximately equal to a pressure in the
second annulus. 8. The downhol e setting tool of claim?7, wherein the

vel oci slyould| vee urslesstobd glor pebvide cuppertwite nnamawer éarse such aheoasistingsofi s

greater thatn the p .eﬁsu e inthe s con&)ﬂ nnful %JS by a threshold value. 9.
The do%rit? g‘igsgﬁelnha SfS%ICQW"‘é?‘iiSHg%t;an ig’r%i’ﬁ'gthe second val ve conprises a
spri nordosaged Ch%!ﬁo?ﬁ%ﬁ%’ﬁ-the%@o O R IpOB2HSPETAMIZNEY B #hB8esdtiohnRt out
downhol e setting tool of  claim9, wherein the spring-loaded check valve is
conf i gelpexe bt ispedy linided Ay ghestaime which fadlove i scapainalisding ajegatveleninah a
Pressufg 'sUngeQ? rﬁgﬁé’rl ‘G t% %iaﬁr%g.es@écga \é%lciu%Very claim is incorporated into the

specification as an embodiment of the present invention. Thus, the claims are a further
description and are an addition to the embodiments of the present invention.
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11. The downhol e setting tool of claim9, wherein the nmandrel has a
transverse hole that runs froman interior of the nmandrel to an exterior of
t he mandrwDb,20fxmstadr conpri sing a second spring-| oaded eheals2vmaloysssi t uat ed
at the end of the transverse hole, wherein, in a closed position, the
second spring-|l oaded check val ve bl ocks the path of fluid conmunication
between the interior of the mandrel and the annulus via the transverse
hole. 12. The downhol e setting tool of claim1ll, wherein the second
spring-| oaded check val ve is confi gd¢le®iM® open when a pressure in the

annul i r er..than sure in the mandrel by a threshol d val ue.

13. A@&ﬁiﬂ&‘g&&?ﬁ)}fs!q\j@gﬁéﬁﬁmri sing; a tool housing; a hollow nandrel
havi ngy at | gasiwvrdde: gé@ng‘qm;,sg};’nphgn hat runs froman interior of the
mandrel to an exterior of the mandrel, the mandrel being situated in the

t ool housi n@iod heus@h situated between the mandrel and the tool housing; a
collar situ %{ﬁﬁ . I he..t ool housing, wherein the tool
housi ng, th%hﬁg%\g(r#é , ?L%!Q%té@%ﬁh%ég@iﬁﬁoe&%,l ar define an annulus; and a

vent hol e sibisadreditiatet etwedbnh e mihdrel ent theksoihousingg a path of fluid
communi cati on between the annulus and a second annul us parti al Ie)iz%defi ned by

the col | ar &rf@lehetaiRd REGaRY the mandie afsniifo 0! aqusingy wasreithe tgen
13, further Conpi'i%zéeiaﬁ'%,itﬁefn‘}éﬁérei{%é/gisﬁiﬁé'ﬁ(’i%ééilﬁ,g@?ﬁﬁ@aﬁfanhﬁﬁxﬁ nheast one

transverse hol e, nin a closed position, t Irst val ve bl ocks a
pat h of fl ukdirebwaivei teti in detasedn pohiionnbérdker a ghathhef Maitd comravmicatiom

annulus via the at, | ea one.tr verse hple, wherein the first val ve
conprises a rupt Eagtgvegp?fge ”%fg‘.:’r %ﬁgéﬁ%@@ﬁ{gfﬁn%gﬁ?w!?%ol of claim 13,
further TRBRIdwiHMe efiingIboV& M&iInSH { WAbAN Rie ABWAREIC{etiMEtR id BB8/abANR
transverse hole, wherein in a closed position, the first 'val ve bl ocks a

pat h dIng dlseal acpretienioc 46t dHNeChanrgsi. t he interior of the mandrel and the

annul g V1 Akl Rk BE SRR ob B4R 3° IRk Ein MBS Uaid BobddRbs Phifure

conprises

disk.

4, The downhole setting tool of claim 1, wherein the first valve comprises a valve
piston.

5. The downhole setling tool of claim 4, wherein the first valve further comprises a

plug configured to mate with the valve piston.

8. The downhole setting tool of claim 1, further comprising a second valve situated in
the collar between the annulus and a second annulus partially defined by the collar and
the tool housing.

7. The downhole setting tool of claim 6, wherein the second valve comprises a
velocity valve that assumes an open position when a pressure in the annulus is
approximately equal to a pressure in the second annuilus.

8. The downhole setting too! of claim 7, wherein the velocity valve is configured to
close when the pressure in the annulus is greater than the pressure in the second
annulus by a threshold value.

8. The downhole setting tool of claim 6, wherein the second valve comprises a
spring-loaded check valve,
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WO 2012/ 103243PCT/ US2012/ 022586 16. A nmethod of setting a liner hanger in
a wel |l bore using a downhol e setting tool, the method conprising: providing
a downholwoget?ioszy3t ool conprising a tool housing, a namrdTals20ia/opissé on, and
a collar, wherein the tool housing, the mandrel, the piston, and the collar
define a first annulus, wherein the tool housing, the nmandrel, and the
collar partially define a second annul us; placing the downhol e setting tool
into the well bore, the interior of the mandrel and the second annul us bei ng
subj ected tTHhanlosmibioln setiiegl ool of wladss 8r whassin Hbe diprinigdbadadtchienly viab@ isi s

pl aced_jnto t wel | bore; adjusting.a pressure in the first annulus to.
bopr oo fnE5ehinenia pdssde 7 ik SEETE B e ufreste el 7 bisspisar
secondrarmmules thh ehicBBolbivaile annul us via a first valve situated in the
collar, between the first annulus and the second annul us; pressurizing the

i nteri’or of Thevdownhaleesettiog doprdsyaine Sgnegran thaanandre! hadachanaveriabple

ranar ane BRI R A aRRER RTINSt 30 BBt KPR A0 Thes Clbing s e

nmandr elecoRti @ptiRg-ibadad clagukiaiie sindted @ Sdend BEthi 1FdriVelde BoldoWRB@I® ina
direction with respect to the mandrel. 17. The nethod of claim 16, wherein

adj ustGleRpth RSEEEr ' nsqaeedr ispengdertiacischaskappivexilieaks! Jhe heatinisife fluid

Il b ' f,00:Ci i st -l C
o 0" SBLAESIGR RTEEh 368 BN BOUL Rl B S Ok S/ 3 SAROR o
after hadg.usting a pressure in the first annulus to approximately the

nbi .Lb - cl [ he fi I . h d of
S Nt TN R B R I
the mapgfels éd?ﬁi%ul;ét?tcf hp&t whHanui ?%sg'&#@ﬁﬂﬁégar%d?@é Léegs;éia?ér BahldhbsslicUAl ed

in the first annulus 1nto the second annulus via t rst valve. 20. The
met hodhemandiehby 8 thieghollevalwdnpri sing after bl eeding a portion of a fluid

i: gg?h?‘jt L?%E‘%’?E‘b 2%@@39@%&{5{33{&16{93%& second annulus via the first valve,

a tool housing;

a hollow mandre!l having at least one transverse hole that runs from an interior of
the mandrel to an exterior of the mandrel, the mandrel being situated in the
tool housing;

a piston situated between the mandrel and the tool housing;

a collar situated between the mandrel and the tool housing, wherein the tool
housing, the mandrel, the piston and the collar define an annulus; and

a vent hole situated in the collar, the vent hole forming a path of fluid
communication between the annulus and a second annulus partially defined
by the collar and the tool housing.

14.  The downhole setting tool of claim 13, further comprising a first valve situated at an
end of the at least one transverse hole, wherein in a closed position, the first valve blocks
a path of fluid communication between the interior of the mandrel and the annulus via the
at least one transverse hole, wherein the first valve comprises a rupture disk.

15.  The downhole setting tool of claim 13, further comprising a first valve situated at an
end of the at least one transverse hole, wherein in a closed position, the first valve blocks
a path of fluid communication between the interior of the mandre!l and the annulus via the
at least one transverse hole, whergin the first valve comprises a valve piston.

18



WO 2012/103243 PCT/US2012/022586

16. A method of setting a liner hanger in a wellbore using a downhole setting 1ool, the
method comprising:
providing a downhole setting tool comprising a tool housing, & mandrel, a piston,
and a collar, wherein the tool housing, the mandrel, the piston, and the
collar defing a first annulus, wherein the tool housing, the mandrel, and the
collar partially define a second annulus;
placing the downhole setting tool into the wellbore, the interior of the mandrel and
the second annulus being subjected to an ambient wellbore pressure as the
downhole setting tool is placed into the wellbore,
adjusting a pressure in the first annulus to approximately the ambient wellbore
pressure by bleeding fluid from the second annulus into the first annulus via
a first valve situated in the collar, between the first annulus and the second
annulus,
pressurizing the interior of the mandrel to a pressure greater than the ambient
wellbore pressure;
opening a second valve situated between an interior of the mandrel and the first
annulus;
forcing a portion of a fluid situated in the mandre! into the first annulus; and
forcing the piston in a downhole direction with respect to the mandrel.
17.  The method of claim 18, wherein adjusting a pressure in the first annulus to
approximately the ambient wellbore pressure comprises forcing the first valve from a
closed position into an open position.
18.  The method of claim 17, further comprising after adjusting a pressure in the first
annuius to approximately the ambient wellbore pressure, closing the first valve,
18.  The method of claim 186, further comprising after forcing a portion of a fluid situated
in the mandrel into the first annulus, bleeding a portion of a fluid situated in the first
annulus into the second annulus via the first valve.
20. The method of claim 19, further comprising after bleeding a portion of a fiuid
situated in the first annulus into the second annulus via the first valve, closing the first

valve,
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