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DOMHOLE TOOL W TH C- RI NG CLOSURE SEAT CROSS

REFERENCE TO RELATED APPLI CATI ONS Thi s appli cation

clainms priority fromUnited States Patent Application
WOR0EEIEHPE No. 60/ 785,653, filed March 24, 2006 TE20Q/007334

DOMHOLE TOOL W TH C- RI NG CLOSURE SEAT, which is

i ncorporated herein inits entirety for. all

purposes. FIELD OF. THE | NVENTI ON 10The present

coe WANRAGTE oL IR BB CoRBEREAR L, o

for the increase in fluid pressure above the seated

CROSSREFERENCETO REEATEDN APFISCARIORSE uat i ng
conponents of the tool. Mrre particularly, the

PIHS dPplicBiient ¢lens ebidrg frema Unitedr States ePagsiteApplication
for hanging a liner in a well, and to a relatively

Serial m@m@@ dsbi gl Maeth 28] 2006 F6HBDOIVRRILEMTIGDL WITH C-
| ows a ball to rellably pass by the seat after

RING @ﬁoswhé OSEATREWAIIONS iRESpRPARHE hereiBARKERCEMRCEF for. all
THE I'NVENTI ON Var i ous types of downhole tools are

pumo@gapt ed for utilizing an increase in

FIELD OF THE INVENTION

The pfeserit invention rel'ates to downhole tools adapted for receiving a
ball or other clqsure member to provide for the increase in fluid pressure above
the- ééated closure within the tool, theréby actuating components of the tool
More particularly, the present invention r-elates to a liner hanger éssembly for
hanging a liner in a well, and to a relatively simple and highly reliable closure
seat which allows :a ball to reliably pass by the seat after desii-'ed tool operations

are compiete.

BACKGROUND OF THE INVENTION

. Various types of downhole tools are adapied for utiliiin_g an increase in
fluid pressure to actuate components of the tool. Packer setting tools, multi-
Iatergl tools and liner hangers are plus exemplary of downhole tools which rely
upon an increase in fluid pressure above a seated closure to actuate the tool.

Some toois utilize coliet ﬁhgers és‘a ball seat, so that the_ collet fingers are

shifted from the contracted position to an expanded position to allow the ball to
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20 fluid pressure to actuate conponents of the tCQol.
Packer setting tools, nmultilateral tools and |iner
hangers are plus exenplary of downhole tools which
WO BPY1g3n an increase in fluid pressure aboRCTAUS2007/047334

seated closure to actuate the took Sone tools
utilize collet fingers as a ball seat, so that the
collet fingers are shifted fromthe contracted
position to an expanded position to allow the ball to

drop Wy gbv thel espzmds bsdosyatoo Yesausmspbliemoudh tHie design may
expanded ball seat. Various problens with this design

occunwhendbercoliglciingare faib e propemupseal andido not allapdol gressure o
seal and do not allow for pressure to build up so

buildt tyatsat Heatcibiel eollefti fipgers cam move dbvamnwarddandhdet ¢he tHatl drop

bal |l drop through the seat. Another problemwth this
throughpbecfeatx farmdbdt praiden withtihisdypdaf expeptablerieall seat is that
fluids pass by the collet fingers, thereby eroding
wellbphe fiiidsgerss antha eoliBtriingers, chessbyt éreodirg thesfgers and tending
fail. .A ball seat design with collet fingers my i
to canbs ¢hé ball sest wefalil. ph badirdeat dadignovitratbiet fihgers hey alse fall to
pressure to build up so that the collets release to :

seal pagmrlyhandnbdt altdw dourgihet resseet to Wulild. uPat démisthe collets release

. 4,828,037, 4,923,938, ‘and 5, 244,044 are exanpl es of

to pasd ¢int Dali SwboghnipecspahdaUl® Patdnis e 838,087, 4,823,838, and
Pat ent 5,553,672 discloses another design for setting
5,244, 04dldre examplee of pathits didésing egparmdablp baliadats.ati ng
bal |l valve, so that in one position there is a snall
‘hdll 8. i Pateht 5y383,878hdisbloaes sarasthéh debighnl foresditing a ball on a.

smal |l ball lands on the small hole, and pressure is
seatafpld eekigo rélles tpoh a Btataubal valvapsd tred it eneqiditon there Is
. the ball, alfowing the small ball to drop. This

a sredidicda in sh@urrarmel whictdavist &s Benpapaehs Posad ball lands on the
conponents that may cause failure. U S. Patent

smalbh6&] 286 presswiedsespicyd &l thebloe!. bErdssirats aRphdd ty rotate the
control for the expandable area may be difficult, and

bail, shewingpivedsarbiaik badllib drept Ty dasigyisetdplicated with many paﬁ_s '

and components that may cause failure. _

U.S. Patent 6,68’1,860 discloses a yieldable ball seat. Quality control for
the expandable area may be difficult, and the expandable ball seat may not yield
when intended.. Material control is also important since the expandable areas
expand at a éettain pressures. Expandable ball-seats thus do not always reliably
release the ball at a preselected pressure. in some situations, pressure u-sed to
release the ball from the upper seat may generate a full force -sufficient tot pass

the ball through the lower seat, which then makes it impractical to further ober’ate
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When i ntended. Material control is also inportant
since the expandabl e areas expand at a certain
pressures. Expandabl e ball-seats thus do not always
WO BPT/EBI42 20 rel ease the ball at a presel ect RET/US2007/067334
pressure. In some situations, pressure used to
rel ease the ball fromthe upper seat may generate a
full force sufficient tab pass the ball through the
| oner seat, which then makes it inpractical to .
the tdalr t High mmsanr@ appiied 60 Zhe il easing 296=h0 0738 alschdamage
tool. Hi gh pressure applied to the ball releasing
the too) of damage Hiesekio aftiye dowahploiorvatidanage t he skin of
t he downhol e formati on. - U S Patent 6,866,100 .
dils 8l Fatsnids, 886 10 datibyes apardhanjcaibl dax;:muhngvbatt beat wh:ch )
utilizes pipe manipulation of a drill string after.
utilizeshpipel menifhdatieT of a drdl stting gpitan thédinBr sangerisdset to open the
. release the ball. This systemrel eases the ball
seat amd haleaealthy balit s tystenuslegsdd hietball @esharicalihesther than
design as disclosed in this patent is conplicated, .
usingafiwid presbare. t The qlssigre as tdieclopsd s thie patirids obhfphbatéd, and
seat before nechanically mani pakrathe.drill string to
one has éias equblizdahe. pressure across the ball seat before mechanically

manipulating.the. dfi}i_ string to release the ball.

The disadvantagejs of the prior art are overcome by the present invention

and an improved down_ho[é toot with a C-ring closure seat for receiving a ball or

- other closure member is hereinafter disclosed.



The di sadvantages of the prior art are overcone by

the present invention 10 and an i nproved downhol e

tool with a Gring cloSure seat for receiving a bal

or other closure nmenber is hereinafter disclosed.

SUMVARY OF THE | NVENTI ON One aspect of the

present invention provides a downhole tool including
SUMMARXYS OFeTidEdNVIEM TIOM ei vi ng a cl osure and t her eby

increasing fluid pressure above the closure seat to

pecheraspedt dPpies pidsent pleritivd plowE0: eoltiwle odihouding a closure

anot her downhol e tool, conprising: a tool body having

seat BorGRRGVIR atduisOrORPIHerdbyincRRERE MUd thesak epuie tshigughseat to
the tool body, a closure seat having a radially

perfoff tah asgeRlon A trké aSRthole B FhdRP Sihbth&@doWRBdle st | dohPRERY: a tool
within the tool body for seating with the closure

bodyWMakh§ o &%traqmon@hbowfo@ PEEIREY e k@é&&rélﬁb@gtrmeltadﬂ body, a closure

expanS|on of the closure seat; a connec

seat th%ﬁﬁ& ra% oy terBtiebNfhadsrhsly lﬂwyr%%@ﬁlorp\ﬂvhérh BoskloReY Wﬁhln the tool

rrespect to the tool d releasing the

, body%%%@n\ﬁ tchﬁg\(rﬁ'nIQﬂeatlghﬁéaltﬂﬂo@hB@g réj:.tlji r%éll\laéiggﬁjslon of the

|n the to y toTe ase ure

cIosuTc‘t?e Qéatf 5 Q:HMJE:?OI’ Cfgp{e E?trlw(')ﬂgﬂrtqu ﬁ%fﬁa@&%n‘@n{ BWtﬁehaosure seat with

oSure Seat to ex pOSIt on an

respécﬁ oqﬁg' f% Q(? ycgl%s lléregﬂn@ﬂ% ctl%ﬁre S Ql tok?'f?oqlg a&ﬁ ' orréggllylt ex&)anded

bsur fsea an annu arhse su
posmpﬂ gntgl B%I &9 )(/\%" rfelg"% @3 (Q,IIO ?%ét:@@%giééa 21 %Ltﬁr%;ﬂlf ﬁboj@ gnd allow
ect, of t

osure na
the (et FroEAe &n%PB‘E’/F‘%?@QP%q'&Bv%ﬁJFJ&a S by oo
0S seat for receivin Ios re and there
bod m%%o&sé ofeyerine e band Biaoufr oA sl %é? 3 body for
perform an operation on the wnhol e t oo
sealithbetHeEN i RITEPEdEs seaLhpry vy ?W@cloaur? 5&@8& %?&RSH@eseat
a central throughbore for passing the closure throu 9
-t he Abatditiena) aspech gt thegpressnt iyentixhproypes A dgwghgls faet including
haV|nq a restricted dianeter; a closure, seat haV|nq
a clopugeisgdt) for feeslying: B SPSPEAT; thereinBr oA Tyhpressuig abqvg the closure
the restricted diameter portion of the tool body fo
seat PRI A CPPAIRL TS slavahathioplandige anallgr dpyrhale t°°' Comp“S‘“g a
di aneter portion of the central throughbore restricts
tool hogyihayingez pantes BirPushber éortﬂaéﬁ'ﬂﬁ e slogyre thraahcthe &ept Body, a portion
seat including a pluralldy radi al |y outward
of thesepsa! dhrpigghbans iaving a seryictaditipmetolad Flogre 8996 hadng 3 ragiallyretracted
di ameter portion of the central throughbore in the
positipip whem gesjtiopad within dhe restigled diagnates portign phiheiteql body for seating with
osition; a seal body having an external seal for _
the Clgélae whie ket Testrigted: Hawaigh pertien|of theeenfighirenahbprsorestrigep radial
annul ar seal supported on the seal body for seallnﬂ
expangiarh of e closwarsealhine ecless gatoncluding @ Blutaliy efetadially outward
and a connector for tenporarlly limting axia
extending dzhsifor @fgaging acvalsfi the restaeteddiametes sgrtien ofithe eendrat thesughbore
body, and rel easing the closure seat to nove
in thaatw!duouywhew therclagliglis i its pitah desfiopos sedl bedyt heving lah ewlierng! seal for
expansi on of the closure seat and rel ease the
sealing| vottiresthroughbore inshd dewitsile toop @ptanodlandesl syippertast on the seal body
invention provides a nmethod of operating a downhol e
for segiog witit thediclogure whilss geatedean therclossceiseahgarad @l osnnestor for
and thereby increasing fluid pressure above the
tempotadiydingtirgeatal rovewehtof theatpsoereat withregpect théhatioohiody.eand
tool and/or anot her downhol e tool, conprising:
providing a tool body with a central throughbore for
passi ng the closure through the tool body; providing
a closure seat within the tool body having a radially
retracted and inward position for seating with the
closure while in a restricting portion of the centra
t hroughbore, the closure seat including



rel easi ng position when the closure seat noves
radially outward to an expanded position and rel eases
the closure; and the seal body including
circunferentially spaced slots each for receiving a
radi al projection on the closure seat, such that a
radi al |y outward surface of each prOJectlon engages a
wal | of the central throughbore to retain the closure
seat in the radially retracted position. A
final aspect of the present invention provides a
nmet hod of using a downhole tool to perform an

releasipg rthé i alosusn seatdmwnive exiity ite e Inadidlin gexpandsda pesition fohellowing
met hod conprising: providing a tool body having a

expaosinh phthetdrsorg i med reeasedbs iclogur@. cl osure through the
tool body; - initially positioning a radially outward
bi Adarther laepent ef Hegtresert fiventidreprowdés b owyhadmf aperating a downhole
radially retracted and inward position for seating

tool indlhding h elosliresenefontickieing beloseatand theréhyonmydsmg dluid pressure above
restricts radi al expansion of the closure seat; and

the dosireisabl ty derfoint an@paratiod omtheedmvrtholef todiremdor ascther dosgohole tool,
w th respect to the tool body when the closure seat

comprisirige pebvidingadn tdoh bbdyalvithpe sedttiad thréyghbbre forepasisingrthe eloglire through
when noved out of engagenent with the retainer,

the tb@ll lRalyi p@viding £ klosureeseabaithit thaTtookbadyi Bdnling avirédially retracted and
respect to the tool body and to a radially expanded

inwarf @Béiiondor SeBtingaahanseodute Whie it adistiting potibmafithe térral throughbore,
such that the closure seat noves radially outward to

the cloBererseet Abluying xpausrRebnigfi Spacdd slot Jeasfonseeiving a fasial projection of
radially outward bias and rel eases the closure.

the cibB@Ss 8eanglich W raliaty dueadrd s8Saca vt e@hVRGEAIOR endiiges Bevall of the central
present invention will becone apparent fromthe

throu§iforOW rRhirflBkalld e desCini Bk i sdfmpradsed qicsitibef @rpocely ilisiting axial
nmade to the figures in the acconpanying draw ngs. WO

move%%?bfltﬁg QRb3ME Heb2RE F1055Tsthe Biisbie $32b¢dRhidVé @NalFwithil:the tool
W NGS Flgures 1A through 10 illustrate

body%%&\‘ 43t ! didkutd g id IR A diSm e BaRddSaraf urdiaSed pedtiod while within a
| i ner hanger running tool. Figure 2

releakink UsdriicH 86theNtoBf 88dEto ERivkkpahsioPPofiheVeicsurd B&at to release the
C-ring seat 5 subassenbly shown in Figure 1B.

closdegure 3 is a cross-sectional view of the Gring seat
subassenbly shown in Figure 2.

Another aspect of the present invention provides a downhole tool for performing a
downhole operation with a downhole device having a retaiﬁer, the downhole tool co;nprising': a
tool body having é central throughbore for passing a closure through the ool body; a closure seat
having a rédially refracted position when positioned within the tool body for seating with the
closure while the central throughbore restricts radial expansion of the closure seat; a seal body
having an extemnal seal for sealing with the throughbor_e in the downhole tool; a connector-
initially limiting axial movemeh_t of the closure seat with réspect to the tool body when held in
an initial position by the retainer, and when moved out of engagement with the retainer, releasing

the closure seat to move axially with respect to the tool body to a radially expanded position for

-da-



Fi gure 4 showal hering,..S. eat..shifted dbwnward,
allowing the Gring to expand and rel ease the ball.
10Fi gure 5 shows another C-ring seat subassenbly
within the |iner hanger assenbly shown in Figure 1D.
Figure 6 illustrates a ball |anded on the seat shown
in Figure 5, and the seat shifted downward to an _
releasing gositu wihen jhe siosirersepnmeaspiedisly eudvar (o @n sxeansigd gosition and
above the ball: 15Figure 7 illustrates a portion of
releashe themsug:;tarel thehsdal bddy fnekuding t drcuratersniially spaced slots each for
retai ner which prevented the plurality of pins from
receininy iangdialagtbjation cuthewiodyre. seahenebinal awedialyputwaed surface of each
C.-ring.to an expanded position to rel ease the ball.
projeBlicpusrgagesda swall of ée @ntrall threnghioe toeretaim thaeldsoie seat in the radially
releasing the ball fromthe ball seat. - WD
retra2ie@ podiliatl42PCT/ US2007/ 007334

A final aspect of the present invention provides a method of using a downhole tool to
perform an operation on a downhole device having a retainer, the method comprising:
providing a tool body having a centrai throughbore for passing a closure through the tool body;
initially positioning a radially outward biased closure seat within the tool body iﬁ a radially
refracted and inward position for seating with the closure while the central throughbore restricts
radial expansion of the closure seat; and initially limiting axial movement of the closure seat with
respect to the tool body when the closure seat is held in an initial position by the retainer, énd when
moved out of engagement with the retainer, releasing the closure seat to move axially with
respect to the tool bddy and to a radially expanded position in response to its rad_ially outward
bias such that the closure seat moves radially outward fo the radially expanded position in

response to its radially outward bias and releases the closure.

- 4b-



DESCRI PTI ON OF THE | LLUSTRATED EMBODI MENTS
Figure 1, which consists of Figures 1A-1G
illustrates one enbodi nent of a |liner hanger ‘tool 100
with two G ring seat subassenblies each for seating
with a closure nenber in a |liner hanger application.
An upper C-ring seat 5 subassenbly 110 is shown in
Figure 1B, and a |lower Cring seat subassenbly 170 is
shown in Figure 10. Qther than conpionents associated
with seating and rel easing the cl osure nenber
pr i Thesg aperfpdhrireatuess qweaqvaﬁtéeeﬁ ghierprese r'ﬂ"ﬁ@“‘trbm“ become

- 100 as showh in Figure 1 include a running to

apparest §er the éqdiowgwm@:égwm degeridiop Avigie refgyency is miase to the figures
rel ease assenbly operatively responsive to the upper

in the: acoePoRYENg dEyends.y 110, packer setting |ugs 180
(Figure 1C), a liner hanger rel ease assenbly
operatively responsive to the lower C-ring seat
assenbly (Figure 1D), a cenenting bushing 130 (Figure
1E), and a ball diverter 140 and plug rel ease
assenbly 150 (Figure 10). Figure 1E illustrates the
packer 122 and Figure 1F illustrates the slip
assenbly 120, which are not part of the 15 running
tool retrieved to the surface, and remai n downhol e
with the set liner. The Cring seat subassenblies
di scl osed nore fully below are used in the liner
hanger running tool to actiVate the slip assenbly
using an upper Cring ball seat, and to separately
activate a |liner hanger releasing assenbly using a
lower C-ring ball seat. The function served by each
Cring ball seat wll thus vary with the tool 20
functions being activated, and the pressure |evels
and sequenci ng of the tool. To hang off a
liner, the running tool 100 is initially be attached
to the flower end of a work string and rel easably
connected to the liner hanger, fromwhich the WO
2007/ 112042PCT/ US2007/ 007334 liner is suspended for
| owering into the bore hole beneath the previously
set casing or liner C A tieback receptacle
102 as shown in Figure 1A is supported about the
runni ng tool 100. The upper end of the tieback
receptacl e 102, upon renoval of
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5 the running tool, provides for a casing tieback

(not shown) to subsequently extend fromits tipper

end to the surface. The tool 100 includes a centra

WORAAHT1e942. 104, which may conprise nultipl e cdi&E2847/007334

sections, with a central bore 106 in the mandrel. The

| ower end of the tieback receptacle 102 is connected

to the packer el enent pusher sleeve 121, as shown in

“Figure 1E, whose function will I D be described in
BRIEFANBSCRIPTIOWNIOF tTIE BRAWINGE t he packer el ement 122

about an upper cone 124, as well as setting of the

s Figiied 2@, @bough 4G Deraiosequstitially @ prigidrg chmponents of a
The running tool 100 al so includes a cenmenti ng

suitabld SiReNBadér s@thdtanire 1E), ‘and a bal |l diverter 140
(see Figure 1G at the lower end of the running tool.
1pigihe oemeBtrbRG HS Brattted 30l OF | £9S viow ebf 18¥aBLMhg seat
and re-stabbabl e seal between the running tool 100

subasiinbllenblWish Migngeigassenbly for fluid circulation
pur poSes. By incorporating an axially novable slick

| Pidllre 3% _év&abgls&auoﬁmr\ﬁéwﬁhlaycmg%a%&%%iﬁgm shown
the mandrel 104), the running tool may be axially

in Figipyed rel ative to conponents to remain in the well
W t hout breaking the seal 20 provided by the

CERILI /1ghBIWSIHBICTRE seatf shiftel! Gk : P
il l'ustrates a”tf e’%’i%%‘ls‘ggkisnb Ee%ﬁf’éﬁg%‘%gﬁn% 5?? £hing o,

egpaﬁ@ BEd3Richeekfebag t1 eback 102 to the running tool
mandrel 104. The tieback | ocking nmechanism prevents

- DERReLY Srag 10 oS RSl BSSSE WP, A rancer

assermBRSHVTNIBPiguR: Qeks the tieback 102 to all ow t he
sl i'"ps .126 to be set. Mre particularly the slips 126

RSN ik ERRAY BBAI IHdeSEh th 3eBP shBGn! aﬁghga%osi‘and the

run 1nto the wel I bore by the tiebac

of the tieback 102 to prevent 1ts upwar
abovd@khPbalp 10 setting the slips. . '

novene

seat sHREAHILASD 10/ BhGRSHISIRABI sk ﬁ'gpe%ggﬁge%gﬁ.{id %'Pgssure

Figure 7 illustrates a pdrﬁon of the running tool shifted upward to remove -

a retainer which prevented the plurality of pins from moving radially olutward,

. thereby lowering the C-ring to én éxpanded position to release the ball.

Figure 8 discloses an alternate technique for reieaéing the ball from the

ball seat.
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The tool actuator subassenbly 110 as shown in Figure

1B is used to release the liner hanger slips for

setting, and includes a sleeve 112 disposed within
WO/ HR94@l | y noveabl e rel ative to the runni ngECHEBIE7/007334

mandrel 104. The sleeve 112 is held in its upper

position by shear pins 114. A Cring ball seat 116 is

10 supported on the sleeve 112. A seal 115 is

ovided for seali th d ball. A ball 118
DESERPTIRN Qo THE el TROTER RGNSt o < he

runni ng tool bore 106 and onto the seat 116. An .

i Figwask which|ogngiste &F Silgwesi tA1@. tiistipdes oae ammhodiment of

above the seated ball _wll shear the pins 114 and

- a liner hgeger keolpHlq witbdwo1Gginghseal sibgssamblies egchdre seating with

position In the bore of the running tool, e.g.
a clogyse naerober i5 8t dpeshbangrir applicatone #ime uppsr C-ring seat
subassenbly is lowered, fluid pressure may pass
subassgnobiyht fbrs shaws ifno‘-"igurebla@,arpi atlowen Qdring seabpubassembly
rel ease the slips for setting. Pi ston sl eeve .
170 ig 6bowmn idi FsgursetiDabOtherdhdnimporaErity assvaatsddewith seating and
relative to mandrel 104. . An upper sealing ring 162 is
releasing ptiee clehoat mensina, | dve Grimagy ¢dmporenisngf ttbel liner hanger
mandrel than is the |lower, sealing ring 164 to form
running tanhdPar a2 Ghowgs sufdguteatbinciudet acmmmnitge iodloticback locking
lifting the tieback receptacle 102 fromthe position
mecheginiamn S0n{Figerer PAYL B slip erleappesseubliytopematfively sesponsive to the
the slips or slip segnments 126. Ports 166 fornmed in
uppet Kering nseatgasserhblyahtid cpatier seitingdtigs NSO WRigurd 13)pla liner
bore with the surroundi ng pressure chanber once the
hangeeatlct® asdomly 20204 2B§FondBRd Ofe AZ 3ibiver] €BViRg seat
112 are lowered. An increase in pressure through the
assepbit Figée D), 2 cahsmtingebpstingr 30 Fligeeet B GindUpwailldiverter
nmovenent of the piston sleeve 160 causes its upper
140 zewipltig rekizse ddsentbigidtk(Figuept @Y | Bight? 1EAhestedtes the packer
raise the slips 126. The slip assenmbly 120 shown in

122 dmidyWigurisF1 ¥ dliustctes thef slgr assdrablyl 120, which are not part of the

. running fool retrieved to the surface, and remain downhole with the set liner.

The C-ring seat subassemblies disclosed more fully below are used in the liner

hanger running tool to activate the slip assembly using an upper C-ring ball seat,

and to separately activate a liner hanger releasing assembfy' using a lower C-ring

ball seat. The function served by each C-ring ball seat will thus vary with the tool
functions being activated, and the pressure levels and sequencing of the tool,
To hang off a liner, the running tool 100 is initialty be attached to the tower

end of a work string and releasably connected to the liner hanger, from which the
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- liner e gHeReRded dondeyering dntoothg hRe

5 segnments 126 received wthin circunferentially
spaced recesses in slip body sleeve about the | ower
end of the liner hanger and adjacent the |ower cone
WOLR@/11BEeh slip segnent 126 includes a rel at iR(BVYSZPGHYT3I34
tapered arcuate slip having teeth 127 on its outer
side and an arcuate cone surface 125 nounted on its
i nner side for sliding engagenent with | ower cone
128.  Wen three circunferentially 10 spaced sli
Yol beveatindle infeyigysly set
a slot in each side. Alternatively, a one piece
casing.&f|lingrGay be used to replace the slip segnEnts The
teeth 127 are adapted to bite into the casing.
t Retighaes recepipgler 192 asopnown in digwe N ip. surm@@ﬂ. @%out the
126 are thus novable vertically betveen a | ower
runnipg teelc 1@ s iuppen endnelr tepriiabask resaptacia 482 hungry remeval of
spaced fromthe 15 casing C,  and an upper position,

the ryRRing] feelh@ravidps fopea Hasingieback enot csmvsn)otﬁeﬁubﬁ%quenﬂy

cone 128 and into engagenent with the casing C -
exterd iFameits uppanand ko i sutfaee. rBiatdobASRiipclutded atdentiab mandrel
‘packer elenent 122 and the circunferentially spaced
104, whighs menecebplise thdtiplspesnnetisy sectidnswavithl2 8eotsaldsgre 106 in
respectively. The annul ar packer elenent 122 is

the miangyed e dheb weraed of dhe webeick -renépiagied 10p perconoreted to the

124 beneath the pusher sleeve 121. The packer el enent
packarglergentr pgshel slpeed 1271¢iasceindven émégure V) whobé sunction will

O D. is reduced and thus spaced fromthe casing C
be dewwibed in cornquiiokewitle thensrttirtPdr the packer element 122 about an
upper cone 124, as well as setting of the slips 126 about a lower cone 128 (sce
Figure 1F).

The running tool 100 also includes aAcementing bushing 130 (see Fig‘ure |

1E), and a ball diverter 140 {see Figure 1G) at the lower end of the running tool.

The cementing bushing 130 provides a retrievable and re-stabbable seal

between the running tooi 100 and the liner hanger assembly for fluid circulation

purposes. By incorporating an axially movable sfick joint 132 (which nﬁay

functionally be an extension of the mandrel 104), the running tool may be axially
moved relative ;to componenté to rerr;‘ain in the well without breaking the seal
provided by the cementing bushing 130.

Figure 1A also illustrates a tieback locking mechanism 80, A split ring 82
locks the tiéback 102 o the running tool mandrel 104.- The -tiebac:k- tdcl_cing

mechanism prévents premature actuation of the tool as it is run in the well. The
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WD 2007/ 112042PCT/ US2007/ 007334 expandable as it is
pushed downwardly over the cone 124 to seal against
t he casi ng. Figure 1E also illustrates the
WOQe#eriett4ag bushi ng 130. The cenenti ng bushi n@(FriEe2Ie87334
a retrievabl e and re-stabbabi e seal between the
running tool 5 and the |liner hanger for fluid
circul ation purposes. The cementing bushing 130
cooperates with the slick joint 132 to allow axi al
lockingowesbanisim Bfouniopke ke ﬁgb@ﬁlé 19edp flaw ithreglipy 12Bdo be set.
cenenti ng bushing. The mandrel 104 of the rel eased
More manticuiarly doe stips 188 arsdenrtdranairiemefigrebeseiingag the tool 100
bushing 130 to cause the lugs 132 to nove in and
is ruruitodhefwellharbeby ithe tichank dockirmhangshanishaBiewhizb grppingly
shown 10. with an annul ar groove 72 for receiving the
engatien tha 8ppeil bad adribatlichgch UHRI togore8onkiim bpwiaed wesmeneent prior
radial 'y outward |liner running adapter of the liner
to settiapgbe slips. a radially inward running tool mandre
Rat chet ring 136 is also shown in Figure 1lE Thls :
r ahehtdol ractgatal | suksssmbha diEr ael e i 2Zigue B8 is used to
pushed downward over the upper cone 124, then 15
releasecha linke hpagerr sliplsefoe reetiing,i arsd Sreﬂ:!upesﬁ Blaeve 112 dISp058d
~ The packer elenment 122 nmay be set by using

_ wﬁhlnipnd rajgztﬂyam@degh@hmlat@a”ﬂorﬂ}emn(t@mq‘lilrmnc&eii@4 The sieeve
. i VW]

Wwhen noved upwardly out of the ti‘éback

112 nserwpt iactie UppRy modiiorbyf shezrcpine Hht.eAp@uiterball seat 116 is

position to engage the top of the tieback
supporied ent tel sleeTad 12elfeaseald! 15 mpruyiderbformssalibg witc Hedseated
up until the Packer setting 20 subassenbly is renoved

ball. & ball tiH8 rmhap this dctdrebped firoee ¢ind aatface sistotthatruhiag tool bore
“pusher. Cring 180 is rai'sed to a position above the

106 draponfo tHeestatehbE kan despass krefiaiddpreespanditHirotiewakddrel 104
When the packer setting assenbly is in this expanded

abovedhé tdaanted ViElighill shyabhthespimeketd et lpweertpadbdipsédte1 16 and
pusher C-ring 180 to the top WO
sleev20072 14 20RRETHOISAGH 1A GBE IdAe of the running tool, e.g., against the
stop shouider 108. Once fhe’subassembly is lowered, fluid pressure may pass
through ports 166 to stroke a piston and therebf release- the ;slips for setting.
Piston sieeve 160 is disposed about and is axially moveable relative to
mandrel -104. An upper seal.ing ring 182 is dispc;sed about 8 smaller O.D. of the
running tool. mandrel than is the lower. sealing ring 164 to form an :;mnular
pressure chamber between them for lifting the tieback receptacle 102 from the
position shown i‘n Eigu're 1B to an upper posttion for. setting the slips ar slip
se_gments 126. Ports 166 formed in the running tool mandrel 104 connect‘the

running ool bore with the surrounding pressure chamber once the seat 116 and
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of the tieback 102, which then causes the packer
el ement 122 to begin its dowward seal i ng sequence.

When weight is set down, the expanded pusher C ring
woIRBU/tieEAsmits this downward force through tRCYUSSHRTORT334
receptacle 102 to the pusher sleeve 121, and then the

packer elenent 122 (see Figure 1E). This 5 weight
al so activates a sealing ring 182 (see Figure 10
bet ween c setting assenbl he tiebac
steeiol 15 o Iovelaarin froresss r@e{sﬁ'érep%ﬁe P REHS AP raise
annulus pressure assist. The | ower portlon of Figure
the pigton; $igays 4% lfﬂa\@a b FAVeRsTHti QInther PRI $iQqye1 880 causes ifs
splined to the OD of the running tool mandrel 104 to
uppef eaﬁ§mr@tsectha Hebmekrecentrelri 17, andalsaidisrdhe shes d8en

the clutch and the .
The slip aesembiy 120 shown i‘n Figure 1F is made up of arcuate slip

segments 126 received within circumferentially spaced recesses in slip body
sleeve about the lower end of the liner hanger and adjacent the lower cone 1.28.-
Each slip segment 126 includes a relatively long taperee! arcuate inp‘having
teeth 127 on its outer side and an arcuate cone surface 125 mounted on its inner

side for sliding engagement with lower cone 128. When three circumferenti'ally

. spaced stip segments are used, each of three recesses may include a slot in

each side. Alternatively, a one piece C-slip fna} be used {o replaee the slip
segments. The teeth 127 are adapted to bite into the casing C as the liner
weight is applied to the slip. The slips 126 are thus movable vertically betwaen a
lower retracted position, wherein their outer teeth 127 are spaced from the
casing C, and an upp‘er position,.wheréin the siips 126 have moved vertically
over the cene 128 and into engagement with the casing C.

Figurés 1E and 1F show the relationship of both the packer element 122
and the circum-ferentially spaced slips 126 about the upper 124 and fower 128
cones, respectively. The annular packer element 122 is d!sposed about a
downwardiy~entarged upper cone 124 beneath the pusher sleeve 121. The
pacl;er element 122 is originally of a circumference in which its O.D. is reduced

and thus spaced from the casing C. However, the packer element 122 is

-10 -
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to mandrel. The central portion of the clutch 185 is

shown in Figure 1D, and may nove in response to

bi asi ng spring 184. ' The first tine the packer
woseriipg2assenbly i s noved out of the poli shetCHiF2e07/007334

receptacle running tool, a trip ring may snap to a

radially outward position. Wen the packer setting

assenbly is subsequently reinserted into the

olished, 15 bore receptacle, the tri
expancBRisge it PLBRSOICHBIEEI oHeh i fenpelahid a8l agaipst the.
t he packer setting Gring is positioned within the
casing.no| j shed bore receptacle When set down force is-

applle and ri Wi | | radial Iy i.nwar d
&obre o5 sk HlySlteoAnt einghing Bushings 1 Bet %‘ﬁhﬁgceme"’ﬂng
assenbly may thus be | ower ed to bottom out 1£
bushm@cnfﬂvi@ﬁscﬁ "@tﬁ'@"?ﬁ%?ﬁﬁ r&a%tﬁ?'é?bisr?r%ﬂi RESWERNt &t"‘\ﬁ‘@'“g tool
the -20 cenmenting operation. The next tinme the packer
and the diner hgnaek rdiud icircpigtioapiypesss. (e semestieg Wzang 130
receptacle, the-radially outward biasing force of the

" cooperates wihhe isticl iriat 182 to-gliongaxig! Bmysmentmithall bieaking the

ti eback. Further details regarding the Facker seating
seal prvitathby thee cemantigeBushing. sTheamandrel 184, gbghe released

The packer elenent 122 nay be of a construction as

Tunningl tedrdarete juseld, 19, raee the cemersinggwashing #30; i erpsenthe lugs

. i nner nmetal body for sliding over the cone and

132 to aneng Hr and amdeak Gpry ths lingri kengsi: ehae bG?V\bﬁﬂQ?f 79 dsrshown
the body to engage the casing. Rin resilient

with ars eanuiay greeve 720 Teralededving dhe éw%é%aeeﬁhgmmenw bgshing
The seal bodies may be formed of a material having

130 sealpbebmeenia mdially eubyardlingfaiinting adrolarsobétewiear hanger
the |liner hanger and the casing C The C-ring

and a ragéally ipwBebBsNg tagionardeghown in Figure 1D nmay be
di sposed beneath the upper .C-ring seat subassenbly
Retclutaing 136 i glrceshevntn Figiowet C-Thisgatchet ring aliows the
subassenbly 170 is secured within the running too

' packerbstemait H92 Shebe pished dpwnglasd vever 7ihet Hppes gpper 134, then

seat 176. The ball 118 when Tel eased fromthe upper

locks the packer ¢lemend i ifs ¢ef pesitioner seat 176. Once the bal |
i s seated, the predetermnm ned pressure may be applied
Thegraier @ﬂemeutzﬁamay‘rbeesettm Using sprng-tigsdpdsherdC-ring
sl eeve 174 downward to uncover the ports 173. Higher

180 (saauFigupe 9§85 whichayhenamoped apwardy oW @ibediabisek receptacie

pi ston sleeve 177 to nove 15 upward and thereby
102, will fenfprgedtthean (expangiedoppsitien ot drgags the dep dathgelisback
Assenbly 170 rel eases the renmmi nder of the tool to be

Teceptagier Thedelaasednsinging 4ee MpYbet piskedtup Untrthepraker setting

rai sing of the inner piston 177, the running tool may
subasgrmblyi igaemoverhfrems hetiopiaier timecepmci@rsmthat the pusher .
setting of the packer, thus rel easing the ball and
C-ring pihis réingd dbra wositiconabeve dhe rtop devieatielhack receptgcle and .
the-tool and

expanded outward. * When the packer setting assembly is in this expanded

position, weight may be slacked off by engaging the pusher C-ring 180 to the top

-11 -
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20 upwardly within the annulus between the tool and
casi ng. Figure 10 also illustrates a
hydrostati c bal ance piston 175 for balancing fluid
wOomnesdee across the seal 193 to increase hi GIET/US2007/087334
reliability-for the operation of sleeve 174. More.
particularly, piston '175 may be punped upward at
substantially at m)spheri C pressure prior to runni ng
ol in the As-the tool is lowered in th
Of the khacknd ORy ISk ATPR’ RS af (HAcKEE SISTeThA 22 to Begin its
i ncreased pressure, above the piston 173 will -be
downwgitl #RaHRG BPIHCREHs VERen msﬂn tilnsRt fewn, mee@masmleﬁber C-
on 173, and thus is the pressure in the cavi
ring 13?9&@%%* ts tip Sovwnwarg toree mfeege the Miebpel mttsmgci% 02 to the
sonme downward novenent of p| ston 173 to equali ze
pushe slegygr 421 s@rds thegs the Racker elemesly 175 (see Figure  RhisThis
_ subjected to .substanti al lX the same fluid pressure
weight s casiivaier @ sealing egali82 (seerkibyredkanksigen the packer
operation of the sleeve 174. Figure 1D o
setting; 39seamblytans s tigbagintpoeptadle to gid pfprsatjmgrtbelna@écer element
" hanger 70. The split _ring may be noved radially t
with apgylusi pressore mesists e owvarr pertionadf Higyre; maaut!u$trates the
thereby releasing the running tool fromthe liner
upper parigsy of a clutch Hgeplinadt9 the O o dke aunwing toplomandrel. 104
of the-toel, including a ball diverter 140 and a
to tranannbﬁomqsewhﬁa flavéng svdalageepisnt 1sstwethethes skhidi yand the
. 150 replaces the need for shear screws to secure the
mandrel. ndhevkgrdral plorton of the dutahi 18§ sosiawTire Fighire| iy and may -
hol der shown in Figure 10 is functionally simlar to -
move infgsppuge (@ biasing aprdrgmb¢. di scl osed in U. S. Patent
6, 712, 152. Tool conponents and operati ons not ‘
dbeafitss dinhe tee rpanker setiinghasseombly is siavieHasutt of tHeepolishéd
‘ conmponent s and operations discussed in U S. Patent
bore rezeggaciesunnifg toolag tiiip aingngrayhendmotees radialipgudwatd position.
subassenbly 170, the operator may 20 lift up the tool
When 'ty paker Eﬁﬁlﬂﬁaaﬁsambb’u@mmwﬂﬂy réingedpdiinto the polished.
pressure will indicate
bore receptacle, the trip ring will engage the top of the polished bore receptacis,

and the packer setting C—ring is positioned within the polished bore receptacle.

" When set down force is applied, and the trip ring will move radially inward due to

camming action. The entire packer setting assembly may thus be lowered to
bottom out on a lower portion of the running adapter prior fo initiating the
cementing operation. The next time the packer setting assembly is raised out of
the polished. bore receptacle, the radially outward biasing force of the C-ring will
cause tﬁe C-ririg to engage the top of the tieb;ack. Further details regarding the

packer seatfng assembly are disclosed in U.S. Patent 6,739,398,

-1z
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that the ball has passed through the ball seat,
allowing circulation through the running string to
continue, and the ball to be punped downwardly into
wotzber/hadsk di verter. Fluids are then circul at edHisReTHnH7334
the tool awaiting cenment WO
2007/ 112042PCT/ US2007/ 007334 di spl acenent. Cenent is
then injected through the running tool, and punp down
. plug follows the cenment and the:-liner wi per plug to
The rpackearelement ol 22nmayr b idfus lcpndirgglicic ed desosheddnd).S.
the displacenent fluid. Referring nowto Figures 2
Pat. Nant757,880c coppaisig enriopnasemetd dayJonbliging ovkr the cone and
serves as a tool actuator for setting the slips is
annutas Hiawaek nog rivat whidthe tateind buvartiyefren tize ibrelyutteengage the
annul ar sl ot or one or nore circunferentially spaced
casing SRiigs - b1 ré@sibastséaling seeenalingag bespRottes dativean Qich ribs.
114, as shown in Figure 18.
The seal bodies may be formed of a material having substantial elastlcrty to span

the annulus between the liner hanger and the casing C.' :

Thé _ é-ring .s';eat subassembly 170 as shown in Figure 1D may be
disposed beneath the upper . C-ring seat subassembly 110 -éhown in Figure 1B.
The lower C-ring seat subassembly 170 is éecured with'i‘n the running tool bore

by shear pins 172. Sleesve 174 thus supports seat 176. The ball 118 when

" released from the upper seat will land onto the lower seat 176. Once the ball is

seateﬂ, the predetermined pressure may be applied to shear pins 172 énd move
the ball seat 176 and the slesve 174 downward to uncover the poris 173. Higher
fluid pressure may then be appiled to.cause the piston slesve 177 to move
upward and thereby disengage the running tool from the set liner hanger.
Asseimbly 170 releases the remainder of the tool to be retrieved to the surface
from the set liner. Upon raising. of the inner piston 177, the running tool may be
raised from the set liner hanger, but prior to setting of the packer, thus releasing
the ball a'nd. permitting circulation of eement downwardly through the tool and
upwardly within the annuius beMEen the too! and casing. |
Fi.gure 1D also illustrates a hydrogtatie balance piston 175 for balancing

fluid pressure across the seal 193 fo increase high' reliability for the operation of

"sleeve 174. More . particularly, piston 175 may be pumped upward at

13-
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. One or nore external seals, 115 on the body 112 are
provi ded for sealing engagenent with the interior
wal | of the mandrel 104. A seal 117 is provided on 10
wother/ttpideri or of the sleeve 112 for seal i ng MGTAIS2HE/007334
bal | or other closure nenber when seated on the
Cring 116. A seal alternatively may be supported on
the closure itself, or on another conponent. The body
"112 may be made in two parts, which are connected
substanfialss atmesgherh sessigerdiar aginnigigite el dndhe: weiths the
116, it is sealed with sleeve 112 by 15 seal 117. The
tool isolowesedrinntng wedh and chisstefic Lprgspiies Nreases, tthe peraased
above the seated ball, until the shear pin 114
pressure| sases th&eplstm’as'fs?énwiw heo batareedn by aesiuhatapialy identical
piston until the |lower end of the body engages the
press\st el eistda r1 710 nchthushis wine ipressiuge ire thisBcavihebetlween piston
this position, the Gring 116, which had been

173 andtshéened 174, iresuiogpinessad thmmWamh miovermenti ofhpiston 173 to

surface of the mandrel
equalize pressure. Seals 193 above and below port 173 are thus subjected to

.substantially the same fluid préssure on both sides of the seals, thereby

enhancing operatiqn cf the sleeve 174.- _ ‘_
Figure 1D illustrates split ring 178 for gripping the liner hanger 70. The
split ring may be moved radia;i!y to positioh so that it may contract radially inward,
thereby releasing the running tool from the liner hanger.
Figure 1G illustrates a-lower portion of the tool, inciuding a ball diverter

140 and a liner wiper plug release assembly 150. The assembly 150 replaces

the need for shear screws to secure the liner wiper plug to the running tool. The

piug holder shown in Figure 1G is function.ally- similar fo the plug release
assembly disclosed in U.S. Patent 6,712,152, Tool componenis and operations
not detailed ﬁér_ein may be functionally similar to the components and operations
discussed in 1.8, Patent 6,68;1 ,B80.

After activating the lower C-ring seat suba;ssembly 170, tﬁe' operator may

lift up the tool to pass the ball through seat 176. A drop in pressure will indicate

. that the ball has passed through the ball séat, allowing circulation through ther

running string to continue, and the ball fo be pumped downwardly into the ball

diverter. Fluids are then circulated through the tool awaiting cement '

- 14 -
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20 which acts as a Gring retainer, is released to a
| ower expanded position when entering the | arger
di anet er bore 107 above the stop surface 108.
wORsbBHSM3g the Cring 116 to its normal |y relBRES2007T0007334
expanded position thus allows the ball to drop
through the CG-ring. Figure 4 shows the subassenbly in
the | ower position wherein the Cring has been
expanded to rel ease the ball. The C-ring 116 as
displacehmamt. Carféngis éhen injscted ghroughi the rehningdicsl,| gnd ptmgrdbwn
projections 119 that each pass through
plug faionsuitiercméeal lands fhe eihes| viperi plughéc Jody aSbader to the
The outer surface of the projections 119 engage the
previoushnéisplaeel osimé dieama tielr displb@émentfleichi n the Cring in
its conpressed position prior to shearing the pins
Riferring mew rtbaFigupes f2rang Bgimenippef ChiegCseangubassembly
within the bore of the mandrel, the Cring may be
which s@ivet aat attbel hohattbofoéetting tbé slipesie ghrovime dit igpester detail.
119,. so that each end of the Cring, as well as )
The sleeMaeT T oidespan tarensabsitiecons be srorecimutisierdamlia Spaced
projection to engage the bore of the mandrel.
slots 148 Saghi b cacdivingvantagective shuar @it 1119, aeathovat iaRigHs 1B.
as shown in Figures 1B and 1D is that any desired
One of Itbek pixeasul @eals 0115 onothe deival 1duad peoviges erserslaling
t housand psi, may be used to reliably performone or -
engagement Wil the isteabl 0], oftthe. mahelct 494N A shal 137 iivsrdvided on -
setting, or releasing the set liner hanger 15 from
the intéiw ofuihel Siget00112 For s@alihgCRitRShelbghof btHed QboFBUNBMber
are desired for sone-tool operations to increase

when demtbd oof flRcClNRpesiS. & sé& ARsHabvdlg rhgbeOSuitorted on the
pressures above. other tool operation activation
closureptesis Usesn ANsthet heftpeRsitat TRaSodive 162Makgtite ndade in two
relatively low fluid pressure may be used to pass the
paris, wiaibh drbcongbciciebeupanded 1€-ri ng seat. Since the ball
rel ease operation is

Once the ball has landed on the C-ring 116, it is sealed with sleave 112 by

seal 117. The operétor may then increase fluid pressure in the bore above the

. seated ball, until the shear pm 114 releases the subassembly fo move in a

20

manner of a piston until the lower end of the body engages the siop shoulder-
108, as shown in Figure 1B. When in this position, the C-ring 116, which had
been retained in its compressed position by the inner surface of ihe mandrel
which acts as a C-f’ing retainer, is released to a lower expanded position whe;'a
enterir_'lg the larger diameter bpré 107 above the stop surface 108. Releasing -the-

C-ring 116 to its normaily relaxed and expanded position thus allows the ball to

-15 -
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zo performed at a | ow pressure, and optionally a
pressure less than, and in many cases significantly
| ess than, the one or nore tool operation pressures,
wotzhevie2a4s | ess |ikeli hood of damagi ng t he SKiRCTOFS2GT#07334
or nore downhol e formations during The ball rel easing
oper ati on. Figure 5 shows in greater detail
the C-ring seat 176 generally shown in Figure 1D
mounted wi thin the bore of the running tool nandrel
drop through the G-oingr IOotrad sheaws S subassrmblyio therlowsr agsition
a tool actuator for releasing the tool fromthe set
whereihithe IC-ring Sasxhsier exphdsed /o reBtase/dbellyall. i ncl udes a
pair of elastoneric seals simlar to the seals 115 .
Fhewd-riny FitGuae sBowmint Rigiirapb hasaa ipduralityhef sadiafiye outward
174 has an axially extended | ower portion .154, wth

_projeciidgrs 1 tOvhateradshcemssethredght ciremtifereatialivigisacetl slath ialthe body

out er sl eeve 155 includes an annul ar radially outward
112.  phej edter csurts@ theaheaprojsetipher 419 tangalge the inner wall of the
circunferentially spaced pins 157 are nounted in .
mandrab‘laM o estafrt the Qerng mn titseccommdiseed Tositicanpkiar i shearing the
radially noving with 10 respect thereto. - Wen
pins 14, t Te wppEairpesopaoaligemenbws the Cirlng within tine iheaf the
pins 172 maintain the entire subassenbly in the
mandreuwas C-pagirhhpmbe Spiiteattthe 1badtior-ahdae @i thdss W@jécﬂc?rﬁs 119,.
and pressure I ncreases above the seated ball; the ’
so that packaseilof the C-fingsay rveelmklan@haameﬁdaq:q@um bétveen these
nmovi ng the subassenbly downward to an 15
ends, hié QrpTefictbe th edighigethe a8 ofthe maridger e 6, wherein
the circunferential projection 156 engage the pins
Yo Gignificart advamiags! 0PSthboCpfiy &dat f miethanisAevaeasHown in
nmoverment of the subassenbly. Wth the sleeve 'shifted

FigurebOl B BAadiTD & tredizatyed@sisid floid mresst@yve_d.0 frohg 8e9ei@l hundred
apertures 173 in the mandrel' 1.04 adjacent the shear

- td severdisthblZaabl pyi, rhbyi e tusdd e reflablgdpatibym ostigvasrdmake tool

the nmandrel 104, and to an-operating piston 177. Once

- operation®, 09, rel&aam tral skibs Rirsdetting,/dr idleasihg e daiinbnBanger _

slotted retainer 159, which is
from the running tool. In many cases, high fiuid pressures are desired for some.

tool operations to increase their effectiveness, or to ensure activation at

- pressures above other tool operation activation pressures. Once these

operations are compiete, a relatively low fluid pressure may be used to pass the
ball through the expanded C-ring seat. Since the ball release operation Is
performed at a low pressure, and optionally a pressure less than, and in many
cases signiﬁ'cantly less than, the one or more tool operation pressures, there is
less likelihood of damaging the skin of one or more downhole formations durlng

the ball reiaasmg operation.

-16 -
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connected to the lower end of piston 177. This all ows
the Gring 178 to collapse radially inward to rel ease
the running tool fromthe set liner, and prior to
woeetiimg2 the packer 122. The tool may then BEiVisRe®07334

upward to ensure that it is disengaged fromthe set
i ner hanger. Assum ng the function served by
lifting piston 177 is the last tool function to be
performed, the ball nay be dislodged fromthe tool as
Figurevs shomes inDgrasttes detall e Cning iseet 1RGrapneraily sbown in
as a retainer to hold the pins 157 radially inward in

Figure t 2 midynied Sitiosthe) were ¢fdhet hingirgriowd imardrel daGé. The lower
retainer is thus part of the liner hanger: The

C-ring seansuippsseohbynd ( sawes astzetood Bebiatorlies releasiniyehe tooi from
pull ed upward to a position to allow the pins 157 to

the sebéinehoxe spihified ealmivel hSleevailTdr inchalasha grin®f edastomeric
noveout and rel ease the ball sleeve 174, thereby

" seals giefidh to Hige iseatshé15 eheaseinofiglts Bhelrbtbid appligition, the sleeve

. shows lifting the eritire tool upward with respect to.- .
174 hdshansetially egiendeddewsr Hoetign N$4] with #é idweroyed connected 1o
radially outward and rel ease the projections 158 to
end pipas $58el Avwatiatly wutsr $8éve ifiSsinahidesnarakanul® adialiy eutward

Cring 176 to a | ower position within the enl arged
projeciibrameise thdreoa, 166 plordihe offemdiuefeldHtiallg sspdvrld pine 157 are
Cring 176 may be expanded to pass the ball by the

~ mountéd lih RPerases PeyVided ifritge neandrel 504 Vand @is ragBPY AeSVISg with

other than pins nmay be used for nmoving radially
respechtfiavatsl and thereby rel easing the closure seat to
nmove within the enlarged dianeter bore 166 and thus

e¥RaAGinOtHevapPet Goshtichaag sHmvah | Figiedbalkhy éﬁ‘é‘é?%@ 172
| ugs or buttons alternatively coul d be used, or i

- maintalin 864 eplirdTBMbASsSABNAH thE wbviark Pisbitich. prrk:bQﬂeQ:fallt 1Bﬁds ‘on

i ner hanger 70 may thus act as a retainer to 20 hold

the sekh€78i & ﬁ@ssru@é'!ﬁérbﬁséﬁ\wo@e he ShMe gan; ﬁ"l@ Wf(ﬁe@sed fluid
so that the running tool may be pull ed upvvar

pressur@i Wil BR€aPiRs HREVE72 hardliRE theslivtssbhdy | 'd?ﬁ\anard {o an
hanger. O her enbodi nents of a suitable retainer may

* intermédigtel P@sﬁlbﬁteﬁs Showh d eifure @, alHeintthe ciRkLiRftefhtiBPY®jection

radially outward. Al'so, this axial novement between
156 eh§&g® A& pins 157, which act as stops to prevent further downward

movement of the subassembly.

With the sleeve shifted to the intermediate position as shown in Figure 8,
apertures 173 In the mandrel-104 adjacent the ‘sheér pins 172 allow fluid to ﬂo;n.f
radially outward of the mandrel 104, and to an opérating piston 177. Once the
tool is activated, piston 177 is raised, raising s!oﬁga retainer 158, which is
connected to the lower end of piston 177. This allows the C-ring 178 to collapse

radially inward to release the ‘running tool from the set liner, and prior to seﬁing
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and the retainer may be acconplished at the surface
by either raising or lowering the running tool. For
ot her applications, a dovvnhol e actuator may be
WOeevildEd, such as a hydraulic actuater, to PCT/US2067/007334
controll ably stroke one cOrponent axially relative to
another to allow the pins to nove radially outward.
The axi al novenent of the 5 pins 157 relative to the
- retainer thus allows the closure seat to rel ease the
the pagker. 122. Theritgol enay dhei| e diftesh upwasd nix iepsure that it is
: mechanismthat will .allow for thé discharge of the
disengaged ffemthersetfinar hgngeol to regain circulation in
the event that the operator cannot rel ease the . :
Assuinmiggtibel fuhciion sheved b fiftingrgieton 177 isthe lashion function
tool rel ease nmechani sm does not function, the Figure
to be peneuhethi the bihll owy bedislodde frotothzetadti! sshfallges. Ghe 1.D. of
increasing fluid pressure above the set ball to shear
top of thenbnésOBangel D otst aea ebtping tedwild the bimss1 Beralidifdintvard in
nmove downward and di scharge the ball as the Cring -
the Figgxpad ¢ositidro  Fandeis erobaditett, Heerdtaivler dnthushear iofidine finer
hanger may then 'be retrieved fromthe well. The
hangeFi Theaudningetoal and iowehanies sledveo168 hmvthanoaliled upward to a
operation if the pins 15 157 are prevented from

'positiolmtd atiowatieaping 18N wabe. abbove axd e of dad rétiriat, so the pins

vari ous passageways in the running tool could prevent

can mbhe ouit rthd redsasothengalbsiesas d 74, thélkby re88Eingan the release of
' al ternative operating nechani sm-for rel easing the

- the ballalHigfireomshivevesiifting 17 eritirctodl epwihe wisercebedt Bh@arsst finer

menber, -such as pins 195 and 196 as shown in Figure
hange?., Thei sihs 15T wilicoboe Cadiahe ouenmerd fod teieasd Bde plojbftons 156
sl eeve 174 and the 20 sl eeve 155 radially outward of
to pass| esioer fifed pirds 15NOWhis radibe UiSo Gmodds e CRARE 178 to a lower
fluid pressure above the set. ball causes the pins 195
positichn@litAdttheoerbeRyd didter Bard 166 sh 6RY thaklife! F0U so that the C-
allowing the CGring 176 to expand into the |arger -

ring 176 6188t 66 exprhli¥d to pass the ball byah8el-rihg, 48 dHE&NtAFigure 7.
i kel'i hood of a ball discharged by an upper seat

afsreii ompdndras hipar anah i fladviaal end | usRRES bV Padially

a |l ower seat assenbly, the | ower seat assenbly may

outward) @indd end ey Ofe| E@¥iRg SR SclobuaX skt Yo Shave dyBhiRdhePbARrged
195, 196 between the seat sl eeve 154 and the sl eeve

diametd5bvié Madearidhdhad | sxpanauowewardd o] 4d4<en 18 GaliTheRadially
" |l ower shear pins 195 may each be tightly positioned

moveallé Hugs aombl:Bofs eitaedively tbaldsbeaysadl it i Fbietichemay be
upper shear pins 196 are positioned within.a vertica

servedbpta CHTngv Phpdrtibhefsasanat ﬁﬁﬁﬁer 70 by 1 ANKIe G0 rdtBifer to
seat 176 while positioned as shown in Figure 6 nmay"

hold tii¢ pHis daUS@0dIRAnivaed 0ds BROWhIWEFigEREB! sBithat &% unning tool
Limted downward 'novenent of the ;

may t:!e pulled upward to raise the pins above the upper end of the liner hanger.

Other embodiments of a suitable retainer may include slots or windows to allow

the .pins to move radially outward. Also, this axial movement between the pins
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10 sl eeve 174 relative to sleeve 155 may occur until

t he upper shear pins hit the upper end of the

respective slot 197. Due to the energy absorbed by
woMearpgag the | ower shear pins, the upper shasrTE2e05/007334

are not sheared when the | ower pins are sheared,

whi ch prevents the tool frominproperly actuating or

passing the ball through the .l ower seat. The upper

shear pins may have substantially the 15 sane

and thePFRamidr tndpbenibodtnplizaet ehe shFace @y@the@@ﬁnsiﬁd dr lowering
shear at the desired pressure |evel. While in

the runinitfy BAUrEoBoRs i ddgiBatidhdli«l dBRARBIY AciiBYor 4§ HREprovided,
i ncr eased above the seated ball so that the pins 195,

such ad %ﬁﬂaaﬁe abhit@hYo EehalfdiN strBRe bhaGokiSormsret eﬁduaﬂl@\féiatlve

to nove downward relative to sl eeve 155 and

to anotﬁBPEH 8lio e phid fo Afbvehapiaaly|iwaid e TRE REGASRBImMER of the

drop to its fowest position as shown in Figure 8, so

pins 1 EIM&t‘\J&etobtﬁ@ retAnELHRASABDW BR didfursaiiat 1d Belease the ball.

hose skill.ed in the art should appreciate that the

& bidMbsiRatans UrasRaR! YnddHrisms RN il Ao 6 the

may be Used in a liner hanger running tool to set

d;schaitdéeois{ﬂéJ Ball 3R ttﬂétruhhi‘?lgl ’c%W?Eo Fegféuﬁ‘ &ired F;\gioﬁuiﬁa\ﬁé IRhY that

as shown I n Flgure 1D may be used to rel ease

the opér‘é&W %ﬂ&?ﬁ]oefars%rﬁhéhﬁnﬁﬁ tbblR5 Qﬁ{ar rDthe runnmg

C-ring asse I'es cooperating Wt Si n baI I

tool re%%@e%b%ﬁgﬁkhi’%o%m Vigen f}ontﬂ% H é é:n{é&%n?s‘?ﬁ‘taﬂows the

assenb one only the Iomer -ring
bail to be discharged by increasing fluid pressure above the set ball to shear pins

195 and 196, thereby releasing the sleeve 174 to move downward and discharge

the ball as the C-ring expands into larger bore 166. The tool and the finer hanger

-may then be retrieved from the well.

The Figure 8 operating n‘iechanism also allows tool operation if the pins

157 are prevented from moving radially outward. For example, debris in various

' passageways in the running tool could prevent the pins from moving outward. in

this case-,:ah-a'lternative ope_fating mechanism for releasing the ball from the seat
176 -includes the use of a shear member, such as pins 195.and 196 as shown in
Figure 7, which-intercannect the lower portion” 154 of the sleeve 174 and the
sleeve 155 ra&ialiy outward of sleeve 154. As shown in Figure 8, an increase in .
fluid pressure above the set ball causes the pihs 195 and 196 o shear, drobping
the siee_:ve 1564, and allowing the C-ring 176 to expand into the larger diameter

cavity.
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5 subassenbly al one, may be used to operate the liner
hanger tool, either because the slips are otherw se
set or the assenbly is otherw se released fromthe
wWol2pevérizdanger, or because a single Cring balRACTEEgp07/607334

subassenbly may be used to both set the slips and
thereafter release the tool fromthe set liner. In
the former case, the slips may be set by an
al ternative mechani smwhi ch_does not 10 utilize
Imerderstad redices g dikelhqask obgr kalhidiggharged byt an upper seat
actuate the :tool, and-the G ring seat subassenbly

assemblyywildand ef aryl inasivestestly (res tMYORE lQsr segassaaibly, the
set assenhly. In another alternative, the running

lower segblassambe may il o @r thereseets| ofrfaliaspesed ghear pins -
mechani sm t hat. does not involve an increae in fluid

195, 1pbebstwesn iha iseat cigvearid4 hod theesiBeveny58euith the radially
subassenbly may be used to only set slips.

outward projection 156. The lower shear pins 195 may each be tightly

posifioned within a hole provided in the sleeve 174, while the upper shear-pins-
186 are posilioned within a vertical slot 197 within the same sleeve. A ball
landed on the seat 176 while positioned as shown in Figure 6 may first cause
shearing of the lower shear pins 195. Limited downward ‘movement of the
s!eevé 174 relative to sleeve 155 may occur untif the upper shear pins hit the
upper end of the respective slot 197. Due to the energy absorbéd by shearing
the lower shear piﬁs, the upper shear pins are not sheared when the lower pi.ns

are sheared, which prevenis the tool from improperly actUatingj or passing the

ball through the lower seat. The upper shear pins may have substantially the

same pressure raiing as the lower shear pins, and will shear at the desired

pressure level.

While in the Figure 6 position, fiuid pressure may thus be increased above
the seated ball so that the pins 195, 196 shear, the_reby releasing ;che ring 176
and sleeve 174 to move downward relative to sleeve 155 and mandrel '!04.. This
then alioyv‘s the subaséerhbly to drop to its lowest basition as shown in Figure 8,
so that the ball is released from the seat 176.

Those skilled in the art should appreciate that the uppez; C-ring seat

subassembly 110 as shown in Figure 1B may be used in a liner hanger running
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‘ool tomgj thepdling, @ndninatihe i

15 In a second alternative enbodi ment, both
operations may be perfornmed by the sane C-ring seat
subassenbly. A wide. range of fluid pressures are
- woihomiianai | able to safely and reliably perf orraT/US2007/607334
different operations at different fluid pressures. A
si ngl e mechani sm nay be provided since relatively | ow
pressures may be used to set the slips and then
reliably nove the C.rin position 20 where it
&%.nginso%?a n%HRﬁS@Ie"H?M as shown in
t hereby rel ease the. ball. Faor exanp
Figure fPemayike gsed bpelgase fg npening é@pitffprg élﬂe ﬁﬁéhw hwer with
while a fluid pressure of 2000 psi may be used
both G-g#hgagesemblieumoareredRy withna ¢ siagigetball ndp ﬁaﬁgé\iternatwe

then release the ball. Two or nore piston may thus be
embodiment, the upper C-ring seat assembly alone or only the lower C-ring

subassembly alone, may be used to operate the liner hanger tool, either
because the sl-ips are otherwise set or the assembly is otherwise reieased ﬁ;om-
the liner hanger, or because a single C-ﬁng ball seat subassembly may be used
to both set the slips énd thereafter rejease the tool from the set finer. In the
;‘onner case, the-s!ips\ may bé set by an alternative mechanism which does not
utilize increased;préssure in the bore of the tool to actuaté the tool, and the G-
ring seat subassembly may be used to release the running tool from the set
assembly. In another alternative, the running tool may be released from the set
liner hanger by a mechamsm that.does not involve an increase in fluid pressure
in the tool, and thus the C-ring seat subassembly may be used to only set slips.
In a second alternative embodiment, both operations may be performed by the
same C-ring seat subassembly. A v_uide. range of fluid pressures are thus

available to safely and reliably perform different operations at different fluid

pressures. A single mechanism may be provided since relatively low pressures

may be used to set the slips and then reliably move the C-ring to a position
where it may expand within the running toal mandrel and thereby releasé the
ball. For example, a fluid pressure of 1000 psi may be used to set the,stips,
while a fluid pressure of 2000 psi may be used to release the running tool from

the set liner hanger then release the ball. Two or more piston may thus be
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actuated to performthe desired operations on the
tool, and different fluid pressure |evels and
porting to the different pistons nay be used to
‘wopesfuemedual or nultiple operations with a tPealus2007/007334
Providing a conparatively |ow ball rel easing pressure
reduces the |ikelihood of high formation pressure
damagi ng the skin of 5 the formation, thereby
enhanci ng hydrocarbon recovery. Al t hough a )
actuateguia amréiombdhei gasired eprsatipperoc-ihpntpalegnd difierent fluid
subassenbly and the |ower Cring seat subassenbly are
pressureHevielsi and-pgiing B thendiffstad systopsiraay beyugad to perform dual
positioned differently in _another |iner hanger )
or multiplen epeatians withrie teli ngrofdngi a sopianatively énv dad Telpasing
of the assenbly |If_a single Cring seat subassenbly
pressuresretitices dile.ilikehaach of hlgﬁ\n%ématipnearaswmqmaﬁim Bbe skin of
: positioned for porting to two different pistons which '
the fornaatierattbeteiny erfwncing ydrocasd ol rgcovett.i ng assenbl y and
the liner hanger rel easing assenbly. The C-ring- seat .
Althm e absyitabdy beatjors fari theedpper Baynd ceat subassennbly and
tool which provides a central bore through the tool
the lowendCpimgt segt subadsenblytarsshdBhrindfigers dpphé cabresanblies
the Gring seat subassenbly may be used for
may beppositioned glitfkerentiplie anpdhert iresrshangerruthing tblehdecluding one
involving a liner hanger, including tools i-nvolved in
with pripecy eongairtémg ob frex assamblyorif endingledi-ecinglseap subhssemsbly is
t ubi ng/ casi ng. hanger running tools, subsea
used inlisdmenclangaroltbe dsserhblyersay de pabiiosed al | porting to two
rel easi ng subs, hydraulic disconnect tools, and

differentapisions whisbsacifiaROfreowdipkay. s the blig setivies assemblycand the

of these applications, the tool may be reliably
liner hHapgeanteteading eksdamiplyy | dhe pCeangr ssalt subaksarebliyt meay be
ball or other closure conpared to prior art tools due
positionteal Bhanydsecatiorn fre ti@ tooigvBicht pwitlesna saniral bore throtigh the
t he above-di scussion, the closure nmenber which is
ool and pedingistat pisicits. t he C-ring seat mechani sm and
thereby increase fluid pressure is discussed as a
Ima lothemiapplicatiorneso nien Oyring esedio subhssmblypoey be used for
various applications. In other applications, other

perforntipg edowhholeo synesatierd ertsendhab ethosed ifvaivisgad | irgerwhiahger,

" the G

' including tools involved in packer setting. operations or multilateral operations,

tubing/casing hanger' running tools, subsea disconnect tools, downhole surge
valves, ball releasing subs, hydraulic disconnect fools, and various fypes of
downhole setting tools. In each of these applications, the ool may be reliably
opéra{ed at relatively low pressures to release the ball or other closure compared

to prior art tools due to the use of the C-ring seat mechanism.
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5 ring assenbly and -reliably sealing wth the sea
above the Cring. Darts, plugs, and other closure
menbers may thus be Used for this purpose. The tools
wodverlioged herein are relatively sinple, partH@UIsasd7po7334
with respeot to the conponents which seat with the
bal | and subsequently rel ease the ball fromthe
seating surface, thereby providing high reliability
nd, | ower costs conpared to [ art tq tools .

o @e .% epesdiafe §'°§Hﬁmmb?wf&$‘m HeRd f eat with
seatin th the bal ot her *ﬁ I n ot her

the C-gng a7 anigm @ngl Eﬁ?gémﬁﬁ@ Lm‘f RESTUTS it BisRyssed as a
could be used to formthe closure seat. Each of these

ball, whishpisnerngaenlyusedhion this\RUPRae 4N Rrioysrarlications.  In other
rel ease the ball when positioned within a |ar

applicgficnte cEierfypes b clssuia Bamgerrs. may & useditny seaggs wihrihe C-
or button may nove radial outward into the slot or

ring asgregURIE FALTIED PRAINSEWRBCTELRRS) SoNe P s ORer RIUgE
may be no change in the dianeter of the bore inthe - .

and Otl&m clphdie PrHRMBEES GRRY Jeds bR WESY fonihis rurppse.ngThe tools

) position to a releasing position. Wiile preferred

disclosathoeraie are relptively S"’“B%e papiculapenitharspeitdofiee sopponents
illustrated in detail, it is apparent -that

which et fwightthenbathrandh sabseauently celeane beebal feam the seatmg
enbodi ments will occur to those- skilled in the art.

surfacepitereby providing bigieraliapiliée aingd lomeerensts dotparedsie Iprior art
nodi fi cati ons and adaptations are within the spirit

tools. and scope of the present invention as set forth in
the followi ng clainms. CLAI M 1. A downhol e
tobl-ringclontirageat i$ sbawe indhe drewingschorseang vdithother teall or
and thereby increasing fluid pressure above-the

other elipsdn: e Irs ethertempedinognis amullide addgsn hags, tiies dobntiohs could
tool and/or anot her downhol e tool, conprising:

be user to fdrnb iy clrewire geat.c ciatlalof tive ghtwonehts cosd ghexy move
the closure through the tool body,

radnaﬂy outward to release the ball when positioned within a large diameter bore

of the tool.. Also, a dog, lug, pin or bution may move radially outward inio the siot

or groove provided in the tool body, in which case there may he no change in the
diameter of the bore in the tool when the closuwre seat moves from a retaining
position to a releasing position. |

While preferred embodiments of the- present invention have. been |
flustrated in detzail, it is apparent that modifications and adaptations' of the
prefefred embodiments will occur to those skilled in the art. However, it is,to be
expressly understpod that such modifications ar'"ud adaptations are within the

spirit and scope of the present invention as sat forth in the following claims.
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a closure seat having a radially retracted and bi ased

i nward position when positioned within the tool body

for seating with the closure while the central

E&gé&éghbore restricts radi al expansion of the closure
a connector for tenporarily I|mt|ng

axi al of .t he cIo ure sea Wi th respect to

Che- t boh SBIIPIe RGBS RIS e b BSEMIE0 Sk CtSUEeoawat}%ebv
axially to a radia] I\}/ ﬁé panded ggsnlo Wi thin
n&@ﬁswéyldtmewreeég & e CoyE, PRl <laalteriord A H%era’“o” on the
central throughbore and allow the closure seat to
doyile toqd angioranpthgsdynpele faol. 6°MR(SHIT el ease t he

closure; and the seal body positioned above the

cl os P &0k bedy: haying a central E‘FPUQHPFEEP &r REsEINg Sgppenttecitirasigh the

the seal body for sealing between the closure and the
dedbotiody while the closure is seated on the closure
seat 2..The downhole tool as defined in daiml,

f ur t hecloswemeat hagng a radially teé¢racted [and ddpser dwarg neaition when
external seal for sealing with the throughbore in the
eosiimed ewithdim the tool body for sedtihg witwiteo lclostreowhilgs the central
defined in Clainms 1 or 2, wherein the connector

troogphbare sestritts radiaimxpmskuh@ﬁiheplomres@at;‘l’ he downhol e t ool

as defined in any one of the previous clains, wherein

t he t acbnimatty fomiehpdesilyaimitret arddlincovepent of the disasi segt with
fluid fromabove the seated closure to operate the
trégplectatd dihe toot belyaand Pedasiigwid obguré eedt.to move axially to a radially
expanded position within the_ tool body to release the closure seat from the central
throughbore and allow the closure seat to expand to an unbiased position and
release the closure; and

the seal body positioned above the closure seat; and

an annular seal supported on the seal body for sealing between the closure

and the seal body while the closure is seated on the closure seat

2. The downhole tool as defined in Claim 1, further comprising:
the seal body having an extermnal seal for sealing with the throughbore in the

downhole tool.

3 The downhole tool as defined in Claims 1 or 2, wherein the

connector comprises one or more shear pins.

4 The downhole tool as defined in any one of the previous claims,
wherein the tool body includes an actuation port for passing fluid from above

the seated closure 1o operate the tocl and/or the another downhole tool.
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5. The downhol e tool as defined in any one of the

previous clains, wherein the closure seat includes a

plurality of radially outward extending tabs for

engagi ng a wall of the central throughbore in the

t ool 5b OdyTM\QS&NrM&% t8$l%§%ﬁ%ﬁ1ééi‘°(n blﬁ( +r¥esof'tl‘%' ﬁré ug c}aims, e{vherein
: e downhol e s define

posi tT on. tool a

O fniﬁﬁeﬁ%si% F@*jﬁfgﬁf P SURER LhchdlE, BOTRF EhRiano o
[.im f her AW "
SN B R padn B PR B ol i SR Faon

tool as defined in Claim®6, wherein the stop noves
radially outward to allow for further downward

novenent the closure seat. aThe wnhol e tool as :
ot 1 o 1 PherEniiel Tofh gs SERhee B S WE R Bul ShimErupreren
novenent of the seated cl osure when the c|osu s i

(PR CORACER SPIRRFSS 338 PPBfie SR PREfA VBBV toghe Japl Body.
downhol e tool as defined in ang of e&ﬁh?g (grevi ous

A9 FIRP |ImEﬁfyH]gﬁFd@Wﬁlﬁﬁqd§p?]\§{nem f the r ed closiyE geatyt ety
connectors for limting axial novenent of the closure
seat with respect to the tool body after the closure
seat has disengaged fromits radially retracted .
posi t% on, Thmepwrieledas! e defnsdin (am § WhereiR &ie SRRmAKEsadialy
novenent of the closure seat to rel ease the closure.
outward to allow for further downward movement of the closure seat.

8. The downhole tool as defined in Claim 6, wherein the stop limits
downward movement of the seated closure when the closure is in the releasing position

within the too! body.

a The downhole tool as defined in any of the previous claims, further

comprising:

one or more safety connectors for limiting axial movement of the closure seat
with respect to the tool body after the closure seat has disengaged from its radially
retracted position, and thereafter permitting further downward movement of the closure

seat to release the closure.

10 The downhole tool as defined in any of the previous claims, wherein
the tool body has a plurality of closure seats which sequentially operate the downhole

tool and/or another downhole tool.
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10. The downhol e tool as defined in any of the
previous clains, wherein the tool body has a
plurality of closure seats which sequentially operate
t he downhol e tool and/or another downhole tool. 11.A

downhef e t QQBoMPﬁzllé%bPEctéduﬁd Q4sBreSRAt fof PhcchvRg® ¥blfe and
a closure and thereby increasing fluid pressure above

g'ré?ebﬁ %ﬁﬁék dés@ur@ ehHY tHe ABs P §éa’ﬂd Béifoﬁﬂ ahRBeration on the

[/ or anot her downhol e t ool

9% 'lestgognd/ ranotherébmhﬂ&étaepg?( mpRkGNg a central

re passi ng the osuré through the tool

body, , eoP@Jdg 'hQurr]n 5 oém; ﬁFJﬂ;bﬁtﬁJre ﬁg%&a%&o{q@ﬂh%ﬁm tool

restricte I ane ure seat avin

rbﬁtg) g gh%oﬁ Sftth@(% ?rgl t%é#ﬂbb%rhamﬁg r oMt h' n

stricted arrete portlo e t oo body for

s_eat ' g:l \%rrehst {]ﬁa\ﬁr# lllgcﬁal z?cit&{]ﬁ sft%ﬁ Heﬁg?crgltloned within the

di ane er portion o he C rough or estricts

segi(:?éldn(g?rgg@ '&8&0}9 foftth?t?cll cb%w ?%FZ%EIT%R@ﬁ tt&%%[ﬂ% while the
AR Pkl SO ot o R4 e o
é)oeoﬁlzl %bg%%%fhﬁ*nn élos%ré: lsgﬁﬁl'{rrl&ly nsghé 'bldrél?y ofnlla'ii{a 1y ﬁutiward e>ftend|ng

ltaga fgree%gagt a %Jl o?ﬂw sr{ncggcg&gr%r% é&'{ (.Iar!1 & tﬁé’ nggtggﬂughbore in

Seéa ed on

| th.t . whi | t d th
e S
| t t. of th | t with .
L ) eI L L1818 S IR Bl
t ot [y t di al | ded t
?’E?"”E\?'g&%ﬂg Zilpgns?/onoo? tr‘hleI 2I o)s/u(lf)e(p:l(re]a;E aggsl on

rel ease the cl osur 2 The downhol e, as .
def i nBd IR S&?h?@f"“%@? Eﬁerﬁe?'r@d@/ & SSBE’WV F*h@'ﬁ &@ég"e while
an actuation port for passing fluid from above th
§@%¥€%&”6h%§'a$l§9158% Aeg gt‘?@”'ﬂ HdEMRRE Y InitRg %eﬂ%m?é!?ment
downhol e t oo A net hod of eratin
GRS SO WiCRSRRchE lrecPDRRATY. Yeni=HeoNd a8 BogiTR =2t ©

a closure and thereby increasing fluid pressure _above
mowe axigdy faea Jadjallyy epaeq*%mﬁt@ﬂ f?fp@'l‘)‘é(trﬁgo‘ﬁ(péﬂs‘?h of the C'Osure

downhol e tool and/or another downhol e tool,
é@qﬁ?ﬂdge Ggse the closure.

12 The downhole too! as defined in Claim 11, wherein the tool body includes
an actuation port for passing fluid from above the seated closure to operate the tool

and/or the another downhole tool.

13. A method of operating a downhole tool including a closure seat for
receiving a closure and thereby increasing fluid pressure above the closure seat to
perform an operation on the downhole tool and/or another downhole tool, comprising:

providing a tool bedy with a central throughbore for passing the closure
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providing a tool body wth a central throughbore for
passing the closure through the tool body;

providing a closure seat within the tool body having
aradially retracted and inward position for seating

V{hrtol]%ftlh% B%I%Hie while in a restricting portion of
t he

entra ‘oughbore, the closure seat including

Ci r cURf Xt & @Io@(re%%@?ﬁ@ i il to%?ﬁé fefiing" £ 'ia‘ﬂi'/ Réraited and

radi al proj’ection of cl osure at Suc

. V@F&}r&‘ gpytﬁg%eﬂ@éaqnggwtﬁ ﬁrféeclc%fu AR .nr oﬂe%éhhﬁ {bﬁﬁag 8088 A@ntral

e centr ough ore to retaln e closure

%%h hiord NReCOBRIESSEH iRAKind WeurhBRRRLRT spabeh! Tt 584k for
RN 4 Al

Tove me closur®e seat; o
A, A o B8 ) S By

ﬁ))lgcﬁ gﬁ g g@% Qgér%l%g?r%t t%%ﬁ'%xl i"ll%ﬂ%ﬁ@é}'é ttg Or&‘[’g%ﬂfac\%]vclg?(ure seat |n the
of the cl osu;e seat to rel ease the cl osure. 14The

I?QWB%?SSQ Pge ﬁ:hed in Cdaim13, further corrpri si ng:
t | b d h I ; d
o W R e BRI R 22 o

for seallng bet ween the cl osure and the seal %
whi | eTqI#RSING| the Glosuiesseab i BV AXiA Wléfr"bgl?erO's@&'v such that the

15The nmethod as defined in Clainms 13 or 14, further
elosyie issatrig in a radially expanded and unbiased position while within a releasing

portion of the toot body to allow expansion of the closure seat to release the

closure.

14 The method as defined in Claim 13, further comprising:
positioning the seal body above the closure seat; and
providing an annular seal supported on the seal body for sealing between the

closure and the seal body while the closure is seated on the closure seat.

15 The method as defined in Claims 13 or 14, further comprising:
a seal body having an external seal for sealing with the central throughbore in the

downhole tool.

16 The method as defined in one of Claims 13-15 wherein the tool
body includes an actuation pott for passing fluid from above the seated closure

to operate the tool and/or the another downhole tool.

17. The method as defined in Claims 13-16, wherein the closure seat
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a seal body having an external seal for sealing with
the central throughbore in the downhole tool. ietThe
met hod as defined in one of Clains 13-15 wherein the
tool body includes an actuation port for passing

HCMFQSa% g@o@rﬁ@?ﬁ}%iaﬁlps%ﬁ%ﬁ Sebrirg%itsSorl éhg‘%@ﬁé atviloPfhe central

t oo e anot her downhole tool. The net hod
' ' lyWheh$ i TadiBy et QBeY SoshieAl

R e D SR S

tabs for engaging a wall of the central throughbore

in the tool body when the closure is inits radially

retraggeq d%%b%]%\g | for performinyta dgwﬁpﬂé‘ Bﬁér%tiﬁrgﬁ)ieth f-0fownhole

performng a ol e operatron w a down

BE1s55. 01 Pt Bl © o

having a CTentral throughbore

o B e R4 0580 B s e o

pln(zvn positioned within the tool body for seating with
P&:.cl osure while the central throughbore restricts

radi al _expansi on_of the closure seat; . o
a closure seat having a radially retracted position when positioned within the tool

body for seating with -the closure while the central throughbore restricts radial
expansion of the closure seat;

‘a seal body having an external seal for sealing with the throughbore in the
downhole tool; .‘

a connector initially limiting axial movement of the closure seat with respect
to the tool body when held in an initial ;Sosition by the retainer, and when moved out of
engagement with the retainer, releasing the closure seat to move axially with respect to
the tool body to-a radially expanded position for releasing position when the closure
seat moves radially outward to an expanded position and réleases the closure; and

the seal body including circumferentially spaced slots each for recéiving a radial
proje&ion on the closure seat, such that a radially outward surface of each brojection
engages a wall of the central throughbore to retain the closure seat in the radially

rétracted position.
19. The downhole tool as defined in Claim 18, wherein the tool body includes

an actuation port for passing fluid from above the seated closure to operate the tool

and/or the another downhole tool.
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a seal body having an external seal for sealing with
t he throughbore in the downhol e tool; a
connect& initially limting axial novenent of the
closure seat with respect to the tool body when held
in an initial position by the retainer, and when

e e R Y A
00 ol St Skt BT RISl o

radially outward to an expanded position and rel eases

t hangdfopanetaer devenhole tool. t he seal body i ncl udi ng
circunferentially spaced slots each for receiving a
radi al projection on the closure seat, such that a
radially outward surface of each projection engages a
wal2l. of  theetedof iingaganhele oko pyfamaer cperalos cBRosur e
seat in the radially retracted position. 19. The
dowiohnhele tdewvice hegving fai ra@iher. themethad@mpfisiegei n t he

‘tool body includes an actuation port for passing

f | ui dorbviding alolleodyhevieg atcertratihoxighlzore tor passingtacciashiee through
tool and/or the another downhol e tool. 20. The
dowmhtloebddypl as defined in Claim18, wherein the

tool body has a plurality of closure seats which
sequatifidligpbstticrnirey atalidii eutdanitiaded dasole seatitidiin tiededi body in
downhole tool. 21. A nmethod of using a downhol e tool

t 0 gpadibiy reradiedom®y iBlvirdpositiorefod samtihgpivith the \doserelvenile thg entral
retainer, the nmethod conprising: provi di ng a tool

b o diyrolighbbiRgestricie ridabdxphhgionug tHeatsufeaeatpagsi ng a

cl osure through the tool body; initially

pOSi t infiAlyNighiting il Alolbament ofwhe didsliessedt withossieet ®ethad tool body
wi-thin the tool body in aradially retracted and

i NWihed tHeQsdstile@Raf i held Biainiimitgal psitibn bitbe cdtaisery andwhhich enoved out
the central throughbore restricts radial expansi on of

t het ehgsierRnB &l theaftthiner, releasing the closure seat to move axially with
respect to the tool body and to a radially expanded position in response fo its
radiglly outward bias such that the closure seat moves radially outward to the
radially expanded position in response to its radially outward bias and releases the

closure.

22. The method as defined in Claim 21, wherein the tool body includes an
actuation port for passing fluid from above the seated closure to operate the tool

and/or the another downhole tool.

23. The method as defined in Claims 21-22, wherein the closure seat
includes a plurality of radially outward extending tabs for engaging a wall of the
central throughbore in the tool body when the closure is in its initial position.
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initially limting axial novenent of the closure seat
Wth respect to the tool body when the cl osure seat
is held in an initial position by the retainer, and
when noved out of engagenent with the retainer,

rel eagy Nthd RRHeH QRUIENSE & ClandTRY-23 aXhatbih }fhé/\fséeh body includes
respect to the tool body and to a radlally expanded

ra@&Jn#fére;ﬁhaquﬂaéé@@Bﬁseatt@fdr&écervﬂgl Alddal B [e\%ﬂfndofk{h@%losure seat,
such that the closure seat noves radially outward to

Lh& Ladhaly yuRsresdeds pcsfSééchoaro}ealoﬁeé@@a&e al Qall bF the_ certral

radi ally dutward bias and rel eases the . cl osure.

08B R e 1R LR dofin BoAebsed\iRiiGhN t he tool
ﬁ&ﬁsﬁb uges an actuaﬁign port or pa§5|ng fluid

fron1above the seated closure to operate the too

and/ or the anot her downhol e tool. 23. The nethod as

def i ”gg eﬂo’é‘sa%i'jeﬁfed N‘Péfaﬁé‘ ot hg Whg ﬁwengﬁchmferentuany

i ncludes & plurali adra out ar

%;%?ﬁfsf& S Jr‘? éln&vc\llﬁ Ilmltaklap% \Eépr?en? 81”:5 Elgéuré Péa? Wﬂ p@s&?et to the

OSUI‘ e
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circunferentially spaced slot seats for receiving a
radi al -projection of the closure seat, such a
radially outward surface of each projection engages a
wal | of the central throughbore to retain the closure
seat in the conpressed position. 25. The

met hod as defined in Cains 21-24, wherein the
circunferentially spaced slots in the seal body limt
axi al nmovenent of a closure seat with respect to the
seal body in both an upward direction and a downward
di rection.
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