LI NER HANGER TOOL W TH RE- LATCHABLE CEMENTI NG BUSHI NG
RELATED CASE 5 The present application clains priority
fromU S. Serial No. 60/795,549 filed April 27, 2006.
FI ELD OF THE | NVENTI ON The present invention rel ates
to downhole tools with sealing conponents 10 to
conduct cenenting operations. Mire particularly, the
present invention relates to a |liner hanger assenbl y

for hangi HQ_INERW‘IANGE%W% %ﬁ;@
re- |l atchable cenentli
I NVENTI ON 15 A cenent s referred
gygﬂ% Backoff bushing, is used in a liner hanger
f? Bal between the liner and the runni ng
t ool , mhlch is lowered into the well on a running
5 st ri ng Therresentapplicationaslaimsopriarydram UsS. Stiriat Ner g@ﬂgs 549
t hrough the running string and around the liner in the
wdiled Bprile27, PRE6. cenent i ng bushi ng thus provides for
the required increase in fluid pressure to 20 punp

cenent in the well, and subsequently to selectively
break the seal between the liner and the running

t GOELDRIF THEINVENSTIN | ng bushi ngs use nul tiple |ugs
protruding out fromthe seal body to I ock the bushing
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cenment i ng pressure capab
' Wi k,up the runni

10 fg% ?Bﬁﬁﬁt.?tfé %%n'} gﬁbwaéﬁ]ﬁ?h é\ﬂ}?fp&r&@?{&e ItheD gwaepﬁ vent:o% relates
to a liner hanger assembly for hanging a liner in a well, and to a ipckable and re-

latchable cementing bushing.

BACKGROUND OF THE INVENTION
15 A cementing bushing, sometimes referred to as a packoff bushing, is used
-in a liner hanger assembly fo.seal between the liner and the running tool, which
is lowered into the well on a running string. Once properly lowered, cement is
discharged through the running string-and around the liner in the well bore. The
cementing bushing thus provides for the required increase in fluid pressure to
20 pump cement in the well, and subsequently to selectively break the seal between

the liner and the running tool.

Prior art cementing bushings use muiltiple lugs protruding out from the
. seal body to !ock. the bushing into the liner. These lugs may be small and limit
the cementing pressure capability of the packoff bushing. An operator typically

25 - wishes to pick up the running tool after release from the liner hanger, and the
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1 running tool slick joint determ nes the length the
runni ng tool can be picked up before the cenenting
bushi ng comes out of the liner. If the operator picks
up the running tool above a length of the slick
joint, the packoff bushing may di sengage fromthe

i ner hanger and cause a cenenting failure. The entire
assenbly may 5 then have to be retrieved, since it is
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Aretri v?bhe anc} re-stabbabl e cenenting bushing is
airains B! ahovs 3 lengih of fhe #lickdeinhdlae pRefalf bushing' may disengage
particularly, the cementing bushing disclosed in the

) %@8" the Inardiangragnd sapse pecererntingffaiiyre. | Theeentise @ssembly may
re-stabbed into the liner, although the possibility

ofthgit Bava fiede elijyed. Pacoitis net passbia lorggaingiesayre integrity.
detracts fromthe reliability of the system TIW

mar ket §-$.i RalentsqBOBeOaT and #,281/7dtlrdisdoss a linac kahfer assembly
bushing and Smith International markets a retrievable

c éerelhanging buter iy anivel, witl dhe mgsémbly. indlédinhes fetridvable packoff
mar kets a Nodeco RSM retrievable seal mandrel. 15 The

dbeshingntfagtdeabld bed ps-stabbable @&nertingriseimghy didtfosed in U.S.
present invention, and an inproved liner hanger wth

a Platerk 8(139,308] Merd parababh ,tﬁ@&&ﬁﬂéh[ﬁ% blHiRy BdcloSed in the 398
herei nafter di scl osed. SU RY OF THE | NVENTI ON 20

ApaRhe iy B PR SMSthBRREr afd I 3&IbbRaNER" the IR8M iough the
includes a tool mandrel supported froma running
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CAsiaBiity &fle %yét%hﬁa?iwgrnarkets liner equipment with a retrievable packoff
bushing and Smith International markets a retrievable cementing bushing with

locking lugs. Weatherford markets a Nodeco RSM retrievable seal mandrel.
The disadvantages of the prior art are overcome by the present invention,

and an improved liner hanger with a iockable and re-latchable cementing

bushing is hereinafter disclosed.

SUMMARY OF THE INVENTION

According to one embodiment, a liner hanger assembly includes a tool

. mandre!l supported from a running string, a slip assembly for'setting slips to

engage the casing and support the liner hanger from the casing, and a releasing



2 mechanismfor releasing the set |iner hanger from

portions of the tool to be returned to the surface.
The |iner hanger assenbly also includes a cenenting

bushing which may be re-inserted into the liner in

the event that the running string is raised above 5
the liner, thereby allow ng pressure integrity to be
re-established. The cenenting bushing may be

rej boto the liner if. after setting.and
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u f, the |iner hanger il e checking for e

rgreglg@gg&?ttq%guqmi ng tool, or ifI u]E)\/vardhrmverre_nt of

the drill string while cenentjng |lifts the running

Tool ante g Ehaee AsHRmBisoeldes A eaneaiiting) busbiagi wijch may

- 10, ri ng .enhances the cenenting pressure capability of

t hBe & qﬁigd iRk the g in itmﬁ,pmcth@tamcr,unym_grgjrmg is raised above

reliability, thereby providing nore flexibility to the _

- “Sopkiedingr.. theneby pllowirgqupseiie integrie ke be rergstablistiedy Thercementing
seal ing between a |liner hanger and i ner hanger - '

r ubishirD Mmey be seipsertaskinto thes ierdf, ity setiinguaticngpleasiridbfrom the
radially outward seal for sealing with the |iner

“ halinger thenseting toail 38 pigked wpralitot dhe fiosr is@rgjer RhilgidhiackiRg for the
running tool. A first Gring or other |ocking member
i sretedsal bfy therouerihg covl, tdr - if Nepwairg hihoerhesty o Bk drill string while
radially noveable for axially interconnecting and

-+ di caroentigtliftsghé hending Riotabbesihearir haﬁ%érl. NEEirAMeRIntiaNoading
slick joint supported on tghé}l‘rlunnl ng{ t ool g:\ltdlqomsP| tga,
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joint, and expands to connect t he™s
| W¥rator.

In one embodiment, a cementing bushing for sealing between a liner

hanger and liner hanger running tool comprises a bushing body including a

15 radié[ly outward seal for sealing with thie liner hanger and a radially inward seal

- for sealing with the running tool. A first C-ring or other locking member is axially
- moveable with the bushing body.and radially moveable for axially interconnecting
- and disconnecting the bushing body and the liner hanger. A slick joint supported
.- on the running fool aflows the running tool to move upward while sealing with the
20 radially inner seal of the bushing. -A second C-ring or other Ioéking member is

positioned on the slick joint, and-expands to connect the bushing to the slick joint

when moved upward. When the slick joint is subsequently lowered and the first -

-C-ring begins to reenter the groove, the buttons are forced radiafly inward,



when noved upward. Wen the slick joint is
subsequently lowered and the first GCring begins to
reenter the groove, the buttons are forced radially
inward, 3 collapsing the second C-ring to di sconnect
t he bushing fromthe slick joint. The first |ocking
menber is thus reengaged with the |iner hanger and the
second | ocking nenber rel eases the bushing fromthe
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wi,ith.the liner hanger and a radially inner seal for
sda¢ ’%WWW@@%@&‘HP%‘SF@SW@WW@ Flick daint, ocki ng
menber axially interconnects the bushingbody and the
li ner KWEREEING i;@resempedieentpther aethod afg§eal?g't§gbetwem a liner
the |iner hanger when noving the running tool upward,

S5t hangply and a diner gngesiranning doelt inclugps rposiioningt Aebushing body
running tool which seals with the bushing body. A
s dRaurding ecradialy rastiwand seal il seating poitt the mer hhaged Ak a radially
joint nmoves upward to axially secure the bushing to

't lineg| $egk TposealingTitls ¢hamdniing ttbelr  TRatfiustelscldng member axially
advant ages of the present invention will becone
- ajfifarcenhedts dheHuskingf iddyoshd) thel Ghari hathelessd iiPraifdd upward to
wherein reference is 15 nmade to the figures in the

.. adisenpadgy foen tHeaMardringér WREF AR UnEINg ol iiffward, thereb
DRAW NGS Fi gures 1A th?ough 1Gillustrate geqaelglfﬁlival [y erevy

10 Itr Jrﬁﬁxlngbantawoo& Eﬁﬂ%@ﬁﬁéﬂé‘da@ﬁ the ratHibG S WHiBE5eH2NAR the bushing
- “body. A second locking member axially supported on the slick joint moves

upward fo axially secure the bushing to the Slick joint.
These and further .features and advantages of the present invention will

become . apparent from:the-following detailed description, wherein reference is

15 made to the figures in the accompanying drawings.



Suppeshing loe

Figure 2 illustrates in greater detail a half

sectional view of a cenenting 5 bushing |ocked to a
runni ng adapter of a liner hanger. Figure 3
illustrates the cenenting bushing as shown in Figure 2
di sengaged fromthe | ocking groove in the running
adapter, and a |l ower locking ring supported on a
slick joint. : Figure 4 shows a cenenting bushing as

h ' ! it 10 | ocki
R O oA R B RANINGScr nanger . Figure 5
il It f th [ bushi wh
bei ng. - CCASC BIRRDN (B0 ERate Saaieiahy it g @rponents of a

illustrates ,a stop on the cenmenting bushing engaging a
sh%’?ﬁ%‘?}‘"?fmal”ﬂgr&"l‘?g\gtﬂ%ger with the buttons | owered
bel ow t%_e | ocki ng groove and the 15 second | ocking
nmenber CGHIS éé@&grag% iR greqtes dedail pdialh sectionghdew frg eementing
|l ock . bushing to hanger. Figure 7 illustrates the

Wgtq # Rgnihadaiesetta tesdangehi n t he
| ocki ng_ring groove, the buttons positioned bel ow the
| ocki ngFiguiey Jyribeshiatesaribie t pemeniivgerbushirig ray rshogn in- Figure 2
retained on the slick joint. 20 5 DETAI LED DESCRI PTI ON
OFdipepgaERRHENBORIAEYT@0oBIg i thelrunnirigcadapteas iaati s iver locking
Figures 1A-1G illustrates one enbodi nent of a
| i fireg Saprpetedtomod slidkGoimt.t h two C-ring seat
subassenbl i es each for seating with a closure nenber

in a | iFigurehastyrys: appicatdd BishiAg ab BAGW tn FiglgesS2ahd 3 with the
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upper locking ring axially released from the liner hanger.
Figure 5 illustrates the position of the cementing bﬁshing when being
stabbed back into the liner hanger.
Figure 6 illustrates a stop on the cementing bushing engaging a shoulder
on the liner hanger, with-the buttons lowered below the locking groove and the
- second locking -member compressed to allow slick joint to move down to lock
bushing to hanger.
‘Figure 7 iliustrates'-.the-'Uppér locking ring again positioned within the
“locking ring groove, the buttons positioned below the locking ring groove, and the

lower locking ring retained on the slick joint.

20



5 subassenbly 110 is shown in Figure 1 B, and a | ower
C-ring seat subassenbly 170 is shown in Figure 1 D
O her than conponents associated with seating and

rel easing the closure nenber, the primary conponents
of the Iiner hanger running tool 100 as shown in
Figure. 1 include a running tool tieback | ocking
mechani sm 80 (Figure 1A), a slip rel ease assenbly

L i
 respondig8%ch ‘f*ﬂéﬁ'ggmﬁse?ﬁf%%egé}? ey o apgiment o
g v e B o RO ER e aite. et Subsrspmibiss Gary forseating wit

164_. Fil&urﬁhﬁ%&é I'lustrates the packer 122 and Figure,

1 ¥ ipsyiet 't Kb &18T 23nae6| gpplisationn AR apgehde-ring seat
part of the 15, running. tool retrieved to the

- dsutuyaseemid! Keigeshowaolinfiguee Bt and melowet O-fingpeat Sthassembly
cenmenting bushing 130 di scl osed nore fully bel ow may

- bettisiebemndn Figure dD. sOfistsdbian newponents iesssciated iitit seating and
pressure integrity can be reestablished between the
r URlsasingt te closdra neerhbererthe hangay esreporngs fafr the liner hanger
circul ation purposes. The cenenting bushing maybe
r dunhiegeldot 06 kes shoviradre Fidurer1 frisfudze aemuhing topE tisbacknlocking
20 is conplete. To hang off a liner, the running tool
100ectmnism BOdFigyreatl Apchsip refedsbaisbodiy oppiglively @sp8ridive to the
string and rel easably connected to the |iner hanger,

10 f ruppentG-ehg tdeat aBsémblr 116 satkeeRdamg! Mg H8RaFdIge I 18)0 a liner-
the bore hol e beneath the previously set  casing or

| iggefrelbadd @RISHDECTAD bR Mlivdl) ZedfortidMb ik VY €-ring seat
1A i s supported about the
assembly (Figure 1D), a cementing bushing 130 (Figure 1E), and a ball diverter
140 and plug release -assembly 150 (Fi'gure 1G). Figure 1E illustrates the packer
- 122 .and Figure 1F illustrates the slip assembly 120, which are not part of the
15 . :running. tool retrieved to the- surface; and remain downhole with the set liner.
- The cementing. bushing 130 disclosed more fully below may be reinserted or re-

- stabbed into the Iin‘eriso"that pressure integrify can be reestablished between the
running tool ‘and the liner:hanger -assembly for circulation purposes. The
cementing bushing may be:retrieved to the surface after the cementing operation

20 s complete.

To hang off a liner, the running tool 100 is initially attached to the iower

- end of a work string and releasably connected to the liner hanger, from which the



runni ng tool 100. The upper end of the tieback
receptacle 102, upon renoval of 5 the running tool,
provi des for a casing tieback (not shown) to :
subsequently extend fromits upper end to the surface.
The tool 100 includes a central mandrel 104, which
may conprise nultiple connected sections, with a
central bore 106 in the mandrel. The |ower end of the

ol SHECTS BAGRRIBE, B Iverlsh FREVEELGR: il Pnpdlf 68 proviously set

wh will 10 be described in connection with
thgag'g ;ﬂ:«:?ﬁééro(? the packer el ement 122 about an upper

'I(:gcv:rlzg‘n‘é%ffge’ gc’%e@}lrn §%Wft‘g‘9/e ?Slmlf S&éfsgﬁt?nk%@ﬂgﬁ about the
axi al I%q]ihoY Bbe S| |ck oint 132 %a
£ i Y 780556 4b6st St hedichert roaaras 1984ypon semoval of

runni ng tool may be axially noved 15 relative to

- Qofffo REMIRY tteoly draYides for Recaging tigbaclo (Rothshayki)nty swesequently
seal provided by the cenenting bushing 130 (see Figure

| "1EpXtend drogeig HPPeiensliorha guiace. Thedopldd® includes aeeatrhiemandrel
and re-stabbabl e seal between the running tool 100 and

ot hd04, wiich maygeamprissembitiplef eannitieddsections) Iwith @nentral bore 106 in
purposes. Figure 1A also illustrates a tieback | ocking
“metteamiagdreR0. The lopler endiofgh8ieback Favebtadd202 iiebashected to the
102 to the running. tool mandrel 104. The tieback

| ophchey elemremtamistier Bleaventod, pe BT i Fﬂgﬁur‘éaiE,CWhéﬁe funtion will
tool as it is runin the well. The Ioc i ng nmechani sm

1080bei descritiedt inecdnne bestkwitR 2hd 8efihl dnvtiid) ga&ér@erﬁgﬁ 12 about an
be set. Mre particularly the slips 126 are kept from
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By incorporating an axially movable slick joint 132 (which may functionally

- “be an ‘extension of the mandrel-104), the running tool may be axially moved

15 relative to .components to remain in the well without breaking the seal provided

~ by the cementing bushing 130 (see Figure 1E). The cementing bushing 130
© provides a retrievable ‘and re-stabbable seal between the running tool 100 and
- the liner hanger assembly for fluid circulation purposes.

Figure 1A also illustrates a-tieback locking mechanism 80. A split ring 82
20 locks the tieback 102 to the running tool mandrel 104. The tieback locking
mechanism prevents premature actuation of the tool as it is run in the well. The.
locking mechanism 80 unlocks the tieback 102 to allow the slips 126 to be set.

More particularly the slips 126 are kept from prematurely setting as the tool 100



engages the upper end of the tieback 102 to prevent

its upward novenent prior to setting the slips. The

tool actuator subassenbly 110 as shown in Figure 1B is

used to 5 release the |liner hanger slips for setting,

and includes a sleeve 112 disposed wthin and axially
noveabl e relative to the running tool mandrel 104. The
sleeve 112 is held in its upper position by shear

pins, 114, C-ri.n e Qrted in.the

0\ B aya Yo et BY the | %a%fﬂc&g@ FEEREIS &y W Griopingly
the seatid bal | . 4&?& ﬁ% é thus be, dropped from

t HE9ages 1R Upperen ErfiePAgk dB8Ito pErvent s VBWaEHEoyeMmENt prior
the seat 116. An increase in fluid pressure within the
melRcelINgha sliehove the seated bal | will shear the pins

114 and | ower the ball seat 116 and sleeve 112 to a

| over Jé¢i taobacluatemeuhnssembly 1 H@ asuahowiy in dugureelBy is used to

aga| nst the stop shoul der 108. Once the subassenbly
9 Jelegnerted linpr hiatger gipsuioe setiipgpasd intlhdesighslpeve 412 @lisposed
to stroke a piston and thereby release the slips for

-sewithimgnd ax@lly Pieveahlesietative td @t rumnitics foos athndsdd 10k, Thel sleeve

is axially noveable relative to mnmandrel 104. An upper
seHld isgheld rig its6@ppes Ehisitionsieyl sabauping $1HRIA €-rify Ball Geat 116 is
the running tool mandrel than is the | ower sealing

T isugpdfidd TrotHeosigbvn 142WIsakl 1158 &S BlovRIcaBBBAIINRELIR it seated
themfor lifting the tieback receptacle 102 fromthe

- pagilt i/0Palb fre8vhadyithirs BY rd@o;ﬂp%dtﬁbrﬁﬁhél Beﬁéc@% fHeorﬂnf'li‘PhE tool bore
setting the slips or slip 20 segnents 126. Por
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runni ng tool bore wth the surroundi'ng pressure

C %6@@ th® RSt NGB KM shihP tRE) u]qssi ﬁtg \églg ﬁ%\é 1&1% %&V?éftd‘l 16 and .

increase in pressure throd
r %’Ie%% P12 to a lower position in the bore of the running tool, e.g., against the

stop shoulder 108. Once the subassembly is lowered, fluid pressure may pass
through ports 166 to stroke a piston and thereby release the slips for setting.
Piston sleeve 160 is disposed--about and is axially moveable relative to
- mandrel 104. An upper sealing ring 162 is disposed about a smaller O.D. of the
running tool mandrel than ié'the lower sealing ring 164 to form an annular
pressure chamber between them for lifting the tieback receptacle 102 from the
position shown in.Figure 1B to an upper position for setting the slips or slip
segments- 126. Ports 166 formed in the running tool mandrel 104 connect the
running tool bore with the surrounding pressure chamber once the seat 116 and

sleeve 112 are lowered. An increase in pressure through the ports 166 wilt raise



the piston sleeve 160. Upward novenent of the piston
sl eeve 160 causes its upper end to raise the tieback
receptacle 102, and also raise the slips 126. The slip
assenbly 120 shown in Figure 1 F is nade up of arcuate
slip segnments 126 received within circunferentially
spaced recesses in slip body 5 sleeve about the | ower
end of the liner hanger and adjacent the |ower cone

128, ..Each slip nt 126- includes, a relativel ]
o wR8 e vel 1L ARG, RuemRG! O Bt pistor Sgave 80 causes it
out er sia? and an arcuate cone surface 125 nounted on
i tYPRER B 1o Bigpthediebark moeptadiny A8emsnd alep raiseibretlive dR6.
128. Three or nore circunferentially spaced slip
segment’de fipy agrerglle 420 ghaver inFiguse IF & oredlepiie of arcuate slip
C-slip may be 10 used to replace the slip segnents.
THEeIMSS, 120 7regpived gwihie dincumigrestiallynspadedereceasdsnin €lip body
as the liner weight is applied to the slip. The slips

- 5 1 Heavecahayl henlowebead. of the lireal Hapgbe ane edjaaehiothe fower cone 128.
retracted position, wherein their outer teeth 127 are
sp=anddship segmbet ¢28iimgudas -andlaivelypipay tapsieti aguate slip: having
wherein the slips 126 have noved vertically over the

c deeth1129 amits duttoside gag emeartusitetddnt Rarfads 1§ meunidd on its inner
Fi gures 1E. and 1F show the relationship of both the

patdecfor sliding Bhgdghine@ndtht bwef bod MA@ HIES BF bre BRGSRHferentially
slips 126 about the upper 124 and | ower 128 cones,

r epRe&d ishielskgméRs - ﬁaV'LHeaﬁs?cPaWﬂlﬁFna%U&V?Qtoﬁezaiehé Cglip may be

di sposed about a downwardly-enlarged”upper cone

<o 10 bereatd rbpigcd wid 8lip 2bGRY¥Rs] 2the 10 1@?C§Sraoﬁp§é%%pi¥§1to the

is originally of. "a clrcunference in which i

| BB Z0e WSS U, R8s g B ovave
gggﬁﬁ#gﬁﬁwm@éﬁra ﬁmercrgﬂgcéad'p&sﬁiosn?%\llhe?giﬁltpntsallr otuPe(?' teeth 127 are
spaced from the casing C, and an upper position, wherein the slips 126 have

moved vertically over the cone-128 and into engagement with the casing C.
15 Figures 1E and 1F show the relationship of both the packer element 122
and the circumferentially spaced slips 1126 about the upper 124 and lower 128
- cones, respectively. The annular. -packer elemer;t 122 is disposed- about a
- downwardly-enlarged upper cone 124 beneath the pusher sleeve 121. The
packer element 122 is originally of.a circumference in which its O.D. is reduced
©"20- and thus spaced:from the casing C. However, the packer element 122 is
expandable as it is pushed downwardly over the cone 124 to seal against the

casing.



9 Figure 1E generally illustrates the cenenting
bushi ng 130. The cenenting bushing provides a
retrievabl e and re-stabbabl e seal between the running
tool and the liner hanger for fluid circulation

pur poses prior to cenenting, and also for the
cenenting operation. The cenenting bushing 130
cooperates 5 with the slick joint 132 to all ow axi al

novenemigpt 4he eHBFHII 9ilfulRthtad ttll?é’uéemgﬁtﬁ:ﬁk'dqu%hﬁwg /130. he

seal prOV|ded b genentlng bushin
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t he cenenti ng 0 cause
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h r an alall |nvvardrunn|n
ﬁ%&a[}@i er%a{lgfé? ffr‘“j mevemery %fhmnrqwm &en! gwithout
1 E This ratchet ri n aIIovvs the packer element 122
t &fw"pﬂji'}?eae%amwa\% ¥ae cementipp dustipge Thramangeah 104 of the
Iocks t he packer elenent in its set position. 15.. The
paeiRased ruRing tophoan hayused. teaaiseythesemgnting bushing 488dp cause
pusher C-ring 180 (see Figure 1C) which, when noved

u bR lugsy138de resve inand wiiedkiromdbe finer kange0 2Theiiher henger 70 is

forced to an expanded position to engage the top of

- t lIsbowheMitft kn areedgstgrobee 7Phfor retaivingdhe Ungs N83t obhe cementing
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may be picked up until the packer setting subassenbly

i duskhingVied deatsrbetaechop radially dutebad Iﬁndérer@mmng(:écmpt@%f the finer
that the pusher 20 C-ring 180 is raised to a position

abaugertdrel 4 cplialy inherd ruahingosianamirac! e and expanded

outward. When the packer setting assenbly is in this

expandRétchet ring 136 is also shown in Figure 1E. This ratchet ring aliows the
packer element 122 to .be pushed downward over the upper cone 124, then

~locks the packer element in its set position.

- The packer element 122 may be set by using spring-biased pusher C-ring

180 (see Figure 1C) which, when moved upwardly out of the tieback receptacle

-..102, will be forced to'an expanded position to engage the top of the tieback

20

-receptacle. The released running-tool.may be picked up until the packer setting
subassembly is removed from the top of a tieback receptacle, so that the pusher

C-ring 180 is raised to a position above the top of the tieback receptacle 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

of the tieback 102, which then causes the packer element 122 to begin its

10



position, weight may be slacked off by engaging the
pusher C-ring 180 to the top of the tieback 102,

whi ch then causes the packer elenent 122 to begin its
10 downward seal i ng sequence. \Wen weight is set down,
t he expanded pusher C ring 180 transmts this
downward force through the tieback receptacle 102 to
the pusher sleeve 121, and then the packer el enent

SRS S seirengd VS'L&?%W?%T* ﬁeﬁ@ea‘:: 6% eeu%ec{ gusher C-
t I n
- Seitd i ?ﬁﬁsefﬁgslc@? Baviia forcs rpuaniib Hebpsieicdapiae 102 to the

. .assi ortlon of Figure 1C illustrates _
' th%us:?‘ﬁbﬁé‘?’evﬁo?# o“ﬁ“% hep e, Parkerselerisnt ed (Séetlﬂéu'ﬁi)m) This
ﬁ nning tool mapdrel 104 to transmt torg
VPERL PI0  Aales: BISCRUNG: Hea 1 Be(sROcioNHo 16) bebresmthe packer
the mandrel. The central portion of the clutch 185 is
S shfing ﬁsﬂﬁi""dlly and tig tishrpknrggeptadlerfoaid imsettiag tespaaker element
bi asing spring 184. The first tinme the packer setting
as¥ilniBNguils presestie cansishf The Ipuei portidn dfoFigureedEpillastrates the
running tool, a trip ring may snap to a radially
~ ‘oUHPREr Bopiosi afi apdutchWinsplinedga dhe OB of tHenginabgeobl mahdrel 104
subsequently reinserted into the polished bore
‘1 dodparsotieorqure vthile palioivirgy. wikial mevegree beledrd thedblutdteand the
pol i shed bore receptacle, 15 and the packer setting

.- CG:manrdyel. STinoséitralpoetion bhihe. ditieh Pabiis RASwR A eF-'i%ure 1D, and may
receptacle. When set down force is applied trip

10 1 im@venniresponiee t6 diisflg springvd due to canmi ng action.
The entire packer setting assenbly may. thus be

- -| over eqhb Girstofthé AR ?iébké]“séﬁul:cj?‘éﬁéerﬁﬂl tis Moy & of the polished

running adapter prior to initiating cenment |

0 %F@Pédéﬁtacﬁ‘@ﬂ?ﬁg tobl, Ptrip nPASY Sha % t Qi %%EWA%I position.

is raised
When the packer setting assembly is subsequently reinserted into the polished

bore receptacle, the- trip ring will. engage the top of the polished bore receptacle,

716 - and the packer setting C-ring-is positioned within the polished bore receptacle.
- ‘When set down force is applied, -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 to initiating the

- cementing operation. The next time the packer setting assembly is raised out of

. 20 -the polished bore receptacle, the radially outward biasing force of the C-ring will
- cause the C-ring to engage the top of the tieback. Further details regarding the

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

11



20 the polished bore receptacle, the radially outward
bi asing force of the CGring will cause the Gring to
engage the top of the tieback. Further details
regarding the packer seating assenbly are disclosed
in US. Patent 6,739,398. 11 The packer el enment 122
may be of a construction as described in U S. Pat.
No. 4, 757,860 and 6 666, 276, conpri sing an i nner et al

Tos e eE e AR of et BBt Ron o° 2Rgaqed in us.

N PR T T

's;ﬁ)é(ﬁr oég}%gﬁ gkila@%gaw ng Sql'ég\éttﬂ%ﬁtl al eI astl Cl}r())/m the body

C. The C-ring seat subassenbl 170 as shovvn in

”mélﬁ%aﬂg H@%é‘"gdﬁﬁﬁ%éﬁ walieat keaks disperalanayne mounted

seat subassembly 110 shown in Figure 1 B. 10 The

5| brbyean sush dest Thabweal hasdigs may ibe éemedeof Wi thatarial having

the running tool bore by shear pins 172. Sl eeve 174

t 1syBstiapiploplesticiwato span trpeammius beBvagmethe fisereharger and the

fromthe upper seat will land onto the | ower seat 176.
O¢eeingks ball is seated, the predeternined pressure
may be applied to shear pi ns 172 and nove the ball

. seat 1T7Beafidinghsesat eebassefdbldorivarsd showHniBo¥ejuré heD may  be

ports 173. Higher 15 fluid pressure may then be.

- agjsposed theneathsitet ippepiGting sehesvitastémblyo1 TP ¥Rowh! IVEiglire 18B.

and t hereby di sengage the running tool fromthe set

10 | MheroRangering $&& subakeaRB aﬁ@i&@é&uﬂ&cﬁwitﬁﬁ'tHQ@énnmg tool-bore

conmponents pins 172, ports 173, ball seat 174 and
Pib§tsheat pins arg. W@?gm & 88bpdri8EatN#PECTTHS BAN UM when

portion of the tool
released from the upper seat will land onto the lower seat 176. Once the ball is

seated, the predetermined pressure may be applied to shear pins 172 .and move

-+ the ball seat 176 and the sleeve 174 downward to uncover the ports 173. Higher

15

©20

fluid pressure may:then be. applied to cause the piston sleeve 177 to move
upward and thereby disengage the running tool from the set liner hanger. The
-release assembly 175. includes components pins 172, ports 173, ball seat 174
-and piston 177, and releases the set liner hanger from the portion of the tool to
- be retrieved to the surface. Assembly. 175 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 fool may be raised from the set liner hanger, but prior to setting

- of the packer, thus releasing the ball and permitting circulation of cement

12



be. retrieved to the. surface. .Assenbly. 175 rel eases
the remainder of the tool to 20 be retrieved to the

surface fromthe set liner. Upon raising of the inner
piston 177, the running tool may be raised. fromthe
set liner hanger, but prior to setting of the packer,
thus releasing the ball and permtting circul ation of
cement 12 downwardly through the tooI and upwardly

A h

SN PG T 0B e e e s
bal ance pi ston 171 for balancing fluid pressure

a V‘Sgg”?ﬂ}?%a&ﬂ "193 to increase high reliability for

the operatiq eeve 174. Seals 193 above. and
bel ow pigire ;2 L?Péﬁﬁ@ée%ad}vs‘eqsé%ﬂq Brlagess pigian 471 jor balancing

the, sanme fluid pressure on both sides of the seals,
t H@fdeesﬁss'érﬁr%ﬁm%@eoﬁ%! 493 &m ingreasechigh eeliability/tor ths gpgration of
1D also illustrates split. ring 178 for gripping the
5| ﬁ'ﬁ?{‘/eh&?ﬁ@er Seals 192 ahsver and nkelawypast 17dvete thus subjected to
osition so that it may contract radially inward,
Béﬂgwlalbﬂ Hssisape Hid wpnessue tewlboth eideshef the séaisr thereby
hanger. Figure 1Gillustrates a | ower portion of the
- t @whanging lopdiatign aofibe Isledive effder Figle01 Bratscailllstrates epljtaing 178
plug rel ease assenbly 150. The assenbly 150 repl aces
t fier grippihg the liplee hangar 200sTHe splteingandy be Inidved! radiaky to position
plug to the running tool. The plug holder shown in
- Fisguhat ifl&aly Sohtact trhdiah). inwasd, ThéRby réleddifg Mel@inh Q@@Iqrom the
15 assenbly disclosed in U S. Pat ent 6,712, 152. Tool
10 canmomRiyep. and operations not detailed herein may be
functionally simlar to the conponents and operations

di scusprfird AG-HIRstrdtas @Nowkr $RHiIGHOEF the tool, including 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

- plug holder shown in Figure 1G is functionally similar to the plug release

~ 15" assembly disclosed in U.S. Patent 6,712,152. Tool components and operations

- not detailed herein may be functionally. similar to the components and operations
discussed in U.S. Patent 6,681,860.

- After activating the lower:C-ring seat subassembly 170, the operator may

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

20. that the ball has passed through the ball seat, allowing circulation through the

running string to continue, and the ball to be pumped downwérdly into the bali

~ diverter. Fluids are then circulated through the ' tddi awaiting cement

- displacement. Cement is then injected through the running tool, and pump down

13



After activating the Iower Cring seat subassenbly
170, the operator may lift up the tool to pass the
ball: through seat 176. A drop in pressure wl|
indicate 20 that the ball has passed. through the
bal| seat, allow ng circulation through the running
string to continue, and the ball to be punped
dovvnvvardly into the ball diverter. Fluids are then

P SR e Beitent Hrd ?’h%ﬁ?’ﬁ}@é? o 8fith Fo g iy parrer o the

runnin and Iug follows the
cé’ﬁ%"r‘ﬂ'&‘%@si’lﬁﬁeqf’ Prq{/)\?'ﬂfgwerﬁ %@a G parrier to

t he preV| ously di splaced cenent and the displ acenent

1 ui d. RETERg i iRy nowHEIres gtirard B.affte semanting chusing 30 is

bushing 130 is constructed to be retrieved after the
c ERBHTYGRS tple setrivved sftelirgl comenting aperation is somplate along with
runni ng string. The cenenting bushing is al so desi gned

't $reprunning sigiagt difleecementinghushimgis alkaigeigned to the re-insertable -

event that the running string lifts the cenenting

- birddithe ledeovengke in ithe rgvenhdhatbihee nadmingn gtripgelifteutree cementing

integrity to be reestablished. The cenenting bushing
mbyskihg abbee thed lirs thedebyiendigingi pressuré intagrite o etrebstgblished.
and releasing fromthe liner, the .setting tool is

- pirak egmynting bushingcag iisdde h‘@tﬁbbﬂ@d i hd Bnerdif, Saftbr @eétting and

10

of the liner. As shown in Figure 2, the cemsntlng

bysibadit fefeife! el IReisattryOobl i'srbldzlie‘é{ up'8hdathe @é’rﬁéﬁﬂlr@f‘bushlng

| ocked to the liner hanger, and includes a netal

Siradtd e the lingyer housi ng 230 which are connect ed
by threads 216. A no-go cap 218 is also threaded to

~the togg ihé\kmm ﬁggreoﬁ’sthé'cﬁﬂﬁgﬁ% BlsHif asé%ﬁbl&olﬁ%'%ﬁh%\?min its

seal i ng 15 engagénent’ wt unni n

- U RSmhdi PRGitBAMSKe td ¥e lifd rdHer, 24 includes a metal top sub-212 and

15

20

a lower housing 230 which are connected by threads 216. A no-go cap 218 is
also threaded to the top sub, and positions outer seal 220 for sealing
engagement with the running -adapter 222 of the liner hanger. The top sub 212
and the lower housing 230 also-position an inner seal 224 for sealing with the
slick joint 132. The assembly further includes a first locking member, such as a

radially inward biased-C-ring.226, which is shown positioned within a groove 228

- in the inner surface of the adapter 222 when the cement bushing is normally

locked in place. The first.ilocking\.member also functions as a loading member,
as explained subsequently, and occupies a majority of a circumferential groove
when in a loading position.  The C-ring 226 is positioned axially between a top

sub 212 and a lower housing 230, which may be connected by threads 216. A

14
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and the | ower housing 230 al so position an inner sea

224 for sealing with the slick joint 132. The

assenbly further includes a first |ocking nenber, such

as a radially inward, biased: Cring .226, which is

shown positioned within a groove 228 in the inner

surface of the adapter222 when the cenent bushing is
normal Iy 20 | ocked in place. The first |ocking, nenber

al so functions as g | oading menber, as explai ned .
s&i‘é@[ﬁﬂeﬁ’ﬁ gilcumfpeerdaty prranded Mhftens o) mingers 232 in housing 230
circunferential groove when in a | oading position.

THROXE F3digllyooutwatd md inwaiddasaxalaineds belawen Slick geint 132 also
sub 212 and a | ower housing 230, which may be

cSYRERH2a Ipyer Rridgi 234, 1whic maybe pesitibned iroé groove or otherwise
circunferentially arranged buttons or plungers 232 in
hdesitieged 80 thershak jointitcambye upwaat wittathe: slickgoint, as

expl ai ned below. Slick joint 132 also supports a

| oner Eigure§ Stys ishgrelateredetbie theoappaerdoei ring 226g4reby dock ring
or otherwi se positioned on the slick joint to nove
upuppart @36hwithn ¢hes lupplr Joakning Borhinguswt & thieoydoid) 228 by pulling
greater detail the upper lock ring 226 and a | ock ring
suppard oddfhebbihaihd ehued RAsing WRK ISHE0jdHAM 30 Oiie ©f thehecess or
groove 228 by pulling upward on the tool and thus

© T grédveae4hen thé Skitdrajuifacd B2 th&dfick Rirfth2r %Bﬁﬁﬁle_otﬁ;%per- lock ring

10

groove 242 on the outer surface of the slick join

13Ad tHOUdbx! ffy BERSErt hsKmbld 9adidiNbink/aRd %leﬁ%f@irr@gorce applied to

support may nove radially |nvvar§ as upwar

S8 AUl 530l 231 BE BB I 2 stions

B s e
B N A A ——

15

20

PLSHRIsR jol S WRE P The STk iR 52%d"up, the upper lock ring 226 wil
thus engage the frustroconical surface 240 and be forced radially inward out of
the groove 228, and into the-groove 242 provided in the slick joint 132. The C-
ring 226 may be biased radially. inward, but may be normally held in the groove
228 by the O.D. of slick joint 132, which prevents its inward collapse. When the
slick joint moves up so that surfaceé 242 (see Figure 2) is axially aligned with the
+G-ring 226, the C-ring naturally collapses inward to move out of the groove 228.
The upper lock ring 226 contracts into the upper lock ring undercut 242 in the ,
slick joint, and substantially simultaneously the tower lock ring 234 locks into
groove 233. At this stage, the cementing bushing is locked to the slick joint by

the tower locking ring 234.

15



t hus engage the frustroconi cal surface 240 and be
forced radially inward out of 15 the groove 228, and
into the groove 242 provided in the slick joint 132.
The C ring 226 may be biased radially inward, but may
be normally held in the groove 228 by the O D. of
slick joint 132, which prevents its inward coll apse.
When the slick joint noves up so that surface 242
(see Figure is.axjally aligned with the C-ring
226, t B4 fﬁ@stﬁ%%%l% gk daint Cisiocin Waward nosiiapdthgle first C-
of .th roove, 228. 20_The. upper lock ring 226 )
c IS 2= QUi 9fithe aRRv Gt sPdRRt sentigued daisingtof Mae rynpingyieol may
slick joint, and substantially sinultaneously the )
| Judirthe Gerant hyshisg qu ek the tinas hagigeby dhe Imer Aliametes of the liner
stage, the cenenting bushing is |ocked to the slick
j diafgepyunping adapier P32 kabayer theg grdwe 288 HE gueke than the inner
illustrates the slick joint 132 in an upward position

- Swidigmetse of ithes tineT-harigey adagtoo belowf grtdose @280 se tizstdhe duittons 232
that continued raising of the running tool may pul

-t heay paes uphash oh theogtoove 228 withoat cdlapgiay . thd @& ring 834 radially

di anmeter of the liner hanger running adaptor 222
athowvardt he pgriinovef (A2 Slitisjoimris2tman indield aeor Motk a8MEESIrsiots or
of the |iner hanger adaptor bel ow groove 228, so that

- t et suth g I&25 MEhowrRESFigdral dwhlcht dierdisORtR aBéfe the recess
wi t hout collapsing the Gring 234 radially inward. A

- P BNbEbwi e hig 284 OfHdseldds diBlots HAIbWORHRAG fR¥m above the

nmore vertical slots or cuts, such as slot 2527 shown

<10 | RetdsBWR B nalhil & Eﬁﬁﬂ -%3&?«-%‘1@?%@@%&?@&?&%abgvAe?to-below--

to below the ring 2 ese cuts or s all'ow

OO Py 20 RNG2 RELPH P ana 7

, so 't . . rom aboye .
: E@s ﬁg%'rlggs%’%gﬁ%ég;slggea@t%’&\ﬁsthg 's%apaﬁll tv&h?éhs'sea S (\ervrfthl tﬂe slick
joint 132,

Figure 5 illustrates the conceptithat the cementing bushing. may be easily

~ 15 restabbed into the liner hanger even if raised above the top of the liner hanger.

- The cementing bushing 130-may -thus initially be stabbed into. the. larger-inner
diameter 246 at'the top of the:liner -hanger adapter, with tapered-surface 248
acting as a ‘guide when"lowering the bushing. In the Figure 5 position, the
plungers 232 will be forced radially inward as the bushing moves down and the

20 buttons 232 engage the conical cam surface 241 at the lower end of slot 228 to
collapse the ring 234 and unlock the bushing from the siick joint. The upper iock

" ring 226 may simultaneously be lowered to the position as shown in Figure 6,
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positions, these bypass slots are bel ow the seal 224
which seals with the slick joint 132. Figure 5
illustrates the concept .that the cenenting bushing
may be easily 15 restabbed into the liner hanger even
i f raised above the top of the |liner hanger. The
cenenting bushing. 130 may thus initially be stabbed
into the larger inner dianeter 246 at the, top of the

- liner hanger. adapter, w.th taper urface 248 . acti ng
as Mt SR HABAT g i e hp) it i ot ece rgdialy dutward
positjon, the plungers 232 will be forced, radially.
" e tredackadcpastlion dlie thdbe undemut arraropyR24bindhe slisioint 132.
232 engage the conical camsurface 241 at the | ower
end of TH0¢e ©gsiraies g namocenhean 2He epgagiag thautapstad shoulder
the bushing fromthe slick joint. The upper lock ring
22848 8) asiingn hangasusinpingeadanter @82+ oShogdern248 ialinwasdownward -
shown in Figure 6, 16 where it is axially in line

- dwi forcastie s apnlied208he ljoer hangestto fposi ¢k liketi aaid anger in the well.
outward into the | ocked position due to the undercut
orAlgthizostag@4he iplungees et buttorjsa23t haw’Phedri guehedGadially inward due
illustrates the no-go end cap 218 engagi ng the tapered
s hiouthe éustradéhicd! sarface 241 hihegstly catapsing tiesl apinekdiy Biased C-ring
Shoul der 248 all ows downward 5 forces to be applied

t 234e drilsukrtha ang L84 RYATthelishinger and hanger in the
well. At this stage, the plungers or buttons 232 have

- been pushatbwriath @ighde 7,7k JoiAt$32 h8s bBEn Idwitbd 36ARACRE C-ring
surface 241, thereby collapsing the outwardly bi ased

10 X‘Sﬁ"ﬂﬁ su%%#aniigslylﬁéle@"théﬁcﬁvg g ﬁéﬁ%@%@fi@%ﬁg% diave 242

shown in Fidure 7, J ol nt
 SGhdshgdert Noved" i j.al | 1 b _
9B A g0 8 R 228U OTIEE oball! ik 226 s
again locks the bushing to the liner hanger, and provides a large area,
substantially continuous circumferential member capable of transmitting high

forces fo the liner hanger.

R R The ability of the cementing bushing to improve the function and reliability

. -of the tool give the.operator.ﬂexibilitywhilé picking up during the release of the
running tool. If the cementing bushing unseats while being picked up more-than
an intended amount, the cementing operation may be subsequently resumed by
re-stabbing the cementing bushing into the liner. The circumferential locking ring

20 226 of the bushing significantly increases the cementing pressure capacity of the

~ bushing. The locking ring 226 is both sizable in cross-section and does not
include cuis or bypasses other than the slot in the C-ring, thereby providing a

large surface area for contact with the liner hanger.
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has been noved bel ow the groove 228 in the |iner
hanger. G ring 226 thus again |ocks the bushing to
the |liner hanger, and provides a |large area,
substantially continuous circunferential nenber
capable of transmitting high forces to the liner
hanger. 15 The ability of the cenmenting bushing to

i nprove the function and reliability of the tool give

! oF b s iSgssd %Yﬁrhbet s ockengsb gigﬂ@ﬁ%rpﬁl& %Stﬁﬂﬁg which

unseat.s whil e n d up . nor tha an i ntend
oS e SrpaaBEls gl BiBin.s %[eBEfﬂsﬁIB@\é%Qéﬁ!qty" the liner
resumed by  re-stabbing the cenenting bushing into_the
| ingeger, i is faslﬁ’rh/e?@ﬂfacabie| cravg utref Ye gmeves The second
bushlng S|q)|f|cantly i ncreases the cenenting pressure
derking nepiber Heay lshibega Giieg | waikh govesneutp2ed ite asenact and
S|zable in cross-section and does not include cuts or
-5 bypedrdele dise@mechdine tishisgofromnthehelick-jeinhg, Thiheeetryd C-ring is
providing a |large surface area for contact with the
| ibiasedradiglly outwardstodbel s bushibg i@ the skickf jointt ahd edtiengmoved
menber preferably is a Gring which is radially
exadiaktiablitevard) movesmthenbottenscoutewand. e Taet buttong rsabgequently- move
slot in the liner hanger, and is radially
- Cinvard ¢d cbhteadt therOviing @hd Giowhige glickquiat toheves aewndard, thereby
| ocki ng menber may al so be a Cring which noves

- Oulivging the fﬁﬁﬂﬁeﬁh? aémbet WVakshridPafd $66HIBEfHe loBRing groove to
bushing fromthe slick joint. This second Cring is

10 b'Icﬂ:‘Relﬂertﬂ%hﬁid 1 et iierchdrigel, O4rd EIH’ﬁJl(QHé&JW rél@aé:h& the second

slick joint, "and when noved radially outward

t hﬁtkfhgtrh@rﬂﬁe%téﬁ@élgr rﬁf-g:té@e @5 B&E?ﬁn ﬁ%ﬁ‘?ﬁﬁé’ g% mqrove

inward to contract “t esllck

j oi nt k% g?é(éatuu%otmp@ ﬁ{lenttigﬁ rtl’?emfhe upper C-ring 226 normaliy tocks the

bushing 130 to the liner -hanger by being positioned within a circumferential

groove or slot in the liner -hanger rurining adapter 222, The upper C-ring 226

- :15 ~'may come out of this groove. at:substantially the same time that the lower C-ring

234 snaps into groove 233, which locks the bushing to the slick joint.

- Those skilled .in the-art should. appreciate that the C-ring 226. and the C-
ring 234 are the prefe.rred.-stype.--of'clocking member for cooperatidn--with the
groove, although other locking members méy be used, includihg a plurality of

20 circumferentially arranged and radiailly-moveable pistons, buttons, plungers, lugs
or dogs, which are axially connected with the bushing. In either case, the locking
member(s) circumferentially .occupy a majority of the circumferential groove

when in a locked position, and preferably occupy at least 75% of a 360°

18



allow ng the first |ocking nenber to expand and
reenter the | ocking groove to 10 | ock the bushing to
the |iner hanger,.and sinultaneously rel easing the
second |ocking nmenber to axially rel ease the bushing
fromthe slick joint. It is a feature to the invention
that the upper Cring 226 normally | ocks the bushing
130 to the liner hanger by being positioned within a

AR oL S, 3 g, MO R e o
: ? ﬁtﬁfg{rﬁéhlp{sﬁl\g %%E’t?@mat @3513 tge}#;%@al l @%gg‘g@lockmg groove,
2‘%?15*1 S&fﬁ "@%@eesg h' : a}egmtoggﬁéiglfn @W@rfgtth% g F3ynlocks

226. and the C ring 234 are the preferred.type of

| Sa& remeningyshing fre@otbersa?k @mtwfﬁhe&ﬂeéﬂsg f 869% lugs, or another
although ot her | ocking nenbers be used, including

a Qoling Baytle wseho sarve thef ewrense af ?ﬁp lpading ged/oa arking functions.
radi ally noveabl e pistons, buttons, plungers, lugs or
dddjs, cirghinéerential girodvd injo vdvighetheddcking menizertfiis prefgrentially is a
either case, the locking menber(s) circunferentially

: o-cSGQTogroavmrmni- regeigingteh@-ringe Rorfotherrtypes ofgnembers, sienas dogs

in a locked position, and preferably occupy at |east

- 7bvwgs, ah&GBceitidgcgrooverinesye alsioabe Gr adlvBG0°Stirdunafelential groove,

the button, pistons, or plungers 232 are the

: paitheughe dirtydte slbtsrarianited) i £ hsHorti dibihate "WMBSbetween slots

10

relative to the | ocking groove, such that when these

bultéPatvely mdym@,e.ggddadi ally inward, the CGring 234
unl ocks the cenmenting bushing fromthe sI | ck joint.

Q her AQ%ﬁEalf@‘méi%Sto th&¥SnctiBh RRRJINSY the &p g;%rrﬂﬁe{rf&% 240 of

used to :serve the purpose of the Ioadlng an

B 228 g lmeci S U0 AN i 10

15
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- the liner hanger. The function of surface 240 is to keep bushing 130 in place

-until the C-ring 234 snaps into groove 233 in housing 230. The bushing 130 and
the C-ring 226 may be -easily be stabbed back into the liner hanger and then the

bushing iocked to the liner. Providing a cam surface 240 for the upper end of the

- -groove 228 is preferable due to simplicity. The purpose of the cam surface 241

at the IoWer end of the groove 228 is to provide a member which will force the
buttons radially inward, and thereby collapse inward the outwardly biased C-ring
234, thereby unlocking the slick joint from the bushing. While these functions
may be served with a single groove 228 as depicted, more than one groove may

be provided, so that a-cam surface of one groove serves fo lock the upper C-

- ring, and a cam surface at the lower end of another groove serves to unlock the

19



3600 groove when receiving a C-ring: For other types
of menbers, such as dogs or lugs, the receiving
groove nmay al so be a full 3600 circunferential groove,
al t hough arcuate slots separated.. by a short arcuate
wal | between slots 10 alternatively nmay be used. As
an alternative to the function served by the upper cam
surface 240 of the groove 228, other nechani sns may
be used to release the bushing 130 from the line
et S ane i wnloa Hieshak bintatsoe heo bigips.
,busth%_13O in place until the Cring 234 snaps into
grapplieations. the REEiPn§epsd byrHe loueniGring Z54.and 1 buitons 232
Cring 226 may be easily be stapbed back into the ,
| iTAdY %@aﬁ@@bmsﬁd spHibat eheinglguetiinggwpuldkeerve dhisheurpose.  Outer
liner. Providing a cam surface 240 for the upper end

- ofprejestions o the Camg may tufscengaige alcamtsyrigcensiniir ty surface 240
The purpose of the camsurface 241 at the |ower end

5 ofintgreowe (e apd Foree the pubtwvardly hiaseddewentG-chg wadially inward,
force the buttons radially inward;; and thereby

- -cdhé@py anlookingdthehslick joinb frdimy thiel iasshihgC-withogt flizéBAthe buttons.
t hereby unl ocking the slick joint fromthe bushing.
WDdgs, luasser dthiacinenbers may beaisedty edrvelthd parpose dgtie: C-rings.
groove 228 as depicted, nore than one groove may be

- . provi degotife? tybétof bR BuFHES ¥ arRthaNSarBifRy MeRENMSR may be
to lock the upper G ring, and a camsurface at the

< LBl B8P BusShing IR RS bulbROKARd SRIEKRY hAhdNbREKCLAHY toldnlock the
lower C-ring and thus unlock the Slick joint fromthe
... 40 bysRihhg. I el ' [ et i
10 DYRBhIAG frdh th& Isg%/\k/e fr&ﬁc( In sﬂﬁ’gégﬁ%hggﬁgnblﬂ% fouReid gﬂg could be

served by the ring uttons 23

o B0 e Bk yCodHBRISHAI e, ut

roj ection

t'%?éve%@&fﬂgmam%emgsi%&%cﬁy merqald%rllyto%tesrusrufr%%g 0%%]96 slick joint. A

groove in the outer surface of the slick joint may form a reduced diameter outer

r
in still other

surface, so that an inwardly biased C-ring may lock into the groove, thereby

15" axially connecting: the bushing and:slick joint. When the upper C-ring is locked

into the groove .-228,=downwérd movement of the slick joint may engage the cam

.. surface at the upper end of the groove in the slick joint, with this cam suriace

- forcing the lower C-ring radially outward, and unlocking the bushing from the liner
hanger.

200 in many applications, the bushing is used by the well operator for various

. fluid circulation purposes, including circulation prior to cementing. The bushing

is also commonly used fo conduct cementing operations, as is well known in the

art. In other applications, the cementing bushing may be used for performing

20



5 in groove 228 and force the outwardly biased | ower
Cring radially inward, thereby unlocking the slick
joint fromthe bushing, without utilizing the buttons.
Dogs, lugs, or other nmenbers maybe used to serve the
pur pose of the C-rings. Another type of cam surface or
anot her canm ng nechani sm may be wused for pushing in
the buttons and pushing in the lower Cring to unlock
bushing fromthe slick joint. In still
VH@?O'% QP%’t’t“PBﬁ othes dhanthasednyalviag adiner haegsy hwluging various
on the cenenti ng bushing, and may be biased radially
i riXaesiof ether dewnhgle gemesting fasis. movi ng inward by the
radially outer surface of the slick joint. A groove
i n t he \Gious tyasiefsubassambliesi mak be osed toegeure the liner within the
reduced di aneter outer surface, so that an inwardly
bi castg. QA sli gssaaybly ik prafemed hepegrfapparatasior sbyvirigthis purpose,
axi ally connecting the bushing and. slick joint. Wen
-5t Heutubipear types bheubassembliesl maynbe ubbe t@ ariale s@dfe the liner within .
downwar d novenent of the slick joint nay engage the
cahe wsllir f ace at the upper end of the groove in the
slick joint, with this camsurface forcing the |ower
C-1'i NG Whitl aprferidt ilsbaiMBasURK Ofe Meddi - PVERtidHD f have been

fromthe liner hanger. 20 In many applications,

bumidtraged Sn Ussh,biy ishEppsbht %ﬁ%ﬁrﬁ%efﬂcgt‘ﬁfn ‘é"ﬁﬂ' Q3ptations of the

fluid circul ation purposes, including circulation

© Prir8ferfe SREGNRES: wﬂ!_tb%cﬂ‘f“ﬁ:hfhﬁge sklﬁe@irﬁﬁemﬂwévé’rs 49s to be

to conduct cenenti ng operations,

10t I&p{)&"shf h&'?rgto'?ﬁrt PR %bg@ﬁ%tlotrﬁeaﬁc? %Qé aﬁ? %L%QI Wikhin the

orm n wnhole “op

398 o0 A e A BB LG i
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Various types of subassenblies may be used to secure
the liner within the casing. Aslip assenbly is a
preferred type of apparatus for serving this purpose,
5 but other types of subassenblies may be used to

axially secure the liner within the well. Wile
preferred enbodi nents of the present invention have
been illustrated in detail, it is apparent that

L fi-cat ] daptations of the preferred
gﬁ&%%ﬂﬁ@%@@£%ﬂﬂ$' ccur to those skilled in the art.
However, it is to be 10 expressly understood that such
modi f i dat i oAdINgRBABIRIASIBIMBIYs COMBIISINGhi n the spirit
and scope of the present invention as set forth in the
f ol | owidfgneingitael mandrekpppldedpaavepning:sting; A | i ner
hanger assenbly, conprising: a running tool mandre
5 suppor @edapRaratus fah engaging ianeasing & supipet atliner fhenger assembly
engagi ng a casing to support a liner hanger assenbly
arahd lineefrofiy thencakiagt asi ng; a rel easi ng mechani sm f or
rel easing portions of the liner hanger assenbly to be
ret ri ewedleasinghaesharisie orfrelmasiag| pontemshud tige linerdratigar assembly
cenmenting bushing reinsertable into the liner, the

- c dobetretigved ghinegsurfh@e fioed adhachanger;eindnor e | oadi ng
nmenbers occupying a majority of a circunferenti al

.. gr oove anb@fiehtihg? blgtaad ReinB&sdblé o tRe Iel, her cdiid@fiy bushing
assenbly as defined in Claim1, wherein the cenenting

w10 DisdMidig bRE o Gﬁge JoRUasd rRenHRPS BedupyingeR affity\bf & chéfinferential

I i ner hanger an
groove when in a loading position,

2. A liner hanger assembly as defined in Claim 1, wherein the
cementing bushing includes a bushing body for sealing with the liner hanger and
15 for sealing with the portion of the: liner hanger assembly to be retrieved to the

surface.
3. Aliner hanger-assembly as defined in Claim 2, further comprising:
- each loading member is radially movable for interconnecting the bushing

20 body and the liner hanger.

4, A liner hanger assembly as defined in Claim 3, wherein the loading

member comprises a C-ring.
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15 for sealing wth the portion of the |iner hanger
assenbly to be retrieved to the surface. 3. A liner
hanger assenbly as defined in aim2, further
conprising: each |oading nmenber is radially novable
for interconnecting the bushing 20 body and the |iner
hanger. 4. A liner hanger assenbly as defined in Caim
3, wherein the |oading nmnenber conprises a Cring. 22
5. A liner hapger assenbl s defiped in any one of
Giai m { o AATen 8T ASESTEDY GARIPRESFe Ry pee of Clalms 1104

pported in a |liner hanger running adapter

eiRdhg da&@ﬁmq?r Isssuppprtad dn a%nahlg}ang% rgining aﬁamer
1to 5, 5 wherein the cenenting bushing is
reinsertable after setting the apparatus for engagi ng
the casing and rel easing the portion of the tool to be

-~ returnfd t oAtliner hangeaaesemblyn ashdefinadein. ary ove of iGlaims 1 to 5,

hanger assenbly as defined in Claim3, further

5 covheréini the: cemeéntings busiing d$ meinsentqide tafdr eettingetheunppargtus for

string; and a | ocking nenber radially noveable to

. c @mgagingtthe dasigi-angl tedelysing tHehportishi afkkhg absitto 18 returned to the

- 10

15

20

I i ner hanger assenbly as defined in Aaim?7, further
caurfacsfrogi thelimea plurality of buttons noveabl e
radially outward to axially connect the bushing body.
to the slick joint and noveable radially inward to
col | apse the |ocking nmenber and di sconnect the

bushi ng, body |ihePRadder asbémblyl & dtfined in Claim 3, further comprising:
. a slick joint supported on the running string; and
a locking member radially moveable to connect the bushing body to the

slick joint.

8. “Aliner hanger-assembly-as defined in Claim 7, further comprising:

. a plurality of butions moveable radially outward to axially connect the

- bushing body to the slick joint and moveable radially inward to collapse the

- locking member-and disconnect the bushing body from the slick joint.

9. A liner hanger assembly as defined in Claim 7, wherein the loading
member moves radially out of a respective groove substantially simuitaneously

with the locking member enteting its respective groove.
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9. A liner hanger assenbly as defined in Caim?7,
wherein the |l oading 20 nenber noves radially out of a
respective groove substantially sinmultaneously wth

t he | ocking nenber entering its respective groove. 23
10. A liner hanger assenbly as defined in CaimS8,
wherein the cenenting bushing is released fromthe

I i ner hanger when the bushing body is unlocked from

der i ned?t n' 8nJhendedgercasphiBly 35 5ined iF et % wheroin the

i yshingge AL iy sy Tasen e B8 Dudino body is

51iner AHdngeA lnes bapogr agsembly ge

10

- 15

20

12. A liner hanger .assenbly, conprising: a running
t dmloqlfﬁﬂg'PQI‘ 'ﬁEﬂQ"étd on a running string; an
apparatus for engaging a casing to support a liner
hanger assenbly and liner fromthe casing; a
rel easi ng mechani smfor rel easing portions of the
qgegpgqal e any enerd Claims 1 to 10,

surface fromthe |iner hanger; and a cenenting bushing ’
r duiesreoamIrisingat o the |iner, the cementing bushing
i ncl udi ng one or nore | oadi ng nmenbers occupying a
maj or i aycam serface farrdoling oni the logdiog vieg ityvelncking she bushing body
| ocki ng position, each | oadi ng nenber being axially
nio #ipd Enerwi t h respect to the bushing body and radially
noveabl e for axially interconnecting 20 the bushing
body and the liner hanger, and the cenenting bushing
i ncluding a '

12.  Aliner hanger assembly, comprising:

a running tool mandre!l supported on a running string;
an apparatus for engaging a casing to suppbrt a liner hanger assembly
and liner from the casing;
a releasing mechanism for releasing portions of the liner hanger assembly
. to be returned to the surface from the liner hanger; and
a cementing bushing reinsertable into the liner, the cementing bushing
“including one or more loading - members occupying a majority of a circumferential
groove when in a locking :position, each loading member being axially movable
with respect to the bushing body and radially moveable for axiaily interconnecting
the bushing body and the liner-hanger, and the cementing bushing-including a
bushing body for sealing with the liner hanger and for sealing with the portion of

the liner hanger assembly to be returned to the surface.
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bushi ng body for sealing with the liner hanger and for
sealing with the portion of the liner hanger assenbly
to be returned to the surface. 24 13. A liner hanger
assenbly as defined in Caim112, wherein the | oading
menber conprises a Cring. 14. A liner hanger assenbly
as defined in any one of Clains 12 to 13, 5 wherein
the cenenting bushing is reinsertable after setting

the sl ifgs aadindehgank G ARIDOLL IS hPEIHACH2! rBRein the

returned to t e sur romthe I

§ﬂﬁ§l | i n any one of d alns 12 to
%&gﬁé%ﬂ?%er g% r|s$%é?ﬁ%% a slick joint supported on
the running string; and a | ocking nenber radially
noveabl e to connect the bushing body and the slip

j oi nt lin han senbl def i ned Cl ai
5. "t uitfner AdBRp FRagt oo biaan Agfiagd A 0%9% ms 12 to 13,
m)veabl e radi aII / i nvar d to col |l apse the | ock
S nthsEsina e Gestesting cbushing ys srainRerigbley aﬁfebnsfetwf@ dhe pslips and
joint. 17. A nmethod of, operating: a |liner hanger
a§§'§ﬁﬁ'f‘9 tharpprtien of wettﬁPHOabe reiunag to Benpirfase itpm the liner.
supporting a running tool mandrel on a running string;
engagi ng an apparatus with the casing to support a
i ner hanger assenbly and liner fromthe casing; 25
15. A liner hanger assembly as defined in any one of Claims 12 to 14,

further comprising:
10 - a slick joint supported on the running string; and
-a locking member radially moveable to connect the bushing body and the

slip joint.

16. - -Aliner hanger assembly as defined in Claim 15, further comprising:

187 - a plurality of buttons moveable radially inward to collapse the locking

member and disconnect the bushing body from the slip joint.

—17. A method of operating a:liner hanger assembly downhole within-a
casing, comprising:
20 supporting a running tool mandrel on a running string;
engaging an apparatus with-the casing to support a liner hanger assembly

and liner from the casing;
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providing a reinsertable cenmenting bushing within the
liner, the cenenting bushing including one or nore
| oadi ng nmenbers occupying a mpjority of a
circunferential groove when in a | ocking position; and
rel easing portions of the Iiner hanger assenbly
retrieved to the surface 5 fromthe |iner hanger. 18.
A nethod as defined in Caim17, wherein the cenmenting
_bushin Lapludes a bushing body for sealing with the )
l'i ner &gﬂ\ﬂ NI Enssrteslefsmenting: tishing witip the inest therementing
l'i ner hanger assenbly to be retrieved to the surface.
10PUSINgA ineliyding one glemarediopding) miembess gagupyieg a majority of a
conprising: radially noving the loading ring to
| ax?"@l”ﬂ}fe'ieﬁi@r%@%‘ﬁb‘dgem Hea Ingkingrppsiiiodyanénd the |iner
hanger. 15 20. A nethod as defined i many one of
d ai ns refeasipg 1®rtignseobthe timer hargee mssamblybetiiiveg tosthe surface
reinserted into the |iner hanger after setting the
5slfrgrs thmtinertreingesi ng t he portion of the tool to be
retrieved to the surface fromthe liner. 21. A nethod
as defined in any one of Clains 17 to 20, further 20
conprising: supporting a slick joint on the running
st ri ng;18andAr mdtid! ¥s gefitatlineClaft Ki7N SvHBRER&he tcBmenting bushing
connect the bushing body and the slick joint. 26 22
A ingludesla d8sking ibaag forsdainy With the TiHét Riger 2B oSédMling with the

7.+ portion of the liner hanger assembly to be retrieved to the surface.

10
19. A method as defined in Claim 18, further comprising:
radially moving the loading ring to axially interconnect the bushing body
and the liner hanger.
<18 0 200 A method as defined in:any one of Claims 17 to 19, wherein the

- .cementing bushing is reinserted into-the liner hanger after setting the slips and

releasing the portion of the tool to be refrieved to the surface from the liner.

21. A method as defined in any one of Claims 17 to 20, further
20 comprising:

supporting a slick joint on the running string; and

radially moving a locking member to connect the bushing body and the

slick joint.
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noving a plurality of buttons radially inward to
col l apse the | ocking nenber and di sconnect the
bushi ng body fromthe slip joint. 5 23. A nethod as
defined in Caim2l, wherein the |oading nenber is
noved radially out of a respective groove
substantially simultaneously with the |ocking nenber
entering its respective groove. 10 27

22. © A method as defined in Claim 21, further comprising:
moving a plurality of buttons. radially inward to collapse the locking

member and disconnect the bushing body from the slip joint.

5
23. . A method-as defined-in Claim 21, wherein the loading member is
- moved radially out of-a respective groove substantially simultaneously with the
locking member entering its respective groove.
10
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