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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. FIELD OF THE | NVENTI ON The present
invention relates to downhole tools with sealing
conponents 10 to conduct cenenting operations. Mire
particularly, the present invention relates to a

liner hanggq I?R%KN ﬁrﬁ@&éﬂﬁjﬁ IiE”E‘ C‘HQB‘EE'
and to a Ioc abl'e a ting

bushi ng. BACKGROUND A cenenti ng
bushi n sonetines referred to as a packoff bushing,
|@Ek&¥%5(3%3% liner hanger assenbly to seal between
the liner and the running tool, which is |owered

i nto ilhe mesebnt(m)pﬁcatmﬂ:laigmpmmg froondeS. [Barjad Noy 60/795,549
| onered, cenent is discharged through the running
diled Aprila2vd 2806und the liner in the well bore. The
cenmenting bushing thus provides for the required
increase in fluid pressure to 20 punp cenent in the
wel |, and subsequently to selectively break the sea

et veedF THEEINVENTIGRQd the running tool. Prior art
cenmenting bushings use nultiple lugs protrudi ng out

from ‘Tﬂ%{)é@@ﬁt IH{?QMlotnorellé)[gg t+ %mﬂﬁﬁ'@ tr&g d \ﬂ{tﬁ) sEQﬁang components

i ner se |

E@%@ﬁ@ 4 B{ﬁﬁﬁ@gﬁ@ 0%%' Ub'r'é%e@afrt*%uqaﬂﬁﬁﬁ%‘éFf{SﬁB*’m%“gén relates
runr] tool after ? ehase frorpthe I i ner hanger, and
{9 & liner hanger assembly for hanging a liner in a well, and to a Iockable and re-

latchable cementing bushing.

BACKGROUND OF THE INVENTION

A cementing bushing, sometimes referred to as a packoff bushing, is used
in a liner hanger assembly to 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
pump cement in the well, and subsequently to selectively break the seal between
the liner and the running tool.

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

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 i ner hanger and cause a cenenting failure. The

entire assenbly nay 5 then have to be retrieved,

since it is not possible to regain pressure

|ntegr|tY U S, Patents 3,920,057 and 4, 281,

BINOND 0! 8ligk et deteraines ke fngh “?%FUW@WF@I cam beypicked up
inawll, with the assenbly including a retrievable

befoko e cemgnﬂnggbusmnmctbmesabt ef thadinee- Hitha baerator picks up the
cenmenting bushing is disclosed in U S. Patent

fAInnEY ®88abdier & Igragth iof tHaaslick, joinh éhe paekdff hgshiog mangdisengage
di sclosed in the "398 10 patent may be pull ed out of

frog fherpler dadgecand @abssl ai cérgenting failiner , Tiad thdreohsddntbly may
possibility of pressure trapped bel ow the cenenting

Hepdva td Berrafifevel! SRS ftgs néteéds%mlé td degRin bllé%sﬁhéslhfé@nty

TIWmarkets |iner equipnent with a retrievab

packofifs mLShiSNg 996‘3)55”&5 4'2%%1?%?3?@%%%85%?‘3@%9& assembly

retri evabl e cenenting bushihg wth

KB st i 8 @sﬂvﬁﬁﬁﬁéé SBHERL SRR § Rifvabie pacof

BUTLTS hdnieRId 250 FoctaieB I rmentithpusling & GREfsed in U.s.

cenentln bushi ng i s, hereinafter disclosed. SUMVARY
Batenie. 1505 MRrobasisuizspclie comaniied Huebiagidisdosed in the ‘398

invention provides a |iner hanger assenbly,

patept maynee palleciaut abtheoliler mnddieestakbgshnte g inera although the

runni ng string; an apparatus
possibility of pressure trapped below the cementing bushing detracts from the

reliability of the system. TIW markets liner equipment with a retrievable packoff
bushing and Smith International markets a retrievable cementing bushing with
locking Iugs.. 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 lockable and re-laichable cementing

bushing is hereinafter disclosed.

SUMMARY OF THE INVENTION
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for engaging a casing to support a liner hanger

assenbly and liner fromthe casing; a releasing
mechani sm for releasing a portion of the liner hanger

5 assenbly to be retrieved to the surface froma

portion of liner hanger assenbly renaining downhol e;

and a cenenting bushing reinsertable into the |iner,

the cenenting bushing including one or nore | oading
menbers occup |n% a mpjority of a circunferentia

ar ooVenataspech of h%&tﬂ?ﬁtdﬁ‘ﬁﬁtpﬁnpm&@@ﬁ a dnar Rgnger assembiy,
menber positioned within a slot in the liner hanger
eyHRHING: a cunning 4polymaoieksuppaited1on @divBningrairibgisdn apparatus
to the liner hanger and radially retractable fromthe

&ir ngagingda scamingp dd  duipporteardiner hgngers bssegnibly cand hieer from the
i ner hanger assenbly; a slick joint supported on
tdeing;UBaNtdkgasing | mgchaismafdroeiéaingrenppitisradifadnky liner hanger
noveable to connect the cenenting bushing to the

8éderifoll @ Be. reiﬂlﬂﬁre'd%“th@%u'ﬂ?%ﬁ@fﬁonﬁ"é%drtl&ﬁ‘%@' IlnéY' kdHderaissembly
slot in the slick joint to axial y connect the

retr acpn%?\bﬁ?&léngnﬁ ﬁ"E?‘:"hﬁﬁ go tﬁﬁsg'&%tlé t‘?rﬂb%keylmer the

om't

hi f
?%rﬁ%ﬁ%ﬁﬁﬁm@a&@ﬁ@#b% 5‘@%&-'%{@@5 Rﬁ%ﬁ&ﬁ%& @by & majorty
ternate as t of th resent nventi.on vi des a
B ﬂe‘?wgﬁa@n%aﬁgg% yhell i iead aswﬂaﬂngﬂ@\ igasfing member
mandr el gported on a runnlng strlng,
B%%Bﬁrbﬁ%é‘" BY aeﬁ@égn erea"l%shwef @%@EW fo a[aqiqaﬂ)élconnect the
hanger assenbly and |iner fromthe casing;
eemeaino uskioadai ibe lingr haéxlgeagndgadlaﬂweirmtable frera the slot to
i ner hanger assenbly to be returned to the surface
fiisoonreegb ding icememfting Haishingefromathgeimer hangenassembly; a slick joint
downhol e; and a cenenting bushing reinsertable into
slypdricdedn thBerudning string, and a locking member radially moveable to
connect the cemeniing bushing to the slick joint, the locking member positioned
within a slot in the slick joint to axially connect the cementing bushing to the slick
jeint and radially retractable from the slot in the siick joint to disconnect the
cementing bushing from the portion of the liner hanger assembly remaining
downhole,

An alternate aspect of the present invention provides a liner hanger
assembly, comprising: a running tool mandrel supported on a running string; an
apparatus for engaging a casing to support a liner hanger assembly and liner
from the casing; a releasing mechanism for releasing a portion of the liner

hanger assembly to be returned to the surface from a portion of the liner hanger

remaining downhole; and a cementing bushing reinsertable into the liner, the

3
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cenmenti ng bushing including one or nore | oading
nmenbers occupying a majority of a circunferentia
groove when in a |locking position, each | oading
menber being axially novable with respect to the
bushi ng body and radially noveable for axially

i nterconnecting the bushing body and the I|iner
hanger, and the cenenting 5 bushing including a

B, 0 L o i RTEE e o
P R shBrEaL P venanetan i e AgStiafaSalt fraging, member
BEIGR 1Y P vRbIe B RoTRAGH K0 eIk bR AR abally Hoveabie for

positioned wthin a slot in the slick joint to .
axialy Nereennasiing tthe beshipa tiody apddhe liget banaes, and the aamenting
joint and radially retractable fromthe slot in the

bushihg jnsluding @ baiskingrieslytfor $ealingevitmihiedigeb bishgergrid fonsealing
the portion of the liner hanger assenbly remaining

wékmiifeo pertioA of thid hiresr femgec bssdmbipdo peasknted tovibetsudface; a slick
provi des a nethod of operating a |iner hanger

RYRSUBpyrtEPVANBE euMiihd siing; 8AG iaNBckifg MkThBéM@dially moveable to
supporting a 15 running tool mandrel on a running

G108 1231 B0 Majo ! B 808 er posoned

* SERTAEREY b AR AT SETER B e s

he cene shing 1nc
one or nore. | oadi menber s _occupyi.n maj.ority,.of a
e SR SRRt IOt Pt &Y €0l 1L 12 idiponhiect the
rel easing a poriion of the |i anger assenbl 0 ..
gRmMeBting ﬁ@%dh?@i‘ thee PQB%EE?%‘? gp\e r@ﬁ'sﬁ%biyhéema'”'”g
| i ner hanger assenbly renmi ni ng downhol e; supporting
gownhelR. j oi nt on the running string; and radially

noving a | ocking nenber to connect the bushing body
and tAduhéraspeot ot the present invention provides a method of operating a

liner hanger assembly downhole within a casing, comprising: 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; providing a
reinsertable cementing bushing within the liner, the cementing bushing including
one or more loading members occupying a majority of a circumferential groove
when in a locking position; releasing a portion of the liner hanger assembly to be
retrieved to the surface from a portion of the liner hanger assembly remaining
downhole; supporting a slick joint on the running string; and radially moving a

locking member to connect the bushing body and the slick joint.

3a



3a These and further features and advantages of the
present invention will becone apparent fromthe

foll owi ng detail ed description, wherein reference is
made to the figures in the acconpanyi ng draw ngs. 4
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gures | A t hrough
1Gillustrate sequentially the primary conponents of
a suitable |liner hanger running tool. Figure 2
illustrates in greater detail a half sectional view
of a cementin 5 bushing | ocked to a runni ng adapter
of a Thefs an@%@@aer fenlires and agvaniagaseaf ﬂﬁepf@éﬁ%tnwﬁ@on will
bushing as shown in Figure 2 disengaged fromthe
beekne @pgeosnidrom ’rhﬁefo(ﬂq ewing rdetaideth descripdind, wheosiereference is
l ocking ring supported on a slick joint. Figure 4
shadedo the figeet iim thebacduimEanyingsdrawingsn Fi gures 2 and 3
with the 10 upper locking ring axially released from
the liner hanger. Figure 5 illustrates the position
of the cenmenting bushing when being stabbed back
into the Iiner hanger. Figure 6 illustrates a stop on
t he cenenting bushi ng engagi ng a shoul der on the

i ner hanger, with the buttons | owered bel ow t he

| ocki ng groove and the 15 second | ocking' nenber
conpressed to allow slick joint to nove down to | ock
bushing to hanger. Figure 7 illustrates the upper

| ocking ring again positioned within the
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| ocking ring groove, the buttons positioned bel ow the

| ocking ring groove, and the |ower |ocking ring

retained on the slick joint. 20 5 DETAI LED

DESCRI PTI ON OF PREFERRED EMBODI MENTS Fi gure 1, which
consists of Figures 1A-1G illustrates one enbodi nent

of a liner hanger tool 100 with two C-ring seat

subassenbl i es each for seating with a closure nenber

[ [ ' i on...An upper C-ring seat 5
sgﬁigééﬁ&'%ﬁgshsggﬁjﬁgh@ﬁ%%ge 1B, and a | ower
Cring_seat subassenbly 170 is shown in Figure 1 D.

O her igdescHhuAEe dCilusiata seausitioy Seapiimaryaenmponents of a
rel easing the closure nenber, the primary conponents
ofuitable fingrdiangahgeningtaahi ng t ool 100 as shown in

Figure. 1 include a running tool tieback |ocking
mechanfigriegd ifusirgigscim@ieater dgtaip arlelfesationsisdawl of a cementing
ogerativel y responsive to the 10 upper C-ring seat

abushimg lpckedio packring sdaptengf a liner MB@e(.Fi gure 10), a

liner hanger release assenbly 175 operatively

r esponisigure tD illtedratesnethe Coeimegting abushirgs exsdl shoWr gnr Figure 2
1 D), a cenmenting bushing 130 (Figure 1 E), and a

 bdisbnghgeer fram. thé 4éckinpgidlovg in ehe asmirts 5@ated, akiela lower locking

(Figure 1 G. Figure 1 Eillustrates the packer 122

ardg Slgnoredldn 4 klisksibingt es the slip assenbly 120,
whi ch are not part of the 15 running. tool retrieved

liner. The cenenting bushing 130 di sclosed nore

Fubpet IR iR AaRy eﬁ&&%@ﬁo‘?ﬁﬂ% life§ hang@bbed into the

| inerso that pressure integrity can be“reestablished

bet Weqflgﬁ €5 {fivEit tﬁ%ﬁiosﬂf&ﬂ bt #ﬁ@%nﬁﬁ&%‘ifshing when being

assenbl or circulati pur poses.
stabbed back into the liner hanger.

to thﬂ=i§UKef@§ﬁow§EQ:e&ﬁiFﬁhﬁ b@emﬂg%%h%hn HuréS and 3 with the

Figure 6 illustrates a stop on the cementing bushing engaging a shoulder
on the liner hanger, with-the buttons flowered below the locking groove and the
second-locking member compressed to allow slick joint to move down to lock
bushing to hanger.

Figure 7 illustrates: the: upper-locking ring again positioned' within the
locking ring groove, the buttons positioned below the locking ring groove, and the

-tower locking ring retained on the slick joint.



cenmenting bushing may be retrieved to the surface
after the cenenting operation 20 is conplete. To
hang off a liner, the running tool 100 is initially
attached to the lower end of a work string and

rel easably connected to the |iner hanger, from which
the 6 liner is suspended for lowering into the bore
hol e beneath the previously set <casing or liner C. A

SuppordETLER BESHEPIR i PrE iy “Eh‘i%éﬁabém&d

of the_tieback receptacle 102 upon renoval of 5 the

" runni Ag9¥8ol W@PB\?PB%@tSforF '%Ur@§§|A1@Gt ilgptates amst embodiment of
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shown) to subsequently extend fromits upper end to

& EnQihanges toqfﬂg)Ot\wm @EG-inecseni sybassasnliesl eachifar seating with
104, which may conprise nultiple connected sections,

W t flosuree maraberb &t ea 10| hangereapplivation. e unpeer C-ring seat
end of-the tieback receptacle 102 is connected to the
pautiessemblynttl ispsixiven irs Figewe 182 and a5 lostesVerring seiag suleassembly
1E, whose function wll 10 be described in connection

wi Z(hist dhevwseintfigureofD.t Iidhgratble coripenents ds2dciatmivitiabeating and
upper cone 124, as well as setting of the slips 126
aletedsirg tlevelostenenddBef st phmgty eodipbne@ of the liner hanger
i ncorporating an axially novable slick joint 132

(nhitly WY 100ned isho@hlil Figerea ieLGH ﬂihrﬁﬁgr tdin tleback focking

mandrel 104), the running tool may be axially noved

IpetiRariém 80 (FRy r@TRONE BAS rdifadeliBembl Hval
W ?hout bre (E%ng tqﬁg sea‘?rprow ded byﬂt)'%]e Cleniéneslpr?nsweto the

kl’lgg@rr@n?ﬁosézﬁ%sghﬂw 91@'[5 ac@esegﬁ?gaﬁhgn% Q%llré%C), a liner-

provides a retrievabl e and

DEINRE Nele8e 4438 498! opkPRivilfresponsive to the lower Cring seat

“assembly (Figure 1D), a cementing bushing 130 (Figure 1E), and a ball diverter

-140 and plug release assembly 150 (Figure 1G). Figure 1E illustrates the packer

- 122 and Figure 1F illustrates the slip assembly 120, which are not part of the

‘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 liner'so that-pressure integrity 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
is complete.

To hang off a tiner, the running tool 100 is initially attached to the lower

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



the liner hanger assenbly for fluid circulation

purposes. Figure 1A also illustrates a tieback

| ocki ng mechanism 80. A split ring 82 20 |ocks .the

tieback 102 to the running. tool mandrel 104. The

ti eback | ocking nechani sm prevents premature

actuation of the tool as it is run in the well. The

| ocki ng mechani sm 80 unl ocks the tieback 102 to all ow

the slips 126 to be set. . Mre particularly the slips

1 Dfior . Siensindet Jnr fvierrioindy e e fgleBepsrath Bey predigusty set
7 1s run_intg the well bore by the tieback | ocking
nEEHARI%E YOS whi ch grippingly engages the upper end

of the tieback 102 to prevent its upward novenent

prior A febaskirengptadle 12 ps showe inddgurectAvéig supported about the
subassenbly 110 as shown in Figure 1B is used to 5

r SyrniRe tacd d 00 e uppagend of thestighnckgecentage 1@2dupon removal of
i ncludes a sleeve 112 disposed wthin and axially

mivee aibihring dbak, i previtles tfbie ar aasingdieback (naindhawn)l @1 subsequently

The sleeve 112 is held in its upper position by

s legtendgions its Lpperert td thg satabe SEad tobl 600 mcluslep posdrédl mandrel
in the sleeve 112. A seal 115 is provided for sealing

Wit0H, whighseay esimplisd muitildedinelld segtiohbusittba céh@arsste 106 in
fromthe surface into the running tool bore 10 106

- -aKek aneirdlheT e Riwek kdhd: dithieNRIHRRR Getdhthdid | 102PE &BRHHESd to the

within the mandrel 104 above the seated ball wll

' zpﬁé\lﬁertél@mléhﬂ pushet sidlel PYETad Sovirid FREAS 1@1} @lpﬁg@ function wilt
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eeve 112 to a |lower position in the bBore o

I WBYRBrib&Pin c&rgactioﬁg\ﬁﬂhlﬂﬁ& deftfg ﬁt&@ aﬂp&%‘rj SBMmehP322 about an

Once the subassenbly is | owered, ressure may

BRSO SRR a1 BP0 A0 1) SRRl cono 128
skfggl}z!gﬁssg i s disposed::about and is axially noveabl e
re 0

fve”
By incorporating an axially movable slick joint 132 (which may functionally

‘be an extension of the mandre!-104), the running tool may be axially moved
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 refrievable and re-stabbable seal between the running tool 160 and
the liner hanger assembly for fluid circulation purposes.
Figure 1A also illustrates. a tieback locking mechanism 80. A split ring 82
‘locks the tieback 102 fo 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



mandrel 104. An upper sealing ring 162 is di sposed

about a smaller O D. of the running tool mandre

than is the lower sealing ring 164 to form an annul ar
pressure chanber between themfor lifting the tieback
receptacle 102 fromthe position shown in Figure 1B

to an upper position for setting the slips or slip 20
segnents 126. Ports 166 forned in the running too

mandrel 104 connect the running tool bore wth the
JarHR AMgi thg wellbose by tha digbagk o Fechanism8® vaveh grippingly
sl eeve 112 are |lowered. An increase in pressure

- t4Ngeagh thedpperrenyd afslbetisbrck 402 do pgevent itp upwerd gowement prior

160. Upward novenent of the piston sleeve 160 causes
itossettingdbe sbpsl to raise the tieback receptacle 102,
and also raise the slips 126. The slip assenbly 120

- shown Tihe o} aciatorFsiutsassachblyup 10fasasbosit én Higye 1B is used to

10

segnents 126 received within circunferentially spaced

- rrelzasedbeilimes hiapgodips ©Br Setttvge amdointiutibe d seeve dnd disposed

of the |iner hanger and adjacent the | ower cone 128.
BeitHin Sihi axésig mediieabRSrdldtive ud ehe aurirgh@tdol ehahdrélN@4. The sleeve
tapered arcuate slip having teeth 127 on its outer

si1deisapsldain iy GpPdrepssitich By Ishase pidd 1 I UALEHNG Dbt Seat 116 is
inner side for sliding engagenent with | ower cone

1RBpokbd &6 1y sl’é@{/@ mr AWEEHeHE @H«deosaﬁfs‘égnﬁd With the seated

seglmsnt s may be used.. Alternatively, a one piece
G RN 45 Bl ot v
aﬁ)ﬁt Q‘?dlégﬁgtpgvﬁ%ﬁg!ﬁ% /{‘/rz é\c/agﬂtﬁugdaf;fb%s@:lé \Brthla_ I?I’Fe mandrel 104
grtfelstsre% aegatfgﬁtn&b%ag tgg’;kﬁ:ﬁg 124@%%3%?3@% g?ﬁestegt 116 and .
fi%% oL 212 1 BoBRof pbSfoR it F5b8%.Of R BRbG dnk fro vpgpinst the
the ¢

15

20

siop sﬁou!ggr F 08. Once the subassembly is fowered, 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 will raise
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15 Figures 1 E and 1 F show the relationship of both

t he packer elenent 122 and the circunferentially.

spaced slips 126 about the upper 124 and | ower 128

cones, respectively. The annul ar packer el enent 122

i s di sposed about a downwardly-enlarged upper cone

124 beneath the pusher sleeve 121. The packer

elenent 122 is originally; of a circunference in

which its O D. is reduced 20 and thus spaced fromthe

d88i Mot SlegyRe Rl Upwardpmenament efrha pistan pleeve 160 causes its
expandable as it is pushed dowwardly over the cone

14ppef nd é%\ra%medﬁbaph Eecepianian @02,9arrc{ gJee eaigethe slips 126.
generally illustrates the cenmenting bushing 130. The
cenentlihegslipugssangblyridd shawn in éigurevHblise mand up of arcuate slip
re- st abbabl e seal between the running tool and the

| Segereritsarigér refceived | within odincouiferentiallyp spaasie seqaesses i Glip body
cenenting, and also for the cenenting operation. The
cabervet abuyit khesloivey ehad @f tom fesrdicegieb and tadjddaat el l6Wer cone 128.
joint .132 to allow axial novenent of the running

tiadh wipt Beginenbr gakhdigdédha - adativelyr @)Yl?dl@ﬁeh%d bRRate snp having
cementing bushing. The mandrel 104 o rel eased

reamni 127 ¢roid ogdh side.andsffaiclateddor@ duiRice el@%'?ﬁbtﬂﬁed on its inner
bushing 130 to cause the lugs 133 to nove in and

E [20) 7513 sfdlﬁ@ehbégérh@ﬁr willPRIURE corldq28] TSk RAMISGE c?r@u ferentially

shown wi th an annul ar groove 72 for receiving t

S S AT Sl A 98 el g v
hRedab 8 Qc@ tﬁ%%hﬁlsleéin'em’@r n& YO A 8@ 5%“9(.[1.%) bite-into the

Ratchet shown 'n Fi'gure
:ﬁ%ﬁggﬁ 8(% \';\I/fqbgwlér?é lﬁéc@rrntt ?Egplpe%glé%% %h[z nﬁ% %)%ﬁlgfﬁoarg ?h_us ‘movable

vertically between a lower retracted position, wherein their outer 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.

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 element 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
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.



| ocks the packer elenent in its set position. 15 The
packer elenent 122 may be set by using spring-biased
pusher C-ring 180 (see Figure 1C) which, when noved
upwardly out of the tieback receptacle 102,. will be
forced to an expanded position to engage the top of
the tieback receptacle. The rel eased running toot
may be picked up until the packer setting

ecopthre, 16 SRATEn I bltdleer b “RerfrnfoL RPEG 130 The

~raised tq a,position above.the top, of | eback
- ieing R iariks 8 TR AR S h e Ers A Hhabls S68) between the

setting assenbl )( is in this expanded position, )
VEGRY 19R1Rngdne ligandarnaer forflpic AifHation ruteosassiar to cementing,
Cring 180 to the top of the_tieback 102, which then
Eigss0 ferethgearaentingepraiatiarn The qempmiingthyishing 130 cooperates
downwar d seal i ng sequence. Wien weight is set down,

it &@ah@@wimgﬁ%rm@liw raial guovenaerindt the mumsning tool without
downward force through the tieback receptacle 102 to

- ttheaking $hee seall revided 2y, tharagmeanting thushingc kEhe elamdesit104 of the

122 (see Figure 1E). This weight also activates a
selehsed) runining (R cos de. FaglutoaralsE) thb etewesting heishimgkE30 o cause
setting assenbly and the tieback receptacle to aid in

- dleé Wigsgl Ate rpaek ity ared enfoalk froi thb liasnbhtgerp rMeéedinee hanger 70 is

assist. The. lower portion of Figure 1C illustrates

- tshewnupige anpanidlang@ove: T fdrclecd®mgstlel 08 133. t e @amenting -

- 10

15

20

of the running tool mandrel 104 to transmt torque

Wiishidgad d0¥é418 bR¥bédn BTRERRP bubeirdaRer Firhisd YisheRBE the liner
the nmandrel. The central portion of the clutch 185

AnangBeNRY b Radib@HinaldPrurtiy #BYmahdidiOve in response

to biasing spri'ng 184. The first time the packer
setti pg@wt il 156 & JIRY SRow'in Rigutd1$EPCHIiS BBhet ring allows the

packer element 122 to be pushed downward over the upper cone 124, then
{ocks 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

-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



bore receptacle running tool, a trip ring may snap to
a radially outward position. Wen the packer setting
assenbly i s subsequently reinserted into the polished
bore receptacle, the trip ring will engage the top of
the polished bore receptacle, 15 and the packer

setting Cring is positioned within the polished bore
receptacle. \Wen set down force is applied, the trip

r|n will move radially inward due to canmmn
dewnyvar d'ﬁﬁ’@"%??‘ﬂ‘@’}?ﬁc ﬁ’&'ﬂe@, welghl i s slomsy V‘Wanﬁaé pusher C-

_,be lowered to bottomout- on a | ower portion of the

“ i'Busher siepveul2'bf and there theHas

rifthi $Q tragsipite fhip dowpwarst forse tm@mghgthpﬁ@ba@ie maeptasle 102 to the
operation. The next time the Eacker setting assenbly

e eleprent '8 fresc Figure HE). This
radially outward biasing force of the Gring wll

‘cweight alse @Wlivaley asealigagingt 182 (sge bigurdd Q)i bebaredn the packer

Further details regarding the packer seating
asatinth hyseamtdy @ind dhe diedacinrddeftackatoeait i s&Bifg 398 padier element
The packer elenent 122 nmay be of- a construction as

deitic ranbaliisi prebie as¥ist. - Woe . 16wéb Dol ahéigwd 6L Alktrates the

conprising an inner netal body for sliding over the

- Caiper Podtichnoia alutéd 288epliIMd 1ol the ObIidt the it tool mandrel 104

outwardly fromthe body to engage the casing. Ri ngs

- Ofo fr@%drhit eYqus SAhileNIIWRE dxl MBYerRént"BItALEH tRe clut?h and the

between such ribs. The seal bodies may be formed

. .”ﬁ"aﬁtﬂr'eﬂl The\deRfal ééeil%ﬁ %ﬂt’lé‘l:lu?él‘ﬁ%fi [ éﬁbv&rpmsﬁ?ﬂret ﬁg and may

annul us between t

10

't ner anger and the cas

RO TSR fod 0 00 1o 1,00 10

o Subassﬁ{éb*' bt i‘il}% %O%léep"fggﬂgr&s%ﬁlbly %O U%cl'l ﬁ)%rﬁt the polished

Cri ng seal subasse S Secure

- T8y | geptgé]e rgr?rqlﬁg tool, a trip ring may snap to a radially outward position.

15

- 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,

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

20

- .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
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
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15,

by shear pins 172. Sleeve 174 thus supports seat 176.

The ball 118 when released fromthe upper seat wl |

| and onto the | ower seat 176. Once the ball is

seated, the predeterm ned pressure may be applied to
shear pins 172 and nove the ball seat 176 and the

sl eeve 174 downward to uncover the ports 173. Hi gher

15 fluid pressure may: then be applied to cause the

pi ston sleeve 177 to nove upward and thereby

di send&gePadker Plﬂﬁ’i‘ﬁ’-'ﬁg@?omayf lP%ﬁ‘f @h@@@'ﬂcﬂ'qméﬁ desigead in U.S.
The rel ease assenblg 175 includes conponents. pins

Pa. Nporti’$7156) apd|§.66@2Y 6.1 9ampesiag @nsinpar metal kedy for sliding -
rel eases the set liner hanger fromthe portion of the

toyer thepcongeand annilay Banges emdbsswhich extendsadwbidjy igm the body
rel eases the remai nder of the tool to 20 be retrieved _
to ergagsuttfeacasingoRinge ofetesllient sealigo mataidiali mpyobe mounted
the inner piston 177, the running tool may be raised
fhebweerh esusht rihs. n€he hsewad ebodibsitmpy iber formesktof i sngnatetial having
t he packer, thus releasing the ball and permtting

- Gubstahtiali elastiditycephin th2 dawivsbdiwedrtiosidhet hanteoland the

and upwardly within the annul us between the set
ldabigly @nd the casing. Figure ID also illustrates a
hydr ostati c bal ance piston 171 for balancing fluid

- pressuhg . acinf sehhesubadbehBy 4P01 ACTPR8A W Higure 10 may be

reliability for the operation of 5 sleeve 1 Seal s

Jd%o%@&‘b%ne@ﬂ\dtﬂéeﬁﬁdér@frhg]s@t %ﬁ@aéé&%lf'q% ﬁb@lﬂ dégrlgure 1B.

substantially the sane flUid pressure on
Shelt Shiy sbirsaRss FW"T‘? ARSI B gt e
fbgr%'rg%aerga glgpﬁsug%@eﬁ A supord $8aPAYb! THEGAH18 when

%tﬂ%%f&@gloa‘%eﬁpy r wa’ Iang E?ob%er S\L\Ig!’a géaqglffih 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

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 too! to

20

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 and permitting circulation of cement

12



10 liner hanger. Figure 1G illustrates a | ower
portion of the tool, including a ball diverter 140
and a liner w per plug rel ease assenbly 150. The
assenbly 150 replaces the need for shear screws to
secure. the liner wiper plug to the running tool. The
pl ug hol der shown in Figure 1Gis functionally
simlar to the plug release .15 assenbly di scl osed in
U S. Pate 6, 712, 15 and eratlons
iy b B g L on S SR DRSSt se
t he conponents and operations dlscussed in US.
HREEARd B1esEaBiNgs0. After activating the |ower Cring

seat subassenbly 170, the operator may |ift ul? t he ]
t ool . FigYsasd ﬁﬁe iastrates, aohoghogt@%ﬁ b&bece Risierop 71 for balancing
pressure will indicate 20 that the ball has passed

tiwicbprpssuneeadsess theesaal 1881t UNGgass highireliabiity fantoegheration of
the running string to continue, and the ball to be

slegyed 1d6wnEeal 1198 nakoveh @ng abélowdperr 1 are | thiss subjected to
then circul ated through the tool awaiting cenent
diubplaatialive the - Saame rfluid prebamei on eodte dsitdés afgthet seals, thereby
runni ng tool, and punp down 13 plug follows the
lehient:mgrtqbet‘ait@nl ofrthe siéagver 11 ugiduee fiDratsa illostratesrsplidring 178
the previously displaced cement and the di spl acenent

- fbugbpiffe RS lined hahger 1@ Fhigwpiisrird) Mag be, mbWal radially to position

cementing bushing 130 is constructed to be retrieved

i -@‘ottﬁattﬁ%y%ﬁﬁaéﬂ r@ﬁaaﬂ?ﬁv@érﬂ%ek&ﬁ@%hﬁ%ﬁh@mg tool from the

10

15

20

the running string: The cenenting bushi ng
||§,eah§ﬁbé;le3| gned to be re-insertable into the liner.
hanger 1n the event that the running string lifts the

CeMenEidifle 3! ﬁ!ﬂj'sﬂgtegbé)‘fcﬁlvérhﬁorhbﬁ‘%? rthé gﬁfl SRYRERE! & B diverter

pressure I ntegri to be reestabli
140 and a liner wiper p[ug release assembly 150. The assembly 150 replaces

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

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

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
that the ball has passed through-the -ball seat, allowing circulation through the
running sfring to continue, and the ball to be pumped downwérdly into the ball
diverter. Fluids are then circulated through the tddl awaiting cement

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

13
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The cenenting bushing. nmay al so be reinserted in the

liner if, after setting and releasing fromthe

liner; the setting tool is picked up and the

cementing bushing 10 is raised out of the liner. As

shown in Figure 2, the cenmenting bushing assenbly 130

is shown-in its normal position | ocked to the Iiner
hanger, and includes a netal top sub 212 and a | ower
housi ng 230 which are connected by threads 216. A

iy § O'g%ffﬁ 3 Gegnend| and tthe e‘%ﬂ?éd”’tp@f ted g pfosmpa Bgrger to the
posi tions outer seal 220 for sealing 15 engagenent
wrevioushedisplased geagapoed thepdisplacement flyids  hanger. The

top sub. 212 and the | ower housing 230 al so position

an i nfkefergaal now4ta grigwest 2ngndi Bh theecersenting jboshing 130 is
132. The assenbly further includes a first |ocking
wersencted te he astrieved aftienttieycémenting dparstieh & ¢amylez2dong with.
whi ch is shown positioned within a groove 228 in the

itian ewnrsng Eaing:. of h¢ kemading busipg isvato ddsigresinienbe re-insertable
bushing is normally 20 | ocked in place. The first

lieto kihieglinerendireger aihsihef avaritithat ties ranhing ditrivgy WkstiRe ,cementing
as expl ai ned subsequently,. and occupies a majority
®lushingi dbovaTthé GRéF, ahergbpevabling pressiredinte@@igll ddbe reestablished.
position. The firing 226 is positioned axially

h%\’&ﬁﬁelﬂirigoﬁusrﬁﬁ% n?al2al8d bArdiRyRtedniBUbNhe? #O aftthséthing and
may be connected by threads 216. A 14 plurality of

‘?élbﬁé’iﬁ{; ‘?fo%‘i‘iﬁé‘hr‘léﬁ' e é’é‘tﬂﬁé’ tdH 4 Pieked bppédérl%rc%n?eri%nb 'bushing

housi ng nmove radiall’y outward and i nward,

%Hj,@m&ﬂ&%ggﬁ erSlick joint 132 also supports a

'ower C-ring vvh| ch may be positioned in a groove

. 8:3 Wg: g\g\rM Oﬁﬁ‘t‘ﬂ(@:{? b réi-ﬁeﬁtg-%,ﬁu ?xﬁc;é&eﬂ{b \Ag%mvﬁlown‘-in its

15

20

?peat 5 posi i ockeJ] E) H}%q% er hgﬁgerr Lhd lrgc%Gdeasnad maetal (():ri)( sub 212 and

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.locking. 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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support 236 with the upper lock ring com ng out of

the groove 228 by pulling upward on the tool and

thus raising the slick joint 132. Due to the recess

or groove 242 on the outer surface of the slick

joint 132, both the upper lock ring and the |ock

ring support may nove radially inward as upward force
applied to 10 the tool lifts the upper lock ring 226

out of the lockin roove 228 and positions the
MﬁWtOfZGG?UWfﬂfﬁ"%a&h arrgnger duitans ontplangdsss &2 il hgusing 230
the sane tine, the CGring 234 noves out into the

grensy edidly putwatnd ashinwdrdg ab ieplained delavek Slisk joint 132 also
bushing to the slick joint. Wen the slick joint is
supkerts agpweh E-limgp @84, which mhag be 2esitiohed i Augoevegagetherwise
the frustroconical surface 240 and be forced radially
iposiioded oh tled slick joiné tgmoee @p@2R] witinthe slick jéihe gr oove

242 provided in the slick joint 132. The C ring 226

nay . bEiduraseshaveslirabraatémaetaill thduppemipcl @ingXamahd a lock-ring
held in the groove 228 by the O D. of slick joint

kagporttEzehwith eNe ippel tscki VR ESMAR baPsethe/Rdve P28 by pulling

slick joint noves up so that surface 242 (see Figure

Apwiabd dxl k! %oﬂbhﬂ"[ﬁ‘ﬂs vhikiAgthe slitk tjélHQ1§?6 Ddé‘?o the recess or
Cring naturally coll apses inward to nove out of the

%E&WéeZ@Zzgp th E 6fotﬁ5 ik ?)r%@ttzﬁif Qs de ﬁgb&t 18ck ring

e upper |lock ring un ercut 242 slick

358 fiodefing Subdort i) b8 Tl Iikerh Moy ok ptd
SRR U9 it RbeACiobR rpBR o e i 1B rbPYL ppdbng posions
?‘ ‘? gﬁé@@ﬁgq@?éﬁ@}&w%@%%g gl e Sape, €. the C-ring
?gﬁém? g tB%tgf%?\}eth 733 1 e, H%%%&BQ bU¥'w83 ook T bushing

ah nmeter of the i
e slick joint. When the slick joint is picked up, the upper lock ring 226 will

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 surface 242 (see Figure 2) is axially aligned with the
C-ring 226, the C-ring naturally coltapses 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 lower lock ring 234 locks into
groove 233. At this stage, the cementing bushing is locked to the slick joint by

the lower locking ring 234.

15



hanger runni ng adaptor 222 above the groove 228 is
nore than the inner 5 dianeter of the |iner hanger-
adapt or bel ow groove 228, so that the buttons 232
may pass upward of the groove 22& wi thout collapsing
the CGring 234 radially inward. A portion of the
slick-joint 132 may i nclude one or nore vertica
slots or «cuts, such as slot 252 shown in Figure 4,
whi ch extends from above the recess 242 to below the

ring FigHre tibistrales hegplick ek 13 Nan wwrmmpsitiopryith the first C-

above the 10 recess 242 to below the | ock ring 234,

- g0t 226t owt afithe @EQOURAZ8 ISoohRkiBRRtiaued ralsing\ef the Renning tool may

bushi ng when in the Figures 3-6 positions. Wen in

tid the gpement bualing put ob #he lingrshandess d hpypeersdigmetes of the liner
are below the seal 224 which seals with the slick

jheinger TG@ningi ariaptors 22P| alseveatles grénvec @8R8 apt mormtthamdhe inner
cenmenting bushing nay be easily 15 restabbed into
tdiambtenef thea liger hangen ddbptosibetov ghmve 228 sbdpabthet hdtons 232
Iiner hanger. The cenenting bushing 130 may -thus

imay ipaks yipherd bhltive grooveo22$ievithau esilapsingr thedCamgt 234 radially
246 at the: top of the, liner hanger adapter, with

tigparde dA portioncer tRé &lickiintMBBmag itidE oM 8 MdYeeHRA! slots or
the bushing. In the Figure 5 position, the plungers

Zots, dulch ResiborsedhewaiimiFiglre Ahthasxtbids RYSaR/e the recess

nmoves down and the 20 buttons 232 engage the coni cal

- Czﬂﬁ‘ RUbEBRCIE AN 23k NeThQWLELBNSH GbtsShiRly 3gﬁtlr£gofrom above the

10

© 15

20

| apse the ring 234 and unl ock.the bushi ng
t :
Sr.Lab 248 Rn ﬁi&p ?hé' ng?ﬁh'ié s? E@Q 61%@1? IHEY/ent from above to-befow.

sI mul t aneous n as s

ttw%gﬂvu%h@ggwﬂ%uw rdrkS At B AR il 2 ana 7
S{dﬁ)ﬁg kﬁegg %Sylg%lﬁ%) n@%are %ef r\}\iethlg-.eng@.ear! %ttl vgt[uclq rs%gysew%lﬂ.%he slick
joint 132.

Figure 5 illustrates the concept that the cementing bushing may be easily
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 theé-liner -hanger adapter, with tapefed-‘.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 dowﬁ and the

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 slick joint. The upper lock

' ring 226 may simultaneously be lowered to the position as shown in Figure 6,

16



Figure 6 illustrates the no-go end cap 218 engagi ng

the tapered shoul der 248 of a |iner hanger running

adapter 222. Shoul der 248 allows dowward 5 forces

to be applied to the liner hanger to push the Iiner

and hanger in the well. At this stage, the plungers

or buttons 232 have been pushed radially inward due

to the frustroconical surface 241, thereby coll apsing

t he ouxmardlx biased C-ring 234 to unlock the Cring
2uhene ki aNa Sbﬁbm%ﬁ’!thAQeW 228, Fh”ét'ﬁr gotrforegd gagially outward
joint 132 has been |owered so that the Gring 10 234

i Btasthgdegkad rasitipnyliely thaaindeget ohgigeve g42 Sothehgk jairt 132
recessed groove 242 has been noved bel ow t he groove

228 i rFigwe § jlinetraleaipeno-ao enchgap 248 emgeging diag tapesedk shoulder
the bushing to the liner hanger, and provides a | arge
ad4d of aslibst hanger tunningndaptens222i r Shotider @dBadllows downward -
menber capable of transmtting high forces to the

| fonezrs foareg applietStoTthe limbi hahgerab push the et amd)hbngdriinghe well.
to inmprove the function and reliability of the too

gAvthid stagepegii@igers exbbitbng g32vhiale bpér pustgedipdiilyiimgard due
the release of the running tool. If the cenmenting

biesthi Teustdsemital siiface 2adi, frgsraby ksithpeingBe @ utdi@tly Biised C-ring
i ntended anount, the cenenting operation may be

- SPRS RAUAHER uaermmp_@m%m f1%s BlsHRy.ng the cenenting
N

bushing into the er. The circunferential |ocking

. ring 28 28Gwiin Flb%r@‘??Qiiék%oﬁitgﬂbfﬂfa%%nﬂo@veféﬂe&?ﬁ% the C-ring

10

45

20

the cenenting préssure capacity of the bushing.

| 9gk i«gﬂaﬁe’té\ﬁiaﬁﬁgeio%v B RBwek m%ﬁgiizoc GRS e g&%ﬁ@ SRbve 242

does not inc e cuts or bypassés ot

< it . A e .

o4 Sl G BHRS, LRSS MY T DR oo 220 s
again locks the bushing to the liner hanger, and provides a large area,
substantially continuous circumferential member capable of transmitting high

forces to the liner hanger.

The ability of the cementing:bushing to improve the function and- reliability

- -of the tool give the operator flexibility: while 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
226 of the bushing significantly. increases the cementing pressure capacity of the
bushing. The locking ring 226 is both sizable inr cross-section and does not
include cuts or bypasses other than the siot in the C-ring, thereby providing a

large surface area for contact with the liner hanger.
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As di scl osed above, the first |ocking nenber
preferably is a CGring which is radially expandable
to fit within a circunferential groove or slot in the
liner hanger, and is radially contractible to nove
out of the groove. The second |ocking nenber may

al so be a Cring which noves outward to connect and 5
i nward to disconnect the bushing fromthe slick

joint. This second C.ri is .biased radially outward .
Lo o roSrCapa: 1 Dot GG MR EIAT Prelagblo Cand which

nmoved radially outward, noves the: buttons. outward

- Théadjalt sxRa Hudhitpinavaireurigrential GoouRLar et innthe liner

Cring; and allow the slick joint to nove downward,
thaegenyanda iy il cortragtible 19 MmavenguinehBe grepvexpdhe second
and reenter the | ocking groove to 10 | ock the bushing
tecking: mamber mapgriso bend Girmgl whisBonevss peiwardi tagcarmect and
second | ocking menber to axially rel ease the bushing
fimwandt toedistoedt dhathushing-fom freasliokejoird. t Rlais second C-ring is
i nvention that the upper Cring 226 normally | ocks
thimsedonasliElig putsard o bk the eshingrigethe tsfick gintg and when moved
positioned within a circunferential groove or sl|ot

iradiaine olitwied, hherngs the: bottomg oathat e r T2 Buttdizesulieqlently- move
Cring 226 -15 ' may cone out of this groove at

- swbaian tcoptrhot the €-aRgRand! aewt thatslithpirt @Vafovedowidvard, thereby

234 snaps into groove 233, which | ocks the bushing to

taewhilg B¢ firdt Mckinghaembekith lsdahd ahHere@hferQHé’%cﬂ’dnz? groove to
appreciate that the Gring 226 and the G ring 234 ~

W&k oG Id &tk tiaehMgdtoakd %mﬁfﬁ%ﬁslz%leasin . the second
cooperation with the groove, although other | ocKing
i ncl.udi . it = 20
clfibr RS *\éﬁprelée@é tﬂg 'gﬁghlﬁggjiogf FH;;' é#é!\(/ int

circunterentially ‘arrange abl e

Dol 1o 20NRAR Roof Rl potB ey £ 2l fooks the

--15

20

S8 %o B HRF Skt 5 BERGned REHRY chourtoronta

groove or slot in the liner:-hanger running adapter 222. The upper C-ring 226

“may come out of this groove.at-substantially the same time that the lower C-ting

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 preferred:type:-of .locking member for cooperatidn with the
groove, although other locking members niay be used, inciudihg a plurality -of
circumferentially arranged and radially moveable pistons, butfons, 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°
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when in a | ocked position, and preferably occupy at

| east 75% of a 3600 18 circunferential groove.
Simlarly, the button, pistons, or plungers 232 are
the preferred type of mechani smwhich radially noves
relative to the | ocking groove, such that when these
buttons are noved radially inward, the Cring 234

unl ocks the cenenting bushing fromthe slick joint.

Q her_for of dogs, Jugs,, or gnother 5 C-ring nay. he
GBI LML aieo e S ind PuRS. Pitensngr Bliers 202 %re the
| ocking functions. ., The circyunferentia roove jnto
Wﬁcf%fﬁe hPe JIREHPHRAECH fatdéar[{yrfa‘?\é‘?ser qtg{?l‘?/ ”i“’slf’&kmg groove,
360 groove when receiving a Cring. For other types
§F'C'Trg}?é ¥hen thgee bytonggee meived Rdially inward dae (3-1igg 234 unlocks
roove may also be a full 360 circunferenti al giroove,

&tq eRINGMINg urhing Fpex thesdighiointe Gthexforms 19 degs rlegm o8 another
wal | between slots 10 alternatively may be used. As

&rring mayriet Uses! toosarve tHeuplwppee of thevieadibg andér lggkéng functions.

cam surface 240 of the groove 228, other mechani sns

- Ithy direunndsgential grobea sdo midctbthehlonkjnd 3Gerfibenfits pneferentially is a

i ner hanger. The. function of surface 240 is to keep

Ba8hgrogvé dhenrepbising a Crind.. Rdroti@rtypes @3embarss sudt as dogs

groove 233 in housing 230. The bushing 130 and 15 the

or Niigyy tA@ Geb@yingegease lapalstt bbhedulb366° iciitumidhential .groove,
I'iner hanger and then the bushing |ocked to the

kith&igh Rirévatdi 8ot separstedl Bgea24fort Osrctilie WRREebefitbn slots
of the groove 228 is preferable due to sinplicity.
Hhembivdp afayde &y .cam surface 241 at the |ower end

of the groove 228 is to provide a nenber which wll

forceakhs al@éﬁ%tﬂ}éstortﬂgiféﬁét lniyé’%@édj b%%%-d }anﬁé;’ %8\3{ sirface 240 of

col I apse inward the outwar ~biase .

wf@%w% 4L bpfhetcnghisﬁlls' tfily b@18kq td AIIRAL2ANBWHERAY 130 from
ITe these functions

the liner hanger. The function of surface 240 is o 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 locked to the finer. Providing a.cam surface 240 for the upper end of the

groove 228 is preferable dueto 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 to lock the upper C-

ring, and a cam surface at the iower end of another groove serves to unlock the
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may be served with a single groove 228 as depicted,
nore than one groove nmay be provided, so that a cam
surface of one groove serves to |ock the upper C
ring, and a camsurface at the | ower end of anot her
groove serves to unlock the 19 lower Cring and thus
unl ock the slick joint fromthe bushing. In stil

ot her applications, the function served by the | ower
C-ring 234 and the buttons 232 be combi ned

- doer &dnchgnd hus; Wyogle iy ke Mﬂt P Bl‘?r pyghing. mf@ﬁt"' other

projections on the Cring may thus engage a cam
sﬂmpjll@%,t@@ Ha Bmnctien ssﬁf‘fe&’g'éy W loyvar S Rnd 2@ th uttons 232

force the outwardly biased lower Cring radially

 imawbe, comhieedbpouirbeksinglet Geing wewld serve thisopurpree. Outer

bushing, without utilizing the buttons. Dogs, |ugs,

- qrojettians oretheeCoingayby tuseengageseeamn suniece wimitardo slrface 240

the C-rings. Another type of cam surface or another
dangrboge iR28hand sioreeayhd eutwandly b@segusivendC-ring tdadially inward,
buttons and pushing in the lower Cring to unlock the

-+ IRereby hinteckingothet Siekgbint fropothet budhing twitHouamditiziey the buttons.

10 .

S A WIS ) TR . o e

20 . -

variation, the lower Cring could be provided on the

- ([EEE) lugdgobothBi AGmbnsl mEsbdagsdai tasefld tadiparpasel ofwhe C-rings.

but be prevented fromnoving inward by the radially

out er AvidtierCipeioft &fin Sdurfalse | &t Mothér cAMAMYE nidthaRBm may be
outer surface of the slick joint may forma reduced

| .'.QJs%H%?rpugHihSrln tAE"JudeRs ane pikKinih {heVRivat ¥3~ﬁh§‘3@%n|ock the

Cring may [ 6ck 1nto the groove, thereby 15 axially

%ﬂﬁﬁ; r&g th@%h@lygﬁ:‘l\(tgglnaéim a?rlo'tlﬁég VaPhafin, txgg&vérhé—nng could be

upper r| ng i Into t groove .

rpfyed £§mvgym&m?dd 7 R SR etk o A

fgrr&r)r\]/et {Paethe ou?er surface of the slick joint may form a reduced diameter outer

surface, so that an inwardly biased C-ring may lock into the groove, thereby
axially connecting the ‘bushing ‘and slick joint. When the upper C-ring is locked
into the groove 228, -downward movement of the slick joint may engage the cam

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

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

hanger.
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 to conduct cementing operations, as is well known in the

art. In other applications, the cementing bushing may be used for performing
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hanger. 20 In many applications; the bushing is used
by the well operator for various fluid circulation
pur poses, including circulation prior to cenmenting.
The bushing is also commonly used to conduct
cenmenting operations, as is well known in the art.
In other applications, the cenenting bushing may be
used for performng 20 downhol e operations other
than those involving a |iner hanger, including
wigwrhele opgradions otharitban ghaeenovelviog reelinter igngemn licluding various
Various types of subassenblies may be used to secure
ttypes ohethenilowinhple lcementisg tepls.A sl ip assenbly is a
preferred type of apparatus for serving this purpose,
5 but \driveis typasest salbassdrablszninby be usay thsecigedhd ner within the
axially secure the liner within the well. Wile
-peaairgy. r Rdlip abssnbignd a peéfetried tysesfapparatue firi sefvii@ s purpose,
been illustrated in detail, it is apparent that

5 nmdidtheatypes opBdbaskpitiics ahay B8 UsBe to RixRAIseBGre the liner within
enbodi nents will occur to those skilled in the art.
Hawewar, it is to be 10 expressly understood that
such nodi fications and adaptations are within the .
spirit : f ; [ ' _
Forth VAR BEREfa o hOSAPRRC TS RSP B, haye been
huhatedh JRRCl B2 SGRehy (AN Biddflon Trid'dPlbions of the

A Smb s ir@'ﬁ@%lp&c@lr FE R didedIRBRS brt® HdWir, it is to be -

anger asse
10 * expressly understood that:such modifications and adaptations are within the

spirit and scope of the present invention as set forth in the following claims.

21



10

15

20

and liner fromthe casing; a releasing nechanismfor
releasing a portion of the liner hanger assenbly to
be retrieved to the surface froma portion of Iiner
hanger assenbly remaining downhole; and 10 a
cenmenting bushing reinsertable into the liner, the
cenenti ng bushing including one or nore | oading
menbers occupying a mpjority of a circunferentia

Wl—‘PRY?S‘@T_?ﬂ 'E'E) - | oadi ng position, each | oading

nmenber p03|t| oned within a slot in the liner hanger
The. i ner AR asK aSPEAB, POMPUSFE bl @ rrom the

slot to di.scpnnect the ce 15. bushing fromthe

1 nerd RUTTIES G GiANGHS) SURBETRL e G BB L e on ¢ he
running string; and a | ocking nenber radially

mov e a® @Pparateh fieicengaging é‘n%?ﬁ‘"%éo SYBRPTH R {Ira;er hanger assembly
slick joint, the | ocking nmenber positioned within a
em@tin&?rrfr@rhéh%k:a%ing;j oint to axially connect the

cementing bushing to the slick joint and radially

retraat sdidasird) rhecmariisra $droreleasinbeaspoxion] of nthet tner hanger
di sconnect the cenenting bushing fromthe portion of

Iaﬁﬁerl'lblgﬁté beavefreivedsioeh® | syrfaesdiom ROpsitivn ke lifer B2ngbr ddsembly
i ner hanger assenbly as defined in Claiml, wherein

tRainmERMrHME: Rigahi ng i ncl udes a bushing body for
sealing wth the portion of the |iner hanger

asse”?'één‘i n‘@ls Eﬁét{lﬂ(ﬁ}f@lﬂsé aSiQ@ﬁHﬁe‘@‘ﬁﬁ rrt IJ_Eléc;_'}’ ﬁﬁ‘lédtiﬂﬁrbushmg

hanger asse al s

%@ﬁjdlAgoggé Bpm%‘?g?oegdlr?go %Hbseeré o%c&p)mﬁ]g majority of a circumferential

groove when in a loading position, each loading member positioned within a slot
in the liner hanger assembly to radially connect the cementing bushing to the
liner hanger and radially retractable from the slot to disconnect the cementing
bushing from the liner hanger assembly;

a slick joint supported on the running string; and

a locking member radially moveable to connect the cementing bushing to
the slick joint, the locking member positioned within a slot in the slick joint to
axially connect the cementing bushing to the slick joint and radially retractable
from the slot in the slick joint to disconnect the cementing bushing from the

portion of the liner hanger assembly remaining downhole.
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4. A liner hanger assenbly as defined in any one of
the previous clains, wherein the |oading nenber is
supported in a liner hanger running 10 adapter. 5. A
i ner hanger assenbly as defined in any one of the
previous clains, wherein the cenenting bushing is
reinsertable after setting the apparatus for
engagi ng the casing and rel easing the portion of the

urt e o Eho aad sRogioBy S RAREL I CIeE 1, wherein the
é%ﬂ?h@@"ﬁﬁg*iﬁ@ Bhfosf @gw@oggggs st o hortion of the

co risin a ural it but t ns noveabl e
Qéﬂﬁﬂngﬁr '&f$beaﬁb@w Uﬁh 4Cfhe bushi ng body
to the S|ICk joint and noveable radially inward to
col | apse the | ocking nmenber and di sconnect the
bushi ng body fromthe slick joint. 23 7. A liner
hanged. asskiibey hasgeletsssmbly @saggfineddndilainme 1pere?,i wherein the
clains, wherein the | oading nenber noves radially out
bﬁdMQneepmetbmmpgsmaaé}ﬂagbstantiaIIy si mul t aneousl y
with the | ocking nenber entering its respective slot.
5 8. A liner hanger assenbly as defined in any one of
the previous clains, wherein the cenenting bushing

i s rejeases Ifn@@rﬁdn@)%r |ds§§ﬁ1bﬁﬁ%§e<ﬂefln%85i‘ﬁ”§hy’ oW@er H!ae previous
bushi ng body is unlocked fromthe slick joint. 9.

LIRS, Rﬁ@ﬂaﬁ% ﬁ?SISQHiInﬁf ey 'Eegﬁ‘rﬁqbsr%%!nogeh@ér Egﬁger running

previ'ous er co
adapter.
5. A liner hanger assembly as defined in any one of the previous

claims, wherein the cementing bushing is reinsertable after setting the apparatus
for engaging the casing and releasing the portion of the liner hanger assembly to
be returned to the surface from the portion of the liner hanger assembly

remaining downhole.

6. A liner hanger assembly as defined in any one of the previous
claims, further comprising:

a plurality of buttons moveabie 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.
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a camsurface for acting on the | oadi ng nenber for

| ocking the bushing body to the liner. 10. A liner
hanger assenbly, conprising: 15 a running too

mandrel supported on a running string; an apparatus
for engaging a casing to support a l|iner hanger
assenbly and liner fromthe casing; a releasing
mechani sm for releasing a portion of the |iner hanger

assenpl y t/l‘?rlilﬂﬁr rh%gépggs%@b N8s Sdérﬁhgé\}\ﬁﬂ];{x@noﬂepgfr tHeCBrevious

of the line ange I nrng and a
enent i ng bushi rei nsertable into.the |l.iner, the..

SR A ReBLER Bgemdl R THH dniss lidi et G5 regpettive groove
ers. occupying a majority of a circunferenti al ,
SR ST Bl RN e e RRT PTGt iy spective siot.

menber being axially novable 24 with respect to the
bushi ng body and radially noveable for axially

i nterconnecting the bushing body and the |iner

hange8., andl linke hapgentasagmblys A% rgfinad| indamyy oae of the previous
bushi ng body for sealing with the |iner hanger and

tlaimss eahieragn Wihieh cehenting t boshind ist tededdede fronantper liner hanger
assenbly to be returned to the surface; 5 a slick

addiiblg WhieArthe Bushingdy e Dhlagksd fromthe gk pintocki ng
menber radially noveable to connect the cenenting
bushing to the slick joint, the | ocking menber
positioned within a slot in the slick joint to

axi alyy conneet ﬁéﬁ%e?%@?ﬁb&ggguﬁﬂn% ih%ah g)tnﬁ: jr)f e previous

joint and radially“retracta omthe s

ahi@:sk filr%jlé]rtcotn?prgsiir?gqonne(:t the cenenting bushing from

a cam surface for acting on the loading member for locking the bushing

body to the liner.

10. A liner hanger assembly, comprising:

a running tool mandrel supported on a running string;

an apparatus for engaging a casing to support a liner hanger assembly
and liner from the casing;

a releasing mechanism for releasing a portion of the liner hanger
assembly to be returned to the surface from a portion of the liner hanger
remaining downhole; 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
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10 portion of the liner hanger assenbly remaining
downhole. 11. A liner hanger assenbly as defined in
Cl aim 10, wherein the |oading nenber conprises a
Cring. 15 12. A liner hanger assenbly as defined in
Cains 10 or 11, wherein the cenenting bushing is
reinsertable after setting the apparatus and

rel easing the portion of the tool to be returned to

\M?ﬁ rés'.)‘ﬁ gﬁg)etg]g]béshﬁ#sﬂdlg; 1@?%2% Q‘ﬁé\ﬁ?yrlé’ E@%ﬁ‘%ﬁg !id’(@lq:onnecting
%’8?55@%@ pRay PEBRRI R RE . AR IR bR EH%J"‘“Q including a
5458 Pagy 10n 34a0d iolfoBe' 156 5R0RSY wshinksealvg Wi ing Porion of

caS| ng, conprisin supporting a running tool mandrel
E‘efhﬁﬁgﬁ’fga%??m to ey (pigine tathespdeeRus with the

casing to support a liner hanger assenbly 5 and

| i nera sligknjoinh supparteryen greowindingstangentser t abl e

cenenting bushing wiwthin the liner, the cenenting

bushi adpdking meniger oadially moveablecladiompeniettieeresnenting bushing to

occupying a majority of a circunferential groove

ieestidknjoint| BRKicBRINgOBEHibeN; pdsitiopadi withig elot iivrh®fslick joint to
the liner hanger assenbly to be retrieved to the 10

sxiafPesnhdQthé o@?ﬁéﬁtlﬁﬁ (ishid td mzeegndka,eqﬁrarﬂs,fa%ﬁmr?yretractame
remdi ni ng downhole; Supporting a slick joint on the
FYRNHI <Rkt ik e BK joint to disconnect the cementing bushing from the

portion of the liner hanger assembly remaining downhole.

11. A liner hanger assembly as defined in Claim 10, wherein the

loading member comprises a C-ring.

12. A liner hanger assembly as defined in Claims 10 or 11, wherein the
cementing bushing is reinsertable after setiing the apparatus and releasing the

portion of the tool to be returned to the surface.

13. A liner hanger assembly as defined in any one of Claims 10-12,
further comprising:
a plurality of butions moveable radially inward to collapse the locking

member and disconnect the bushing body from the slick joint.
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radially noving a | ocki ng nenber to connect the
bushi ng body and the slick joint. 15 15. A nethod as
defined in Caim14, wherein the cementing bushing

i ncl udes a bushing body for sealing with the portion
of the liner hanger assenbly to be retrieved to the
surface. 16. A nethod as defined in dainms 14 or 15
further conprising: 20 radially noving the | oading

nbey, t i j ; ' o
the | Ther ALidhod o TeRLARREThe! HonbSREBMoN BN fSE witin o
one of Clains 14-16, wherein the cenenting bushing
PG RTEEEE i nto the 1iner hanger after setting the
apparatus . and rel easing the portion.of the |liner
hangeFUPROBISIR JHININg Pal BRaNdEgEh 3 BIVRE WGt ace. 5

18. A nethod as defined in any one of Cains 14-17,
f ur t RIIGAgHENPR PEPAGIUSID foe 8a§ing taPURROTHA lipgE baaer assembly
radially inward to coll apse the | ocking nenber and

ang trerfero theheasinghi ng body fromthe slick joint. 10
19. A nethod as defined in any one of O ains 14-18,
wher eproviding a reiadenapleweeanting bushied witidn #id narutheofementing
a respective groove substantially simultaneously
Biidting hecllgialji e RThRdie 604dihy NBembeRsS RREUPYISy 3 aANjBrity of a
circumferential groove when in a locking position;
releasing a portion of the liner hanger assembly to be refrieved to the
surface from a portion of the liner hanger assembly remaining downhole;
supporting a slick joint on the running string; and
radially moving a locking member to connect the bushing body and the

slick joint.

15. A method as defined in Claim 14, wherein the cementing bushing
includes a bushing body for sealing with the portion of the liner hanger assembly

to be retrieved to the surface.
16. A method as defined in Claims 14 or 15, further comprising:

radially moving the loading member to axially interconnect the bushing

body and the liner hanger.
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17. A method as defined in any one of Claims 14-16, wherein the
cementing bushing is reinserted into the liner hanger after setiing the apparatus
and releasing the portion of the liner hanger assembly to be retrieved to the

surface.

18. A method as defined in any one of Claims 14-17, further
comprising:
moving a plurality of buttons radially inward to collapse the locking

member and disconnect the bushing body from the slick joint.

19. A method as defined in any one of Claims 14-18, wherein the

loading member is moved radially out of a respective groove substantially

simultaneously with the locking member entering a respective groove.
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