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No. 60/872,744, filed Decemberl-4, 2006, for SLI DI NG
BLADE EXPANDABLE REAMER FOR ENLARGI NG BOREHCOL

cont entBXRANPABLENREAMER S FORHEARTHBOREYE S P&tlgé\TIONS
herein by this reference. TECHNI CAL FI ELD The present
invention relates generally to an expandabl e reaner
apparatus for drill i ng PRORIEYrGngBM bor ehol e and,

nor e part|cularly a andabl e rea ppar.at us

for enilif gankiga amsquné 8 thehenshl Qi ke Staterdiasishna Fajen Agplication

Yerihl NG, dﬁO{stﬁ%ml}'BeEéﬂ&gqa%(% R AGPISING @LM?E & ANDABLE

enmpl oye or “'enl argi ng subt érranean borehol e.

GEARIER BORIBNLARGING B(DR@HG]UES "tthe contants gbtheleptiretyt of which is
is installed and cenented to prevent the

wells, c

\,\g?qrpcygt,eg?lggg Y thisdrieER6f ng i nto the subterranean

bor ehol e whil e provi di ngetegCAIl BIEIPri ng for

subsequent drilling operation to achieve gireat er

dept hsThe@aesenginientiah selaten gensrally ¢ am Expandahle fdamgr @mparatus for

(Bt ot R ortRAC T BBkl B SR A e apparans

fibtiérlfregpd sAbREGHNA8 bdfechbledeheitieh edstnd ¢ 1iet.| | ed. To
increase the depth of a previ OUS|IéﬂQH Il ed borehol e,

new casing is laid wthi BARKCERAENHed bel ow t he

previ ' CAS]

B bor enprBRldamt ok Ay BRAN Y B toP BB Bridhe i orchote.

A awditionaly i dfllingoil,@as,agd fgb(ﬁhdirﬁfabh/ellsa cadiag isamsitalbpdtand cemented

borehol e restricts the dianeter ny subse

deprevepidh %We@ herealls fipmcaying i Wéﬁa sybigrapean 'a%ahﬁﬁ yhile providing
{ n

A L R S P DU RSl S Casing i

tmoamseerttlloagdlyl installed th ésopate diditstand fonnlations; tot et oioksfordof

G5 s L G AR i el DBy brerers

bﬁﬂl@ﬂl 01r6 lm@g@ﬂ@rdef)mroﬂarp%wddslmmd ®otdhBIRahew 355inidis laid within
beyond previously i1nstalled casing as wel [ as to :

g lskiendrsk helow fhequerieussasing. oWhﬂata ing pddijiena casingpallows a
t

blg e%%ﬂerkotrga%h? ?Jn](a s 'ﬁ ha%1 gﬁ i g?&%%fg@%ﬁg&émg %({)]rghole.
Q%Immﬁhg ﬂmaioraapwxeaﬁbts ltlﬁﬁﬂamaelafﬂ aBy gdasaqmambt@nommahe well
bor ehol e | ncI udes usi n}? eccentric an -center. bit

tsrauss Shesirdl bitandeany dutier cagng mygtpassS OéEB’é the gxisting cising. As
q&ﬁ&ﬁgﬁsdm%e ﬁcmsl?tflg Bdnfeté He%d@s‘?{aﬁle%célﬁe iRl Aingfthedduction flow

Its axis to pro uce an enl arg bor ehol e di aneter.
rate of oil and gas through the borehole, it is often desirable to enlarge a subterranean

borehole to provide a larger borehole diameter for installing additional casing beyond
previously installed casing as well as to enable better production flow rates of
hydrocarbons through the borehole.

A variety of approaches have been employed for enlarging a borehole diameter.
One conventional approach used to enlarge a subterranean borehole includes using
eccentric and bi-center bits. For example, an eccentric bit with a laterally extended or
enlarged cutting portion is rotated about its axis to produce an enlarged borehole diameter.

An example of an eccentric bit is disclosed in U.S. Pat. No. 4,635,738, assigned to the



An exanpl e of an eccentric bit is disclosed in U S.
Pat. No. 4,635,738, assigned to theassignee of the

WORleSEbs2i nvention. A bi-center _bit assenbly egmalwss07/024796
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two | ongitudinally superlnpose%'blt sections with

| ateral ly of fset axes, which when rotated produce an

eﬁ%f»lgw@é thedresent iBventione ebi-cenisr hit asssmblyosmploys twodapgifudinally

kﬁ‘u@ k:&"ﬁ &%gné 1tfrjia$eralg)26ffse[t\?ms SwiRAvARH 'rotmﬂ f)lfbduée an
S|gne to the assignhee o present

| emleegridi bainehoAndiarh eter. cAn exdmiple nfia ba@qntamuhs dlseﬂdseﬁon U.S. Pat. No.

e a, subt erranean, bo ehole |n udes e |ng an
eﬁ%%&%@d‘_"%ﬁ%‘ﬁ%@@l% PSIERPE e & BIesg Hikenln.bi ¢
at t heagliirdr2bnRAdohd1S: gﬁ%&aﬁ&@d f LBRATE L sARSPAHRhY b&@ﬂae includes

di stance above. This arrangenent permts the use of
amypleyingaraedended oyord hilel astﬂrmbly y@tda a ot il hitabtbk distal end thereof

S RS Rbe s BB ALH I By ot
Véaidataas iyl bk E}?bg rbetl*c SRk DRV drap Bih s BRMBObIE and the extended

wel | as themmgg, unity to effectlvely stablllze t he
piatuse ofith h$s peomith ateaten ﬂe)pbﬂl@t wher pasging thriegh tight spots in the

fl}%lrelzhg')or ehoeill R ﬁ’s\ﬂolxtlgm Cﬁ% eﬁe%tlv l?lﬁ%gtc}jle %El?{l ﬂﬁﬁﬁi ?({ that the pilot

afotedard thie follopaig ﬂe@ﬁibﬁkxilb’traﬁ’bﬁe itHe ph&ﬂintdnﬂedifdr tiei bodétlle. This aspect
drilling. The assignee of the present .invention has

tqf ap W@n@ﬁi&ottewoéwaela@ya%aqﬁlﬁgarbt %%tﬁa%@ %1630891141 dglling. The
1A

SEEE AE ML A OE0R0 B DRSS Rt s s ol
a&edrﬂm wings, twisicke génepally cntpoisega dibalas bmﬂ;ahaylm a ﬁkiﬂng neck with a
bot t n1thereof | so th. a threaded connecgtion

sdodsemnestian: B ohferest Shges B0 IOHTRFARL CegiBam eteof,also

tvtl‘l?n 285LQBESorbetldie PREPANod. BYONBUD And §U46S, 8995 Both assigned to the
ream ng structures including reamer w ngs. The upper
reisel raetaif gre mesenhevm@nedlsclpwgemog strogings| esludmg rgamer wings.

e Ion naI extendin ect|n Ny
cEirSpRPiabol P e sEinning oy T ik SREHTTdre Whaigydinally
tekEen@itgDladesipi@fecihg bdiRrdllyaadisil £ aitivitdig fiBRGhe tibhilah Body, the outer
el ements. As nentioned above, conventional expandable
redgereatdhallgdes cargios PDS eiting gJementsubt er r anean bor ehol e
and nm d I f
to a tXule]nPﬁlo & agéﬁhggﬁlggfet %ta?%!pén@iblgyeﬂrggrq n¥ayége dsé@g) enlarge a
ckmbmﬂﬁlminbbﬁhellerandma@w 1ﬁ<rzlhdteslﬂaﬂeby)1\td1$ly B&ihngd\sﬂy afﬁxed to a tubular

56 to, Warren n addi ti on .
gﬂéw P PYOREL B2 BbtoRhspaiddhersags diselgmLing Vish Bt No

AR 83680 WERE! It QdERAidS UG, Bt DS, 0830 RS AlisbA eBdl. discloses a
I'éast two hol e opening arms having cutting means t hat

rmyvmond\bewhbkmpemrpompnsmg abbdy egtipped witheateadttwochdeiopening

act i 0Si 1.1 b posure to essure..of the.

e FRE R e P S henb o BRER B 8a§ Sk in hepady o an
taeﬁs@pdsﬁmmy%xgé@ré 0l grésalie)of B! draki it Qloﬂ&xﬁ%%&oﬂ-gh@he body The
tool to be run through the borehole on a dri strin

Dhafles irctbeserreaness prerinisialiy eetraeted (o pmanitithe toghtg berrup fwou
.  ho.
AR Ly IR A . o

tdaiiee ditel eteBtiedsonthe Habld@maanm;sbdmmadmd dielosi the dading.
mnimze a
The blades of conventional expandable reamers have been sized to minimize a

clearance between themselves and the tubular body in order to prevent any drilling mud

and earth fragments from becoming lodged in the clearance and binding the blade against



cl earance between thensel ves and the tubular body in
order to prevent any drilling nmud and earth fragnents

Wd@@mﬂ@@gom ng | odged in the cl ear ance and bi ngithgk2bd¥24796
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bl ade agai nstthe tubular body- 3-The bl ades of these

conventional expandable reaners utilize pressure from
.tbrsﬁuaelat brdy: dére blasien phthgserqopventiongliexpandablgrogapas utilize pressure
the blad
3B 1D B B A o e,
sanging katting lekentvatsy laterally duteardoditvie fidli lgrmmer thatthe Rature of the

al l ows m _saligned forces cock an the pi st ons
avqslpaaeégeangﬁr%elngs rﬁealewgsfw?ﬁqt@scoa? aetth%\elﬂoa@a%‘élades
?x@«féﬁﬁn% @ES fﬁkésxrdn'i‘ Y@fa@hnﬁht% BladEEaieeH] ar;d 0, des1 s of these
onvent ona expandabl e reaner assenb |es p
b:bamnomdl mapatndobiemmer Jasamaesafad tphélp bthda mtmcdomgherrmmned and
sonme conventi gnal

RS ey dhd Birelels s € vbiTG SHRR ERYePROIAL yavlicaly

%ﬁlﬂ@é QEhnRr P eex p@is e GRATPHiBYose aRRAd 8 Rery R shped and
pi ston, or blade, carrying cutting el enments hi order

{eBpensve @istors ot Riade caning celing elementsalln prdaniorpseventcocking, some
cggvc%lﬂgrge}gﬁ%ﬁr}%aéreggmg% 26219 Q/m?%@cp 1gt08 %ifii d)\éld P:Ei%lgzrlrﬁ,é{rdeﬁ% t&' to avoid

Edseﬁ eatkifg Hequitinginbrhing, ﬁnqﬂe( &elaéoﬁhﬁgﬁﬁtlf)@a rRésd seals are
pOSSI ly leak after extended usage. O her conventi onal

resprbiogosbllyileak afier gxtendsddisagst er ances (such as one to

two t %ﬂh&sco ve ioffhl SquirB v os@%ﬁ@é)xc r(%ﬂ%s BE@to two

pi stons or bl ades. Testing sugges at a
nmthnrofcannﬂ]nmhat mrsohe ardas) ﬁomtd thepsfons bebl;ad&t dmtﬁ@ duigpests that

to refract the bl gdes bac to t.he tool
RIR 1§ ° ARSI it e a5 iR Fa\ﬂ.lfgg pgeirac th blades

M@&Mn&&tﬁ%%&“d& t& BRd Yr%rdaﬁééa b?rﬂaﬁfcupa&ofaﬁé}i?&%ﬁng thadr 111
and/ or ream a I anet ef borehol e below a snal | er

di amthéthnbﬂmﬂmn&t ewmowe?e@r expreaches wrdrillgndior eehm a larger

ar.at.us t hods,,fo Eor i nst.ance,.

PR  raPer b B A Qe Rl Wi ngoff AP &6 impproves
tabﬁar&tﬁ@&@i nBbds fe dpimgSo! FeOHghndd] BirRhex aed re&tﬂl@hwhigfﬁs&mbhes
i s nonadjustable and limted by the ream ng dj anet

FaEF‘rlﬂfﬁ’é‘?q'r'@rtbe seagmhthatihe pasthnopeh diamster ahwich deakhis mpeadawfﬁvle and

t

hela %‘r({t%é% %ﬁgﬁrfgﬂﬂ%?ﬁ%r rrtgﬁgﬁég% %{g(\ill’gﬁﬁ%ﬂgh geﬁt%Péﬂd dd€entric bits
quydmdatﬂeeerrdeaay togwelideartal deemte fndiinlthee saviritenaed forsheborehole.

abl e t nter. and eccentric bits, be .

’Vg‘g{onfl rmwg&asbe & whilg a@qqetémgw%{eesrtable than bi center
dha @@Jeﬁﬁcbﬁ’t& ah8) Be Qlbj&aRl (ﬁ@naﬁg iR Bassﬂ%)fhﬂéﬁgh a smaller diameter
prematurely actuat ed and may present difficulties in
tberabokelor casimng seheorb onasthsl premittuesly aatwated, Aodhmay present difficulties in

Accor di.n re IS an oing desire to inprove or
e‘?&‘%ﬁ@ 8&%8;;’ %lgagfr%fﬁuaglg'gandabl e reaner apparatus

r egar i Refisily, ithére st BigbdigRiesird torimipidve dr Expsd ﬁi@fdﬂﬂlance of an
drilled.. There is a further desire to provide a re

&pspaandable seamen ePRATYYS treardiess pthe subierzansan frmaien Yae b@gg drilled.
Sig Lt%.u’?x%? H(gsﬂ%% ﬁﬁlo%eca%éﬁﬁéli aprQx%{us iy bro%de§ ESRYR blade

con igurations,
retraction, is robustly desx gned w1th conventional seal or sleeve configurations, and may

not require sensitive tolerances between moving parts.



not require sensitive tol erances between noving
parts. DI SCLOSURE OF THE INVENTION In order to prevent,

woQhogAlrodseast substantially elim nate jammi ng @rifR8007/024796
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bl ades carrying cutting el emertts for enlarging a bore
hol e, an apparatus_is provided in at | east one

errboldl nment of the PREMRIGREIQRTHE INVENEONnf i gur ed
enab 1 L B kB of & 14l ARy it BORRRDRS the blades

agupB/ireg custidgoel anéritefoe ealafgihd a/bmmeledadapmfdtasi ioprowmidel dnutit least one
damage or hinding,. while gkléovvi bl ades to

r@?b%déms%r o |ﬂ}eelevwwa hayige sureﬁ to gidgaip a tFackn the body of
[

EAPPRLS nibiig el Kl O Bpertfc SO SRARBRIRE achicve a ully
pes)mmddé gogitiat withait uldmagaoxthmﬂmgnv}bbdxylpwmgahobladwte be retracted

e1 P03|t| onﬂl |y coupled to the track of the
t stz alog BEHF ragkpush sl eeve and a drilling fluid flow
pat h exf SREH Ao IHQHOSY thORvesial & eﬁﬁﬂd’abﬁ@[eaxﬁ@:%ﬁ}ahﬁ%r
drilling fluid therethrough. The tubul ar body incl udes
admlbng p suldermanieam farmatiemisiprevdedgbatdnclades aparardbody.ame or more

L t.h
OBt e BRI T Pr BB NP s AR S and a aiting
Stiiitl Aot pdtiextéddaedtheoiph thd ﬂuB@laabcﬁiyqbeCOahuuamgaﬁmﬁ fluid
angl e to the |l ongitudinal axis. The one or nore bl ades

@ewﬂvwaﬂhu dhe gebylarbedy gieudes o {angiuding pxis; aioner hyue. @g outer
SR 5O oS ARG IR S (LA HE SR o odren e e

bisore nd ﬁle@u&ﬁmrﬁrceﬁhs packséxhébiting 4 slbpd dtan aoite tigle to the longitudinal

apparatus. The sl eeve is SI tionally coupled_to

tfﬁ%s | Phretieygs morgpl 35%6%519 fude a a%?oaﬁaltewﬂp@amtcen’g’sured and

ﬁ@e?&edqﬂ CerRbRARatERalFront ﬁle%lmfﬁogé’lﬁ(ﬁg of é’sxﬁ)?érFa%énVﬁhiﬁatmn to
ow conmruni cation of drilling fluid passing through

t ¢érdarge thelbarehbledijameteafesmnsive ti mitation wé therapparhws.e Bhe push sleeve is

ERa bl 4 ERerPor 835 e borblangicbiled i eadCone biace

t $oaszko bé eonfRufeith aslb&HeBOMlow QtnrhiMiatdA o YHBIMG PRI passing through
position for reamng. hi further enbodi nents of the

| the &ibwias hodyte effepbardal mneyemeahitbereaiisenonsivs td dforep onpressyre of
drﬂﬁﬁéﬁﬁ@%g%?%a%ﬁﬁg@ xg{‘ag gel?ars]gé gel"dléj&datl&xgﬁg TRACY #ﬁﬁ% rétracted
E}bcgmoa ﬁm&g@s&ddaﬂpdlmmnahrnemﬁrg bore of theht UEUI ar )

ody, the pblasing elenent Is In contact_wt t he S
s| egvelnaﬁ‘}ﬁ heg grae%oft}h%\wm@npmﬁﬁpgp@@#'ereﬁmeraap%lirams for

atﬁ)lﬂh QQM%anfjfd}&%‘ﬁéxpE ?&/l&ﬁttﬁé’tq cl Qﬁ%ﬁar%ﬁ vy RhAfg a biasing

ng at | east one trac e tu and” i nto
aelermentand e gugodeavie dispoasedrwvithig apimplr lsdre ef/ée md)uftanﬂaody, the biasing

S ected to, force or ssur e . of. i]li.ng, fluid

SSIPhP B EHED el So5F A 8rFHobiA iBrine BIerye in an axial

Sddwifbd#d Girk@on I@@?dtxtabtod’t! i’éalstyo&%‘léﬂ'e Ridhg 281Gt @Hb HaciGofhe tubular body

| east one blade within at | east one track of an

egnddni@abeieadtestpasition when the push sleeve is not subjected to force or pressure of
drilling fluid.

In still further embodiments of the invention, a guide structure for positionally

retaining and guiding at least one blade within at least one track of an expandable reamer

apparatus is provided.



apparatus is provided.ln other enbodi nents of the
i nvention, an expandable reamer apparatus for drilling

Woam@gmt)@zranean formation is prow ded t hat i nelcydese@/ 024796
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nmotion |imting menber coupl ed>between a tubul ar body
and a push sleeve to limt an axial extent of the pus
s| eeveln aghesembpdigentsrof diiauention: an expandabld reqmer appATatugior

ndabl.e reanme r I

KT S A I
tdoapﬂ%ﬂ bBvesh 8 MRl OBUY hmmphsw stdeiétodimit an axiabextent of the push
t ubuI ar body and is configured to selectively isolate
a5l $Y¥&h sl eeve and bl ades from exposure to force or
pr essugesif % Eﬁl’bb(lrﬁglems %F the ihVenfiBR oM e{f?ﬁﬁcﬁbf%fre&ﬁ@r apparatus for
i nvent1on, rave eeve I's axialfly retained
adrillimg 4 slaalterrmsart fonnathx;n ia peivaded th sreohdaley avdaveling sldewre positioned

i nher bore of the tubul ar bo of .an ex dabl e. r eamer
AP 20 et Bore o hﬂ%ﬁi} #lpafrdg? SPHig pgf%gﬁwﬁ%lsoﬁ?eapush sleeve
Seinﬁ%‘fzﬁies hbm@x?@@r@ﬂpﬁﬁie@ Be3s?é of MI1hgNERE | on, a push

sl eeve 1 s axi retained in an initral pOSItIOh by a o
| owl och eagwdinngs @fahpinerdnmnt atravaing gleavais abmﬂy rejfingéhin an initial

dabl at end
R S e BT S R b FRP G B BB o
arshribr apphaftR$é tordadiaRy RedivaRraveligxdleavded position
and a retracted position after the traveling, sl eeve

has axingithey embadisentsor{dlar igviertion,; éemstlqueﬁe sy getpmed in an
D#EQ ﬁés?t?(%fleoyfa;lg%gcﬂeasée% )? 8&1p?e§i‘%9%+x 1@ fbl&ig Blie{én expandable

nvent an u eev

peaveripPatatiss afd cohpiises atlaweriend ofia traeelmlgmtegva lalewingithepush
sufficient travel V\nthlnthetubu bod

eskesan dnabs &gl Arasitiopghle B?twgewb%t 8 2PH oragrg{gwtracted position
4 ‘gﬁ: tfagﬁlﬁfg%?ieg’é ?ﬁéﬁl%%tﬁﬁsﬁbnw KIBUERLAD rgéééelth@ﬂ;sh sleeve

enbodi mrents of the
|ﬁmamhalow1®kmm1hiyenent device for determning a

oboq Taditaer stef e B SR w i Bk ERs pypided Br axianly
reRimseaRhRlink @kb{/é ?dﬁguﬁic%k tréV e} RAGITthe bl FBbay bPthe
of at least one track to limt

one | ongi t udi nal
tmandabgmalmr apmlrms PP FNPRIAE apuslbsieevgrto grpasurs of detge or pressure
f‘?‘?} X@tﬁ@% r%%{;[,e qpppar atus. O her enbodi nents
fexpand

e rea & ‘apparatus are provided. BRI EF
DESCRl ]B'Bn{Bﬂdiﬂ?enTé-E tDRAWMENST AMhedsarenteat dpdad for deteintining a diameter
concludes wth clainms particularly pointing out and
oqub??f&@lB?dE?rsbq}?ﬁg)r?ﬂg? d-whi ch is regarded as the

| nvent ggther ¥1ﬁ5%d1h‘1%ntfs %ﬂl{érlﬁ\*?enﬂ&g iR Rt ﬁgﬁ%ng ﬁ'eptlzn:‘e%le stabilizing

invention nmay be nore readily ascertained fromt

flbtkodisprged proximate to one longitudinal end of at least one track to 11m1t the extent of
outward movement of one or more blades of an expandable reamer apparatus.

Other embodiments of the expandable reamer apparatus are provided.

BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the invention, various features and
advantages of this invention may be more readily ascertained from the following
description of the invention when read in conjunction with the accompanying drawings, in

which:



description of the invention when read in conjunction
Wi th the acconpanying drawings, in which:- - FIG 1 is

woR084/618041 ew of an enbodi ment of an expandabl @da&IBE7/024796

10

15

20

25

30

apparatus of the invention; FI'&. 2 shows a transverse
cross-sectional view of the expandabl e reaner

appar dits! & sidriyigwrod @n snbedizpanypf an gxgandable;rgamgrgpparatus of the
E{%‘gnﬁgn.shoms a longitudinal cross-sectional view of

t he expandabl e reanmer apparatus shown in FIG 1; FIG

4 shovAGad sleowsar et vérse giobssskictiaal eiesssf-tbeetpandeble nehimer apparatus

of .a.portion of the ex bl e reaner apparatus shown
i?ﬁ“%l“"(%tedéiy sefkgn lweﬁﬁg\’/@eﬁgqénl arged cross-secti onal
Vi ew giGan i a Iﬂﬁﬁg%ﬁhl %fos%—?%ti%?éﬁmgf the ESSHARAble reamer

apparatus shown in shows an enl arged
appastus swoindlIGvilew of yet another portion of the

expan | e reaner aratus shown in EFIG, 3: FIG 7
Shows 136 EfigRceEPEel Podtui fosRasipai vib S thrgfion of the
F%Qfédd@ﬂe@émﬁéﬂ@p@?f&tﬂ@@lﬂﬁhﬁin'ﬁ@ﬂﬁ appar at us shown in

Fi 3;: FIG 8 shows a cross-sectional view of a shear

assenmilG. dshaws anranbarzedeerossofectional wigpyoi @aether postiereef the
apparatus; Fl h a ss-sectional view of a
r?gg%déﬁl sr%aénr%%pag?tﬁ%%lm@"%lg ilﬁé%’t of the expandabl e

I eaneIFIgPe shiciisi enfdried drOsssdeotiénadivied b WeEakiotHer porlibAd€the
in accordance with an enbodi nent of the invention;
erpandable sepmes apparghgshayd BdilGedoss- secti onal vi ew of

t he bl@gde Lan.Line 11- ' :

G 13057 SRR T e 6 R T Gk orh e opieich o e

ek pandable réantér ajphrathosivovan ilKi6€s3;sect i onal vi ew t aken

al ong ction line 13-13 in. FI 1; FIG, 14 sho a

cr 0ss HGCH piivas Gpesectisnsh VW&% Birarbly S Ebpsip e of the
lekfandAdle rédnfer apparsl@Ws a cross-sectional view of an

upl ock sl eeve of an enbodi nent of the expandabl e

r eanmerFl@pH alrarsacrosst Ectidtl siewves aanogele spremblyves anieswodiment of the
gﬁé%ﬁg?lgg?ﬁergggg%gent of the expandabl e reaner

FIG. 10 shows a top view of a blade in accordance with an embodiment of the
invention;

FIG. 11 shows a longitudinal cross-sectional view of the blade taken along section
line 11-11 in FIG. 10;

FIG. 12 shows a longitudinal end view of the blade of FIG. 10;

FIG. 13 shows a cross-sectional view taken along section line 13-13 in FIG. 11;

FIG. 14 shows a cross-sectional view taken along section line 14-14 in FIG. 11;

FIG. 15 shows a cross-sectional view of an uplock sleeve of an embodiment of the
expandable reamer apparatus;

FIG. 16 shows a perspective view of a yoke of an embodiment of the expandable
reamer apparatus;

FIG. 17 shows a partial, longitudinal cross-sectional illustration of an embodiment
of the expandable reamer apparatus in a closed, or retraced, initial tool position;

FIG. 18 shows a partial, longitudinal cross-sectional illustration of the expandable

reamer apparatus of FIG. 17 in the initial tool position, receiving a ball in a fluid path;



FIG 17 shows a partial, |ongitudinal cross-sectional
illustration of an enbodi nent of the expandabl e reaner
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posi tion; FI G 18 shows a parti73I | ongi t udi nal
cross-sectio illustratjon of t he expangable re

appar a5 1gsh ww parfial, fonejiutingl crasspeqtignp hgdieppm it the expandable
reGRk é[pBgll'afthﬁﬁG' 1y i@ the ﬁ'ﬁtﬂl tbn’:tb& %@J‘tﬁ%al‘l‘movesf into a ball

partia ongi t udi nal cross- ect| ona ustration
tdeet andpacapabkd r eaner appar atus of FIG 17 in the

initi ifion toal t he bal | ves a

ol | 0k S showea ptpiel batidifehcrost seibiona Tisgaio 4fth® expandable

| Rkt al;)ghﬁﬁls SFFRS ST ARG Rbhelt Asyéﬁm?tlg ﬁ’&géifed tabsressure is

expandabl e reaner apparatus of FIG 17 in which

stveamulatdeant layraveling slegye beginsio movegiommewithin ahﬁ:mmaa@el@avmg the
ng fl Lavetllng sl eeve begins to nove down within the

JPPRr QPUROSH®Maving the initial tool position; FIG 2 1

shows piCp2N tshéws ah&ﬁm , 1oaditidihal GFd3§-Sedti®fillildation of the expandable

illustration of the expandabl e reaner apparatus of

nn@leqappmnmf FIG+ Wemtwlaolethp trgvdingslesvermpres towaksd alloger, retained

P8l s RS IR Bl bl s ey R BB presoure

rmv%tbwmraﬂea&n&efdmdﬁﬂ position; FIG 22 shovvs a
parti I ongl tudi nal, cross-secti onal _illustratio

|
t he ealf)rﬁw dashews aaseal, lggindinal srass-segtignal ilfustigtiopp the ‘expandable
tljégmpxl dzg)ggt%tl{s%@%lée ﬁtvﬁg% ik ‘Blalaﬁé gmé affha%di éfh ie}é(ld in the fully

exten p03|t|on push s nder
i exiténded pesitidn by thie qbu;;h desenadarike infAeerce af uidyyeshieend the
noves into the retained FIG 23 shows a

[ Iti.on;
pEVEAE ae?"&ﬁﬁ‘i"feéé‘?tﬂgPer Pg‘fépg%?r?’onal illustration of

the expgp Q@Qh@wi & parEhl, ﬂﬂ?ﬁﬁ(ﬁﬁdl%rdég -s&dtiohal ifudtAti¥bEhe expandable
t he bl ades (one dep icted) are retracted into a

rleamamp@draptssxfﬂﬁnl 7019'1 vehigh the |bhige$(@n¢ depigliedlare hatractediinto a

el LB b e e AR R B s

r eaner FRRAsBéWSa pareil thingBudind) Qf(ﬁbl-@é&loﬂhllmé\ﬁs bP#h expandable reamer
measur enent device_ in accordance with anot her

cappaatusangluding p herehplgalimensipn measprementdeyies 18 accordance with another
%H&;dq,ugﬁtg) FihGhOSionect ional view of an enbodi nent of

expan e reanetr apparatus incorporating a notion
I'i mi ti Figs. 28 shews a hangitedifial c26s-séuvionalavi¢vo nfjart erdbediinent of the
cross- ctional view.of an enbodi

t of th
rgmpmaraaﬁag@m%m}gﬁcra?%%ﬁwg merherAnd
m)t | ONp1G, %tsh@\gs dmﬁ‘l’%ﬁ Rctichit VARG AN bddimétof the

I NVENTI ON The il lustrations presented herein are, in
sexpandabls rraroersappatus antonpdratingangthef matign bmntmgonmaber

reaner ool \HEEEr G SRy G G Sl RGN

reamer tool,
The illustrations presented herein are, in some instances, not actual views of any

particular reamer tool, cutting element, or other feature of a reamer tool, but are merely
idealized representations that are employed to describe the present invention.
Additionally, elements common between figures may retain the same numerical
designation.

An expandable reamer apparatus 100 according to an embodiment of the invention

is shown in FIG. 1. The expandable reamer apparatus 100 may include a generally
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i deal i zed representations that are enployed to
descri be the present invention. Additionally, elenents

woeR®Paohet ween figures may retain the sane nypEiiedl702479

desi gnati on. An expandabl e redfrer apparatus 100
according to an enbodi nent of the |nvent|on IS shown

icplincirical tybulamRody, 98 having lqr@ar}émala?ab%%at Wwy 108 of the
B e L

eerpR Mittaidreands apper, agsnaedhersin With n&feyed@awetlm ehdsnE90, @9 refer to the
190 and .an upper end 191 The terns

) d
YR Positigns ah e ] A A Ohrelpveds PO AN i S Fgandable reamer
Jfggara%g 0 {s%gﬁoﬁéa Wwitn ta%@ll%ke pﬁ?é lev@f‘éadolf%th%&i]g&lar body 108

refative to one anot when the expanda
roéﬁwmxpamabllead:amser apparates ;b@ﬁsm’ay orchdlew semmbuadse(lelg b\dh@aded male
The | o end 19 t he tu
SRERRREE) SrauRe g 5P Sen 168 o ap Herariod of » 80 sgine or

tah6BadnigRnént of ﬁbbﬁérﬁ@ﬂﬁidas%ﬁlﬂy PBHA ks, férQxample, a drill collar

connecting the lower end 190 to ano her section of a
or collarseariying aopilog doll bitrfordrithagie well bbrea Swiladynthgoupper end 191 of

S5 BR5A py S a Pg Plfs Fof o e o
g' a BReRled fnlé BoX Membbe fordeahedting theuppef eridh1®1ttbl bhkbtﬁér section
bo 108 of the expandabl e reanerhsﬁfaratus 100 may

iohie |dubl strings angshercgppgaent ofa ottor- ey {BHA)-e box
menbe r’l)hré sﬁld&g%ﬂﬁﬁlﬂl{;c% s LD B1HEPR 169 ek R1@ rﬁta&egosmonally

section of 'ng or anot onent
bﬁhlhednﬁmicﬂnM&ﬁrﬂiblypi(cB&lﬁélatlo'ﬁbmiam EHeltnbuhzg' body 188 as further

bl ocks_ or. bl ade 01, 1 103 (.see FI 2
;S‘S%QHPF‘BH%IPWWE B3y @ao‘fla%dat pEAsHIER igng Eq %ﬁ)@@éﬁlsaemer apparatus

d@b %tbﬁ{baﬁ't@thé Brsk Rvdrieheh 06 alRPHY sddfd @ppdriehd ! Iﬂ?f The blades 101,

escri bed bel ow and may be provided at a position
dI()@nljBtﬂnay exquanpdiaéd ef steshrengsteprarbade. g patiole-matoix weipasite

Rt L hef g Rore S8 o oy iond AL B el o other

tsuifdb3d MBteRialk R RfowRinRBE hrt CTHe Bladdsi 101 CTOTD 063 &r@ réfBined irfdn initial,
(e.g., hard particles dispersed throughout a mnet al

wetracted pesitien wathin the fubylan bpdys 10% efshecxpsndableresmgsanpaefys 100 as
|

e 510 I RRTR e A8 8 Bl ol s

llfill8 tigef extehﬁg@p@f:tﬂgbh%ﬂ mgﬁéi 2 2 mad wed 11316@ retgacted position (shown

i—ybﬁﬁ 238 Whn 'SQSIrﬁws F(illibe d%é‘g%ﬁ’i‘%eip B¢ CIREn DGR A apparatus

198 infdyYe chHRNIEY ddeh ﬁla@meﬁ&acie@ndl rmy efh3 afggg@the %r@sr@d

posi tron %shomn In FIG when desired,” as w
delsterrarizan fdrmaeom surftlwadiag pawibhﬂre inrwhick apmepasr laﬁ(l}s dmosed to
ured S

ﬂéggengfrﬁ :ftgnad Héﬁfﬂ{a}%qe]s gﬁ&glr(ﬁdg(% 9 l:ll'xbtll?]e' Ce))% en&'ed3 position, but
2 AR 'éﬁ&'aﬁl@ tPsoRghgdBE Svalls o PR bublerpaR AT folagtickDRithis a well bore

di sposed to renove formation material when the bl ades

voEn thetslades 381,5108, 163 arpén thg resragied ppsitipn.i Wil phe expprdable reamer
fréllgﬁar{g Ise iﬁ(? 1ngltuﬁgs tﬁpee%ﬁ]qqgg EOIt I]SZ V\R)l3| it 1sogon%n’?ptl|8g§ﬁ1 &?eaﬂvo or

more than three blades may be utilized to advantage. Moreover, while the blades 101,
102, 103 are symmetrically circumferentially positioned axial along the tubular body 108,
the blades may also be positioned circumferentially asymmetrically as well as

asymmetrically along the longitudinal axis Lg in the direction of either end 190 and 191.



when the bl ades 101, 102, 103 are in the retracted
position. Wile the expandabl e reaner apparatus 100

wo R6d0eese three bl ades 101, 102%103 it IS pCT/US2007/024796
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contenpl ated that one, two or re than three bl ades

may be utilized to advantage. Moreover, while the

bl ade 1602 is a gpss-segtionpl wiewyofithe @qugqla,b}e reamer apparatus 100 shown in
c t Y b

FAGCH e SRk Shdin PRE 17 KR LR ARG W1, 4D tHebuiar body

di08 etctbsss aflui dpdsyageSupTeR tHac a:ttbgdsamgmuinanys through the tubular body
as grmetrlcally along the longitudinal _axis L in th

08 o BHidgrastaeeway 19-gircgtsd uhsubtantigllxihropgh gn ganer bore 151 of a
SOTBEEAL 70l MyR pHPRBILRASERI sl 01 102

202 fehnoewposire te drillind$lugt) pamticularlyFinGhe Pateralhdirectitnyloanormal to the
od 08, enc ose a flui assa 192 t hat . extends

Stele) #51 1y, Afvtagrohe HamI b aHp oo it R S ely to cause

PRSP DMerkde vﬁﬂlﬁtﬁ@&ﬁerﬁtichﬁhpasﬁie@sséﬁﬂé k ah&aﬂl@fe‘aﬂﬂhaﬁ&ratus 100

i nner "bore 151 of a traveling sleeve 1)9;8 I n bypassing
byl shiel dimgs thie plades s@:lbslt)&nlt%a&dny emmedvxtlﬁbe !ﬂlueﬂd e}éo\&mr it is

%%&)gﬂ%ce)% g}aggeone% ]lr.)lﬁ Ot g? haéfreﬁgﬁ) 1§b’t é hé Irl(t)tl n%gelzsga{ry% the

lopetibh of the 'exﬁdﬁ'dﬁblb Seanfifl MPpHr A0S T00SWNere {3 @xplained in further detail
particul ate-entrained fluid is_|ess I|kelg to cause

th@lqu thepopsrations ies-feateasipn diom the inipiepasitiondhe extprded pogition and the
s PEGEIARION Bl T3S SRMOURLE: KIS I SRS AR e i
tjoevewrerand spririgsbisises fgodsz dul tHihahbdakmetit] thleakxaﬁp datcedfprad directly

t he bl ﬁgelﬁ 101, 102, 103 is fOt necessary to the

Fpeiatep yles{fb @%p%ﬂ%‘&bﬁ"éﬁl yaal lglgrglgﬁ ing gpgans, such as a
?ﬁ?ﬁ SeedS lg)fmo@x}rﬂﬁq:ld}%)ffgf ¢ taf cg)lé:l ah@WhithB&t! 18%tatiol Eas better described

eration, i.e., extension mthe initial position,
thrBaneb(d;lewded p05|t| on and the retracted p05|t| on,

occur re forc s the
0F T oo Reprring S FIE e FeE TG b Atbests SRE ivEuldl piffelo2 and 103
|lafe $How if lﬂt&ﬂitﬁﬁ&t retrhd¥&d positink Ywidid 14dee1®d1fi®8HRvn in the outward or
directly actuates the blades 101, 102, 103 by axially
iefendedpdsitignt Fle expandablawgamengpparatisdif0amayberiosfigured é‘lﬁé‘ that the
h

hﬁ?ﬁr@?%}?%@?l (g l'f %% ef‘x?fg:nt gé%c?lﬁgﬁg; l}]qaedreg:iﬁl,\é‘fOP P04 is recessed within the
Reth4rbiodg 10® whefsin e iditalloe rdteacted @sgthhBoasmey het extentdtbeyond the
i nvention, hl ade 102 an%ﬁlOS are _shown_ in the initial
gFreatest extentod OpigE ‘PF’GH% of {hgityhulas bedw 19% 15ych apF@pesment may

e
ReB he ks 01 H 0P S BE S fahible EAMCPURARAEID is isposed
owithén amamng @fth Wirclwie, land araalallewttmxmﬁdaélﬁmamﬁr aplperatus 100 to pass

bl ades 1 102, 10 recessed th n th

SRS iR P DGR o < ebpdoteat. s oURRBAY ragjal extent
I ff tHEB ad¥R11 0 £ X102 N0 BN PESIndiBEWith %ﬁ&l?ﬁlg%xieﬁ& be@indaké Qiiter

di aneter of the tubular body 108 an arrangenent

r@yn@crdtféhﬁ tubhler bodyddS. f@]ellusp@tpd bydrbadgd O nide bladaswaay pxtend
eanrﬁfotpg taHx%te?’g? he%ut{ql%ﬁ'%g an daé ih tfle gﬁgﬁcﬂag p%gltlgn to

e reane
%ﬂ@@e&h@ﬁ'aﬂ@&dﬁbrﬂﬁﬁémﬁl@ﬁnﬁg dpeekiog.asi ng Wi t hin a
borehole. | n other enbodi nents, the outg rlmst r adi al
ext entFIG. 3 is another cross-sectional view of the expandable reamer apparatus 100
shown in FIGS. 1 and 2 taken along section line 3-3 shown in FIG. 2. Reference may also

be made to FIGS. 4-7, which show enlarged partial longitudinal cross-sectional views of



of the blades 101, 102, 103 may coincide with or
slightly extend beyond the outer dianeter of the

WOtMMMSZbOdy 108. As illustrated by bl ade 101’CT¥[¥S§007/024796
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bl ades nay extend beyond the orer” dianeter of the

tubul ar body 108 when in the extended position,

eigapErariens afitheexpendeblsyeanen apppratus 108 shewy ikt ét Refprence may
F

ek AR 1988 LA LB b 08 ol
tradamctvaﬂlyolmlmhte!eahdllng rattd-blockk omblades 1813022103 in three blade tracks

S BeRTagar 10108 o chremaie RivgRy. o ebitng laepal for engaging
qgé’ fHa e%'dﬁofpaosrui){eﬂaﬁeaﬁiffoﬁﬂﬁloﬁ)ﬂéﬁﬂﬁn% %@wﬁl?@f‘ﬁf opeR B@feq{o‘}tswhen the

ovvn in . Reference al so be nmade back
thiad'els €31, mzatms d2e asandex$énded positien (tshrbm arFl6oa?). 108 cutting

s B iy hEaGiTays st olanig Fmpri ZEDE) sl i Hhuting
I48nentdRndW P petdh of bBnary AB118REHR aftBHnt s Bertrallydlekdribed in

of cutting elenments 104 for engaging the material of a
dunivtedrStateseBaterit oanmber GA3@I6F mtkdgd ‘Repandabile eamgnapngeaius for

bo 1 103 are in an

SRR ESHET rhlE aRhBRRR Fobiogt 980 712 Cut T g

el enenfite ekpdndiBle re@nBUpyarabst 80 inchelesl b sifgan asse@bIYASO for retaining
(PDC) cutters or other cutting elenments known to a

ptbf: sxandablereamenanpagatay 100;ip thepitigh posipg bysegihigrths frgveling sleeve

ROV helbpb LAEOIEEE RELERLe FUTRES bdnidibroHice s, showing a
heatted olessofthe hl&:adaSSérhb]Iyg 5an@hestidanaksernblyu$e ificlides an uplock sleeve
expandabl e rea ara 00 inc udes a e

ePAINSUBRET O ph i?& dheys a&slﬁeverégnﬁﬁ*e uplock
APRIE AR r(]:tggleﬂ QVlﬂlh’ﬁaﬂ ﬁﬁhéﬂ Bire POSHLthORbANMr 5&%?08%“’&&% a lip 152

traveling sleeve 128 toward the upper end t her eof
Rexderretanengmyg td2s(shdyen meldE. ) afd @clgles gm@mrrggseal 135 to prevent

al yiew f t he ,she ass The s [ .
R i 8 B R % SR TSR hstlockoevE i theinner bore
NTREthObSRERIdySI08 e Whe Lgl?)cla Sldevici24tifickidds ishéhr SloB€16@ for retaining
128. The uplock sl eeve 124 is retained within an inner

tracle ofi he shar serews Il Vetierss initae somens smpediment of the inyontigyy each
Zsrlllre%s%}ew % ik :Llﬂ%g ?rgg %QH&M{J R{JH flsﬁ ot g}ravaﬁ% s'lé%% PQSE.SThe shear

ring sea preve rom oW ng
bsetemsel2 7thok the hﬁf/elim(grsﬁ:eité BZWltmheh&mhadiors | $cofahd @plock sleeve

and the inner. bore

t ubyl ar body 108. . The
ubiide ondiienally poseniibe a Hasé%mg Hlegye ﬁi&#@n piAlly gjoving in a downhole
r Gtiion 14, ?@C{b\x%frd ﬁx@%@&%ﬂ 196 bEWR e%%dam@%a?ner laPpdri}s 100. The

current enbodi ment of the I nvention, each shear screw
hplodkssldele é2dimdludas an mneHigal583o prevesBhofravdiiog skeavmlz&fgom
s| eeve

127 d the
SPEBUE 8 Rl ARCTRE 1Py 15ra tewnst Skt T fandabie
SteRR¥e p%&énisqoo omlcbmg@édmwrs&mﬁ& trhViniz SR¥@d 1 T8between the
sl eeve 128 fromaxially nmoving in a downhol e direction

1igrer bioreel 56 afdhwplogkhdedve it nilm)shsm sereavsehp arecuispred, the

rea us h

e FORR 128 5 o B RE W GEAE bty b H5R e

fdowtihole direction 157. Advantageously, the portions of the shear screws 127 when
sheared are retained within the uplock sleeve 124 and the traveling sleeve 128 in order to
prevent the portions from becoming loose or being lodged in other components when

drilling the borehole. While shear screws 127 are shown, other shear elements may be



nmoving in the uphole direction 159, i.e., toward the
upper end 191 of the expandabl e reaner apparatus 100.

woAodd0h3Ag seal 134 seals the traveling sl eeveckA%2007/024796
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between the inner bore 156 of-lthe upl ock sl eeve 124.

Wien the shear screws 127 are sheared, tgl;qe tflavel [ na%
sisedipadyargages fos examplg, wishouy limitptjon,  shear 1o, aishear yiee and a shear

YotHe? five retention withi
S22 U B R 9 iy pgon i
\bbﬂsmuﬁdfneemﬁpbrﬁhe aftet dimgekhaidtéd, sintilae inuphoek tethesher s@éws 127
and the travellng sl.eeve 128 in order to prevent the

96 the; yrent sphadgaens of g IN¥HERN.or being | odged in ot her
Conpor\ﬁﬁ%%f@@ﬁ&: drG! & 2% &p‘ileg{;’é m%ﬁher\m&l{l&’esmét 160 that

screws 127 are shown, er shear elenents may beused
tariatlgl vetains g scal ‘slecveeb@érhntt\eqenmhe inoertboré hi It eftthetubular bodsat08 and an

sk bOis L g R0 261 T DRlPRt Mo adklp Jietides one or

3re Bk 983 ¥hd Sﬁerbxqﬂ&etpbhy e aﬁﬂfﬁ%ﬁ@&ﬂttﬁe@faﬁﬁlﬁd b&V1@ the traveling
exhausted, simlar in manner to e shear screws 127

sleerh E2&positons a@nﬁ@mntr@ml distanch in dowrheld direction 4 57, the one or more
r ef ce to.F eve 124 r
o annag Agif Gontisg (logF S GRAH b Skayg 128 between the

ThRE868 of fe UPRSRERRVE 24 ArirtbwdraghdElabebrbidemember 95 mounted
body 108 and an outer bore 162 of the traveling sleeve

1pen arr Hppey snd ekths sead sleevepli6a 1 Adep, ph e (xelingrdecyF lﬁ%PeSltlonS a
{:ﬁscwli‘? §x1 %stgr&% i El%e%%hgfg edﬁréctilog SE}th@l %}% glsﬁ’l% rts 161 of the

ere arou he traveling sleéve positions
alpiiitkfsleeve 4 ax ﬂaidlyde)qioaai:zﬂlowmgjﬂmm o benthuniesteivath d Adzzle intake

RGBSR B850 o 3 o oSk BEVEP e e L of the sl
LE% § ‘Pﬁig %eé’%prfrrrxg%t@%m thd BR)¢En déﬁée@ﬂ@S%%@ Bard of the uplock

nber 125 nount ed upon an upper end
G;feevdn €24zl alsi reiigates ABpachilmuk caused hy thertrayelingiglesied@y avhen its

aQsitio i.Cie axi al distance in the
%ﬂ%d?étoﬂ?‘?%}é'tatpgﬁeaigl7ev nllE%g one or nmore ports 161 of
t he UEHICK aldofiNE mbAtbeR I 55 thhylédthprise sl & dovpliagt material, such
fluid to communicate with a nozzle intake port 164

fasofm instanes, an glaptamsaorathsr ppbmerTrongryelodiipeny $iogk absorbing

5 of I
TR, 148 s cpfrlBFis? £ Blcife AP, GAARE BYNAR 2SR Inember 125
tﬁéﬁveﬁghlti)kgka\ﬁhﬁgyl%\ﬂ&l ¥ 8aand Isélil Sl@e\;-é 1t82i6gﬂzi)a$:di1¢qlﬁqﬂe\&h0«hdformatlon
cause the travelin S| eeve when i not |
it G5 obg of 1o U welinest e L5 876 SSRSIRENS AR BRLIAY OftERss occur

li%@t&rﬂksfpa‘é?{ﬁgfebéﬁze@n” exi bl e or conpliant nmateri aI
su

I nstance, an el astoner or other polyner
| n ondt shrmbdibemoied thafmrylseaibgmldmamgs orshbek abﬁQ@m@n}aembers

[ .njptril Util shock ab .
iried BeBingbinaee e o LiparpRgELR cefs peralty 10g1 Somprise
S&n?%ﬂi@dbl@ﬁaﬂ?ﬁ)ﬂ 48068 1P theRHENRA s, 461 inktaRde, @ PoBmerbr elastomer.
| east one of the traveling sl eeve 128 and seal sl eeve

1Q2wianhky, armastenal isemprising 8 sealing glemenbmpyrpe selected for relatively high

tth%{)eergt%tre\A&:. 2., about 400° Fahrenheit or greater) use. For instance, seals may be

comprised of Teflon™, polyetheretherketone (“PEEK™) material, a polymer material, or
an elastomer, or may comprise a metal to metal seal suitable for expected borehole
conditions. Specifically, any sealing element or shock absorbing member disclosed

herein, such as shock absorbing member 125 and sealing elements 134 and 135, discussed



It should be noted that any sealing elenments or shock
absor bi ng nenbers di scl osed herein that are included

wowobdhiioosexpandabl e reaner apparatus 100 may coeRiis3f7/024796
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any suitable naterlal as knowld2in the art, such as,

for .instance, ynmer or el astoner. Cptlonally, a
rhsfe@rq ave.€p ?ﬁ%ms PlﬁgleatsSSélah Ahepabl dndiptussashhersan belpwerether sealing

el ! 13 SPah SERAERN ool of uRARnf ey coprise o
aﬁmmal se:digmtedﬂbf tebni{velyhiglpeinpetdoae ebd) @s kwetl an or use in highly

PEEK( 1 material, a polyner material, or an
é?ﬁg?ﬁﬁgg%h%?eﬁﬁVmEEﬂﬁrlse a netal to netal sea

Sui t abhf SEQr le%?ftp?fé 1‘?1 vR&Y £ lrﬁlg“sgﬂqﬁg' % etween the inner bore

SpeC|f|caIIy, any aling e nt or s sor bi ng
niro thedulsdirdmdyi lﬁ&-,raad a, T saat $eah 3 Givalihkg mbst(webn thg outer bore 162 of

nb 12
gﬁ Q{%Vrggg% g?V& bléﬂ% @éeé Q\tuﬁzbseé]u&?g%tvgen @E gaveling sleeve 128
SR khelpzldig 1 638 "Rk theR®rO\Mhe &l QERRM28 @RfailPaligns, guides and

el enents included by an expandabl e reaner apparatus o

tsmpqrts\tmttramhngTdyewdﬂﬁ rw@en therehudaribaldy d 88f h@mwdr ﬂmseal sleeve

rela r1te era we

SRS B ETREN G B AR iR BlE e AR SoBL R
kpgidablé Zé‘amda @bpwlaﬁs 800 10-dutsidt th€akpahdsblé fahdeR Gppatatus 100 by way
bet ween the inner bore 151 of the tubular body 108

2 thenorzls ingakeqost 164rios inthe tigvelingisisewe 428 beiag Frltased from its
? E%J% off the traveling sleeve 128, which conpletes
sea ing between the traveling sleeve 128 and the
nozzl eA dowalicde @al 165kF4he travetihg sle®vec] 28t(hlso seall1Gs b &hich includes

126 axially aligns, guides and supports the travelln
SISO EIAS VGl 4 h T RO ity EPidsg ayg SPPOTF P gy Al piston or
3&@lock SIgENE 158 "T'hé lovABcleddevtd {7 r@%ﬂﬁlys&)uﬁfe@\f@ Bbush sleeve 115 that is

hydraulic fluid fromleaking fromwth
eyhadrgally etnsahimtwegpphe traveding Sl@evel Zﬁumsll thl@lmhebore 151 of the

PRI B3 Tod TRRRRRERRE R T B2t il SrublBr 1364 fosivon

bl@hﬁ% dﬁmhg aA6€e BydrawliB préssutelthdy &% o @ push Bleeve HGWOREn ic to the
end 165 of the traveling sleeve 128 (also see FIG 5),

\le @kisiand ppeiethe fovdeek sleevgd 14 betvesn ttarouterdorg 16gmidhe traveling

Ko L5 SRS YEPOAERaller BRAFI Fn BL B Hygrauti
qmsphre GvHen tie apaitdable@eamerhpparafuatl 00 & ia yhd initial p@slltlo,n, the push

retalned between _the traveling sl eeve 128 and
islgs 1 bgis erevented fromygoying i the uphely diregiion\ 458 hwﬂgwlock assembly,

GayRl i bﬂﬂ 'd% Y %é@ﬁPé ﬁml'18c1{14“€eve A‘P?dy or initial
position u drill1ng, hydraul i c pressure may
act o} ﬂ‘hehiegspl(s‘fare peﬂmmallyﬁetamnd:bﬂWEeman annubee gtaok 16X irsthe inner

Foie L it Epuiithedi g o8 nBTYE 3 roR ey Rd>) st 45160 pE e
wiloble leéVéLﬂlq'is zb@(mét OB cki M\%Hbg RchalviaUn dRpsidableidetent 168 that

pressure when t he expandabl e Teaner appar at us 100 i s
|mﬁyt¢isagq¢hc govep b eof the tubulee bm»sw&wbm/@nmgsswsly engaged by the

%zﬁvf%gks eeye %(;n ﬂl%vdogg 1660 holla ‘?heulew?ocﬁ s ele{/g ?H ﬁ)lr%)lél'cse%ng ¥revent the

push sleeve 115 from moving in the uphole direction 159 until the “end” or seat stop
sleeve 130, with it larger outer diameter 169, travels beyond the lowlock sleeve 117
allowing the dogs 166 to retract axially inward toward the smaller outer diameter 170 of

the traveling sleeve 128. When the dogs 166 retract axially inward they may be



i.e., one or nore dogs 166 of the | ow ock sl eeve 117.
The dogs 166 are positionally retai ned between an

WO Bh520r oove 167 in the inner. bore 151 of tplrq/us2007/024796
tubul ar body 108 and the seat'%%op sl eeve 130. Each

dog 166 of the | ow ock sleeve 117 is _a coll et or
| digerpaggd dtoan thetgsopviedd7 o thefulailyhedxd P agi@

. of. | 1
TR FROR0S, a9yl ! ) Brif e Bt
dtigstidbp%hol d the | ow ock sl eeve 117 in place and

prevent the push sleeve 115 frgom noving in the uphol e
i r oot TS PNEEGSHRGLY 150 Eequigrteo SHMERe agh HHsher Sutridugiag a ball or

5 Yﬂé&é? éés{giit%’i&?erm&? hﬁg Fﬁi)e\%ﬁ%d%lﬁ }68her f)@éf@tll@ 16660dsd A8 pressure

eeve 117/ the dogs 166 to retract
afxdra hiygrailicgwid flosviarincredse, tafiere teersheartserewdi 12fanill shaar 0

f the_t i I 128. Wien th 66.ret.ract
axi ol | P Ty 8565 isdeivelhicutsaa 175 Biadhe wBgbaner bore a
61 teb sldede IMBQBCIQ?%Vahﬂlgg 138l AR'U-A8g $aP11mBy 86 PMride a seal

115 to be subjected ydraulic pressure primarily in
thetweenithe ball trapcsléayn, 129 and theiplug 13d. Yprestnistion elementon the form of a

0 314700 AN ARRETRY hy SRS T AL P oMy o ot

g the gash slegve 115 to

edpRifEivh of tHe@xpdiflabléRedittabparhtaa MBY todpidiateddr U&ighe th@action of the

cause the pressure fromhydraulic fluid flowt

i hearesseanbly b3 r Afteribe bk it 7 is dnteagcery fuig will carry die bkl into the
| . .
S\[/%Wﬁ sfeefl PZQ‘QE)V@%; M&g)a 1;1?}1 % bd\Rtamcaha s%%%i l%)ﬂgitk udg Part of the

Its I nner e trap sleeve
i plag WleandahpbalbtrdBdecvir 2@ Wheg theladll MIDenmdessfhsd flow by being

provi de eal between the ball trap.sleeve 1 d .. .

15 ttﬁ@paf taghe Ealﬁt.ramsﬁ?%ﬂ??cqqﬁ Qﬂ%év i€ FEREE 1A i Grupaithin the
BadbhndhBié BB eriPphrafus 100 686 thOiiRat REevAXPANHBR! & ffef B8hear screws
apparatus 100 in order to enable operation of the

ebiasherapthe traeelingrsleapp 42 &elosg v theccoanially eatainest seat stop sleeve 130

S5 B S B S, 0 g e

1157 vinfit eltiafelbd dleckt AP & Apamexibl réhinedb thehiptocR@ldeve 124 as
147 to be retained and seal ed by the seat part of the

20 pleseribed Bbaysprieves #tp adewer popidiel.c Theraaftepythe fluiddlayamay be
00 e . . _ .
grrégg%g dhed ﬁﬁﬁé}%ﬁ g&lﬁ&lﬁﬁﬁ 72 il 11111)9/ gr%gé},?&esﬁeebé‘ 1§§‘§ook’z\% !tllﬁ ball 147.

eeve ulI'rc pressure

bui | d Optiotailiithe balk14kyed daidteate dienexpaadabsr r@amer applratus 100 may

until the shear screws 7 shear. After the shear .
<oeaghe ball Sppslpever 13 w0l B gilsﬁlétévguqez@a%?agﬁgcwaﬂ?ﬂsm&
t | i in £iPfakl Vit the ball 147 fr
wourh iR Ball 07 £ 088, HERAn R i0Ral 1R SRy ol the bl 147 from
25 pnegsga@und and paentmlyltabsengiproblemis ondarbageuta tlhid exphedable reamer
travel}li gg sleeve 128 is again axially retained by the
FPERRSdPleve 124 as described above or moves into a

| ower KRS ihiofder tdf ppeaihctkaveliheslédvii 18 ah@Wifi@ite BiBration effects
re-established through the flurd ports 173 in the

tafigy theitrayelingsieave 128 1saxially retained{he seanistop elgeveokFAlang the downhole

;eh g al?gltolltj gh]é%dgﬁnr%lslée%e sk ia}/ea}teﬁinteg @ g(tggiﬂge‘}%ie%vé $3 R eference may

30  also be made to FIGS. 5 and 22. The stabilizer sleeve 122 is coupled to the inner bore 151

of the tubular body 108 and retained between a retaining ring 133 and a protect
sleeve 121, which is held by an annular lip 171 in the inner bore 151 of the tubular body

108. The retaining ring 133 is held within an annular groove 172 in the inner bore 151 of



engage the ball trap sleeve 129 and the plug 131 that
i ncl ude mal | eabl e characteristics, such that the ball

woldds/dredsaswage therein as it seats in order ted®eHo2479
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the ball 147 from noving arourd-and potentially
causi ng probl ens_or damage to the expandabl e reamner

Shprabulapkodyi®8. Ahs proted sispyrel2 lipsowdesaspieconsirem Mhegrpsiye nature
sleeeve i ' i . .

SRR P L QR0 Kol R OB AL R i ow toueh
FhePpésitceBaf Hkdraeling $leeved@8iaipingerugpoi e dtetteeve 121 and past
traveling sleeve 128 are retained in a st,a&i lizer

dhesobilizey sleeye} 22y whindhedrgveling slegye 13346 retgings hegreis 5ng

22. Th e, i i
22 ISP LS 08 et 2 S0t s 16
af tiet laividckgleeva bl 7118 de aistngaged droacthe gromew ¢ 67 8fl the witiubdr body 108,

e P Aotk o' B e BBy
Whd ViR (R uphBRUYIREHEH BV R ekdéndendy sd BEYRRINBIRGESS, 6 and 21. In

of the tubul ar body 108. The protéct sleeve 121 _
prderiforethe pushtsiesyve S formoave indheupioladirastion t ¥, die differential pressure

ljc. fluid t t I d 08 I '
oS innptore 141 aG0e D Sls, B B ik i FtsRseg by the
t}fgﬁhh@lii: AgidS Qe uRstibeSuffididit RISver it th eespiridigd6ice 5t Biay 6f a spring
121 and past the stabilizer sleeve 122 when the

tI1 4y dhe sgmpressoiespring 11§ thab resisticthe metipr phthe gpshetleqvgd 15 in the

08018 0 R RS P SR g v

dirpeingagachet i agidoee §74o0fhe hibhlap bodh0& ardithalowiodkysleeve 117.
108, the dogs 166 of the | owl ock s|eeve 117 bein )

cdrernugh ggeved 1o meayrailydravel g ﬂiq@hﬁlsﬁ@mw%i?euqdﬁrg th dnfluence of
ARl ] A S St R, DR g 13
tbeyoml/the iprotedt sleeyshiBden lierdentrihote disetion 1. dihefpestesledvel 115 may

DASA B b T DP iedi 08 R 181 p S e
fdablng d168We TS tanBQ vaipéif debll lelﬂtbef\ﬁbeﬁ‘t’l%@@éﬁ%ﬁleeve 128 and push
restoring force or bras of a spring 116. e

ctagpe %1 on spring 116 that resists the notion of the

push eev It | kect 5 '
r et ai ﬁféhq" pélﬁh % ]%gveoﬂtségagéﬁgg glésgu@{?ge S%ft‘ﬂl(&ﬂle%paa%(ﬂéezllgg\(;%pled thereto
i 3hdeh WEEIG. 8. MhegoKel Bl 4lsach®dn inFIG. g6)iaviaddstireofarrthd£77, each

tubul ar body 108 and the | ow ock sl eeve 117. The push
Araeh/d bemg cppled a eneiof the bladss 10k ¥ 4el Gino Jéma?cr goh/8. The
N 20yl AR e A St e 0 L1
D2, Hifdarb egtranttd tdvearg thet retracte positon Jhe shaped surdaearoii tesirms 177,

direction 157. The push sl eeve 115 i nc] ude a o

g Gion e pOeREEN -1 AE R AU BE AT Pa proyidg included

Skgles bBApRELMRRTY 3 8edrédVWhich & frbRABR: td 4&lodkeAndrathd@rany

seal 141 between the traveling sleeve 128 and push o

Jlackadeinshale, adengyfutthertindude lowsictien wfase apateripktoppensnesticking

so%lcttolrrr?ar{io}Fc%tt%gg gril(ae ot111élr4de%101g. erﬁé’ pi%geed’ l?r{k%ge 178 includes a linkage 118
coupling a blade to the arm 177, where the linkage 118 is coupled to the blade by a blade
pin 119 and secured by a retaining ring 142, and the linkage 118 is coupled to the arm 177
by a yoke pin 120 which is secured by a cotter pin 144. The pinned linkage 178 allows

the blades 101, 102, 103 to rotationally transition about the arms 177 of the yoke 114,



as shown in FIG 6. The yoke 114 (also shown in FIG
16) includes three arns 177, each arm 177 bei ng

woCRbPdRest 0 one of the blades 101, 102, 103 bypca 20684796
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| i nkage 178. The arnms 177 may H‘icl ude a shaped surface

suitable for expelling debris as .the Dl 01, 1

Jmtla’rl@ y asttheaqteating sganydirerdly trapsitionsdhe E’é@?ﬂt %]QJ 1025H§3 between
c?eldrafn ed gltl @A&Jaﬁtagé ﬁieua@ hH n'}%ﬁ h e the push

t e a

] acen e cavity
psleavie dé5,ithe ymkéeld 4amgl c&she:)ﬁnlagp i Zﬂg |drm¢tlaj xptraﬂs alegclé es ¢xtends the

h f to di sl od d
DedeR T b Whefras Fryentmanaio PR ARSI g of i par for
SM&% WO&rS T @hredRrd o GYRB Ehe%lédéﬁét%ll?ﬁuf\%ﬂﬁﬁd Sbther part, such as

cuttlng and other debris. The pinned |inkage 178
i mspringets farck ithedagdes i@ardoupl i ng a bl ade to the arm

T e B e 3 B e Rt

a&ﬁaétaﬁpéshtmﬁ@ GReyldr8 chéh Iﬁ@ui@h@lﬂy éanpIeHQo 8h&vflthé bhide &acks 148 in the
yoke pin 120 Wwhich is secured a cotter Bln 144. The

pliuhuieﬂdeYrﬂ@&ge pmulaﬂy shewn ind® IﬁSa’éI and 6.0The blade 1413 alsg shown in
I
p%\? g?c ULI'?{xg& %” 4& 1% ?IHés 4 (Po%e%ﬂg@ s éIZc} gllé)to%g ?79’815?axwlly

uating neans

t Exads ‘aldﬁgﬁldthbulﬂ lﬁﬂll@s 08 @ih a sldated slldiﬁ 186 thwaiap ah heute angle with
extended and retracted positions. Advantageously

aEERFA tiOrﬂ@e malﬁldllﬂal axis Lgh Eagh efthepladssd 011 H02, {3 "Vlﬂéé a dovetailed

;%1% c;:((?rgﬁ s ! att@ﬁ {agéggﬁg%‘tzﬁefégé 5(?\%%3'11\4%@%{})%&?0%@51 795 the blade

ctoarkddB i oudler tof siideabl hsesutitheblhdad 10hel 025 @0Dfo thatubpkar body 108.
f nessi.ng hydraulic pressure to force th de

| Bier BTyt s o Sdn RS GY i oresuedhe Bl o1, 102,
t 3f iR xiadl slesd aRdBhthard rddief 8blddedasdaBE pbit @aﬁmo the

101, 102, 103 may transition between the extended and
r etended eoblqwsneadsofms cuttlhgsheafoen@aoh ThobladeoHa, 192, 103 are pushed

c0E 58 bt BaTas ) o ARl ASF dorbGa bpfreltifrFoay 108 or

bﬂhéd@)&@ﬁbbﬂi‘izeﬂil&@( RJ3B¥ihd a)uﬁle@& thl@ublﬂar bba§ 108 aBethe

track 148 includes a dovetall ed shaped groove 179 that

asveard-puvar agiilly |ezsi<$gdq¢@sxth9mﬁlablaéeﬁdwll 82,33 gre positioned such
ShE e D A0 e Mg bsion
Lf¥escrib8Bamomit u d&hen dothatiki¢ preskusd@peided by drillidg fluidiflow through
SRPEEols e apaELE 160 FTelsrtay (e ooEls. HARBIY TEE g RAdes 101,102,
t h% WA ﬁfé%sﬁlgéeve]lqg ané—% ﬂleﬁiﬁ‘?}k Oéébll#SQﬁtoklﬁéjﬁétra%d 8%@6}1 Should

the push’sleeve 115 is i f uenced by the hydraul i
pthe sssembly 1o ecaldila detsictl G4 sprir@Xorcé08hex the tded issiled dp ¢he borehole to

FingaB0e g ?3'%5}1%515 2 dhe Rl OF o201 otBRiie e or force them
f Qywibtht @cks T8, Alodes Qik?arﬂi@l?le rédaier §%&rﬂﬁ§ hestodeqdbBieved from

the bl ade tracks 148 un the forward notion is )
sthe pereHolsy Int this resnsof, the espendablggeasper apparatyp PO includes retraction

SR A L B B R Bt
thiee hdladThe d10pe 18006X, bldde3ragke14%0ai ltms ameddimhof the invention is ten

degrees, taken with respect to the longitudinal axis Lg of the expandable reamer apparatus

100. While the slope 180 of the blade tracks 148 is ten degrees, it may vary from a greater

extent to a lesser extent than that illustrated. However, the slope 180 should be less than



that the cutting elements 104 wll enlarge a bore hole
in the subterranean formati on by a prescri bed anount.

woMeyn700sdr aul i ¢ pressure provided by drilling pidriisd007/024796
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fl ow t hrough expandabl e r eamer! Appar atus 100 is

rel eased, .the spring 116 will u t he pl ades 101, .
mlz?tathgyéﬁ fogres, &Jgrﬁasgp%@w%@gei% 0 ﬁgtam the éél benefit of this
i . : L E o,
adggé;c@ngfthﬁxﬁzehﬂ&? 'I'lfb%faﬂw Al ¢6h,R03) ﬂe!lr%‘ 1?ci'%@’uln@o V\gxgﬁlade

y not readily retracf via spri orce,
ttheeks 48 with theudovetdil sipapiet @ailsdr8é has tleytace aiabsdrivgn siito éhe extended

t he. shoe may contact the bl ades, 101, 102, 103 hel pi n )
(ROSU10R @RI g ol HRRRea B9 FOTRES ?"a‘@R’é,enP&S‘;‘l]hé(a’faBﬁf frgmeérs which
]Exiégui?earbmé EAnERBERT el ﬂﬁ@ﬁl@déﬁst&@so%dﬁgh@ﬁlbﬁﬁg g%clry\e&s Jadially drive

romthe borehole hi this respect, expan
rthablade pistoas atathelr@tended paseonr etocardinghy; thsslladesr1O&, 102, 103 are

ey S o i el B iae gl ofSPblocle? Bt Rag” oy i
binslRirhért ©K the ddhntion, ithé Blag&sbiodi 1N 0Phave@ngloWesthn®@in the

is ten degrees, taken with respect to the | ongitudinal
arpeves 8 79 pf thh bladg tracksaldiBesuch e one prrhone hpdf mlmetgysi dlearance,
t.he sl 1 £, t L 48 | Len degr .
963y P08 AR S DR SF AL AT 1 4Pl R PR 1. 1

tto dB rédoghizéd thusthe &irmd dotietiVehen inkleing kefrended0 tisd@udvet 179 or the
be | ess than substantially 35 degrees, for reasons

dri d B isatpt eedimiting, B isdireeteddreadly toprbstuctuses ip pthich each blade
e [ .
o £, 103 fedElt S A0 bod SR phiidpicidimer garatus 100, while
dioxthérailbwiigaheblades 104, 1@ 163 td tansitendetxdea ity odmovespositions
into th xtend Qsitian permts | poser tol erances
Ao BegE e 8 YOOPURB PR GEmETREaF BEFBES whi oh
requi r £gh nta@s&ush? LR ARG rdashViedtel Bingl mdRe AltRECIA on the blades
and the tubul ar ‘body to radially drive the bl ade

pi0dt b0k 10 deringretationxf exprodatjoiamico apparateol(iin ghgagingireformation

B AP 3, A Bl RO e
tdxtendedb@tliareditec@bn, HoRlihgthemt widthid fofcelth akasul Pdutwhifor

103 have anple cl earance in the grooves 179 of the
ixigmded pesition. Drdling frreesasting emtheghtiers A@4.khgrefore, along with higher

s B0 a0 ol B s | R Gendia i Eure Btterendial with that
lof%3he bdreliote éxaerie to dreagel] Eelp td fuathert livdd therbladesl®@E 1182, 103 in the
when king reference to th roove 179 or the rajl. . . ..
enged prgu FAROSHioR; ﬁﬁﬁ?g?s e Pxragdehl? examsg pRAgH 190 is drilling,
LRVAR érzéé'sﬁ’t%tn‘x’efyeo% rbdudel wHan SRR L0 the sldhe 188 8BtHelade

retain wi th tthe body 108 of the expandabl e reaner
amaehs ddus suffivientip shadtlofmallomang the Ireactingyfordes abirgiasthe outters 104 to

102,..103. to t si-t,i qn bet ween OF . NDr e . posi.ti.ons .
B e Rzt BRI el R St IhisdPRG e GPDlCAiOR St hydraulic
NRGH BRsSR mha 6K kil tanOelyPmiaeRAd SWhile (i*illlﬂlg"@ta%@hanical advantage
reactive forces acting on the cutters 104 on the

tAllgwe sheprgactive dorcesiagting on theruitetsd O avhen counlehwifh hesubstantially

i . , NG . = on. whil |

ST U145 S D RRER0 o LR Rfo orefor
k@i the bladdédM1, 108 108 ih their extended position. Conventional reamers
having blades extending substantially laterally outward from an extent of 35 degree or
greater (referenced to the longitudinal axis) requires the full, and continued, application of

hydraulic pressure to maintain the blades in an extended position. Accordingly and unlike



extended outward direction, holding themwth this
force in their fully outward or extended position.

woobdidég forces acting on the cutters 104, themal®i@024796
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along wi th higher pressure witldfn expandabl e reaner
apparatus 100 creating a pressure dif ntia

tﬂpﬁa%asemmenwﬂeweép@@@@fﬂ.T%ﬂm% therpla 65351 19¢) P ‘bfh expandable
S DO 0 ) R M R ) S

acqmmghlbsre]lﬁﬂ)e i 'Ehcddlrdchom gf the het duttingdoree asd, uhws, ofthe baactive force
red the cOo ion of the gl ope 180 of the

s SRRl g e, Pk SRS PGk Dby R A4 o
ﬁ)%ﬁ&ldc}ﬁ%vé QBgt%rc@Qéd ﬂ%{t@'?n&d%eihé%ﬁ&e%rl@l 1% 103 Rfthee fullest outward
t he b|a3|ng effect of biasing spring 116. In th
estgat. d appllcatlon of hydraulic f|UId pressure nay be

S o e M Sl . 3 e SRSABA Mt sope
q8bhaviag 4 ﬁcdw 8116, Q4 Bretdr ?ﬁnﬁ forloe rétabedradtficidhéy Improved
by e oot v e
jpe 1 0%

&ene\:/xe?ﬂtl géfaelb%a%lzd fopc% bﬁg}\l/él %)%ngl %&9 %d %ﬁh% hl%rf)lasmg force

Sédiﬁﬁeal‘cd bébvercdnad ley Hﬂrdr&ulﬁi{irmm t(ﬁ beg‘im moexé enfullpbxtdhd the blades
?ree or greater (referenced to_the |ongitudina
55025 i Alse, wieimpipyed rghaction sfficiney sreatss priance Af Biade

H
t?a[ Casmrgé sHEF thk%ggrﬁgm f f}i}ptrggmg I E('P th%%xgan\/%alt)]ﬁ reamer

pos rtion. I'ng and un e cas
appateuus il WaOpmnHy,dhb bmrrga*amyelnesprehohdaecbk/hniﬂhe &gfanddd@ reamer
103 of expand aner aratus 100. have. a tendenc
2BPY 6‘é‘ﬁ lsdbatfs‘ ‘6‘ TFE Sttwnélaég‘g‘%?e‘ﬁ“}“é‘élrﬂ‘ﬁ‘&mé

hat£1i8R bsice the Bhitgly Hplied. the net cutting force and,
thus, of the reactive force may be adjusted by

al t er iAnpthdredyratigegievideknobe bladetracksild8 isthe unitary Idemgn of each

G 104..t o better . achi eve a net t endi ing

e Sl L A L SRR S AL

%b@sﬂttel o‘iﬁb@&fdefdoaﬁﬁl@d@lt shgFedofrail 1300€ ee! gRilies 3BRbh @¥¢h side of the
substantlallg smal | sl ope 180 havin

émladss; 19k lﬁ%glloé Im sonyieptiena) exapdlable reamers. eash siderof @ novable blade
%Jlué:e' eé}ﬁ%l}lt}’(: b oF ghzgﬁ'éfs 3Gi i ﬂl& gldivdd 13@2%&8 ?g L:l?agmels or ribs of

ustom zed Sspring ates to
(Il@em“e&mbr bdily, expeetivelgf such errknmmemg bémgd’@}ﬂlypltohe tshinding when the

Bl e SeStad o Greratb PO pes s e s BEpddi e lade
feteh¥iof éﬁ@%a&tnﬁl WitRAE Bindfik aldfgor il B3 tralfk $48, (Hd §1ﬁ1gle rail and

i nproved retraction efficiéncy greater assurance
lcbepbratingt groeve; @mgn:prm@s med-bivdéng ttivetuinal dupperi for b]adc dperation,

pr e i,s rennved abIe reaner apparatus
lcuéﬁlyl‘%}?ﬁlefl%agl?%% F?fgw “BENSr el oaded when the

ex pandahiditibs &BE uppdR tadllizer Hl@ék 105, the ekﬁzﬁldlaﬁl'etréeﬂher(abparatus 100

retracted positions, allow ng a m ni mal  anount of

alsoriagludes s midrstabilizer bleck b@ﬁsmairﬁ Ipyengighilizey bloskdOfePptionally, the
%% %E\‘)ﬂg uf 58&’ i(%fz%dqx% foweer ?t]aglﬂge b'idac?(kl?ﬂ :1‘14&%' Be cos'fﬁ)?ned into a

unirtary e
unitary stabilizer block The stabilizer blocks 105, 106, 107 help to center the expandable

reamer apparatus 100 in the drill hole while being run into position through a casing or
liner string and also while drilling and reaming the borehole. As mentioned above, the

upper stabilizer block 105 may be used to stop or limit the forward motion of the blades



“dovetail shaped” groove 179, there being one groove
179 for receiving one of the oppositely opposed

wo Aehedzl ed shaped” rails 181 of the guides B4/ 3007/024796
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each side of the blades 101, 42, 103. hi conventlona
expandabl e reaners, each side of a nmovable bla

i 194} 1Pe 163, pﬂe@ﬂmnmgyﬂleﬁxtpmdg whichcthe hladess] m@a%épa ghay engage a
rbogeefxc\)/lrg g‘gulg :c:iﬁllﬁ)lg]p ik ﬂg%ﬁ?g%rgﬁlgﬁrsbelﬁ%kn dSb g aﬁfdlt <ﬁxeto F&fﬁiﬁg a back

mkqﬂbr Ilﬁntbigrtﬁd: Im@raﬂh’.&ﬂant 6fthe bhdéSE» nﬂﬂy@r@x&d& &ﬂ:héditlmml stability when
erat|onal forces and pressures hi _addition to ea

¢ bladepel Odx | n d Ddaredritrctediand dhe @pandableggames BRTES 100 of a arill
agté?l‘%l 2551{15}1&1%&{1& Qggre.]h%?e taﬂ%r € ad %{ ag@&fjhole is not desired
cooperati ng groove design provides non-bi'n
smmumhddﬂns$ManmumMgr bl ade operati on, part|cularly

when enga in rmati on hi addition

to the‘ﬂgﬁ’g i, e e Sttiier Bisik 10 Bk b e eioved andior
}ﬁ‘ﬁéiél $0Ricalaf9 it me'ﬂéﬁﬁ §11é\vﬁ¥g%e$é)@&it kd @Rich the blades

block 1 6 and a I'ower stabilizer bl ock

qu b@%ll 0¥ engapetheibdrehabid hemeadilyl 1oo1ca$d or dmeasndatq apdidlerent
be_conbi
S i BB cOP TRy e P BB b B ack sce of

hé BlotR l@fﬂlta? be t:ﬁbgeorﬁfze@ e hfadie e taivhich HDblades 101,
the drill e while being run into position through a

cH2i hep wey latenally extendnwhenrfally pesitioner te thecxiengdetpasiipn along the

r 1.0 b . .
R 18, 95605 B AE b4 96 R g i

f adyveriod sliﬁﬁﬂ) anproividelassubthedfos comactih@ 4, wa].I}Sf a b'b@é%hole while stabilizing
determ ni the extent to which the blades 101, 102,

1ths aprayatesihEGE drpg AANEORFFAIOB- dri | 1ing. The upper

st abi | r t K 1
Stop 1ARE OLRaRIMRcafls Atk I00 R DRE A En B e nozzles
el g5 sbovd i FIG: 9 adtie nozabes! 1 18tasdprovidyd toheol arfvkclgAnetie sutting

1“8%5‘3?%’&0 flu g5 Gebriig C%@Fﬁaﬂg er}ﬁi RS2 BTk 62 B fazzles 110

basPindRIde ah m-ﬁ%@aﬁmm@e@@cmmmm dnaltie fubuldPbody 108 to
deS|red whi | e drill string is rotating

Artoide agead hgwen thedwa spaporanithi Ay shewnpthg @9221@51 19gape prnfigured to

naélr,etcf (%% 1n$ ﬁglla\{gw%rﬁg ﬂ{el cfé:g %fﬁg\% fnl% tﬁe @)I%{He #l@?gecﬂon 157, but

Wﬁhﬁbe &diﬁgbl}eddteﬂlrédﬁ Huidliatdrally @3 m?ﬂhgalgbolb diredrimnel SBol e to
be readily increased or decreased to g different , ,
ext ent TheaRandablesesming appaspius. s seamer, 100 15 goy deygibed pferms of its

1%%}at1%n§lta9ﬁec‘%s %@ér@ﬁc%qnﬁrbearg&[% 16598794, ih PartibhIac Iz'md optionally

be custom ze er to arrest the ext ent to
WbleGSt hé6 s ddambli) ]I,'heib@ﬁandﬁbi@ repgyer lappaatab llQO ey badhstalled in a

d
opale atechaily ot pitep bt a5 P FIRERE pbRct b3 the fikasurement
101 @ WLk @lwb) Rl shaarRdrfeeasd e zpﬁﬁ&y (s!%@ltabfel”s‘ywsﬂ'x (R(SS) and

provi de a surface for contacting a wall of a bore
whtdrgcloseddoon syistemn (R Bpfrarcsarnples Befoss rfnagﬁmgg the eXPandable

drre.!:lrln!arl arf)%ara 51 66 Itﬁe éxpandable reamer apparatus 100 is maintained in an initial,

retracted position as shown in FIG. 17. For instance, the traveling sleeve 128 within the
expandable reamer apparatus 100 isolates the fluid flow path and prevents inadvertent
extension of blades 101, 102, 103, as previously described, and is retained by the shear

assembly 150 with shear screws 127 secured to the uplock sleeve 124 which is attached to



Al so, the expandabl e reaner apparatus 100 may i ncl ude
tungsten carbi de nozzles 110 as shown in FIG 9. The

wonewa765%2110 are provided to coal and cl ean tb@TngMmmgw%
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el ements 104 and cl ear debri s-1Prom bl ades 101, 10

103 during drillj The nozzles 110 cl ude an

89 whasbally 1080 W e fovalie sheve 125 it PO dsq bl position, the
bl B I 1*0\1\/0102 103
é%%g%@n B bRVEROY LR BrepPacS RIS (04010,

twhettiar @cted dporl by igsifg fiircestonhadrdslid foeceb] Ate gravddibg sle@P 128 has,

103 |n t he .down- hol d rection 157, but e .
@Brifsilgtieedd 3t elareed end Riees: Waﬁsqtamw?e&ve 5 Hs S ljgrs diameter seat

C%»'t(f %‘fée'v@ @3@ﬁ&ds Eﬂe‘%logé( P@(f‘(%tﬁe RWIEATEIOYe QFW & AkdévredPosition,

is now described in terns of its
qmweaung)ﬂmlpuslsﬁmsl 15 Reiremening upwyr(hmdtmal@em&ﬁfml@entlal pressure

17-23, i cul , [ I Ly t

3 R AT B o i ! e R i BPancavte
Idéfehaléseﬁhd DgrRob®1 6 DR RinassRd s Vothe ubuRr Bin}OIOSJI When it is
and, if included, above or bel ow the neasurement while

dlesired ta grigaane expandeblegermermoparps 0@ dirillingilyd flgwap pnomentarily
st eeéaa lrequisrgé ta(r:icq1 a Qﬁ? %7 o %thex? El d%e&&%ngdelérﬁgrﬂ i3 ﬁ?‘c}pﬁga into the

exanp
of&ﬁ'ﬂﬁﬂigﬂtﬁa rédsithed! Mae dxlb a4tiables ihakedown-hole
apparatus 100 is nmmintained.in an initial

cigro by 7Tandentheinflusney of gravity andjor theflow egthel%lh@mg f?md as shown
LhRYS! 1 Sn gAfi%%es}ﬁgﬂ fiofd the Bﬂl Fé*?t 1%&0&1%? P@Qﬁj ok Ef glﬁ %ﬁﬁ‘ krap sleeve 129, as

appara us I sol ates [ ul ow pat
rshew&mi EIG rlad The belh 42 stopndrilting ffiddflcvd arsd dadides préRure to build

ousl descri bed,, and i s, retaine th )
s’l%@‘é‘i it 3 9L ptringy Ag thr,preswsg bulds e bi@?’lﬁ&@&%ﬁl@ﬁﬂﬁ%&d into or
z%gmkltp&@gfﬁ Sib?,e\)éﬁcﬁ- Afhy'WRintdle bf RUihaf WA, 4 Rsilibhnaterial such as
t Ubul gy 108. Wi PI

. e the traveling sleeve 128 is
HetrafluoroettydeniedfTFERlI position, the bl ade actuating

TS SR S L TP AT gy B per e

@%bl shedratreRgths JitBe tHeay Sdréwigd]l 57 @eide of BRsd@Soth&@Ruitdbie
| omwer end, an enl arged end pjece, the seat stop sleeve

megeriathinstalled igitiallyjim thereapanslable reanass appasaiie 1493 %sheers*crews 127
t\plﬁ. f?(l) g’?th% gl?ea? ESS%JIHBBJ ];3\6{ and lﬁll Vt?avjeill%i El@?\% 28GY {lﬁ&al and move
posi

preven eeve rom novi ng
Ldb)wﬂﬂ\dirdl nAEtheafafvelﬁ’[gSsleﬁve dliZ$ imhelm laeder pidesfithie sean bidp sleeve 130

T PR S P
%%891\6%9 §halld af térrbrf‘ﬁ{e chQfEﬁngLQéev@fIZR Qﬁd Bé&%eaﬁeek{ﬁ%[e body 108.

en it is desired to trigger the expandab
r eaner Thepgrdien s dlui®ated dr FIG. izrn,ghe lqwldckt $lemve|1§ 71s attached to the

RS 8RSt h1f SPGRR mAa BuiRbinet fio B
Olhﬂﬁéncéhi ﬂﬁiﬁ PR B W pad tRbugh ihe!fludDpdrtsUi7d dkp&dedRs the traveling
noves in the down-hole direction 157

mw lz&mowsr dayaryered.ofss drefinid preasvae isrinarpased thevpiasing fece of the
dr|IILn fluid [ .

phiae W8 eleatle g GnelBEHI o Pl Rnp X ke BRAPfikocion 159, The
ShekVieeve?d 5 i@attached to the yoke 114 which is attached by pins and linkage
assembly 178 to the three blades 101, 102, 103, which are now moved upwardly by the

m

push sleeve 115. In moving upward, the blades 101, 102, 103 each follow a ramp or track



shown in FIG 19. The ball 147 stops drilling fluid
fl ow and causes pressure to build above it in the

wodhbddroshr i ng. As the pressure builds, the balpcri@todfizers
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further seated into or against 20rhe pI ug 131, which may
be made of, or lined wth, a resi]jent material such
a1§8tt@whaﬂl|th@raé§mm@éewewtme of aqdifid sqyare dopstail grgve 479 (shown
déétfé r&J epressure | evel, set by the nunber and
Vi ar strengths of the shear screws 127
( made KG. b2 a136stmkemif e blades tl b 192nH03as stapped in shieafullg éxtended

e Yo SR SEaRL S, LS ARPR RS 001 Kisionaty,
?&tﬁké@ﬁ\érgg%bg{}@\é%bétﬂ z%h%ﬁﬁﬁlzé&ﬁoékomb@ﬁ@%serﬁﬁl@d e

trave |ng sl eeve 128 with the | arger
eax@amfabteheamappm’amp 160 peureto Hgillingdiu esded m/wdmﬂt and kit the extent to

e e (8P (et NG Rbiote OT 0503 R e

terx?éﬁﬁjed ?&1t?dne%lﬂg2§b&@%oﬁqﬁ5§n&)xﬁxh@&e0f the body 108.
Ther eaf as illustrated in FIG 2 1, the | ow ock

s | eeveAdaming takesqddnsdvitiothe kepapdaie maexea@ppawéw&ew()pt!@ﬂower and

'%Iefﬁ‘éqjé SC BY Sf1|%§1 erlm ¥ abulgzmq% d%lggld eﬁ(hcf 1W8has {a'L euitrefs§ 04 of the

fﬁlk’de@ 199108, ﬂo?s?;eamq&gér Bérelidiard thy apper Gasl tﬁ@/@di 265 also help to
moves downward. As the fluid pressure i s increased t

ptabilizeghe 9p of therexpardablsreamer 190 ghem dlasladgs!| G g apﬁé03 are in the
115 to nove in the uphole direction 159.
Eﬁ'&tgdsﬁ%}{%geve 115 is attached to the yoke 114 which
I s at t afé&rate hyveping Sleaviel] 28 witlage bal ddfrloyed dBvriveart iecomes to a

h bl ad 0 02, wh
ip@&g@ oo by @it pevs! lscats oyt e pal i i the rgaeling
9&@5\!2%}%&%&% inst B2 iRQEOWHIP I 8PYF the hAAH2 QM phrdtéG Kleeve 521 which

8to ey are nounted, via a type of nodifi
s}tglpsrte phyesitoaiminguioo vresivR @am@gﬂ)ﬁwmdmllﬁlg(ﬁmQﬂowflmpmgmg

t k f th d 1 1,.1p2,
& Pach s it i SophAY B porite S B8 Bk oyl zssgmbty, and
hag dp éi'\%ﬁ&joplﬁgﬁra%hdgl'k@ee% a8 bécofites btlrzﬁff)Kd 1@5 l(fck)éd between the ears
exanp Opt i onal I;{é as nentioned herein abov

cL@tqumo@qsmvp il andnlhééhoqwscnbmaﬂ@méa5 obihe el sleeve 126
e %ﬂg ok\%le? LEHHE nAVAL 3l ilﬂgols e{té fiy b £é ﬂ})t Qstlaﬁhzer sleeve
TS Y SRR

] ust e ex
bizzdes 101 102 103 may extend. Wth t he bI ades 101,

mmy coNpendalingd e baReiscs i SRR vl hap drive the lowlock
H a«?ﬁ%@g L& ﬁlg ?H%%%@&qul §thP1 thOGtachBErlh@a01 2113, M Fback

ace pa 107 hel'p to stabilize the fubular
biynvi:0d@y asd irtveardlytsubstantiblls totheir od ginhlbatdsitialgositibp nto the

g;rggggtg msﬁiolgggq%g{lﬁb?%e oxlgquar:] s(zj%c}er%ﬁ%trg\%gn%F %%\% f2%‘:has moved to a
W@l&ké&ﬁdﬁﬁionl% 1gerdihfiePdeatifsp 18ve 130 viRnE 103 hold the

are in the
dogs 166 out and in the groove 167 and thus the latch or lowlock sleeve 117 stays

unlatched and subjected to pressure differentials for subsequent operation or activation.
Whenever drilling fluid flow is re-established in the drill pipe and through the

expandable reamer apparatus 100, the push sleeve 115 with the yoke 114 and blades 101,

102, 103 may move upward with the blades 101, 102, 103 following the ramps or tracks

148 to again cut/ream the prescribed larger diameter in a bore hole. Whenever drilling



retracted position. After the traveling sleeve 128
with the ball 147 noves downward, it cones to a stop

woWobdo7hée fl ow bypass or fluid 2;)lorts 173 | ocatped i d&paVH24796
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the ball 147 in the traveling“sreeve 128 exiting
ainst the inside wall 184 of the hard faced protect

we flewipstopRd: th Mlﬁ‘greﬂ@al prasvesfallsdelgwihsirssiormedords of the
%@Hﬁgw rtﬁé%lg s 1b*1,n§qu o4 ,%traétofyx de0BivRE PG Uﬁrtﬁ&ﬂﬁihg 116.

I'i ng UId hen cont1 nue down
botto nﬂﬂ@lspf:cts&ﬁelﬁﬂaﬂnyent@ndthé bﬁpauﬁalﬂe rearmkr appardtes 100 overcomes
traveling sleeve 128 becones

shisagantages of eepventional kamerse Fgp F’@EEIH% 1088 s'%n‘féhorgﬁx g\.‘/i?rﬁ%hc reamer
ﬁﬂﬁ’ﬁFd gﬁ?ﬁéﬁ%&g flﬁgﬁa@tﬁé tob B sﬂ;ﬁ) th fofceHpRnsShREY ﬁsﬂ)géwﬁi@ﬁ moved

travel sleeve 128 is laterally
gudibily butedrdyit tsHelt by adiné thatthe shtmevef the Gonveiteonatireatnie; alipwed

SRR L Lo S3spt e SRELER 1S Ll Relg
Whid, BYGrViliag lﬂ?éjex*ﬁb&ﬂlﬁﬁ: rlagﬂer a%vﬁ%atu%qgo B Kidde whiedtdhd/blades up

and i nwardly subst anti al eir original or
i armetatlablypbdlotw-mgwdmampt ¢retrﬂbmg f@dcep osAytheased toeapepiagl extend

2B Dot Bl P B B AR B oo
SRRd fazk PR StbE VA nd ¢ thefefo Jnﬁl'@lﬁfeqﬁa’atli/ dfosvisothe spiy to retract
out and in the groove 167 and thus the latch or

| thevblades tbﬁré@iw wittputipayring of ¢ackigd and subj ected to
press fo o B{;/%e Fer}'ééxﬁl:rzﬁpﬁ;?r%mﬁ g B? ﬁ&ﬁ%@% Pﬁﬂ@s{ tgﬁt', HhoPfetracted by the

activa never

rpri@gtvaill begtusitbd dowinthe fhmﬂ of the ﬁmkancbcmtucowgh thehmrehole wall and
expandable reaner apparatus 100, the sh, sl eeve 115

vt resingeang allew theexpandablesgamen gpparaiys 1 00 fg e dﬁBKP@gh the casing,
UGG W]&ﬁh&{}%ﬂﬁf@ﬂﬁ&l&pl 102, 103 fol | ow ng the

rarrps r tracks 148 to again cut/reamthe prescribed

| ar ger Tleki expendabld eamertapparatus 180 isWod n@l@rardmnd the h@tﬂb&mmi does not
flowis stopped, i.e.. the differential sur alls

R 8 RS s BE v ST S TS Uydn SomE
hload&fioh@lexpdititble¥anéret ract, as described above, via

the spring E In aspects of the invention, the

expan dﬁlm @pﬂ@r&ibhre@tpgraﬁpam@s 166 insluses glgerances of ranging from two-
ﬁtﬁg S gm%tegF ?C] gllé}-tgﬁﬁxé gpaallml{l&%{&a' &Wegﬁ) édjpr eggér?s having

e conven I C reaner U rnize ure

fd}ﬁaﬁﬁnhd’lﬁahli ghdrétetwenl The dsuahiy st ramlb@auvaﬁtonal,l tireular seals.
pi stons whi ch noved radially outward. 1t s fel

ENaEso frathorsiGing FH<GENIh of ARSNABA I oFhish 1glyles the Blhdes in the
ald RUBHLIRGS @ caREE 1 %ﬁ?ﬁo&%n@ Aikirdddet th @rﬂxitlllﬂﬁetgf Phtfeslarly about

preventi ng t e spri romretracting them
pthe dovtitaibpdriiense >Ciieamtwb$ mthe ax;mndahb@maaleuspphmust, tetblades and the

es each of t he a relati . )
SRS B A tad SPRERA e R 01 Rtset ittt dhapdydigaged herein. The
§ﬁg@r E18arIMRE aﬁd‘ﬁ')l&é’ﬁc%@ 8f thB Barky &Qﬁﬁaﬂdﬁbfef}%errﬁﬁﬁérﬁwml 00 promote
position while transferring the forces through to the

uqap@of M@Oﬁawlmlmxﬂpa viidupediketiboaref hinding cansedhby particulates
Sih the &‘lijlﬁgé thdaalnld ofmation Iaebnsspcru't H’gmttﬁe {)ore (‘ﬁe wall.

Additional aspects of the expandable reamer apparatus 100 are now provided:

The blade 101 may be held in place along the track 148 (shown in FIG. 2) by
guides 187. The blade 101 includes mating guides 187 as shown in FIGS. 10-14. Each
guide 187 is comprised of a single rail 181 oppositely located on each side of the



the bl ades thereafter wi thout janmm ng or cocking. The
expandabl e reaner apparatus 100 includes bl ades that,

wo Joof)@ooet racted by the spring, Wil be pushegra@smo7/024796
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the ranp of the track by cont with the borehol e
wal | and the casing and allow the expagdable r

amer .
dpbpreky Wt pad drsipdes ap inefded anele Rt dietasis 39 Bragnt binding with the

a % .
Mo g R d ke Rty s BT R g A 101 i
ahf ethbedinrent isr3@qieizrees suehlthat tieclyladml 0195 ptonado mozwe away from or

expensi ve or custom mgde, seal s u in song .
B pieeAate 36RBLHE e 40 s o s veheB SHbisHPd t thg hgdrautic
Q%%g&%tus 100 includes clearances of ranging from

twotenths of a mllinmeter to eight-tenths of a

m | | i rfBiedrladeetl fc92at)aerattaghedite alyake high with theilinkegeassembly, as

el heEah o PEbfacgh B FO7 10 o BB PRl radiany
agltw ardi alfhgTEA TG deghbd @bhp, HCthisdasbotifigenlo bP@e $nvefitib)@s the actuating

tracks, includes clearances ranging from one )
rmednsiet,dhe yaked 1diand pragt seeve h 47 .tneves axiplly gpwad. (The link of the
ovet aj | rtions, ran ' r
AR Srne it PR CoRH BORREG Pl G BRORNIAANG HIRTE he

Sipikapd aserfble aineid digdoh @ lldwing theerartingmieany totdivactly extend and
i ndi cated herein. The | arger cLeﬂ{jnces an toLqrances
€.

oFtregiherhigdes 161, 19Rpkmbpantallyia fhedppmigingb oyl direction, enables
e gpx:}vﬁrggg& Fa? 1}%%' e‘,%fénsigﬁ‘ggth%ha%é Y?lv,\"lb@, 1®3fb§ﬁgﬁﬁﬂg through

g cause particulates I n
cni driglengpprbxtiimdtebydiB Gegremtin diis elsbodimentidf thie iomertios, during the direct

bor ehol e 1. Additional .aspect f. the expandabl e
raS8APn aﬁ@gﬁawglgmm@ad s P baa T b ade 101

may bephgldnk BlaBEaLR, 202N93 kBBehdvr8l ndd8adifA¥WE badk down the
FIG 2) by guides 187. The blade 101 includes matin

grainged thedladegraske ¢S underbiasing fared frompthe retrgaliafesprigg 1%@ then as

C ris of asingle rail. 1 | t.el C

e g Sreafe oy, 1 BRI RIS B L) Gl the bore
ARIE @all Wil Blimp SheSith®B1160, 102, PIEIM theislope 180 vf the tiables 148. If
mati ng gui des of the track 148. The included angle q
orcedefd tiediladss 181, 168 | HeoTipeepandsbly 1amek Bppamscitharay be pulled

i : S1dar t
P U 0 B A 0000 B BRe y
t leeahiadiyositidh théreby slidwiag hadss andirbrmobnl df theleixparplableseanaer
The bl ades 101, 102, 103 are attached to a yoke 114
vitrparafysd ODithiRugheths asing| v as descri bed herein, which

al | ow fr\hﬁh@leﬁﬁ)%ain‘]%% of]tgcﬁinvérqg)élt, fhe HAVAINSNEK 8 nalbe sealed to

radially outward along the 10 degree ramp, in this
eprovgit fleidt floov fromeexitingshe toohthreughttheblade passagegonte 482, and after
and Puah sl eeve 115, noves axially

Reirine. s gty P pEte
The nozzles 110, as mentioned above, may be directed in the direction of flow
through the expandable reamer apparatus 100 from within the tubular body 108 downward
and outward radially to the annulus between tubular body 108 and a bore hole. Directing
the nozzles 110 in such a downward direction causes counterflow as the flow exits the

nozzle and mixes with the annular moving counter flow returning up the bore hole and

may improve blade cleaning and cuttings removal. The nozzles 110 are directed at the



I i nkage assenbly is pinned to both the blocks and the
yoke in a simlar fashion. The |linkage assenbly, in

woadsdzbezp to allow ng the act ua%ng means to FCrRSbA0Y /024796
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1, 102, 10

AT R T
9 h |

(%’prom mat éj&%félaag‘gnaﬂ%@% LAkCP } mfyéfé an angl e,

egrees |n I's e t of the
I nvent The ¢x;dmdab1grdahmr ghraeatts EOOtmayt 1nolude)ﬁ ldvhar saver sub 109 shown

S8 B e L ot seRat 0 e B2 Shoins
%‘35 188¥4bd zt'ﬁn%l@ 'ﬁﬂ:c@ﬁesﬁﬁ? il 96r Jub308 enadé tHé"&ﬁﬁiectlon between

biasing force fromthe Fétraction spring 116, then as
tthe tvex fodhrecktriohger ((leasrhéghen pa&icun tosquedthan g cgmelnt;@lna‘l beerpiepeetool

ore hol e tgct with the re ho
e 0.0 191y9 Lo P ReveE ri % tgigeh i ired
tra6iles o thord dffitRACRMNedd tdbfdedowdhble efidhmekddr ©bIst he
expandabl e reamer ‘§£aratus 100 may be pulled up
agai nsttilt etheraspéatgeithe expandablptegmer sppapatusddd arpnow pyyided:
103 f ufﬁ h Eearbs%Fews 12‘7%f rthe sh L&' r?e?rLbef 150 %étfuu '& tﬂ@&&\%ﬂ}{g sleeve 128
allomnng RS Eng ' Pemovar Sy expandablte r eamer

addanedplockldébve N0o upihe irfigtalqRsitiog, ard ﬁlsedttdﬂ provedelod diearnt tigger,

of the invention, the traveling sleeve may be seal ed

trslepsing when pressuge pyildytq 2 pradeterpingd valne Tlaf‘omresqﬁ?rauw value at

t

BB 55R 0 i y pAG LShrr

adppmetus rm9 iy beti 70d<g/ed, fon exdmapld, oreven b4) K/cil. dtus recogmzed that
rough the expandable r pa tus 100 fro

£ RICRSWHENAY [ANSE 40 2 BISalsT gggest%v 8568%\;\35?6&}’ to trigger the
@(?hﬁda'o)é e ippaanyh U@ @%ﬁ&‘@.ﬁl@ ft Wé@uﬂ%@ %t a%aﬁ:'ﬂ Bre@sure at

hole. Directing the nozzlés 110 in such
dwiininthesheirsercvis d37 shaassemay beiprowided tmalkow tlﬁéplﬁmg)qlﬁment 116 to be

cmiiohlfy GTEuEI AR S0kt FRE Yo fIRHeF rovide desied

| JERUrAYR JTIbRAE ré&taRash tighnAeRkasd Bfthiyd@slic aaxval . 'Th e
nozzles 110 are directed at thecutters of the

101, 1©ptionply, ansror mexe alithe bladanl Hg 102183 may bséeplaced With
gsltib?ﬁ:}& BH)?HWA %] ?&da.ntﬁﬁﬂ}ﬂas %95591%%@5% ?fﬁaflor {)élﬁ% Iqecelved into

expandabl e reane
agrpovestlUs of the traely 1481111 thelexpantiahlereamey egpasanis (09whivhwmay be used

in FIG. 4 that connects to the | ower box.connectjon of... )
tHexPUMARIe CBRREEARDIger mqsghweﬂaary Witish Ty fyehey be Utlized in a
Sdrngétﬁngwﬁftﬁ%&@?éa&enmw@an%&y&re&%é%&@bl es the

connect between the two to be stronger (has higher
mak eupOptaorglle)the hiadesal (o 23103 orayleachincluide ore togodr three or more

139 R ok BRrnE 4GP P AU i Haptg sfRes 430w in

ef G, O AtvaRBEHIASIY] (WD drandit heWs SR erfiéts RUIP ff ex@énd the life of
tool's. Still other aspects of the expandabl e reaner

atbphladet)11 602, 4 P2 partigulgrly whge drilling in hard formations.

FIG. 24 shows a cross-sectional view of an embodiment of an expandable reamer

extend and retract the bl ades~

O.—

()

apparatus 10 having a measurement device 20 in accordance with another embodiment of
the invention. The measurement device 20 provides an indication of the distance between
the expandable reamer apparatus 10 and a wall of a bore hole being drilled, enabling a

determination to be made as to the extent at which the expandable reamer apparatus 10 is



The shear screws 127 of the shear assenbly 150,
retaining the traveling sleeve 128 and the upl ock

woSlogy@0sk24 in the initial position, are used pc@/us2007/024796
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provi de or create a trigger, TQéreasn ng when pressure
bui | ds to a predeterm ned val ue. predet er m ne

\ealagging o bags hole. 1 Apshomaa th eé%?aémngeﬁta Vicgatbrs na‘?lmt?‘f foghe tubular
f

MUl HOP BRIt LIRS [OAER ORI Li G

rex pargiabladarmbadpphratusol G sﬁwmeamm;emearmdeQOas grupdedetp aor

lézfeeg’;ﬁlr’!‘é%)étgrel ?@3}&@ Fxtgg(ijgg g)ﬁ)&g% {;‘ﬁ@ﬂﬁd@fr}hﬁ :og ¥ Irelx})?%dable reamer
K ??'Q‘Qfﬁ% 38 ¢hak Iﬁﬁiud@s o &4 &fnn@ét%&@ra?t}@tuppﬂ" énl 10N S f BlR@Rpandable

ews 127 shears may be provided to allow the spring
gtanarappdra®st 0. Bbe cmmrmﬁ@mléwyna}quogﬁgmd &ord-ophestiod
n_order .to further

t
irRupeRRLEn BE o tp it ea bbb Sishh 2 eV gomppmication
hyB4s8&thblg. Th bsmmvRida@eralineg/30 DRLalSE béed tobu Hlade the
101, 102, 103 may be replaced wth stabilizer bl ocks
gmnswgmn@dﬁvms%a Ade mdapurementdisviee 2O arryhscenfigyred for sensing,
eln rec L 7
S e e PO 08 Gl PSR o semin

af “&m&ﬁé ﬁbé Sf @B(ﬁ@ @Blermhay I5d @faiyzéd exr deterinigsd bfyhﬂlﬁera:qulpment as is
r eaner, y further be ut|I|zed|na [

smfiprﬁ@ombw P@fsﬁé Re ot de e WD abrebyprosding %libétanﬂally accurate
geﬁlﬁ tioBE 4 SR Mbke slg]ieh RIS Ferh St de%@% 20 %Q&n%ﬁn&ﬁﬁ&ntal is

€ one row or three or nore rows o ting
eiemmrrtlﬁg Whén thatekpandabla meaniee app!matDS)]IQSlS(mbt demg agits intended

ts_ 104 h FI G
B P A e TR et e HTRng %% aritine e pidpded
qurétf(‘)ﬁs Q} Rdfpedt 81 meaeggto éﬂ@ﬁgﬁp@f)&rb GHleavHivh Woen tRed ﬁdvb fQbe

hard formati ons. shows a cross-sectional
\reewmmﬁd an enbodi msnt of an expandabl e reaner

cear adtamepreeah B e 2L B e o E e Pasbdmegpement

Eﬁ@teﬁiﬁﬂ&ﬂ heARBlosEEi 68, Pt i ES, 409 torHHIC&tal. pmsscgned to the
e di stance between the expandabl e reaner apparatus

wosignee of thainvepfomhesgindisrdosedpd b geasurement dexicgA0i Hay also
qgélﬁﬁg&c&% baﬁﬁ)eI‘s H)@(Hﬁﬁ?@ r?s%rs 6tﬂ@r ﬁ%ﬁg(ﬁg Eulﬂbl%fb'r ‘f‘igte}rlﬂﬁnng a
expanda appar a @i 1 I'senl'arging a bore
iﬁiétalaqce/l&t\gd&fmvmwgm gﬁa bershol eaehthe deprindebl2@edrserappataads 10.
to the tubul ar bo er al rectiaqn
SSatsty O arcergere T AT %{s'ﬁggrq%g mgfinjegand used to
SRS poSRTR b Aenas AN olkdes shi)or BEATH! (U0G OF ipSRlable
trearoergapparatusiiif, arhetsmml ;helxeancd rmmmuaxlpmnmlb Id@nnféamaay be inferred
aratus 10 that §, an _end c ection 40 at 8 ithi
dBa soaGeagienitiy. nSuliina HinerabaRvas s atiypntd witin
ThenRREbIe BMIRGH a8 fo BOin @Mt wetBIdr ipeikiMdte/to the RHMMBEEN O the
conpatibility wth particular or specialized

dwichohewell whes themozalpblade amastiated todts atermestiwblest extent.
The ¢ (ﬁ%vm?% R O erb s%ct?’onai‘%wadf‘?&?n&%nlﬁﬁQné etiBRP5Y0 for use

power
with an expandable reamer apparatus 200 for limiting the extent to which blades may

extend outwardly. As discussed above with respect to the stabilizer blocks 105 including
a back stop for limiting the extent to which the blades may extend upwardly and

outwardly along the blade tracks, the motion limiting member 210 may be used to limit



measur enent devi ce 20. The neasurenent device 20 may
be configured for sensing, analyzing and/ or

woeRbEE 0 Nng the size of a bore hole, or it mMpeag2EaP4796
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purely for sensing in which tt¥e-si ze of a bore hole

may be analyzed or determ ned hy other equipnent as.js
uh@@ftattewhw FEHadIng means ke feinysh HeeYahs Sgmgy extend in the axial

BQ?IBEWre&f&VI'S@' Re cﬁi‘dgshl{%rﬂpﬁé RHehbePERHLE Rave a r¥e1ndr1cal sleeve

erm nat |1 on” of a ore sl ze. The asure
dodiy 2e2 ﬁ@sﬂhxmed ivetsveien ah outeesirfice bfthd @ush steevierld S whe thetitwger bore

ot an o ens 08 E R vy Fewmtied 1 inastird 8y gensbe notion
tlﬂ}ﬁgﬁé hidhfter 2 f(hzﬁi?l tgé fdb'ulap BOJ)DTOSGWEWE‘&e dHa af lc@ﬂﬁe fHotion

hun ds of neters to enlarde a bore e whi
tlmsiting sneebien?2 Hkis retenteziyadtainkid detvecss mhqesmmg ldeandthe Z@almng ring

Y SEuh bk ot S BRSSO SR 6 e

s desciibed BEEHabsve! th spdiSd DITERIlIHe dlloed W@cﬂﬁpr@ﬁ ih eea ole
di scl osed. The measurenent device 20 may al so inclu

ghirgctdorc BI1G ynéit s nptl@msrﬁmeyteé by Sermgotiasy lingiting/measehes 41 Q which
itable f
}l%%\()e?l tﬁ Ofpglrngn g%t%H gla%\iesltlg it Rﬁ{h\é?r%lav %th% uphole

e reaner appara

Qitecasial 39 . In tHieredpas, uh@BI&ﬁﬁs ofehe expardfibreryarher apparatus 200 are
conflgyred nmount ed and used to _determ.ne the positiqn
arreventedrfeaya priendingbryond th lipit %&w.thrgmsa%h@ft%ﬁ%embeﬂlo

expan d&sbéb %wﬁl‘?ﬁ‘FRE. dzlﬁg%tﬁ‘ér‘iﬁot%% luﬂfﬁﬁ‘ eb&P?ZG fof Uswith an

m ni num bor eho neter nmay be |n err rom suc
naxpandablearedrser afparatua QOQ’;S canfiparsd wahmrspndgbombodyegzmavmg an

5 SR RO A SR 2 PopOves P 16 is containcd
bofgh HleSopirl llﬂ@i‘i%ﬁl s‘é&%ﬂmaﬁ e sﬂ)‘nﬁg %ok %od’y@%ﬁl@ tHe®ase end 221

its outerm)s | est extent. FIG shows a
orgEg- b@wtendmslpnng dio afd an wppeer end of th¢ lowlgcknsledyerd 12.1Ghe motion

d f :
| opEREL Y dnd B RRREE Tl P BN R wBeR s iR body 222 s extend
QHtoiRipiHging dntadt withl Seaetatity/GngM 13 or El8@Ecdr 1ipdl 88Necated in the inner
stabilizer blocks 105 including a back stop for

|hor¢ 15 Inef theabubar bedy 148. whi ch the bl ades nmay ext end
UDV\@rﬁ\k’ﬁ Hltg n&’&éfom% 1¥g rstflg thQQG(sIhB lﬁ?FICﬁ%%S and 26) are

notio ing me used'to
egeherally déscmbd:d:fﬁ; Helrg ytihdradal, nlgjeymaljnhavel otleer shdplee applisdnfigurations,

sleev xten in the axial e direction
s examete. apelori e singsipgnesss iy Tiapon i 4 ¥y broad
Cﬁéhéenﬁfe'n‘r‘(ﬁlonsﬂnﬁﬁ g ridRfh%r ailt)%vsﬁﬁ§ bR e dxAPhYP&Rer b be arrested to

outef surface of the push sleeve 115 and the inner
bcaqang, adgroefs forhan assdtihent o ephlica@d uses paﬁmmrlytwil@nslp%rﬁg bore

;‘WS" at ed etween the noti Ko g al
o Hae Bihg capE A e pBPa i Kb by minor
RbdiGBatlonstHetdt® nenber 210 is retentively retained

bet ween t he sgrlng 116 and the retaining ring 113.

When tlhethsysmbedimsyts, the mation digHfieg membeis 21B10r §20 may; bp simple
as%rugl)ﬁre%%glr I%Hhmg tlIe elilte(;xt B SRWMES the actuating means may extend to limit the

motion of the blades. For example, a motion limiting member may be a cylinder that
floats within the space between the outer surface of the push sleeve 115 and the inner bore
151 of the tubular body 108 either between the spring 116 and the push sleeve 115 or the
spring 116 and the tubular body 108.



as descri bed herei nabove, the spring 116 will be
al lowed to conpress in the uphole direction 159 until

wo 2088/6%96520n i s arrested by the notion |imtinedRanBed7024796
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210 which prevents the spring 16 and t he push sl eeve

115 from further nmovenent in the Q rection_159.

In t hilhecspandable reqmer gpparasas 490, ande szla%%lmﬂ Withagfegance to FIGS.
t 1BR e

EE PR H o Ra aBLAKEITRE HIRAEPE, O O R

|mn$HnGmg2ﬁath éneithardireotion) wHichnis hlsn@tmﬂabemprﬁmndm pvarse

th dapl fi d
obYEnoR KT R s R Rag| inghe POt P Aradite
%Sfﬁh'uﬁg R’%éélré%% rRER Sufid gt?dlthuﬁrdélﬁfrﬁm'g‘%rﬂlﬂéreﬁt‘fselocated forcing

ring ntai ned w thin the open cylindrical
secchawsm 30 ofsptihgs topetravg thedlades byckanparg. tih thiseespees, dhe

end resting between the s 116. a n_u

R APRER S MGy Seth i eqie | 6rig FR{HBRsgmbly, the
]ylaﬁe QH@% sh%ldéU@ o B¢ 8R\Emé E8mbénchls 6 baendiiieshd le@acting the blades,
spring body 222 is extend into inpinging contact

wllpwmgnbe a@ua;mu fﬂr@e forrmovingtherblagdes tligealeng thesamg gath, but in

| ocat.ed,.i n the ner hore :
PP i R Bl b8 Rt Bl 1 e blades
inot phdamteedtio e éxahly iR bppaas dirédtioys dedanedenbtatongehdigime path,
cylindrical, the ave_ ot her shapes and

doweasygrthe pmbgblhgyd?rf banding | Bhe exppedablargpmen apgargus herein describe

a very broad
?gﬁ%gg%gﬁeeﬁcﬁ%@g%s mr%{e{aqwgh #e%’liet?}ng gr\f\léﬁt he extent of
axi al Inanhanispéed obthe aivertsorg the expuadaplengardergappemtifsd 00 drives the

an assortnent liicati on_ uses, rt| cul
FefpEngReasol @ *ﬁs plith sigeve aaly 1p & St i o ‘gﬁlgﬁ%% the blades to
GXORNE A &t 651@&9@151%15&5 'b@ﬁh%'d'iﬂe&gy Sepledth ﬂﬁ:rpush sleeve by a

nmodi fications thereto. hi other "enb ment s,
ryoke and linkwge assgmbb'r)bbr the 2pposge dize@iomathe kpss}gﬂmyieehrectly retracts the

}ar(t%ci)ur . for. | 2‘?%\% e exten% t 0-pf VHO S ovides
355 bY hilTacia e g AsERbly | FRsictvatlon depma
hage 81re&‘ékteﬁ§i@ﬁ'ﬁﬂ1(€netrﬁct[ﬂhtdf% blhd8s] 1&1‘%@4)6%&{7@@ th&Biasig spring or
%;I inder that floats within the space between the

¢he bydrawliciiiid asgonyvprtignadppvisiede 115 and the inner

b I :
- 35 A 8 L i g
afghekd\8 vatiitiona randb othyr dfiBodimentd lneéll exqa el thlobeskiléainm the art.

appar at us 100, as .descri bed above with referenc
&erdinglytis tgndeddbat g inv @B Ol ApitgHing TSR the appended

ong the sanme non-bi ndi ng path
h#ﬁggﬁ?%g%uéégga?%%ﬁ?ﬁah|ch IS a substantia

I mprovenent over conventional reamers having a piston
integral to the bl ades thereof to accunul ate hydraulic
pressure to operate it outward and thus requiring a
differently | ocated forcing



mechani sm such as springs to retract the bl ades back
inward hi this respect, the expandabl e reaner

woRbaéabas i ncludes activation nreans, i.e., thedddk@das796
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assenbly, the yoke, the push Peeve, to be the sane
conmponents for extending and_retracting the bl ades,
all owi ng the actuating forc§1¢GPﬁhoving the blades to
l\kjpyﬁ 3l ARgddls: sanme path, but in opposite directions.

fi 'oAvent tonal reamers, the actuation force to
extend the blades is not guaranteed to |lie exactly in
opposite di Ametpandsblersnet apmeaatvs footnlaigorep bdrehadeinea subterranean
path, increasing the probability of binding. The
dOMBHPRLPURTSEr appar at us herein describe over cones
da%bﬁhx%‘y?ﬁvi%@%%ﬁ%ﬁﬁﬁmmm afi HHEE Bbre CAdutdr@AEEeS andt least one

anot her aSpect "of the invention, the expandabl e reaner
appar dtagk within theitytadartbody hetwigen thednnes here and the outerisurface, the

ush sleeve, axiall,y in a first directio i o q .
19 or ci ntbacg HE’PBﬁ?BH‘@?deo”@o‘\VéW ?’rgg'taﬁgn 8‘5}‘?% %%g%%ﬁ)t"%'ﬁdmal axIs;
(& daimg ﬁﬁiﬁ&l%eﬁﬂ eftehdifif thitohUuRe Rdedboré;he push sl eeve
by a yoke and 1inkage assenbly) hi the opposite )
dinewe tosnbladesecaphybaving adeast ena @itingelenaent genfigurgto remove material
bl ades. b | ] ' - j
R L Y I L
ext ensdoapled isltheat leasttone rack of the tububdbsdy; and espect i ve
of the biasing sp[iggaor t he hg raul.i [

I fluid as
Aortsh slepurdisnoged, Watand e inngybare ohthe f‘%bé‘fﬂf QPX%WUH{?Htt% the at least
of the ] t 4 (o :
o SRR LR E e AREI AL AERHRED pnc 0
t 0 t howessaie dfldeitlingrluith pasaimig. thrdoglotheidnt)ing, fliid flow path to extend the
i ntended that the inveptiqn only be limted in I ITB...
of ¢ heAt siis ade Aamane v ashn rack gat uo i eisPded position.
CLAIM5S What is clained is: 1. An expandabl e reaner

apparatus for enlarging a borehole in a subterranean o
f or mat3.on, Twagxpasdable reamendppararusiod dhpinn dy/furtherscomprising a biasing

| ongi tudi nal, axi.s., an i nner Mbore, .a ter I

et el it e o PR f R g BGY BEF e oh leeve

4 oriened tdBiaethe pUsH £leevelih e atiblly doenwdrt dirbdtbko sdtpettie at least

upwardly and outwardly at an_acute angle to the )

| aneladg@lang|theatileast enefrack|ang inte p mt@cveﬁ ®@sifie when the push sleeve is
i - j : ; . | ades

G s CAEBM bR (IR RONE WRB B B ol P o to

renove material froma subterranean formation during

ream ng, at_Jleast one bl ade slideahly.coqup]ed tpo the

at | eadt “onkhg W@R&&{fe TCRECE BATALS % gl ?a%efsmgfﬁ% 4 ast one track
SeXBEUE radiFN VuBHardly! e tﬁél%n%iﬂﬂﬁ{al bgse of the tubul ar

body and coupled to the at Teast

4. The expandable reamer apparatus of claim 1, wherein the acute angle is

about 10 degrees.

5. The expandable reamer apparatus of claim 1, wherein the acute angle is

less than about 35 degrees.

6. The expandable reamer apparatus of claim 1, wherein the at least one blade

is directly coupled to the push sleeve by a linkage assembly.



one bl ade, the push sleeve configured to nove axially
upward responsive to a pressure of drilling fluid

woPRegHH0as2t hrough the drilling fluid flow path dcg/e&b@nB4796
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the at | east one bl ade al ong t2%e at |east one track

and into an_extended position. 2. The expandable . )

r eanmer’-appafif Gpansdable rgamerpppargius RE Flaimg Apfor tg?rngcladmg a guide

bi asi . . S . .

SRS EProp bR KRR in ebidhf 108 1L Be AR Pat st one
ardcknt ed to bias the push sleeve in an axially

downward direction to retract the at | east one bl ade

along the at | east one track and into a retracted

positign wheg &hg, s BPElai B] $A&ER thOguide structur
appliég pressuﬁg é@”gﬁféfﬁﬁﬁs??ufg mﬁthi% t he inn%‘?leS e
honmeprisés twbluppesedalodlethil-shaped nails onphaatd east onxf bladesdnchtwo

erein the at | east one track.extends radially. :
SR GG IPBIRVER B PERSIEUER A Thoef S5t gne Frge mhtingly sidably
XRMAg tletioveaBhaRARAlsat us of claim 1, wherein the
acute angle is about 10 degrees. 5. The expandabl e
reanmer apparatus of claim1l, wherein the acute angle

Is lesg thap about degrees. 6. . exp. bl - .

- camor appal s SOHSO AR A of REpR S BRARE Fprisng o moton
biAfiag nfentber e6iiplad BebMEtn@Re tBulaPBodiLsid thé p@heldeye  limit the axial
| i nkage assenbly. 7. The expandabl e reaner apparatus

ofxtest of the puslrslesVBer i ncl uding a guide structure for
positionally retaining and guiding the at |east one

blade within the at |east one track. 8. The expandabl e

r eaner 1apparkd expandabld rearmer/appuwiaes of tlainh @, fpmhelscomprising a
structure conprises two opposed dovetail -shaped rail.s
Sravelias s1eeve @aSHORHOVGNA dhe 1R DPTPLBY BbulEr B%ffya?&écfonkgured to
garef%.eﬂﬁfl %Bla?eptﬂg Pﬁﬂl%k%vg &xd QhddsForRbxpoRaRito gf@sdré 8EHrilling fluid in
mat | ng § sl'idably receiving the dovetail-shaped rails.

Ghe Tlbw patpandabl e reanmer apparatus of claim 1, further
conprising a notion limting nenber coupled between

the tubul ar body and the push sleeve to limt the

axi al  gxt enthxphidabRUSIME! HpMiatus b claith @0 oxRabidake Raveling sleeve
reamer apparatus of claim1, further conprising a

tis avially retpingdiaap injtialinositieB 8y aishedr gssembly witkin thejingerdiore of the
t.he .t ubul ar body and configured to selectively isolate
ﬁH@ﬂ%ﬁgﬁySIeeve and bl ades from exposure to pressure

of drilling fluid in the flow path. 11. The expandabl e

reanmer apparatus of claim 10, mher$in_th tﬁavel'n )
s| eevel2. The expandable reamer apparatus of claim 10, wherein the push sleeve is

axially retained in an initial position by a lowlock assembly coupled within the tubular
body and comprising a lower end of the traveling sleeve, and the push sleeve is axially
transitionable between the extended position and a retracted position after the traveling
sleeve has axially transitioned sufficiently to release the push sleeve from the lowlock

assembly.

13.  The expandable reamer apparatus of claim 10, further comprising an
uplock sleeve for axially retaining the traveling sleeve upon sufficient travel within the
tubular body and upon exposing the push sleeve to pressure of drilling fluid within the
flow path.



is axially retained in an initial position by a shear
assenbly within the inner bore of the tubul ar body.

wobdes/oFoes2€xpandabl e reanmer app éﬂat us of cl ai MpEqyus2007/024796
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wherein the push sleeve is axial'ly retained in an

initial p03|t|on Iomﬂock asse coupled within
the tublul ar T8 CISABET ZPAGTS 9 {i%@'P hgk cqnppgising a
U haXGlehidat & vfsr d&&%&n‘ﬁ aRbishers! d&gﬁ(@emagé&&kme
tranS|t|ona bet ween t he exten posi U1 on and

retracted p03|t|on after the travellng sl eeve has

axially tr ition suff|C|ent t.o, rel t he
21 eovel T on B¢ EPRETALIEHECHIRIAS of Salmiid: Wiada Pamurement

rd“e%{E% s @Ekﬂﬁ’é & ?& (ﬁfecﬁéld%hﬂétargtall;/ BE:&)E&ECLQ&WB &h@lbﬁﬁtlﬁhhal axis for
upl ock sleeve for axially retaining the travelihg

stheasurngp distagcd 10i the wall Of ﬂmmlarmdtmrqlnotdw e tubul ar body
and upon exposing the push sleeve to pressure of
drilling fluid within the flow path.- 14. The

expandgp! e TRsEPand@dRAfeantSapphrablsdifdlaim 10Ufukther comprlsmg a
conprising a neasurenment device for detern1n|ng

citabilines sleejte qorpled ) tediener borcs sllewerend of the tallairhedy fer receiving
r eauel e&p&qﬁg&:&@ehg% ll%l @g m 14, wherein the neasurenent

evice is a sonl al'r per di rect ed substantially
per pendi cul ar to the Iongltudlnal axis for nmeasuring a

di stance to the wall of the enlarged borehole 16. . The
expandbbl e T%WW&%&%@M&S& et 1, fuagthereqmoprising structure
P VDS i Ehe e she PRl SEKELRALRIGHR P LR JeRfan extended
apdsiiea correspooding keart expandédndjarattecafahe dXpanddbde reamer apparatus.
expandabl e reaner apparatus of claim1, further
conprising structure for selectively Iimting the
nmovenery  of Thd\&phh &éﬂ)fesreﬁxlrx@ﬁ%) phRfusiordfalia 20QYeRth B8 biasing element
ext ended position corresponding to an expanded
diompeisey a spfringistruetuygandabl e reaner apparatus. 18. The
expandabl e reaner apparatus of claim2, wherein the
bi asi ng el ement conprises a spring structure. 19. The
expandeh| e TesaBandbiaeaiSapparatisdif dlakf, IOVWB‘Erei'nrthé figveling sleeve
traveling sleeve is selectively operable to nov
alf iS%qutlye Cpstshls to anqvs ayially respensiyq todiriblingsHyid @remrﬁ within the
HP& %gr bore. 20. The expandabl e reamer apparatus of

alm further conprising at | east one repl aceabl e
stabilizing block di sposed proxi nate to one

ext ent

| ongi t d|n e he tracks to |
out var P v B Pagtebl e ERs R of B d e EhER g at least

one replaceable stabilizing block disposed proximate to one longitudinal end of the tracks

to limit the extent of outward movement of the one or more blades therein.



