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Provi si onal Patent Applicatfon Serial No. 60/872, 745,
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present |nvent|on relates to expandabl e reaner tools
and nmet hods of using Suﬁ#%tﬁﬁ%?(ﬁ | arge a
subterranean wel |l bore € expan e reanmer tools

nMay COTRisiapSlicatibnlEldinds thObeh¢ficoft rh@:dE@deﬂrbﬁs@hﬂ&’ﬁtbﬂb)\pphcatlon
bl ades that maybe positioned in a first retracted

pSeriialiNen 6Q/r8612,t7ﬁérﬁlcﬁ Bpteaeled 4r HMi6al | y out ward and

upward to a second expanded position. BACKGROUND I n

drilling oil, gas, and I s, casing is
conventional |y installeﬁgghﬁﬁggﬁehﬁiéJto prevent the

wel | warht ﬁregéanvEﬁYdmlate@tg&letrzhﬁl t8 k—imli%g 6%%&%W|&res More
Casing is also conventionally installed to isolate
dpdrticulerty, theprasent mnmtlmmelpueemesrxpamdabbsrearmvtmls and methods ofusing
formation fluids, and to e ontrol of format|

£ PR SR A B AR 6 H e Xp&dablepqaBtet opls ey comprise
| DERLGERS Bod nﬂ, : g gpﬂ{dgﬁl'e‘hpﬂhélﬂlgﬂ’ﬂl&b% ogﬂ{)rﬁ{ﬁh Fﬂrst retracted
new casi n ai revi ous “casli ng. e

agevitienh mﬂdhén d)i@pihcdd&ﬁdha@y allltlwalmbaxﬁl Wpwvaed el £second egahded position.
greater depths, it has the di sadvantage of narrow ng

the borehole. Narrow ng the borehole restricts the

di aneter of any subsequerﬁ @E@l&% of the well

{3 ﬁ?gﬂ;ﬁl @lﬂlzlngr L l l ge%o(i{}h 3‘m¥11 wgf:l éhg Séohgenquoﬁéllyp fi3thlled and

beéReéRroPreERt tﬁé w’éIl SvallB o dadfHgEntd kAR i€ HordHole. Casing is
the production flow rate of oil "and gas through the

" balse lvohegntiphallys insfailed tdemlatatﬂlifemm fominatieps, &0 prevent crossflow of

subt errapean b reho de a lar bor ehol e

cerrRetiof T, a7 bl fonuBletpaReon b ad B  the boreholeis
5 e 50 0 SOy 1w
b éitegrevieus dasingr iWhife a)ddlﬁ?g)pd(bmfaESadmg\/zﬁldms@nb(ﬁﬁhdle}ce&ach greater

far enl argi ng a_ borehol e dianeter. One convention
apprtbadihatde I%Vf’@fﬁgsP&@ara)vvgag)thébpr&h%lanw‘@wsrfh9 Borehole restricts

| O] HERS S sﬁﬁ{eﬁﬂér{t gg%tﬁ)\%lgt E{he%@f % Bﬁ% <r11}1:1‘? bit and any further

exanple, an eccentri an ex arge
C vising@ufPass thivuigh tHetdxéstiag cadigItAd ﬁeﬁuc&bdns iri the belfehole dlameter are
produci ng an enl arged borehol e di ameter. An exa

apndesirable beqauss they limthepredusgon Jow rate ofeil andyggs through the borehole
4 1t61§ oﬂ7e§8des§§lﬁh % %ﬂla‘fé)e 5 'ggbterranean borehole to provide a larger borehole

diameter for installing additional casing beyond previously installed casing or 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 an extended or enlarged
cutting portion is rotated about its axis thereby producing an enlarged borehole diameter.
An example of an eccentric bit is disclosed in U.S. Pat. No. 4,635,738, assigned to the

assignee of the present invention. A bi-center bit assembly employs two longitudinally
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assi gnee of the present invention. A bi-center bit

assenbly enpl oys two | ongi tudi nal | ysuperi nposed bit
H§SMAth |aterally offset axes, whi ch wh&RT/US2007/024766

rotated produce an enl ar ged? borehole di aneter. An

A gu8l, 81 R0 o o SRS ol grocuce

Obnladged Bbl%ﬁ@l@tdldd%téiﬂtAIOBxan@l@bhé?bl s@meumls dixalosed in U.S. Pat. No.
approach used to enl arge a subterranean borehol e

i BOPLARY vdrigh tswlwgasagn@iﬂp dliasdighen efche prshent avsahen. y
wth a,pilot drill

d h f d
Feane; ARRUBhssyettinal tartiach dseEipghRrest fblaRRER hofiySincludes

p%ﬁ]o&fn taﬁ%xféﬁ&’ecﬂfott@ﬂmyh(ﬂ& @d’é@xﬁb@ Wit Bpilot ﬂﬁll Ibit abﬂhE disydPend thereof
be 1t arock bit or a drag bit, as the pil bit, and

t wed @ xdagred aslsenﬂai)usoeneodlstahee awwe. nﬁlhys qnmngemsntgxeamtsathe use of any
er b|||ty pas n ht spots in th
R ey R g%a@{im«m 13, a8 felot bl ad the extended

Zh?géelhdef L if FOWI ké’ g}rlglan%-rl? ate p?%lﬁﬁzi{/er S eﬂ a@ﬁgé’{pl%ﬂ%htl@h?spots in the

| Bérehsleds well ad the opureinity & effcoti sel pstplsitize the piot deil tenudahiat the pilot
bottom hol e assenbly is particularly si gn| ficant in

dheléenqi e dollayring rqamgr withisavgsseithgpath mﬁe ndedfos thedwpghole. This aspect
& B i et Btom Role s pRSRHHES SteRich 1 iRdhigny gritling. The

C ORInkS 6f the pHBeHt HveRQSVhRABIING e, HbsiSHAAs fb%ﬁ}fng"étﬁﬁnﬁes so-called
t hreaded connection at the top thereof and a tong d

stjxreﬁmeewatgs,f hﬂudogd:rmallyh@nmmfs;: adbtsdantodfy havnng raef'mlierg neck with a
nnecél on. a&bs 497, 8%2 an b £ al
b §PI§}?§HOI% gt ﬁgop gre@mngl gjong die T gi’eﬁttt € ottom thereof, also

| WYt‘ﬁ'&tthf%Qdedc@oﬁ%?‘ﬁéﬁ DeABLOT SIS APLAhESy EQ@B '4b bth 1 assigned to the

reaner W n per m dporfion of e reaner

t agsigneact thel pres@ enventldrp mcllomamu@lsﬁaéthm &mhﬁmglrmner wings. The
bl ades projecting generally radially outwardly from
t HePer gHdperHionefic reameer gupgfoob ghilenena oraneye depgitudinally extending

B 05 S0P PASTEN s R PR g B s e
anaumntymga)rwbuduag elatitsand act uat ed by way Of a

pi ston di sposed therein as disclosed by U S. Pat. No.
5, 402, §9svansioneexpandablg rmr&maynncluﬂesﬂadaaplvombly or hmgedly affixed

6, 360, 83 .1t e t al ses conven

oI i i A & AR R S CRete e N PRt by U P

| 855.4028501) it h BELIAGTL O . 6360 8I0I0TRRUR el discloses a
may be noved froma position of rest in the body to an

acenveetiped beriebole byerex posprisng pbqulyegsipped with ttleast two hole-opening

drilling fluid fl ow t hrou bod The bl ade

t AR %ngamsaf}sr%%. g G PO ehEpBa RasitpB RSt ihfbe body to an
i

o AR bY Begonir@Tphelafe AR ENAife AMAMoihy thresh fibody. The

chhkidegin thhsee iehmdssaranmtxdk}t etdetdd s peinat ﬂmrteohtoabmhmrthrough the

be increased bel ow the casing. The bl ades of
gg%‘hwﬁoarﬁacm [bstpag aadprcethe ol éam@dt}@w%ﬁhf &nd phthe casing, the

LABP@ fife gﬁ&e%%%&ﬁox@ %ia‘{‘f?e%} rﬁ{}%&ﬁiﬁkr‘é%}fi i%Pll%rv]% tﬂﬁﬁ:%smg.

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
the tubular body.
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and earth fragments from becom ng | odged in the
cl earance and bi ndi ng the bl ade agai nst the tubul ar

|
WHAP/ NG t hst andi ng the various prior approalhédSg7/024766

drill and/or reama | arger-dianeter borehol e bel ow a

sl | et it¥RingineRRd GRS pridtdPpida&ls Rydritlad/oPfeam a larger-diamet

i rrprovfe\rgwgppar gtnﬁzménd Eg?%ogt}?pfor (Sjoi ng so.0 Fegrrna arger-clamerer

| beichsle elobi a sealieediadnaderbdscile, Menged ssietyifdr ietpraved apparatus and

limted in the sense that the pass-through dianeter is . _.

nBetheds &araleing sandor inslanesy bbyenterand searmes §V1ag assemblies are limited in

Furt her nor conventional bj-center.. eccentr.i i .
ks PRE e b Bimelst & BRG BRI EE Db R B reaming

Pafathetdn! BRERFMRY conventhaEbiefiter 4RTBcEEHHH OBiRlmay have the tendency to
expandabl e reanmi ng assenblies, while nore stable than

bivobbletasd davidtecfoan the path itersled fenythe berghplee tCanyentzonahexpandable

when .passi ng.through a spal | er, di anmeter borehpl e or .

e St s, WRS o PSR et o e re T i e subjectto
AR y . _

RFRSE wht] pasSHe e tgh AR Blagl R Bt B PR fCscetion, may be

e pieaditurelyt Ktuatdde apd emgiredenty difficudtiesi inakemdes feorpahel bbiekole after

reanmer tools conprising an outer body, a fluid

padddigdway ext endi ng through the outer body, and at

| east one bl ade C‘iﬁsbﬂkﬂ’s?ﬂu{ 8FW€II&§E§J‘HI(Y)§I to the

outer body between a"retracted position and an

expandgflsdRs embodinieftsathdi préseht RiveMtidreintRdeféxpaldadé t@mer tools
angle of less than ninety degrees (90) to a

| eorgptising ambutaxbadyot flukdbpassagswap extgndiap throwgh thg outendody, and at
tool, may. further conprise a.noveabl e inner sleeve .
AP bt Popeced B Reys 2o R rip S guies 500 b ieE feagied position
S G Bl eROdEd BBsitidh i g RABSon Gichtddl IR KLY of less than ninety
hydraulic pressure differential created between

pdegreesn(§0Yfto taHenditudimd] pas o devayer Hodyt ptibhalbt, the tool may further
positi.on, the poveabl e inner sleeve nmenber nay prevent, .
h§APBS cmpY@Ria ipReneeke member eaniielredde Sayetiam ¢ figthposition to a
poccpd pBRbie Fopngib SIS IRATL BRI diffreptinl created
hietvaen portipiesiihe fuidipadsagevidye I theifidst pasisiageieémoteabidhner sleeve
directly on the at |east one blade. In additional i

e FRSBPCHBAY Brevem dydrauliepressuesiuitiyn thedluidpassagesiay f@mesting on the at

c i gur t ovide.a cl.earance between t.he oute

o0 T8 e el BofiGE ARGty RS R B <lber may alow
bhadiguiahregardt withig (ead pRadyevdy t6 heatiREtly B thedl Ridbt one blade.
0.254 millinmeters (0.010 in). In sone enbodinents, the

at | eadt adsliteonis] erdeodimynts rtbe atdeast onabledpmay bosizedharidugnfigured to
at least one angled surface configur t o, wedge

A seorrn ftngine B6 AERERGRY 1 SSRJmE! SHFRa S thy ot leastone
t ~ L SbduP ot i :
AP e 85 DBl B 0onSF fpRALERy 10

one bl hdenmegmbadirherds, the at least one blade may include a base portion having at

least one angled surface configured to wedge against at least one complementary angled
surface of the outer body when the blade is in the expanded position.

In yet additional embodiments, the at least one blade may include a
formation-engaging surface including a longitudinally forward region including at least one
forward cutting element and a longitudinally rearward region including at least one rear
cutting element. The at least one forward cutting element may exhibit an exposure that is

greater than any exposure exhibited by the at least one rear cutting element.
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at |least one rear cutting efenent. The at Ieast one

f orwar ﬂi @?&t h&ﬂtl@ﬁﬁ ERbodienEX hﬁg b' algaagx Bﬁﬁ uf hﬁrtdg ¢ have a

is grea an any exposure é&x | ea

OfEmaBSH-efgiingROrfadedN@iding B g¥glar@d dht ldh@ﬂlhdmally rearward most point
enbodi nents, the at | east one bl ade may have a

f of ithet gage elnrg agandeslocdted @ lisancalifion a lpagdudinadacentiinkine of the

rrg{;&bt il naI éler rcwaig?c} %F%ﬂfalgnitl@ﬁg t%vg%iy%a percen‘%l (25%) of a
Cﬁfﬁ fth 12{]1% th“tﬁefﬁ%{Eﬁ h2ha kA Surface that is

out twenty- |ve ercent (25% of a
| ongl t Indiddétionakemiiddiménts, ke étdeersaonedﬂadmgagghavg adommfationr-engaging
I n addi tional enbodi nents, .the at ast one bl
hatracs 1fcding 7 BreccrerRiid i adially 5&9@88? areagrtsgdiag Srggba ack edge of

a{h%qor%{(}%oﬁ %1@% @ %u}{fa&? 91%%31‘?@@&%1?%%’1‘&/8‘& ir@&oﬁrr ‘i"ﬂ% ﬁdrally recessed

back e oF At ion surtace

| greg hialy‘ékféﬂﬂ b ist@ceiatls gtdfaﬁﬁ'tha@rbboﬂﬂrﬁ/efp@weﬂﬂ (15%) of the longitudinal
recessed area may extend a distance that is greater

t leagthad g formetéorpensaging spdage. of t he | ongi t udi nal

| ength.o he forpation-en surface. furt

erbodi o bS e ERe s R gAe g Fivcpuge s s§ erween the
behidesy(bea Rphidte &ﬁﬂ%n&ﬁ Kecir&RB ﬂ{éﬂu?er%eﬂﬂ%ﬂﬂ Bhch lateral surface of
secur ed to the outer body) and each |l ateral surface of

t the adleast@as bladaad) h)¢eadthe atdjcabadyt Thesead ma@'rabhxcagymsmheouter body at
the outer bo an ang

sea y abug galn

@%ﬂqﬁ Peppndiow teg Sgtfar%%féh%?utﬁﬂeodm eqm%avarqp with the seal.
connun
coTmuE B M1, ARk SRR o oo s
bbsrehelk @singistch aliedpandabbxpandedobe DeRIgfluidRl flowed through a fluid
Drilling fluid is flowed through a fluid passageway
eR@Sé?ﬁﬁ‘W}j eXi§pding learghoqut%\ter@@éyom exiandap gﬁﬁ%f@o‘ which causes
t ﬁgtﬁﬁql pgg shrevmtlﬁg tl‘i: 8 §C{AX§;{ aaU|t tpdrreegﬁ Pofa i 'face of at least one

passagemay 2 SUPPACESS
ablatieasthe @RFandhBld eeadier "tdtﬂ? t&ma@d@m Féait%ﬂﬁﬁ[ad& edlide@elative to the
cause the at | east one blade to slide relative to the

oQuter bastydy aidireetiefi oréantddmt anpfwnregle af leanthan mr@tyadﬂgms (90°)to a

clamafi e o HEules 5 o e Roun Brke et posion. Then

em&%&ﬁﬁ‘rﬁiam&%érh&%oﬁbﬁﬁat&&‘ﬁntﬁﬁﬂﬁ@B@Jéh@lef eanmer tool is
rotated within the borehole. In yet additional

enbodi ireyet sdditidreal gmbsdments, nheprbsennnvmmlou dreh:dmeﬂnbtdndd;s affremoving
rennving an expandabl e reanmer tool from a boreho

saR frneadahdersametioplfeon abpichglet ﬁ@@ﬁhﬁ%ﬁ?ledwamthe expandable
I tfe l?rfbnfﬁ{e%%}i%léa ERAVRENS ﬁ?a ?talgz?sft ofit bia%g%tf tfd€xpandable
e o0 e OCa a

expandabl e re I ear

dirahrpkeated wir\ﬂarkl adggtdngel frﬁﬂﬂ a l6ggtudiral fté@dfinéof a formation-engaging
formati on-engagi ng surface of the | east one bl ade that
i surfass ofithedeasbene blade thatiipless then akout forpdhregpergent (43%) of a

longitudinal length of the formation-engaging surface to contact a structure forming a

constricted portion of the borehole to cause the at least one blade to slide in a direction
oriented at an acute angle of less than ninety degrees (90°) to a longitudinal axis of an outer

body of the expandable reamer tool from an expanded position to a retracted position.
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slide in a direction oriented at an acute angle of

I h [
ess than ni net yR%?q?ﬁgélé@%N él“l—iE)ﬁMWﬁh axi s

of an outer and e I eaner from an

eXpandWihl]éOﬁllet dpetificgtion t@ichalet arittpokiiths @artBRladly pointing out and
DESCRI PTI ON OF THE DRAW NGS Wi | e the speci fi catl on

cdmtzncubfecéalmlmgwth@t whieh ipragaided las theypressnhinivenfiosy varigyg features and

that whi ch i ded

orinfiees e e BiOMiar Py cht s, Feld e, B s following

t Eés% g PG th Sy S W PEA i @@lﬁﬁﬁdmﬁ%ﬁ&ﬁ@ée@&ﬁ 5:?)9@ drawings, in
i R Pead

ow ng description of e invention whe
I whivhnj unction with the acconpanyi ng dr aw ngs in
which: FIG. 1 is a side view of an enbodi ne of
expandBEii-d iseasids vigy afea ethodimant of g@ ﬁwa@ﬁablftmmez Of ghe present

sectional view of the expandabl e reamer tool
hg'r\%ﬁt%?%ﬁ FIG 1 taken along section |ine 2-2 shown

t her ei BIG.H fs.a GoésSseafieia @lewc60OMHS S F4iidasle 2kanydravolGhowhen FIG. 1
expandabl e reaner tool shown in FIGS. 1 and 2 taken

alaayalong s¢ctinn linpd-2shewaHbawinin FIG 2; FIG 4 is a

105" Bt APy S e RSB R, SR i g shown i

| PIGY. @ and'?2 tak&R along SecBbh ﬁﬁlé ngRewNieM@R; a bl ade of
t he expandabl e reamer tool shown in FIGS. 1-4 in a

first FHdidak hyrqsmwldnairvwrve@frthcemanqlnbéft teampr, tofl sBowa 1m EIGS. 1-3
an_enl arged vi ew of bl ade_qf  the expandabl e reaner

t en 2leg eqtlﬁnﬁﬂ %Oﬁ’nl‘ﬂ%ééc%nd radial |y outward or
expandegs Sgg% & &na & gievy g bPadEQ)@ tﬁe%:%%af% ma&%gt&)g shown in

t he expan e Feafer toof Shown

| F1GS .Sli-4lén a/ﬁmadialltyhﬂwbxldaxﬂeetﬁdcwd/rposmoﬁl G 7; FIG 9is
an end view of the blade shown in FIG 7; FIG 10 is
subst aﬁiG a(r lSyaﬂ @Ftliiﬁgﬁ‘é yiew of Fblade®f ahﬂjexnandéw geaggr tool shown in

" Rltit PO s BPREGG g ou AT RN el ot Betur e
i n accer@langg wy %BWQ)‘? aBHaedf ﬂi@@kpzﬁfdaﬁl@ Peadie? %ﬁﬂ‘%hown in FIGS. 1-4;
i nvention; FIG is a top-sectional view of the seal
shown FKG.R isa side Vufakef]thalbdndg sbexn iohlG.i7ne 12- 12 shown
in Fl GFIC}]9 is an end view of the blade shown in FIG. 7,
FIG. 10 is substantially identical to FIG. 8 and illustrates additional aspects of some
embodiments of the present invention;
FIG. 11 is aside view of a seal structured in accordance with an embodiment of the
present invention;
FIG. 12 is a top-sectional view of the seal shown in FIG. 11 taken along section
line 12-12 shown in FIG. 11;
FIG. 13 is a cross-sectional view of the seal shown in FIGS. 11-12 taken along
section line 13-13 shown in FIG. 12;

FIG. 14 is a cross-sectional view of the seal shown in FIGS. 11-12 taken along

section line 14-14 shown in FIG. 12; and
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shown in FIGS. 11 12 t aken &l ong section line 14-14

h F FI G 15 .enl d.. .
or ove. Bl | DinAR endRet Fosgselibof iRl ELlFocion e sgal shown in
FEfes. lllrﬂdlsﬂdsé@ ‘3{3&&' 1ﬂ¥erfa@@bét%@ﬁ B%zﬁie%ﬂ%ﬁﬁr@n@in@%dy of the
and a surroundi ng body of the expandable reamer tool

s bxpandabile felafBer ol N@E(IB)FIGGR CARRYI NG QUT THE
| NVENTI ON The il lustrations presented herein are,

sone instanc

reanmer tool, ﬁ@@?ﬁ&ﬁéég{g%@“¥{ﬁ%?O@bﬁ@ﬁ%ﬁggﬁﬁtggkf

reamer 1},0 ﬂius rg%lé %ﬁ%eﬁ@& Rbr¥i d £63h s8R0 iBRLES R RhdaP VR ws of any
that are enp oye escribe the present I nvention.
Adshtitulanshing: toel, eneinlamemnnir otet ferture foif g weansernagl, but are merely
retain the sane nuneri cal deS|gnat|on An expandabl e

r Kigakized traﬁpsemnae%tbatdirer@nn ayedio é%%laﬁthmeseaf inygpdion. Additionally,

Prglggnlgﬁgs tcgﬁlm}(ne e?\peénsf @P&g@a}’aﬂgtgag% é‘}re g%tpy Cy agﬁgf)aln%n

outer hadyp ﬂxﬁlaﬁl@‘t‘ééﬁﬂ:r 0l 00 8édottig8lan @mb§d1hdeﬁt of fii¥§resent invention
out er body 16 of the expandable reanmer tool 10 may

hisvehownfin F§G. 1.oWee expaddable emmeatogé tO nyuppede aaa@ezlazlly cylindrical

The t | d
¢St G o e e aipP R o, ToefREdof L6 pfipFigindabie reamer
PRI 16 812 hale 4 HRt RAAS edd12 &'Ifh d @c@ﬁd Wpek éndPNE ’ﬁ{é%llﬁ%r“lower and

when t he” expandabl e reaner tool iI'S positioned
wi mppen” as wsed hetwom w1th'f¢ferehm/\brth@mﬂs ]12 b4, refhetodbr typ1cbbmplt10ns of
i ncl ude

031 ends éﬁsliz(rgl%ggg E)Lpenp:qS%tgearewﬁ% & eﬁ?aﬁl %l;élﬁfp@p)er qu)? 18 1S positioned
erI?tFlFt{:& {vBE b T Qwﬁ%ﬂﬁ 135f I O%EE(PBP&% ligfthé g ‘ﬂfialﬁe reamer tool

string or another conponent O ottom

a$6 eyl ivcluBA)set slbreads (e.4.04 tie¥aep Intale pinpmkmber) fod donnecting the
bit for driIIinE a well bore. Sirrilarl% t he upper_ end
1lpwsr enﬁéZéommt goggtioneofof drilhstriag 95 Aeet ¢ré:0rré>9nmt of gpottom-hole

10 f th .

Tk OB AT S5 e ool 820017 i BB org Simitary,
Br &RAUI T uté b@a? hé oﬁihe Iesaﬂarfaablemﬁm&oo@ @U’Bﬁ@%ﬂlude a set
ottom hol e assenb One or nore bl ades

rraf/thb@dpfecgu adbrbaded fampbsbm( mmntm'r)cfngcqnhectmpmmm ead 14 to another

reaner [..10. i nternedi at e the first | r end

* ReTBn cbA drill e a0 SOrmongi i adoigmitye peanbiy (BHA)

conpri 8ad oPhopd Bifdes 4b lxﬂb?'?b%ﬁa Povedeidk QFosnfi‘on alon% the expandable reamer
si ter

particle-matrix conpo al (e.g.,
p&rd il 6 htermekdspe theeft st lowetigitolX aral the sedondappearend 14. The blades 40

material ), or o her sui t abl e terlals as . known in the
afmay b?r?@"iﬂ’éﬂje% Aeslriupesin LI BTl makix prgposite material (e.g.

rlfxglléi@a}ﬁ’c %Y@%%e&éfhg&%B@%xﬁ% hS( g%?evx\éa?)h&‘é@hggglg% gé'gatenals as
p&aown onthe art. The blades 40 may be moveable from a first radially inward or retracted
position (shown in FIGS. 1, 3, and 5) to a second radially outward or expanded position
(shown in FIG. 6). The expandable reamer tool 10 may be configured such that the blades
40 engage the walls of a subterranean earth formation within a well bore to remove
formation material when the blades 40 are in the expanded position, but are not operable to

so engage the walls of a subterranean earth formation within a well bore when the blades

40 are in the retracted position.



(shown in FIG 6). The expandabl e reaner tool 10 may
be configured such that the bl ades 40 engage the walls

WER0§/d3E er r anean earth formation within a wePCTR§RWT7/024766
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to renove fornatlon mat eri af when the bl ades 40 are in

t he ex ed os t| but a not rabl e

engager Rhe haPRe-yetnat e B EanG3E RSy 1) fEspownin .1
WakBh rdlo%g%bt‘xorpﬁﬁ@ e eRliRdaSs dowar @ FIG. t)8he outer body 16
retracted position.FIG 2 is a cross-sectional view of

t bm:ltmepaﬂdﬂibiassagwmﬂ thetcdxtebds bingimdinallyrh@ugh theatan body 16. By
al ong_section line 2-2

> Way RESKITP mﬂaayhrféatécmz e Mg sapandaplearaines ol ERupange frec lades
t H@t R@Pé %‘ Fi® rﬁgfotﬂégé iz x?b ta?;?é?:té‘-lﬂ i Httlﬁ‘vengg‘ﬁ%laaé -40(b) and

By way o exa e an ation, e expanda
I ¢Q( ¥ aret sh@iwnllﬂ th@ Yirdt radiblthe inwaré or bétﬁidted poBitioRetvlile bl’age 40(a) is
to FIG 2, to better describe aspects. of the present

i i inghe sspeuierédlabx wtwaw@prm@ﬁe@@ﬂmom expardqhle reamer tool 10
f b, g%e 2@% a%%nj:dy suc %E Hle%{l I)gt?g&lﬁg) Paq %Xl?é}l’t oi’\%ych 8t the blades 40

own 1 n secon

em@mgﬁa wigsih theczﬂuer“b'b@y %Wﬁ&ﬂﬂlﬁh@ﬁfseﬂﬂﬁﬂlyhmird beremyted position
be configured such that the outernost radial or

| s0 wda¢s nexexsend bisfyordibi outer dinmetsr afthe outer b<>$1}’r1éc §g@e@ arrangement

th th the, f
et bl A e PraraA, Reinetisel 1§ b s 8 wlhin a smalier
bauaater {dasin ng WrGr b HERIE LA Ry Ellﬁﬁw i EfpaR@shle ile@meﬁlﬂ&h 10 to pass

an arrangengnt may protect the bl ades 40 as th
expaughadich shabefecasings withih b $)odahekeo Qﬁd)thmrteknbmdmmmlt]heeoutermost
di anet er casi ng of a borehol e, al |l ow t

exasi cratng of dhbledesotf) mey cealcrsl&s\glth I9F éh%‘h‘%%?ﬂ‘% heyopd the outer

0 ufag{rbgn% § h% gg CB/OI[ IA%' Sﬁ?w# E%B%Pg g% %%12{@9 dy e)Itg'gl beyond the

Wotifer ﬂfan{?&drgﬂtthé/ o@¥%t Bol h‘ﬁWﬁBﬁj i e seudmYr radiaﬂ%bﬁﬁar@for expanded
the outer body 16. As shown dz bl ade 40(a), the bl ades

mRysitoa, @nd tlheylmcﬁnga&e theiwells of aberekole when Hisposed dhergjody

16 wh th t d

posi t§ Uh SOk Pty Bhd e’ Aemin oF by S, Ehfgraly spaced

W@ﬁ"éhrﬁfe%ﬁ9§ aoeihgl 'oﬁter i)&lysm tﬁ‘é@@%dﬁ%fgr%am&h@olhba@ﬁe?ddltlonal
may be substantially uniformy spaced

clembuahlirmnsnthead)dpynchbmnteambxetoom@malyadgludsﬁoma‘ twbefour, or any other

exp e t.ool 10, addj ti onal enbo
#ﬁjﬁiaéﬁf 0 Euttermeisoin adgichay sHorne e 1?566 4D'may not be
f
el Byl g b FeE e cxpancart
suémiwnidlat)l y uniformy spaced circunferenti al I y about
the outer body 16 of the ex andable reaner tool 10.
FIG 3FIQ hisgnetber apwssssctionat YiswAf the f‘éma%#ab{qféamer tool 10 shown in

d
CHCEIAE MRy 5 B o P e o
1exgdndhble réaxmanétd Mloemaeiickide taqdiraliy dfepmipogérits 6r @ectlons that may
plurality of conmponents or sections that may
secured to one another to form the outer body 16. By way of example and not limitation,
the outer body 16 may include a lower fluid bypass member 18, a blade plate 26, and one
or more tool stabilization members 24.
In some embodiments, the expandable reamer tool 10 may include bearing pads 34
disposed proximate to one or both ends of the blades 40. In some embodiments, as shown

in FIG. 3, the bearing pads 34 may be disposed both longitudinally forward and rearward of
the blades 40 on the tool stabilization members 24. Thus, the bearing pads 34 may



secured to one another to formthe outer body 16. By
way of exanple and not limtation, the outer body 16

woRp0s/476038de a | ower fluid bypass nmenber 18, aPBbIar$@007/024766
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plate 26, and one or nDre t®ol stabilization nenbers
I n_sone enbodi ts, the expandabl e reaner tool 10

ngylgt\*@muy@reréaﬁ ph@llgya%e bladeg .49;%% dirgstioniohdr lling/sragipg. Bearing

ChehoH BBl PRk BS o, AnS S SRR TR Pl
bﬁin@stb@ Btbide JortAhdruit £l $\atsrdsi 86 shd/ Graw & i ébistdnt idh@erﬁ'lsadﬁﬁ: bearing
40 on the tool stabilization menbers 24. Thus, the

bpadsi dgnpabissizal tmybsmgnatlu domespbyd fortbe ewer diamptsy pbpilot drill bit

Bl b anbeedt pb bt ik Rk nhl4 try bt RE Ancable reamer

diRIPHdASh nQﬁ-ﬁlﬁﬁU%B&hﬁ@é AN 4BANCBS LY. 1 A RilliléRESTRin) or less may
car bi de, or other Suitabl e abrasive and/ or wear

r be;pmwai&d betssteen theldsamcTéralchinat bhyrthe putdssubfaceswy thedesiimgphds 34 and
tqQ substantjally correspond to the o ter ter of, .
peskarests1 af th well PRI (B GHcrhpmsigie étpllGF P8 anft e wen
first - - I ‘

| B! shoHEonSad ) s sl DB ARAERL ol B0 urng s
Sthkvdofm | limeters (1/8 in) or |less may be provided

bet ween the di aneter defined by the outer surfaces of
t he be#&h¢ Myipadompanenttion seetiensafheouter badyd 6ay bfb%ﬂcv!red to one

he ou di a ter of ot .dril bi t use
Pty dpr ShBRRe Corrrin dhBhg g eshioipy " pechanicall
S irﬁ@idckﬁi@&u&tﬁ?es e HPMMaF ethB&dRents OBk o er %Hy ﬂgofucﬁ@ expandable
t her eof he vari ous conponents or sections oOf
0 rHaarer twotl10 théy cayprie fs\ee:rwbeqbonmtsa e otheowbels, twsi om gloré ofrthe lower

exanpl e, cooperating threads, | ded join and/
mBBIPassmemben { &slesugretation meay ’E%%b{afiﬁp 6, pashigpl stabilization

RO ayll%)é']?ﬁtae lfg/rfogxqu w%l? oftd adddfer %( I%Q%kél Lﬁntalt'y structure.

reaner tOO conprise rewer conp nts

vvor ds, FIGQW4 @§ angeoss-seétidnak vieowef thd eu;ﬂnhabﬂmséamrtb@r 10 shown in
sI eeve retention nenber 20, blade plate 26, and

t BE@S drhbakeny along theréripkines spavmisyFKe 2 nAsghawnyinfidEnddin some
o&men S t%t %Eldf: P%{t_}en.féo dqge & P{{ 1?%&(10%%1 3 telflsr 5 mﬁ%g:é secured to

a Ccross-sec I ew O rea

t ﬂié' ould? bﬁdéowbyzlﬁmﬁl/ﬁe lokk %dsB@kTﬂe @h@ﬁ'gblb ﬁﬁ:kﬁlod‘k 3Binfky extend into

shown in As shown in FIG 4, in sone

|G 2.
ehvlgsi2hiiGs 1) fonmed wathin the aleevergteation memben).

t abi ' t b d to.th
S0l (1ol Lo UGS 20 Ry be SEGUEL L0 L1 SULSt e
r %i’ﬁo\%ﬁﬁq&kerﬁﬁseﬁjto 'b@ﬁr%en&i tﬁéreﬁéox( | &teri@iné &"tﬁ@éill thé Bltlali@plate 26,

the sleeve retention nmenb . fe specifically,
htlegsol2fabiloratien membsfsédy &nd txht emter bmdyniﬁ‘rﬂms affixiegthb béade plate 26

t he, renovabl e. | ock rodg 33_to b i nsert .
t At é‘%enmﬁ iabilizgiio 2 e dh ﬁ@tembagé 181 at¥hepgfully installed,

E@né\gﬁie ﬁ)tc biolgl ZA Wb?&g&e rsﬁbs%a‘}nlfg§)4hé NEnQttidfifal G8Bth of tool

t hus af I Xing t e plate
stabilization members 24 and the blade plate 26, but may extend further, depending on how

the removable lock rods 33 are affixed to the outer body 16. Removable lock rods 33 may
be threaded, pinned, welded, or otherwise affixed to the outer body 16. In some
embodiments, the removable lock rods 33 may be detached from the outer body 16 to
enable removal of the blade plate 26, blades 40, tool stabilization members 24, and bearing
pads 34. Accordingly, the present invention contemplates that the blade plate 26, tool

stabilization members 24, bearing pads 34, and/or blades 40 of the expandable reamer



and the tool stabilization nenbers 24 to the outer
16. Wen fully installed, renovable | ock_rod

Wﬂéﬁ}‘ys PR substantially the | ongi t udi nal | enﬁf:ﬁ“@?oomz““
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tool stabilization nmembers 24 and the bl ade plate 26,

bH)to gg Bégeﬂ%vfehl Iy %}P%ed Sﬁ'g&fﬁh Bg wgyom 8%{% %He?&ﬂg%l@ock rods

Ioc are afti xed t uter

F@N@bﬂb the Hodesk23 adthin3the romyer b dy HoaddRel expﬂnﬂﬁiﬂd reamer tool 10. Of
wel ded, or otherw se affixed to the outer body _ 16. In
S eftse MeBpltRIpatye r@m@Vabk«ﬁfWamrécqncﬁgkraﬂe@Gsaresoasf%e iggluding pinned

tached, fr uter
t glgms{l 3hrea? ar(r%elel‘ﬁg‘l S, Pve&al?g%lal%l%ts P%@?&lﬁlﬁ?é{t@a I\é%lﬁntg E(nown in the
”ﬁﬁhﬁﬁﬁn@ﬁwtﬁﬂﬁsh@ﬁr|ng pads 34. Accordingly, the
present invention contenplates that the bl ade plate

26, todk skevabin Fitad the enparidebls réaer e 10 mgpypasisinGlagde at least one

200813 B! S0 8L 1S, UBRAR\S LSSIEELRCL o IO vty o
. | I

PR S A ARG i s

Ciay aklin r:cwamnglfbmlamah icugtingefromahé pluratiteof dubting elements 54 and also
confi uratlons are possi bl e including plnned el enent s
t pioyilgcgolingindhg plur gg/(eftcgmng@le@?@m%l Tpporag erabodiments, the at least

connection.el e k b0 t . tg retai e

o PRGEE2A05S RS ke PR 1ol 20, o bR LA i aditiona
t e@bodifhefiBYthelap Céabt"kﬁie%%zl@t% | Rasbe pAENGOZOHBeBM thgbﬁides 40 and
nozzl e 35 may be configured to provide drilling f

t voxe plithrthe blagesat0. cut ting el ements 54 (further

| bel ' to t bl ad The, ..
cr P 11 RELermoE A PG o cGpanab R g ST i1 BOG incfydsgpsttic nner
f Elgmegﬁ'énlpér?g Ak iy Bﬁgé‘ét'ﬁflédeﬁgwﬁﬁ i élmgirﬂg.‘ ﬁ;re‘t:s@ageway 17 and

provi de cooling to’t urallt cutting
5ﬁxed1;n amhed wethoolitethodg ,1 6.t her eahmbkeamt: statieinnezsi¢eve ﬁﬁember 28 may
| ocat ed near the blades 40, as shown in FIG

my
| he ﬁzs%ﬂlr atgached wthe Hnidbypass memberi8 Pré’é@rtth%ﬂée%%tﬁm@rgeember 20.

VrLa%/hbteﬁggbf(% da@lﬁ d@%&é}?{éﬂ I'?(r)] grﬂzgrggllrﬁlg}ef‘ncﬁbéaa{]gq @?%bqe inner sleeve

exRabda B ehdt @ pelitidred! willkin MRy longRbdiAS ffuié padshewdyNET. At least a
sl eeve nenber 28 that may be positioned within the

| porgion od |thﬁam0ff¢ab|ledmparssﬂa@@mgmher Anway bx eenfigused tacthidg within or
e L L —
by 0 af§ beExeEl afkdchan @d e ohféﬁb&lyeﬁ?flﬁ alfREtCAGH- SRR tion shown in

20. The expandabl e reaner tool 10 nay further include
aFHo\de disir @xampler the moweablenmmbiylee30 ntem'bter e mapbe ﬁIX@ﬂﬂEE dttached to a

wi.t hin. the di fluid assa ast. ..
sl Pingteation stbet Simine ol MorcBed Henbb agheigivodiments
b@lléipmré\%" b&Rt @h@csS bi &ﬁer\%édﬂhﬂsrﬂg nfa? B@ﬁée\dqnstt@adtd? Shear gms 38. The
static I nner sleeve nmenb . ially, the noveabl e
| sirear pisiretemeoneerhieer 38 ﬁmyﬂw rémewk:d xéttlinthewppecharton af stdeee retention
outer body_ 16 in a first, non-actuate osition sh
i pember 20 %)/f the outer body 16 and prevented from sl?dn’?g w1t}11n the longltudmal fluid
passageway 17 towards the first lower end 12 of the expandable reamer tool 10 by the
sleeve retention member 20. In this first, non-actuated position shown in FIG. 3, the
moveable inner sleeve member 30 is prevented from sliding longitudinally within the
longitudinal fluid passageway 17 by the one or more shear pins 38.

The static inner sleeve member 28 and the moveable inner sleeve member 30 each

may be substantially open at the opposing longitudinal ends thereof to allow drilling fluid
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FIG 3. For exanple, the noveable inner sleeve rrenber
30 rmé]yré be fixedly attached to a shear pin retenti
usi ng one or nore shear pins 38. In 8?4?@?007/024766

enbodl mants shear screws, bWrst discs, or other

SRR BB 1000 B L0200, B0 S30 8 RRyedR: ppcr o
t h¢anthetowrpeid MMofahe &lpardubdle rebraattoolr Onmdhb etlatlémne[fslédve member
outer body 16 and prevented from sliding wthin

| éhglse l!i@ﬁ}'ria?lu¢¢ ONQIOTHGEURARAY 01 PPEHIEY aghe Wéllftht‘rrgqf configured to

Sﬁc\ge conlOI gaﬁ e% ,ﬁorr,l%ﬁﬁr)l(@g %%{"ﬁea{’ﬁi o is?e%tg{e meht?Y 361§ place after

n@&uﬁg)tnuat ed position shown in FIG 3, the noveable
i nner sl eeve nmenber 30 is prevented from sliding
| ongi t Thie malveqblfwnntn sheetvhmembngm alsi» may irfclugdie @ne or more fluid bypass

PR e T the MaUb o R s éﬁa%?%%tqqﬁe'@&}sﬁ@n af i expandable
Sl‘e%ﬁl\é? tcﬂﬁ TBehowtl dﬁeﬁ{f‘x gﬁglsep‘fﬂ&@&s#‘]% %9%%}1 ?H:nﬁ% he may be

posi nglonltuma ereo

f hllﬂgﬁéﬁ Reith etk ihlerfsleeve infvntbeg 8] hﬁlch @iyl provbn dlilling fluid from
fluld passageway 17 between the upper end 14 and the

| Seeingegwd fiom gte mh@abkpan@ameée mearher 3 dlaouglp thefang or more fluid

atic inner ude on
bR oo AT ERTE e Yo BT g e Reu 8 a bal sea
Coutfdcgup @&nbﬁsﬂi@ﬁ h&Redabwa inrePdiaESr dfPhe H6FdbleMhef §1€eve member
noveabl e i nner Sl eeve nenber 30 in place after
ad0.udhe ball s @uxfmpsaby be iisaddo redeamvabateabesher3@striftien element for

PR ARG remer oot #) Fropt BRSRE R AL 0R: £ dseibed n

oi:ur{}fépd@[mgag@bl e reanmer tool 10 shown in FIG 3,
these one or nore fluid bypass openings 3 1 nay be

al i gneB8ywdytofterampleahd oot lim#aticsi, ﬁrmetermrmmfacéisf thetma/eable inner

prevent dr| l1ing fluid from | owi ng out fromthe
néﬁ‘//‘% veynemperdrmay %@@ew\gﬁﬁ@n@@a]{ W@E%HOFW@ of the igterior surface of

e mf)velébf% 199(&%8&:%v? H’I%H'{bglg§0 §r1' th (?e 5@%? ﬁ‘kﬂ gealt Qikedc f: 32 toward the

sl'eeve mnenb seat “sur

3dps@end 14 bffe 8x Klﬂé rdiﬁwﬂ toloD [@fnasﬂ haveeingined Uianitter that is slightly

noveabl e inner sl eevemenber 30. The ball seat surface

maseatse th@@@apltoalmaﬁelmfm@ cantyaetersdaprsexigatel e byq m§h¢Sc{a )) A second,
t 0ol

R BB R AR e S GRAG 0emember 3

f h tlediddetab balpﬁéaPerfa%E 3R Al tlﬁ?(l%ﬂ‘@f éhcﬁmjoﬂﬁé expandable reamer
l[imtation, the interior surface of the noveabl e i nner

s kapd V@ mag hw\eﬁan?.ﬁhenrdmntrwglm ersight)y lesd thmhplpmllmatélyfﬁve s¢ntimeters
portion of thejn{5 rface of t

s (ppximatihevosge Fhwayf rampg an ggﬁf midatiqhn dhe ball seat
3
té%*ff&%%ﬁ?ﬂa putp Sgiﬁp‘?ﬁﬁgﬂ’f*%ﬁaﬁé’?&@?ﬁg?Sj?@5‘2?”1’%&@“““ interior
gs@ddoerof tl’mano‘aqabreommtee{reymémber 3119 th Iol’m efosds, the hydraullc pressure

(approxi mately two inches 3) ond,
within the moveable inner sleeve member 0 behmd the restriction element or ball may

force or wedge the restriction element or ball at least partially into the second, relatively
smaller portion of the interior surface of the moveable inner sleeve member 30. By forcing
or wedging the restriction member or ball at least partially into the second portion of the
interior surface of the moveable inner sleeve member 30, which has a diameter slightly less
than the diameter of the restriction element or ball, the restriction element or ball may be

secured or fixed in place after actuation of the moveable inner sleeve member 30. In



relatively smaller portion of the interior surface of
t he noveabl e i nner sl eeve nenber 30 on the side of

t he
WRPBUEE surface 32 toward the |ower end 12 BFTU§2007/024766
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expandabl e reaner tool 10 rmdy have an inner dianeter

i SR B PR P48 gt i
examRL Ravifda fétlerdllyTuslcbilBal shapR abakktesdiag b&weérbde figs? and second

may conprise a portion of the second, re ativelX
spertibes ofitbe iritenor sfirfadeefithe mpveablesondratesvomember 30.

S RSk AR 0, PSR menber
TRy, 2 5 L AT A i 1

| passigepay 17 dirdny actit® oh hay of thetladessh@wher|the srakdtde inner sleeve
portion of the interior surface of, the. noveable i

smeabendthmditheaexpapgableseunsigod)l Oneugithrfish BOTY B35 Rasigign shown
TR, 270 L5 oo B BRRF A reccd

S h@ﬁﬂ(ﬁl JHeWReh FRY.3. MY way dfasadpkiaadBbeimisdtiodhéeyor h¥&mechanical
than the dianeter of the restriction el enent or ball

t bpingamembers 50shewerbynvayof eainplernay arecodlespringsl ney be used to bias
fixed.,n. place after actuati aof the noveabl e i.nner .
sFaos Ul SaBv i SR s Syt orer eaaRg BA pfown in FIG.

sgat surface 32 may conprise or be defined by a

transition surface having a generally frustoconica

shape Asdhewhandil®g. Beinde@nwhich dre realargeddviees ofid blade 40 of the
portions of the jnterior surface of the _noveabl.e inner

S Pspdaniermer 9ol [anddhrpoudensipae pEme carpaalpreamer tool 10
F!iscﬁ'ov&%'ifi i]]" I(t}hf, tﬂ%’ig&g I4 ahd ﬁﬁrou%r%gzﬁf lggdﬁggé }%ngm%( eamer tool 10
any p zed dr ARG FIarg

prevent e pressure o ressur

Wedhi miayt Bercoh fipdred sbhribdt thd bladbsaasHagR\wpendrélly fopgitudinally upward
acting on any of the bl ades 40 when the noveabl e inner
s hedk vasiatyniswadodisgstion 198 relepus taiecexpeandeble neamer tpgl 49 avhen the

ip,th i rst - act : iti h in.Fl 3. .
R R B0 05 BRL BRGSO b PRy i
| YRE SecBhd FaAldIFCLEFhrd 85éxph ATt dPOSIIBN (shoWwh (A FIG. 6BByWAY of example
of exanple and not limtation, one or nore nechani cal

spnd nef lmpitdsions theGliresiowh2 may waitendfat aix agnhé engleb¢ ofidess than ninety

cqil springs,,my be uged to bj.as each of. t he bl ades

28ewese B Bt Finest 1o T il bie by qufisdody 16. More

m%ikhlgﬂy,stﬂé’ ctiBn Bb Fray2xtefd aBLHIM)te aﬁéﬁlb@&leeﬁ appdxfinately fifteen
Ich are enlarged views of a blade 40 of the

edpareetdh5Y and seventyt il degfesn (ith°) With saspead tnitie hpgitudinal axis Lis. As

structure of the expandabl e reaner tool 10 as shpwn jn
Fep-Tignting exagpliselie dsecion o mavsated 243 agia el SHahait shey degees

| : , ;
RGP R ek a0 g gk AEE, BB BrbaRhl M ARl an scue
upHEle of &5odt thath dghaes Boywmith redpéct &f the fongRudighlakis\§s. tXhe blades 40

t he expandabl e reanmer tool 10 when the bl ades 40 are.
Ay defcppiigurerdtorslids betwean gel first radiallyingyard ex seffa¢tediposition and the

p(s)gciotnh Qar(]iiegllsyho%Warid b E)l(pcé:l‘ndgc} position within a slot 51 (FIG. 1) formed within the
blade plate 26 of the outer body 16.

As shown in FIG. 5, a blade body 42 may include a base portion 46. The base

portion 46 may include at least one angled surface 47 (also shown in FIG. 8). The at least

one angled surface 47 may be configured to wedge against at least one complementary

angled surface 60 of the outer body 16, and more particularly the blade plate 26, when the
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W

to the second radially outward or expanded position
{)shovvn in FIG 6). By way of exanple and not

i2A98(040938n, the direction 62 may extend at anP&E{}52007/024766
angl e 64 of |ess than ninet) degrees (90) with respect

| B 90000l ey B of BE-RULPEo RO oy inic. 6
aWHefl i thelsecond Rl cupRardor BRaalyd pdsiticdethedeBa® 0 4rigddd surface
and seventy-five degrees (;QSIZY with respect to the

| $hof thabaseaiorténn 42 afithe blade 42; amid ttheray leagtsonsicemplentaatary angled
directi 2 xtend.at an acute angle of .about .
PiRtie da Lt (WP Ef2P dERL R o PRU ALl e in additiona
a¥hBodilnEntsOthe Eﬁgedjédrﬁl%@ 66 thal2x{ERY a@iﬁ_ta‘?ngé ther ¥hndR&hrtsle at which
angl e of about Thirty degrees (30) with respect to the

| theqt leastionahnged surfacé47 tends kaplesidé @ sead wlohg a inefnistgad efh surface

to slide between the first radially inward or
- ek T oTIBTAS beNeen, fhe Watso et A2iRaA11Pe Guicriody Ji prevents

i b _ _ ;
CUPARARE pEOBHAEP PNy e ke 451 g gk S o v
SN 6. Nn drfe etibodimbhts desHa@aYn # 85 Bathelabiehdt @fe @n rface 47 may
portion 46. The base portion 46 may include at |east

oheorenttdad ag acutengleldd eiwsen abeotfifiden degress (89°) amhabountseventy-five
| east one.angl.ed surface 47 e configured to wedge .
et 150 RS 3 e QEGHPE B ar o DEOGUH) iR SoghEe stide
0 , )i-e. c

A T S A R b el R o i
047 waaycheoorientqalbatdmdacaesartgleoof atamit gtinywdegneed~(3G°) @ith \spict to the
in the second radially outward_ or expanded position,

t Hisection 6248 whighdhe higdesrt e corfigued torslifeie base portion

42 of y t ol

conpl esr?gﬁtlé\]?@qglr:]g 'S]dwgiﬁcp ? ggé(;ﬂ(;\%e%f()ftaﬁg&%l@&g%? St n%aé)le reamet
meyol i Or shownmiet FIGS 01 nettht Bladd body 4adhiayiiaclalle a radially outward
enbodi nents, the angl ed surface 60 may extend at an )
afgmatipn-segagingasirfase 44 Mt ds gonfigired: tq Begage 4 wibierrappan formation
angl ed surface, 47, e nds. to.provide eal al.on s
DR SR Ep L ERT 1yl S Py Rt B Bt osiion
t polhape Fi®dy). 424 giléralitie o ehing DQeMerkS A 4§Mes provided on the
vi brations of the blades 40 and centralizes the bl ades

4 Gorimativmengrigangsupthen 44 26xiofate aretationadly l¢ading sidg surface 46 nfthe blade
ea‘god' ment s ?s shown l.east on

anyl

in FIG .8. the at ,
byt AL EximBiagbact fimitiiot He itk §ieavigiomay include

b Bl‘g@:?@t‘ Rianidrd & Qte(? Sufting)el @ht@ PR Wiurality of wear-resistant

sgv n y-a?fﬂve adegreegdb(a?S brtgl zlalt %%ee to the il#rgcl: ioor‘{ve(%lrzreSlS n

I strndtiarednS6 ey blsabeproddedorocianiid formatbnsdnigdging surédce 44 of the blade
o the quter one non-limting exanple,

t body 16, As s t he

a0 g@wllwﬁt@tlaﬁﬁmehgldﬁlﬂea%tmgﬁlmww- orfeaygagHesitans structures 56
a t [ i e .
S5 ToIAL B AL P, S PP SRR cin
C eRfricfits] &chnl Otttk LR turéSthatiOwdlativelythére wear-Wistiit than ehe blade body
tog view of a blade 40 of the expandabl e reaner tool

162 s Houthermorey @gasive avear-resistang ardfrsing watepaly may deyappligd to any

' %}gtlera}l)rl é(xrﬁ)lget (\)Iﬁfléj blade 40 that may engage a subterranean formation when the blade

40 is disposed in the radially outward or expanded position.

The blades 40 also may include one or more spring-supporting members 58
configured to abut against and retain an end of the springs 50 (FIG. 3) for biasing the
blades 40 toward the retracted position. In some embodiments, the spring-supporting

members 58 may be discrete members that are attached to the blade body 42. In additional
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expanded position (shown in3FI G 6) A plurality of

c .
r b e S olPY i iRl S EhotitBe ap el geponof e
| BRdé dsi 42 thatr {saeeickbedfort bhehlise Eshél&d By nessssarly to form the
exanple and not limtation, the cutting el ements 54

wa;nngmm@@ngmeme;ssi&l | i ne di anmond conpact (PDC)

gtj ﬁ LICF 8,3 ééoe\glg P‘]—.@}j‘ ?I’ E%H@Zadﬁ 4 \}ﬁ%/el\é\a%g:qn% Srs in??}e(alﬁzgways 43 formed in
f Qﬁé@tqoﬁpoﬁﬁg ﬁgérﬂ%uffﬁégs%?ﬁleﬁadéfboﬁfﬂ@ bAagewtlin FIG. 7, the keyways

generall'y rotationa nd the cutting el enents

Th@ ni®ahavees igehanlly Sedtamghlalr asossGectional sitipadeln bther embodlments
xampl e, wear knots, studs, wear-resistant inserts,

ab@i‘i"?‘f%ﬁb? keyays %méy bavergenerally %wylastPargfﬁoa%Wl%@al shape. By

bg'gg/'o 4§(a¥r eazinﬁi % Hmf[gtq \’H%Ekre ex‘i a3 dteBt‘fnp n@fifie blade 40

ernore, raS| esl st ant

hefadfsagtarer thad %dlﬁltenlﬁx‘cdﬂe(lapw dfeﬂatg@staﬂx‘j!tlﬁw éf theblade. In some
surface of the blade 40 that may engage a subterranean
Fomhedimonsulhe keryespacted adspdi S it dip Hlerler49hat is between about

D aRast (1900038 B RO RSREC0a 5 Bis HaSet PR b the plade 40
5B ofPIdnh i, ry%wa}dg/wenaﬁ@ theks @ﬂ?ro"tt‘ﬁ‘él@héM@(‘shSﬁ'ﬂ 1ﬁ>fFIG hB) may be

springs 50 (FI G for Diasin he bl ades 40 toward
t pmw@drcmdhe dldpwshls ofothe bladesadnte 260 dl:h Mmbpdytllﬁeof the expandable

S ri ngf%)llj i@’ &lﬁb%leg@ngﬁ Q‘Slﬁsi)jgl ‘{5’6‘8@ ly;,j) & eﬁ 48 are con%gured to slide.

g.q ihd 1Rs gfmgﬁ&jé B Stot Stlrlﬁ?ﬁﬁéd HN9neSw EQ{ erlg? T @ Q@ of the outer

conprise an integral portion o
4Bod)h}E€, thesrathedt prettusions a8 neaywlid eabbhenpage the coredsy psmhng(keyways 43
to formthe spring-supporting nmenbers 58. As shown in
Fpevided ie therlatrah sarfasgs plethe h&gés ‘!:Qaeﬂ@rcomnl@nﬂéwmww@ns 48 and

rned i one or._ bo ter sur f.a 0
bF ég glaxfnsuﬁg&gﬁtﬁmﬁladﬁs I gﬁ tﬁ? % nekally tugflgtaﬂ)z ypward and
h ?éﬂ@al@ daenad AlrbitioneR ARG t8 &h&éx@&&aﬁ&%d&é}%olﬂ bapen tHeblades 40
ot her "enbodi nents, however, the keyways 43 may have a

g ewema{eﬁfrom the firsi radinllysywander mtreeted pasttiande thie sedoad eadially outward

Le and not limtation, the keyways 43 may
e9¥ g‘ﬁ&gFWnY into the blade 40 that is greater

than apgufierhfe, Qﬁh%%tm ﬁ’@% tlﬁ&e?\vﬁ)%ﬁg%ﬁyh%éji GoWy. Q:’::tlonal shape
the bl ade. .I'n Sone enbodi nents keyways may extend
acamaptising’a phiradity b€clvetiedgéd exthmting gerkeaﬂl\mmrallabmuhe dieertion 62 in

out, thirty percent (30%

pm& &f%‘? 4o g?n taveedsiodide-48Y Wil eéﬁ@ﬁ{eaa,xg nok Nehitation, each
PR RO SRR Uil St APBH AR fabou e

paricentq6%) bf thedargest eridthom o f iz bdddetd0eand xpautdeny perc@ni@0%) of the

tool 10 wthin the slot 51 (FILG 1) in which the _
blaigrst wighth ¥ af the hiadg d9-cln somegmibgdiments, each curved edge of the plurality

of curved edges may have a radius that is between about five percent (5%) of the largest

width W of the blade 40 and about twenty percent (20%) of the largest width W of the
blade 40. The tracks or protrusions 48 may comprise a plurality of complementary curved
edges to the plurality of curved edges of the keyways 43. The complementary curved edges
of the keyways 43 and the tracks or protrusions 48 may facilitate the slideable engagement
between the keyways 43 and the tracks or protrusions 48. Furthermore, the complementary
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walls of the blade plate 26 of the outer body 16
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correspondi ng keyways 43 prdvided in the |latera

S g vqe
L8 el e 5085 TSSO FRAEISEL e oot possiit
bbfithe blae 49! bitkking th the &log Shevth Inyoinmnbétiveet thalflryt raginkty thward or
and radially outward direction 62 relative to the

exgirapigd ppstiowandsthe senond 1®@liglhyequtward oslexpraged positien. nopved

to t heRs B ARG it Mat ity Bfvea st e o RBR i sectional
EHF BdXEKh8pe. AheTBIAMRR]Y %aF%e@‘cor?lerstd@%_f KRNI AHaVBY radius that is

ave a cross-sectional” shape conprising a plurality of
chetweeh atwhge gere xemiietery (opehasr(8Y)) yndpatromt 2.6H cemtiméters (one inch (1")).

S1h8 e B e B R s e
' f . .
CHEAE R e PRIt Bl BN 083 gy v

t beretradtebpdsitidndind thef setoridradibll poiewafdl dredpaldedipositisr. The relatively
percent (40% of the |argest width Wof the blade 40.
| phasp errmers 66 a1 e hlade 4@ alsa preyentdlep Wapet0dfom Frekingbagh and forth and

ol curved edges hav radi us that. i .between,.
clpfittolile R TG Bl ey Ry bABlnd R P Scone,
bl ade #{ ®16la sldeYiew! ¥RRE Blade4EHWn(r PIG. O THeRBttIngBfnts 54 are

width Wof the blade 40. The tracks or protrusions 48
magt showprin $¢Ga8 o Uhuatrate wutiingsbemdng peekets §5 that eyl bedomied in the

tp th I l.i.t f d he k 43.
TRIBE S SFEY LR e GRS B 10D e iy e 31 iflements 54
t By ek Sred rwiﬁ{iﬁttﬁéjéﬁtﬁﬂégfe%léﬁ? ofIRed ki tu@ihg, [ @xample, a brazing
slléeable engagenent betWween the keyways 43 and thg

t maokml o anpadhtsivesi ons 48. Furthernore, the
conplenentargcurved edges of the keyways 43 and the

t r acks AsnlsgsBewnin by 84thefaimationrogaging sysbrss iiof theyblage 40 may
t b i.ndj in.t I i -

DR B, BOge Mg b0 FGbufRE0 Agfesion 414 an e

P RsigithdiRaldNdatwaed fepivarnd B'cFdhet1hde 40U FoRhéhnire, Shaififctlements 54
position. As shown in FIG 7, the blade 40 may have a

grex: al)| may det preyidied rat dratls she dengitvdmplly foryeaed [regien 41A and the

oAy ool BB bIEG AEHR 0B sifighf¥hon, A Gxpandable
CeatderedN® rﬁijl}??@?%g(fgr bdthabevaY %Hmig§ aftd BeEd feﬁﬁﬁ%%s described

(one inch (1" ox-li ke shape of the bl ade

majover event bi ndi ng of the blade 40 in the slot 51of

40" st BEE BB endiienars peust phhe BRMad fhaimgh bfoS 28 As shownin
r eics.ac Ir%@nﬁ%iﬁohﬁﬂerﬁﬂ %érﬂﬁtiéﬁﬁg/qgadﬁrﬁg;éi&’é du¥raOLE 96Y R Blhde 40 may

expanded position. The relatively sharp corners 66 o
t be dispastd atGnadcate packvangte 6§ of betaden 4Bodtraern degrédsn@°) and about

back and forth and fromrotating relative to the outer
b&IY-Hee dREFGeR &Y RN AGPASLtP R PlRgE 89§F§tt}1@ﬁ§ﬁy Bipesting theouter body

a1 bﬁ&e‘é&?ﬂdﬁgleg%&g@q OAan %QIQMir{g}hg loﬁgitZdin;il'E&is Lis.

cutting efenents
Referring again to FIG. 3, the expandable reamer tool 10 may be relatively freely

moveable within a well bore when the expandable reamer tool 10 is in the non-actuated
position and the blades 40 are in the corresponding first radially inward or retracted
position. In this configuration, the expandable reamer tool 10 may be positioned at a

selected location within a well bore at which it is desired to ream-out the well bore (e,
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not shown in FIG 8 to illustrate cutting el enent
Bockets 55 that may be fornmed in the bl ade 40 for

SLEUPHY the cutting elements 54 (FIG 7) t h&F&{§2007/024766
The cutting el enents 54 naywbe secured within the

cut.ti ng el enment ckets 55.usin for.examle a

o3t Shesiear Pante OL T ST AR5 UM s P el ggamer too
810 b sOeERE IRAH G IRIENSHI AGRef thoP T 0 hits B! RARteACGo cause the
may have a generall'y arcuate shape at both’the

| bladest40do naive yn 4 genesnilst radia)lyormtwiard Anditoagitindinally upward direction. To
Iongitudinallg rear war d re% on 4 1B of the bl ade 40, .
FeftEse oPPandahle samer (Pl e AdRYECEN ¢lpment, 11 sopag epbodiments a
p . 0 .
OSSR A 8 o i
bbgrhadate reamet tobB1 (tie Bddugpdr The génerdllyspretivahistdlahey beqaowded with a
tool 10 may be used for hoth forward reanin%@and back

r Gimely ,thaéé sgadlepprghdo gpahjethe ppibto mass dreighdheimoy eahleonner sleeve
?Hf%%{bté‘ Pgto Te falSel's %g%egi% l§uq(?(\)l\(')nla%%rqé éoF él@;h@b%ﬂ mARS/asg’tl)qe?'}QQd the ball

. , Insofre e rent’s, I"ona
| eadkurdaceinde 18 Hiid asifighmtioh, thbfloM SFURiIHEL fIEM thA®ugh the longitudinal
di sposed at an acute back angle 68 of between about

z 8nd pdsspgeway [ Dinaperisathe ball faxentaghingiehe bajt satsuffasy 32, which may

W th regpect to a.plane.70 longitudinally bisectin
oty pissery SpBi R0 0w otk Y eieh Bas v Blg gt lsgyg member
cgptai ning the |longitudinal axis Li6. Referring again

to FIG 3, the expandable reaner tool 10 may be

rel ati neltlye flowealf drittingethlid és tentporanily interuptdabbethetsestirighef the ball
expandabl e reaner tool 10 is in the non-actuated ]

pagdinst dhe haly setesupfagrid3, the pressurendiffgeential betwiger dhenportion of the
fir adial. (. r htd tl .11 .
c SRl i boss RN 7 e 28RS BEDRRE bl el By i riting fuid

p?ﬁibsld:r@ﬁ\ﬁﬂ)eaby thebAl1 K6ihAckhE BfoFEdIinnkl dMdcire Medel 300RAEexert a force
at which it is desired to reamout the well bore

( bn ¢he moveabigeinnhesle¢veemembeti Hhint the lorfgituimalle forwaod direction (i.e.,
Aft i tioni t expandabl e reaner. to 10 at .t

it B oyt iz of e SSRRARE sFnE a8TAO T dbe e gy 56 may be
b@orﬁfg‘iﬁéﬂtt@@elte&i\fe?};ﬁﬂ Wi ﬁx@?s%lré@f the dﬂﬁfﬁglf}lﬁﬁ ®ithin the moveable

generally radia outward and | ongi tudi n y upwar

dimec sleeve. mimberci (uetaches haethesshald dadgnitude antevelt @od, Hedce,ahe force
restriction elenment, in sone enbodi nents a generally . = |

s pFEE Qnathe g veakle dpnet plgGe) memasr %ngﬁskw@w%agﬁv fogvrd direction
t [ ' [ r t

ey 000 Y05 SR T 5 o v

peenfighes tasélbctivelli faiahert the padssurs diffepdnitiababoug bnd elow the ball in the
enabl e the ball to pass through the noveabl e inner

slwgiredipgdfhud passagevayhle efthe cxpandable reames tagd 10ggachey g threshold
! Perv?lgciéﬁgghé %Hr/%a{ |§S ?@hll etfgil&flﬁ?e o&?%g%gvélpg \}vlpeg#lhvesag?etinner sleeve

sur s confliqgurati

dfrehlben30 dYove ehetball gukgiratifeanéd Ringr sléede fenblel 30 b slide within the static
passageway 17 may cause the ball to seat against the ,
bHiner sksaye g@m‘bgtéS 3p ,thw%pngﬁudmglly forward direction until an outer lip or

projection 74 on the exterior surface of the moveable inner sleeve member 30 abuts against
an end 76 or other feature of the static inner sleeve member 28. Abutment of the outer lip
or projection 74 on the exterior surface of the moveable inner sleeve member 30 against
the end 76 or other feature of the static inner sleeve member 28 may prevent further
longitudinal movement of the moveable inner sleeve member 30 within the expandable

reamer tool 10. Furthermore, abutment of the outer lip or projection 74 on the exterior
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tenporarily prevent drilling fluid fromflow ng
throuogh t he noveabl e i nner sl eevenenber 30. As th

e
PO38rilling fluid is temporarily interr upBCEYSRYP7/024766
the seatlng of the ball agai®nst the ball seat surface

%uéchs f &)lr %1 %/%5 ?' feI sgée%'iﬁe%bep% \an?ﬂ]st %ﬂeeena ‘%ék g&]exoifeature of the

assagewa ove an
t hatid @xhder cs@éése dnéiﬁbérm}% el{alyl H)d B@shﬁddétl Owith &S Shick dbsédidmember
by the ball within the noveabl e i nner sl eeve nenber 30
megmprxeng a subbol watetal arlaey ptheeesilient materials| eeve menber

30 t he | Iy f d d ..
townr oAUl BOEiE I Rngtype TEhaBish RN e P BHRE P o ratic inner
19)scvem@m 28 rthzﬁ'lé"&)n%%u%% RRK b Ga46RANAG sleeve member 30 in the

selectively tail when"the pressure of the drilling
f lomigttudihalhi fortvael oDwaetaltcé positien tel mevent rsebdeguerBOnovement of the

f I N N N C M —
3gw%§:hth$'eemj ncgﬁlc%'d:eﬁge BAkk %hakghvﬂﬁ)?bgg @ﬁ‘lteh 8 tlgfqeﬁélﬁﬁiuﬂllly forward

e ofr

S Regagn dﬂth?émaaeamﬁfmb& ste@Ré im@tibe30 for saiuemg ittveca}] dgainkt the ball seat
when the pressure differential above and bel ow the

baurface 32 therev e gitiseenentmor¢rend opthe aly avigin thy exrandphle reamer tool
i andabl e reamer tool 10 reaches a threshold |evel.
After the shear pins 38 have failed, the pressure
Wi thi nA%Fth@‘éXﬁa’i\Ghlﬂe FARRE todl BENR b@@rﬂ&@ﬁat&pco %5’(%% %és‘ﬂ@ar pins 38 to
ball may cause the inner sleeve nenber 30 to slid
widihamd tHeemeVmblecmnem@leevsl membern¥htre slide8toi the tldmgltudmally forward

| ongi.tudin forvvard direction unti out er
pp@ﬁl ‘?}%’qb"rf? uid DSy oRenigs &} n@ﬂgm%tg@sd mtﬂtrwéeﬁ%eég‘r {uid bypass

e ERNATERSI 30 o R S0 P05 P oo

obut fen el Bévdable iRer Pleyeafitrnbét 304honglh the fid y¥pasy openings 31 into
surface of the noveable inner sleeve nenmber 30 agai nst

t the amglarehaned PR betwgen the 9xte¢i¢re81§faa@ iof theymaveahle dpaer sleeve

v.prevent f rth on it udi nal nov e of
* RETHSt A0 iR B0 st ot SRGHU bHys FREWEFNS, Glound the
exRaitadRhIey foPRITR FediOPbf tﬂ@mo{;éhbtehﬁ{dﬂﬂéﬁze e B01th®énd plugged by
the outer lip or ggrOJ ection 74 on the exteriorsurface

othetttal), rand eabtheouigh tleg logierendel hefithe exBodatyaraaster tdek 1énd

76 or qt r f eat re of th tatic inner sI eve nenber

26y PHATSTOR olfeihiexparideh Seaetes 00 10 i SFRE DI to cause the

CQlHat Piﬁk B tA¥ail H&pﬁi@ mRE1é ﬁ%exosﬁee@@ )he?ﬂb'glejo &)‘Z‘sﬁﬂé t’o?ﬁglon itudinally

mat er . A collet or other locking-type nech anlsn1n§§

b éorpranipadacbnothe ptessise af the dm]ﬂmg flusl weithie theém@nudﬁSl ﬂdlldipassageway

[ confi to | ck t he bl e i nner

287 RV lre&ﬂg HPUADS Rladgs 4 iistumay capse Ellgﬁé%ﬁ%ﬁgg 1 fgye from the
r t r

& R BB AURE SR IR o the ST A SulRF by expanded

Spogitie hnd erigagd\ﬂ@eubﬂeb@ndah fatrmbn adthic theovelBerbaThe drilling fluid

may be provided on.the |ongitudinally forward
within the longitudinal fluid passageway 17 may be in'direct physwal contact with at least a

portion of each of the blades 40. In this configuration, the only significant force acting on
the blades 40 to cause the blades 40 to move to the radially outward or expanded position
is the force generated by the hydraulic pressure within the longitudinal fluid passageway
17.

Once the blades 40 are moved to the second radially outward or expanded position

(shown in FIG. 6), the expandable reamer tool 10 then may be rotated to cause the cutting
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regi on of the noveable inner sleeve menber 30 for
securlqg the ball against the ball seat surface

8ubsequent nmovenent of the ball MAthlﬁc?ﬂ§ZMWNZIM6
expandabl e reaner tool 10. Wfter the expandabl e reaner

t glg?la&tg SHz%es?xﬁl%& Jors é@% g&a eoaéﬁﬂlgfﬁldtsngar%ﬁfgzfhe%r%atl%ﬁ material of

nov eeve e

S{Hedealt of tHeebdretvd bkl eﬁlafgeyorfrewamd tiROBdrthale, Foh@rward reaming

fluid bypass openings 3lmay be positioned within a

r agplmntlcvfs, theaotating dxnﬁpédﬂs reagen éeol 18 maybenagivanced or pUShed in the
ner di rilli fluid

il oo 96 o yerdhrIRdrBvEiRE HiRBRIE Fedat tool 10is

nﬁﬂ&@&. 30r bAGQHEA rédiin |aH%§’ca¥l¥ﬁ"’{‘@(§acQt@§ﬂidégf tRe rdtﬁ‘t‘ir% expandable

t he annul ar-shaped space between the extérior surface

ofeatrizetavb Ve &taly@eiretmtedsir pelled m&hbback%rchmdeamrd dlrectlon towards

interior surface 19 of the fluid by ?s menber
aﬂ)@mpaert%l 144oth§f|et>{:%ﬁ thﬁpmﬂnfiehlwalerg@ df igpotaterd "Rhter reaming the
%{r%?a% ho?i&ljeglg&pnﬁé Pg&a&ﬁchﬁrggs'%g Wﬁt‘ﬁ?‘ﬁﬁl@ IBXgﬂ'&ﬁnal fluid

ep asngakle7 li&@fﬁéfredd@@d bélOw tiethtdiRsladéve] toafl lo@rthé §iing members 50
expandabl e reaner tool 10 has been actuated to cause
t tpecayiie the lpiadﬂss 4atot returmitd thenfirst radiathy\iswpideor rgtyagted position. The

sleev slide .t
F SrREP B Barer BR! |§ HEn P rPSro R RBL R PP g e dhecporface
Wit hi nif §ifgnd ORE, ttoshiatah chitipis opaﬁéﬁmwﬁcmo@&&r more of the
directly upon the blades 40, which may caudse the
bbhadess 4@ Go tendmoviant oo stidkhm ﬂllerradlaﬂﬁ@uawdrgﬁ cxrrmpamﬂed rposition. By
retracted posjition to the seco gléf}%tgl |y oytward or

t

esoreEng sishladesndard Bt ¢ pipandaple reamer tool 10, as
\Ap{egﬁ)tu'sl& r}lﬁ-ﬁhﬁ lgl%fééﬁlclfeltg i3 ST 6lrdubh ?{}gt}f‘e dgéd%s 40 slide in a

ong assa eway

digéredl] gp RyhgitGdihalbp pdatd whd h‘adihllﬂl Qﬁﬁ\bar& diedction n62)frelat1ve to the
each of the blades 40. In this configuration, the on

s Expandable reantes taod 18canynfgrasracting op isuchelsmareds o5 stupkidhiaden éO by the

oot B P g Bl A
?ﬁxﬁiawlet Rhier (61 l@Bﬁk‘ ﬁréiﬂ't]i‘@boxfehélb %e@%ﬁ:@gﬁ‘fﬁ% thé.potentially
Chce he bl ades 40 are noved to the second radially

ommcdj opstuel pladeedo pueithé Srst tadidininwardpGret@ytedtposition without

C RERTiaths lpdR At il Bueice detirn Bt Bl S b Sade e 26). n
agﬁfef‘ gkr&n duifagahe %X‘@éﬁdﬁﬁl@ réé?ﬁémbbloﬂ) BBt £biathe ‘%réhh?e may force

he borehol enl arge or reamout the
bothei'vulse potlénhalfyostuwkmt ]aemmdriga@smo gk iintosthe ffinss radlally inward or

rotat | expandabl e reanmer to e advanc
b RRE RS AsrdrultdrPeed .Og the m?%@% wameb el ?% At from the

?}epg%%gg &H te%xpandabl e reanmer tool 10 is

vvard ream ng application

( back Re&mmgaga,m tEIG. T #ie utirgxélaneaab e 16cassdasn the ddngitudinally
10 may be retracted or pulled in the backward or
r eegrwiard gidgiof thetbilasigs ﬂQ,(,;bqa side of the blades 40 proximate the upper end 14 of the

expandable reamer tool 10 (FIG. 3)) may be relatively more recessed within the blades 40
relative to other cutting elements 54 on the blades 40. By way of example and not
limitation, the cutting elements 54 located on the longitudinally rearward side of the blades
40 may extend 0.3175 centimeter (one-eighth an inch (1/8")) or less beyond the
formation-engaging surface 44. In some embodiments, the cutting elements 54 located on

the longitudinally rearward side of the blades 40 may not extend beyond the



t he upper end 14 thereof as the expandabl e reaner tool
10 is rotated. After ream ng the borehol e as necessar

WE20PEEPP8d, the hydraulic pressure within thePCT/US2007/024766
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| ongi t udi naI flui d passagewdy 17 may be reduced bel ow

RSBl Rl L5 BRI REEP Iy e

| BeIBWthe ffox&ﬁtfoﬁ%éﬁglﬁg)smﬂfao@m4 Thikis ax@eRsidglf e¢he eatting elements 54
tool 10 then may be tripped out fromthe borehole to

t lesated o thedongitydingHpreepvard side of thablaga preyentp hyse gutting elements 54
her brl S ca e of bl ades. 40 .t

t an 62 j‘”a%ﬂno‘ias eﬁﬁwglr? Plttgf bé)ﬁ%lwéq, %isatg? expandab‘fe reamer

SYRANGIRPunGBbit! 'ﬁ%Fh th@Box‘é%‘I@' Q'éﬁké%ﬁlttreﬁob&l@@ﬁﬁ eAPariable reamer tool

the outér body 16 of the expandable reamer tool 10, as

pﬂ@uummhyhammqld:mﬂyhe fdrtheefaerlftatcda to FIGS. 5 and 6,

such that the Iade gslldel grerally,,

| ongi t G#P-A8$sp étﬁméf’r caldp Fi |8ym tHupiates addjtionglagppcts of some

6 gm[x%lﬂ'xt bt\é%f h W&&%nﬁﬁpe%ﬁgﬁ bJA? sid Flglofd mlsQ) aeg%odhments ofthe

orce ac or s ades

syh:tsaft irRAAGHh fuwmgmmhaﬂg &ea@w&ﬂ&hm p61ne80 of the g?ﬁﬁﬁ@i ¢ region 82
in response to retracting or pulling the expandabl e

r él:methe radiallyl Qutniard-mostnared er egierhon @a‘ﬂnplad@ femay bgugeated at a

tial aqm des 40 into th
5% Bont s [P Ml Cofter b FEST BnRGRnc et e ofthe blade
cay%aﬁ!@s fefethh aB&s téa@n cﬁ\}elﬂeéceageysm@tofttﬂéﬂ ?ftﬁ‘dmﬁlqgﬂf h L of the
6 (e.g., against the blade plate 26) her wor
pfnrlnangn-teh@gmgpmfbabl% ofethadrladeod). MlOreoprrtiéulanty, tthe longltudmally
bor ehol. e maé force. otherw se

R R e la‘fatg‘f 3t Adistapee D froma
(o] { 0
Ol SUARRLEACPOR! i e (59240 BB RERRNGI Gl rcqs 0% of
f dwilbngiidanl lekgthdr of thg fagation-engdging surfacd deoftht bladg 40.

el ements 54 | ocated on the |ongitudinally rearward

s. de ofn somee Biugtess, thy longimdyallx rearwardanegt paid 89 of the gage area or

%&x{l@ x?'a_.)f %%v@??me rﬁrgtrb%n‘ilt%f ?ér%tgi Ft%?l‘?ﬂl%%ﬂd@ 40 31‘?5@ Easmg or other

ere nore recesse

Wféah.lré‘ withéh HbadBsle 490&1@ ki BIN®: 4(Ptefdl e jant ot dticR§n the second radially
el ements 54 on the bl ades 40. By way of exanple and

noutwardt expaaded posidion mhen itgs attempied to BUl the expaadatdeireamer tool 10

o RUEHApEh oS SR b o BindiRity R AR op RbptBp of the gage

Ohreh Q)?Sreélﬁﬂ ®2rbLighak O fHEalBhglﬂId%ﬂﬁ BhtBgine W6k ﬁcﬁe %8rmdtidn-engaging
some enbodi ments, the cutting el ements 54 | ocated on

t merfdcergiof thebludk I49 thebladedWmay bidessflikelygo bindagaingGhawyter body 16

e g%ﬁﬁggbg e st 6 B F}'ﬁf@ﬁ% FefinegioplHd ¥fen & porentally stuck
r SF AR gc# N hetgg%g QLAGd ggvn?ﬁi{ 4 l%é'@héié‘ a%tim éxpandable

r ecessi ng tting e rrent l'ocat

| esagriet tubil N8li$ pultedlaoundiioth thederehblel Ha dthea deordy, @ fidrse actlng on the
these cutting elenents 54 from catching on casi %%d
ofanertudipallic rearsardypeshineintnd0 86t srge aéa tondegiep fideaysed by the

M &8tdting of a casing or other feature within the may cause the blade 40 to slide from the

second radially outward or expanded position to the first radially inward or retracted
position. As aresult, removal of the expandable reamer tool 10 out from the borehole may
be yet further facilitated.

As also shown in FIG. 10, in some embodiments of the present invention, one or

more of the blades 40 may include a recessed area 90 of the formation-engaging surface 44.



tool 10 is pulled out fromthe borehole. As a result,
renoval of the expandable reanmer tool 10 out fromthe

WO EEPE8 ey be further facilitated. FIG 10 P§T/US2007024766
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substantially identical to®1G 8 and illustrates

addgi.t I ) f

| ﬁ@gk{:c%@&d @a%&ﬁh@fonﬁ&?@ éﬁ%@&gn%ﬁf;%%e 42re n_%?gﬁe &iﬁﬁ%@@ﬁ?mcent or
t PRI ey rdarwR0inee, ort ek lepd gofl thdiblalel 40 (i.e., the end of the blade
rearwar d- nost point 80 of the gage area or region 82

( progimate the sgefind| Ilrgpebrﬁm/ar‘bﬂfréhft expandal)e reageotpodd0). In some

{ {
SRR e ksl pren QO RV GE By DT ERTBing s 4 i
sy IR6&1iQbnal Qﬁb&ﬂlﬁﬂﬁts%e ¥é&@§sedl freh 9@ fhal B@gerémwt planar. As shown in
twenty-five percent (25 of the longitudinal I'ength L
oFIG.hg if mrrmbmbmdlmgagthngeseﬂaxr@ 9Mmey be hbgl'blyadwsﬂ@l within the

I\/br particu arIy, he | o nal |y rear d- nost ..
oblaris blats 2 L agly g er‘@glﬁahmgfxnﬂgﬂ §OFifeR Bradditional

a%:]mg%ﬁ}nghé ir,)e;s&? Medob %?'bE ls’ﬁ’ﬁs%ltlaﬁfﬂﬁﬁlrwﬂtﬁ fhe oﬁér Qfrface 27 of

ess than about twenty perce

( Be%ladefplatb @6 wdieg ithickd il¢nst orlechigietOlis af the leﬁpanded posmon By way of
fornation-enga gi ng surface 44 of the blade 40. In so
sexamnle anfknot {ipatafiondhe tgegsaed arga YQmanextendip she lpeglmdu@(bly forward

I LY M TR T
OHBRI a bRRIAEE 9Vof hierfoﬁnzﬁ%eéh%liﬁné E'lﬂ"fﬂc@ 4‘4“8 allb@@8n 99 at which the

tend to jamor stick in the second radially outward or
e ﬁquatietwrepgagmg sorfageifdrbegins tacuae mdjatly dutwargpl In st)tm@ embodiments,

andabl.e r ner t ool u ol e.
R et ssgme farm gk edet T2 R Sriigkpeaging surface
Otl4ttl3ea %9&} gﬁ)x% te e Ot afarlintBst "Bittfhgl BRment 54 on or in the

| ongl t udi na nt er I ne 86 of the formatl on-engagi ng
St‘trrﬁﬁtlen-éﬂgagfngt fiefaot dde AB,a ﬁdmllinhtaigee)éﬁlpM)ﬁhbehdtaﬂ:s X may be
likely t ind agai nst the outer bod

abefiveen abwé fige aeeey (§Ya ofde léﬂglfqﬁ'élaéiﬁ‘ﬁgﬂ’dlaﬁf thic;fammasion-engaging
t &BJfacé 94 0P&1 bPadQ 2 &8 %tﬁ %pggg&ﬁnt%o% Sﬂﬁglogg@&ﬁ eﬁ@ength L ofthe

ges a casl ure Mﬁt In a

t hﬁnﬁﬁ@l@r@ﬁi@gir% suﬁaémm dfané blme 4@ Watd eticuldrlyl, terdidtiifte X may be
borehole. I n other words, rce acting on the

| betyleenahavabdven pessentd7 %) abibe chgrtndm@delwth loé thgfematiog£ngaging

orHEES R e Gl ion She o et ool ToE Bpate i engn . of
S edtBrohdt AL rDRsifg Sl ua Gk fldfauigrar d or expanded

position to irst radially inward or retracted
posi t i tmsonds sitnatiessylthe lorcamm/% atoWhich eh@fqnmadabbmgagmg surface 44

reamer tool 10 out fr t he borehol.e may
¢ BeiRto iats ey weardy s 60 hisphest ooh Cpbiact hetwegpghe blade

: EQQ%} Ef‘édm fotﬁe}? ?eiaﬁfrﬁ a@mn 4 BHFEI ﬁg)uldotﬂg b%g g? fet?lﬂ g& jam or stick

e a recesse ar ea
f ar at $econd mgﬁzglwgutwrcf ar expahdddh @osidoe anedt & aaensmed)fto pull the
t he fornatron en surface 44 maybe di spogse
a8¥raadshle gramsy W?h@g %ror%thf: bayehgled BM\BQ%IUOQ}Pg H‘&é‘kcagﬁlél 94 at which

oth Fb‘la‘mg 1&9 gng%%m%' sutface t4qebeegﬂg R)f cr.tnjag rQ(]hQﬁ}? outwardly closer to the

longitudinal centerline 86 of the formation-engaging surface of the blade 40, the blade 40
may be less likely to bind against the outer body 16 of the expandable reamer tool 10 when
a potentially stuck or jammed blade 40 engages a casing or other feature within a borehole
as the expandable reamer tool 10 is pulled out from the borehole. In other words, a

pushing force of the casing or other feature within a borehole against the blade 40 may



proxi mte the second upper end 14 of the expandable
reaner tool 10). In sone enbodi nents, the recessed

WarReR/GM3%kay be substanti al I% free of cutting ECEHSAQ/024766
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54 (FIG 7). In additional €nbodi nents, the recessed

area 90 eneral ly planar. .As wn in Fl 6,1 ..
oreeshe bt AR e PRUEEBEesgOR o2 Wlachlk gls o4 elative o the
Sidngnﬁdiﬂalra%‘sqzl? Shbwi ISt B RdAdRe RlcatEraABIYdaRvArB®r expanded
at east one ade 40 is in the expanded position. In
apekitiorotvathe dirbtodidiatip tiswardhe reearab pabitioreaASG mwsult, removal of the
substantially flush with the outer surface 27 of the
bexnsadghlereameptoph b9 outfeom the hoseholemay be futhen tacilkatpd;

t he ex d i3] - -
i ¢ abrang e bRl Yoo EHBNRIEN@AANEBescntsaparicular
| saaphrraidemaht howaIMBIGS. dil F18C tAisGRowh ireFIG. I 0V¥ahé ehfb@diments of the
first lower end 12 of the expandabl e reaner tool 10) a _
dbrssent snvextion may indudesle Edkpped seadfl 0@ pemprising a relatively soft material,

formati on- engaqgi surface 44 .tpo a | ocati.on 94

WA R e ne Biesaraie ol s S on Biriing § shaped seal 100
CHfay 8e fHed flovh @M@h%& nittfe baiARne FibR} gmBR), VMITON™, or nitrile
recessed area 90 may extend fromthe back edge 92 of

t hibbeo rAsshbwn ireRiga d 2 rafopsedtmnel view pHtha THshoped seal 100 of FIG. 11, the

RS AD i P RGAR RGP eEnd i e @ theshablofth blades 40.
BT R . T RparReeiod gy ) BOAERA TRV BRAERIERY 2 (1G9

obxtefding aroAd esuhr efitgeablades 40r AaslowidinofIG. ¢ ahd astee phrticularly in
and about forty percent (40% of the |ongitudinal
| EKg%-H3and 14.néiicloarparosepectinnd yiawy of thefTashapad segt 1qGHaken along the

bl.ade, .4 j Iy, the di X b .
ol eLREIG 2, BisR enab sl RGBT eof P 1q abut against
I &féqﬁiueg)mé 286 Bﬁthfe%hfé_ﬁbb&sntcﬁﬂﬂﬁﬂiirﬁ@la?%fi 76t thé s@fackd6f the slot 51
bl ade 40 and about fifteen percent (15 of the

| GriGi. 1 uof thalbldde miatdr26 atdn arpée pasperalidubar-te ngdigiunigce of the slot 51 in
surface. 44 of .1 he bl ade, 40 sone situations, the

I 8@3{1%“81&3@9? gltﬁ\%ﬁﬁ'ﬁﬁﬁpﬁés‘f%ﬂhﬁti on- engagi ng surface 44

begi nSpi@ sV &tbad |dwdH e belon | 'Ylgg%t)k ns sglggln in FIG. 2 and

first point of contact between the bl ade 40 an
c dhistrgteothe @-$taped swat LOCInwnpEidemeat itwednthe bide bibdly 42nd the blade
bl ade 40 tend to jamor stick in the second radi a

k I
obleliA4TShe BNEdd pREAN e 1 thed “shapedtssalk§Orpay engage the
p y&ljféﬁ%{'% &gg@%g??l §t tﬁeeﬁg&{ [hlgt%%6 oi?}eg)%eéiﬁﬁq (%Aﬁelg'g%ndg%éarly orata

bore ositionin e |I'oc n

f 00-degrc® ingd HY). N ditisrallg wHeh iR@BEARBmER With the sididlieab3 ¥f the slot
outwardly closer to the [ongitudinal centerline 86 of

t Ab thednshapeshseah §R(may be subigeted br a taneperteatiel 049), ortmere squeeze or
40 ma

bl ade be | ess, ljkely,to bind i gt t out.er
o5 EreRtol ™ 8% sl I e Bt M PR ety oM iR relaxed or
PAbLBhPlebed St€ a9 be] REFRSE Y 2R ud n GREREEE 09)CRThé® when the
or other feature within a borehol e as the expandabl e

r destreped: ssall 1000s pesifienieddgtwren the blade Heansbthe hiside plakg 26 of the outer
og(f)lgyr 13)/\,10 arsds%bwg in FIG. 15. In some embodiments, the T-shaped seal 100 may be

subjected to a twenty percent (20%) or more squeeze or compression.
Referring again to FIG. 15, the T-shaped seal 100 may include one or more backup
rings 102. The backup rings 102 may be formed from a material that may be stiffer than

the material of the T-shaped seal 100 such as, for example, polyetheretherketone



pushing force of the casing or other feature wthi n a
bor ehol e agai nst the bl ade 40 nmayforce the bl ade 4

WORPBAP038; "npve in the direction 62 at the acb’fj@/l@ﬁ‘&w@z““
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64 relative to the | ongitudilnal axis Li6 shown in

B b RN SEPPRE Tk, S A e

P@th bidize, o%s)tr;brrs@lsaﬂlémateﬁmval of the expandabl e
reaner tool 10 out from the borehol e may be further

faci | i The Eshapadseal 198reayad rplatipely ickastie and may beréiresehed|gs they are
SRR Sl BB B G e
a T Sﬁé;glgeg seaﬁ)sng% 102 R1eHE %lah%’l? Ndiif "thESﬁg% fyn&icHdﬁhve a cut

conpri'sing a refatively
neietthraigh suailowathesbapkbpy rivgs D02 Ipdieyesr@andﬂdetnchnrmla%ge(hdhameter to
In some enbodi ments the T-shaped seal 100

f atave them ©rapsves gacharonpd thedody ef thgbladeef ay eglﬁbé‘ie seated within a

ERBER sp EERCH Tl 99 SPRa) EE008 0

FIrGhapel, schR€l 00-wiflap &tk §@aVeslI0(MBY BEofCBBhbiddds @0, Farthermore, the
correspond in shag]g to the shape of the blades 40. In

pbr:qkup thgy 1 02mayHahibit n;tteralcth;d@twegn the Tsharfed geal &00 and cataminants.

S Sob L e R ta FIG L 5, bes EoSRiach, BF B A%iERE] seal 100 by

Pa4LY beﬁJQJeansdrfth k§8t th%?bleﬁi%q)lé'téf 26 WHhENthRTSRt 51, the backup rings 102
cross-séctional views of the T-shaped seal 100 taken

almapglsb henthdt tlesadjaBerit3udaats 53 of the biadk GlatelZ®,. Thiug as the T-shaped seal

SRR B Bt Pl B o v
{

pﬁ%&&%&ﬁ#é’ uﬁﬁ@%slrsgi efttﬂ glt%gé E% ) an%fegjr %ap%djseal 100, in each

parestiodiof tthedl. The Bakip Slblgsf BI2Em 8y, tﬂdﬁ&oﬁd Qicllﬁat& rémioval of debris and
communi cation with the T-shaped seal 100. FIG 15 is

anthergeatageinants Bamdshe M@cisoﬂané thepghyhnlibis gqntqlsi@mﬁmrn ¢pntacting

F haped, seal
k%ﬁ%ﬁéﬁ? 1 0:: \L/@fsshg{eeezn ; tsg 6§€§%§ggﬁl&g§ g@ ey msclude ridges or
PbéeeneifplahartsiFa@icdmet9 %’ﬁﬂr@ler RAsilisevemdval &t Gntakfinants.

the T- shaped seal 100 may engage the surfaces 53 of
t he sl Btefemngﬁ‘gatmg FEGahfe asleatanc@® nuly bﬁtpeomdd:et\bmwaqlﬁblade 40

Dt e spirg ne B iof e tetie 2T fepnte” By 1 eishg sxpandable

Ofcahtfef tcdl 90 tl?d:{' is I eﬁoﬁ‘@%‘%‘ﬂo@e{ﬁé b0 40%Y P&y SH WfiLiRdhe blade

to a ten percent Or nNDre squeeze or conpression.
I pla(lﬂﬁeyet\/smaﬁfenomgiﬁomnmlnlemspre?ent feemit ahayeugsoe athed Oébris from
inits relaxe of _non-co resseg%gate may be

9

dindengdstvesp t %B@fie%‘gha g eHter badydo d tergvade the Rladpw40 as they

H‘E’Q? bxfc?rgéla&? %lg%?éf;}l%tgggggfh \Qﬁe‘?ﬁo&ﬂ% kﬁﬁga?ho‘%gxample and

| AotfHrftatibh, a élearsmer ofighaatts thankisout 0. b254TceﬁﬁﬁEt%ﬂ(aB@tﬂ|tenllQGusandths
may be subj ected to a twenty percent (20% or nore

sq a 1rechol0. UM rreays bo proviRistl et wery epghiisirfecs of the biies 40 and the

surrounamag%gr acse(se%i’ the %Pad M;lte 35 oflﬁge ou?er%ogy IWrowgmg 5 ¢Rarance T of

at least 0.0254 centimeter (about ten-thousandths of an inch (0.010")) or more may help to
prevent the blades 40 from binding in the slot 51 of the blade plate 26 of the outer body 16.
In some embodiments, the clearance T between the lateral side surfaces of the blades 40
and the surrounding surfaces of the outer body 16 (e.g., the blade plate 26) may be about
0.0381 centimeter (about fifteen-thousandths of an inch (0.015")), and a clearance T of
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rings 102. The backup rings 102 may be forned froma
material that may be stiffer than the material of the

WOAURAUSseal 100 such as, for exanpl e, PCT/US2007/024766

pol yet her et her ket one( PEEK(t¥) ) ,

ppl.ytet raf t 13 - "
oorybl P4 HOSE bR RS gl xRl Blybhovsandths n inc (00257 and
OAKYRE 03443 dtdn @B dud ksity- Ve thbusdnaihe dn Sl (.0U30)) iy Beeprovided
relatively elastic and may be stretched as they are

pbetweeh theegndaswifagesoohthesblidead argl theduposnding gerdaces of the outer
m$&gjn a groove 52 on the blade 40. Because the backup

r sl6102 may be relatively stiff, they may each have

a cut e&hb :ﬁ)?éé iBQexglo QY45 (deen Q@Qﬁ%@? ﬁqbféﬂﬁ witBZebfecPR certain
expanded to an enlarge iameter to allow themto ‘pass
Opeferfad dnbouats, thesdoftbrdiabrytskid ib kimchetswifiGeagnizeayd appecciate that
seated within a groove 52 over a T-shaped sea

100.
THés reicR dignitedn fathep manyaddisiops.iglations and medificatipns éqjthe preferred

seal s,.100 wi thi.n the greoves. 52.(Fl t'h a :
agroRibeRer ey ¢ be BAARIE eyl o B Sonky§f He”fiFEnion o
| Réreiafiéd PamRke! WeENitiHE fdateBaReah GRMmbbaiméitéhay be combined with
contam nants. More specifically, as shown in FIG 15,

ufreturesoofanetsr embodiment whilg lstlh ddingeencompaysésd, withip the scope of the

adj acent surfac the bl ade plate 26 within.the., ..
STy ERE as e BRI Hreipeuss” Ry et G euPh bt {ib/ i differen
agy PERIus B1AHE potitesd wAlll dshattdl (9HR JRl }bRfig@RatiohUS. as
the T-shaped seal 100 and surfaces 53 of the bl ade

pl ate 26 nove rel ative to one another, the backup
rings 102 contact the surfaces 53 of the blade plate
26 prior to the T-shaped seal 100, in each direction
of travel. The backup rings 102 may, therefore,
facilitate renoval of debris and other contam nants
fromthe surfaces 53 and thereby inhibit contam nants
fromcontacting T-shaped seal 100. In sone

enbodi nents, the backup rings 102 may include ridges
or ot her non-planar surface geonetry to further
facilitate renoval of contam nants. Referring again to
FIG 15, a clearance T may be provi ded between each

bl ade 40 and the surroundi ng surfaces of the bl ade
plate 26 of the outer body 16 of the expandabl e reaner
tool 10 that is large enough to allow the blade 40 to
freely slide within the blade plate 26, yet snal
enough to mnimze or prevent formation cuttings or

ot her debris froml odgi ng between the bl ades 40 and
the outer body 16 and to gui de the bl ades 40 as they
nove within or relative to the blade plate 26 of the
outer body 16. By way of exanple and not limtation, a
cl earance T of greater than about 0.0254 centineter
(about ten-thousandths of an inch (0.010")) nay be
provi ded between each surface of the blades 40 and the
surroundi ng surfaces of the blade plate 26 of the
outer body 16. Providing a clearance T of at |east

0. 0254 centineter (about ten-thousandths of an inch
(0.010")) or nore may help to



prevent the blades 40 frombinding in the slot 5lof
the blade plate 26 of the outer body 16. In sone

WOBBH MRt s, the cl earance T between the | at eP&T/US2YE/024766
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surfaces of the blades 40 &id the surroundi ng surfaces
of the outer body 16 (e.g., E?ﬁ¥#%ade pl ate 26) may be
about 0.0381 centi neter (abg t een-t housandt hs of
aWHa&t1diRe@1H") ), and a cl earance T of bet ween about
0. 0635 centineter (about twenty-five-thousandths an
inch (0.025")) and about 0.1 143 centineter (about
forty-1i ve- Ahcupanddblegcanneritoa lcotnpOaiBE) ) may be

provi ded tween the end surfaces. of t bl ades 40 and

P HROuE sl ng <IH Bseedt eRen e BmyEas  whi | o

t Qtele%te&l%rﬁladen(y&f?i?h% BaAfoNERMARSE thOSEteP BHEY BetWebh a retracted
respect to certaln preferred enbodi nents, those of

or di napgsitida drld anrexpireled pbsitioh in a diceztion pBerdedlat an acute angle of less

appreciate that it is not so |imted, t her, ny
addi t i 8198 ningdy daeresa 9B Hsasridngl st thy Quier body; and

Ph %oqfe tﬁg irﬁ{gp 89—:%:?33 %@bgpgo %qg r}%]\;ehﬁ)&ﬁ d@gf?ﬁésﬁﬁ& to a second

fron1t%e scope of” I'nvention as herernaftel

cl ai megositidh RC@bpdneé to 4 paddefefiined BFANRC PrbGAE BET¥rentaY between
be conmbined with features of another enbodi nent while )
stil| peitings ehtherfhud passagaveayi to pravens bydraulsd prepsaire within the fluid

invention as cantenpl ated by.the i nt ors.. Further )
et noESeaRY et HRnE pE Shea ik PARE T8 At pagi g dnd to permit
bl ade Ry@hillSfe@are RithindRe AtikiREsabPBStodEdirectly on the at least one
configurations. CLAIMS What is clarned is: 1. An
expandhlateinr thaseond positiconpr i si ng: an outer body

having a fluid passageway extendi ng therethrough; at

| east one bl ade configured to nove relative to the

out er body [ty

expan dg'd poglﬁ% %H?%lél%g#?lggﬁfogﬁ &?)rpiléﬁﬁ%[gﬁg{@%r? teaacr:lélteé) fless than
afigesy deprdesX°) toanlonginglinal deig b e dubd bollpisabout sixty degrees (60°).
| ongi tudi nal axis of the outer body; and a noveabl e

i nner sl eeve nenber configured to nove froma first

positign to seco osition,in, r.esponse t .

P edet ot mi ndle PG ERmeL 08 pEGFTPENIfiel £ hsmin g uter body
PEsthpiRdEs a 8fadk PRtd, theiatlcRRSASBIRUENeing & 1EHENARIy i EHoded Within a slot
pressure wiwthin the fluid passageway from acting on

t btending daeughdhebhdagltd. n the first position and to
permt hydraulic pressure within the fluid passageway
to act directly on the at | east one blade in the

secondgposi i}, E‘xr‘:)atg?]ab-f&%aﬁ&p@Bgﬁg}xg?l{eﬁ)ggisﬁfntliﬂmou%ﬁ 3, wherein the at

claim1, wherel e acute an an ninety

dkgstaae hl8ie)hat @ ganéralhy rectatpulat staye somprisihg canewrhabimg\a radius of
ig about. si xty degrees B%SO% 3. The expandabl e reaner

t Befvegh abqul zero ceptimetersiapd aboutoae 25 ceplametgiser body

5. The expandable reamer tool of any one of claims 1 through 4, wherein the at
least one blade is sized and configured to provide a clearance between the outer body and
each lateral surface of the at least one blade adjacent the outer body of greater than about

0.254 millimeters.



conprises a blade plate, the at | east one bl ade being
at least partially disposed within a slot extendin

WORPEIGA3Ehe bl ade plate. 4. The expandabl e r eBREUSEYF(024766
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of any one of clainms 1throwgh 3, wherein the at | east

one bl ade h a general | rect.angul ar s e _COoNpri sin

cor ner g havi 1Y e’ér%f’agtf‘ﬁ 56%?er§8?]v@gﬁ1ya%u%a‘§%w ogH'S, further
CERhPrBRES SeaPBliwaRAHE 0 RBELRlyaftd ERMIAER] Qlrface Of the B€least one blade
expandabl e reaner tool of any one of clainms 1through

4adjadent thi nutehleodyt wherasitthoseal i canfeguresl apil pesitiened to prevent fluid from
configured t ohgr ovi de a cl earance, between, th

g@axylw_t QTP A REFSIBEN P G th GUUGE by 84 s Teast one blade,
OB vBER, AR pA O o cach

onafaet of thaioiker bolyinaegtacbwith thetdesll conpri sing a seal

bet ween the outer body and each |l ateral surface of the
at | east one bl ade adjacent the outer body, wherein

th [ fi d il . | i d -
e e e A B0 U v
OlEa§tr orlRINd Pt prides atbakeeﬁ&{ig@ Maviab af Geast i @RI surface, at least a

abutting agai nst the outer body at an angle
s piusipa of thel 4t Jeaseonpeangledsutface enfiguted $omedgeagainst A gomplementary

outer, body ip,contact with th eal. 7. The ,expandabl e

- st s obe Q5T B WheThaPHEE 1 B GTPeBIcearn

the at | east one bl ade conprises a base portion having

at |l east one angled surface, at |east a portion of the

at | ea8t onFhaeghandalsierdanne tow rificlHimeT] wiersiedgeat least one angled
agai nst a conpl enent ar ngl ed surface of the outer

a
baerfacaied the base pogtina ofsthe hladpds asigrierdialcannesite angle ofgbetween about

T expandable, reamer. tool of ' o [ . .

| B SRS RaTR b Dy Rl oS5 MBIk Bfecbn i which
biiRde 1dast deibbddeqs catifigafedas widveadlativ: fthd@itueidyabout

fifteen degrees (15) and about seventy-five degrees

(75) relative to the direction in which the at | east

one bl ade ig,configured to nove relatjive ta the aquter

body. B Thane SHRATIANE Searien ot QfsTioh ek B at 6aeF one angled
WOGERL Bf i %a%[ep 3f R add g Bﬁ@kgédiétfaﬁ Gut@ find106f dMBhirty degrees
portion of t ade 1s oriented at an acute angle of

a3y reldvive to/thd diyecen if 3Qjchitled aldasteont bladh és anfigwtd Gmmove relative
which the at |east one blade is configured to nove

r & eiopter PedYt he out er body. 10. The expandabl e reaner

tool of anyone of clains 1through 7, wherein the at

| east one bl ade has a formation-engagi ng surface

conpri $0Nng: Tae bxpagdibleiicambet tpof aftamwpont ofelgimg] theough i7 swigein the at
at | east one forward cutting elenent; and a

| dnagfi angdhladlgihey a fermatian-engagificonrisehpAmBIISNg at | east one
r g%ng‘ftﬂhﬁhfl‘yg fo%g{&eﬂaéibn tcgl%px%iné GE1R4st one forward cutting element; and

a longitudinally rearward region comprising at least one rear cutting element, the at least
one forward cutting element exhibiting an exposure that is greater than any

exposure exhibited by the at least one rear cutting element.

11.  The expandable reamer tool of claim 10, wherein the at least one rear
cutting element extends a distance of about 3.175 millimeters or less beyond the

formation-engaging surface of the at least one blade.
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one forward cutting el enent exhibiting an exposure
that is gr eater than any exposure exhibited b% t he at

rear cutting element. 11. The expan®&B{Us2007/024766
reamer tool of claim10, wrein the at |east one rear
cutting,ele t I,Ska . b .
mil | miers B¢ ei‘é%@?@g?/%aﬁ“ {RRPP B | &%ﬁaag‘?‘ﬁgﬂ“ least one rear
s viittiag eleffent RBuBKtartRBG Flus®ith tiedfRrhtionT&iragpandadel of the at least
reamer tool of claim1l, wherein the at | east one rear
can¢ blade.el ement is substantially flush with the
formati on-engagi ng surface of the at | east one bl ade.
5 13. The expandabl e reamer tool of any one of clains
1t hrough 10Th¥‘@ﬁ%ﬁﬂiblé REmef tobEstahy SftEo i AHE 1 H#bEAEN0, wherein the
conpri ses a formtion-engagi ng surface conprising a
gageastomshlade funthgicompiisalal fgrnmationwagaingaitfagaiontprising & lgege area, a
gage.  area being |ocated a distance frgma L)ongi t ug{i nal
c iangindingally srRrVaHd-TRest PRINt o -the GAS AtGa dsHigalosated g distance from a

| . -fi. e 0A .

P M e e R ———
Oﬁaréent'(bﬁ%iiéiﬁﬁmghhcﬁnal e&EeH oft the forbiatioh-angaging, surfaes. ei n

t

e at | east one blade further conprises at |east one
keyway defined by at |east one |ateral surface of the

2" dept 1 nt ong REppag S e R, [RIMREE MedftdpPone blade
t RaherbAHprides Bt 105K Sﬂé"lteggwga?%ﬁ:ﬁﬁd B &t RSk |aéd! firfbe §M18e at least

bl ade. 5 15. The expan e reaner tool of claim13 or

cba¢ hladd, thevheleast ont keywaneitending aldepthristarthandleasi ne blade that is
poi nt of the gage area is |ocated a distance froma

| gregter than alputdenparst ALK Oft%lérae&trvﬁlégu Qfﬁﬁ%h]ﬁé?gi ng

surface that is |l ess than about twenty percent (20%

of a longitudinal Iength of the formation-engagi ng

surfaces. 0 The ekpendbRardaft aosleanlaitio0$ Rf claifty 1aDevherein the
of claims 1through 10, wherein the at |east one bl ade
hiangiudioaliwn réaswardrigagsi pejnt of fthe eagompra & tagated @aligance from a

area; and a di al recessed area extendi froma

o iR GpleRite Yt gHe AEFARSE n B R SElFY Mol 1pEGFiPabout owenty
| 88@LAtYIORRLE ¥ 1chplivBhdl 18igiest the 'forﬁlaFibﬁ-%ﬁgKgl%gt fhdfacd. S

greater than about five percent (5% of alongitudinal

| ength of the formation-engagi ng surface. 17. The

?23 iagld ﬁl .l ?e &Eg g)g{iméa)g%regrfneg tlogi or?a%}Gl bne\l\g]fcéliaelrlnrs] 1 tthr}(gugh 10, wherein the

at least one blade has a formation-engaging surface comprising:

a gage area; and
aradially recessed area extending from a back edge of the formation-engaging surface ina
longitudinally forward direction a distance that is greater than about five percent

(5%) of a longitudinal length of the formation-engaging surface.

17.  The expandable reamer tool of claim 16, wherein the radially recessed area
extends from the back edge of the formation engaging surface a distance that is less than

about forty percent (40%) of the longitudinal length of the formation-engaging surface.
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extends fromthe back edge of the formation engagi ng
surface a distance that is | ess than C about

rt
WE2PBAIP03B 4099 of the | ongitudinal |ength of tHQT/IySZOWOZM“

formati on- engag| ng surface.?8. The expandabl e reaner

t ool LS a}é‘@a@; eerlggraér 8?1 (ff% i‘y w e?e(:fr? ﬁl%%cﬁglﬁarecessed area

ext end orrra I on engagl

seb&&ﬁgqu&n qieaiaela 6&%4 dtahe f&n@%ﬂ@%ﬁgﬁ@ @Uﬁfa&%%ﬁﬁtaxﬁ&ftﬁa&fii between
(7% and about fifteen percent of the

| ghroggt sevein percent&1ig) andebottiiftden mrmt:mtd hS%hg%tg¢ loggisudinal dength of the
1 A.net hod. of etnl argi ng a borehole, the nethod
gq%qapgx}ﬁlégagmgmﬁ(‘ge drilling fluid through a fluid
passageway extendi ng through an outer body of an

expandabl e reaner; causing hydraulic pressure within

the fl 19.d pAsaethedaferlagmgta bbrehotd, the methad samprasireg: of

at | east _one bl ade of the expandable reamer to cau

¢ Bewing drilheg feddniopeie it RstagewaLPHeRdaz fsoughengubody of an
body in a bect| gn oriented at an acute angle of |ess

t han nPHEP a&%&?‘é‘&% (90) to a longitudinal axis of the
OpdhiRin h@q?}ﬁuﬁﬁ Pressuré Wlfhﬂ?&%mlﬂpﬁésfsé%ﬁ'ay@o aét devebdNeed surface of at
p05|t| on; and rotating the expandabl e reaner t ool

Wi t hi nleastenodlaeaifehe @panddide rretmientd ciiseihgiatenst, one blade to slide
further conprisin the ex dable re

the bofed#byedo thaﬁatgeeaﬁﬁv lﬂﬁgg{ﬁc%né’élegﬁegﬁ?él ZpleRg prirdhan ninety
bl ade

di ot anSe bR Sod L RPN AE B AR e BB Pbbd: Sl Bftafted position to an
f or mat e;qjaneag@gimgl smtrface of the | east one bl ade that

is less than about forty-three percent (43% of a

| stefineithe pepanaigreamst toohwithisy thabpisholengagi ng surface

to contact a structure conprising a constricted

portion of the borehole to cause the at | east one

bl ade p@. s| THemethod dtcla@ftIDOfrtBEl @MEHingt an acute
angl e of less than ninety degrees (90) to a

| pulding thti exphndaklesearherdnom thedrorghwds; and ¢ he expandabl e

nglgfqrgoépogea of the &t least one. gisage o??het ex%gn&a%le reamer ij})categlj rearward a
distance from a longitudinal centerline of a formation-engaging surface of the least
one blade that is less than about forty-three percent (43%) of a longitudinal length
of the formation-engaging surface to contact a structure comprising a constricted
portion of the borehole to cause the at least one blade to slide in a direction
oriented at an acute angle of less than ninety degrees (90°) to a longitudinal axis of
an outer body of the expandable reamer tool from an expanded position to a

retracted position.



