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TECHNICAL FIELD
The present invention relates generally to drilling of subterranean well bores. More
particularly, the present invention relates to expandable reamer tools and methods of using
10 such tools to enlarge a subterranean well bore. The expandable reamer tools may comprise
a tubular body configured with expandable blades that may be positioned in a first retracted

position and then displaced radially outward and upward to a second expanded position.

BACKGROUND

In drilling oil, gas, and geothermal wells, casing is conventionally installed and
15  cemented to prevent the well walls from caving into the subterranean borehole. Casing is
also conventionally installed to isolate different formations, to prevent crossflow of
formation fluids, and to enable control of formation fluids and pressure as the borehole is
drilled. To increase the depth of a previously drilled borehole, new casing is laid within
the previous casing. While adding additional casing allows a borehole to reach greater
20  depths, it has the disadvantage of narrowing the borehole. Narrowing the borehole restricts
the diameter of any subsequent sections of the well because the drill bit and any further
casing must pass through the existing casing. As reductions in the borehole diameter are
undesirable because they limit the production flow rate of oil and gas through the borehole,
it is often desirable to enlarge a subterranean borehole to provide a larger borehole
25  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
30 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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blades in these reamers are initially retracted to permit the tool to be run through the
borehole on a drill string and once the tool has passed beyond the end of the casing, the

blades are extended so the bore diameter may be increased below the casing.
The blades of conventional expandable reamers have been sized to minimize a
30 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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hydraulic pressure within the fluid passageway to act directly on the at least one blade.

In additional embodiments, the at least one blade may be sized and configured to
provide a clearance between the outer body and each lateral surface of the at least one

25  blade adjacent the outer body of greater than about 0.254 millimeters (0.010 in).

In some embodiments, 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

30 formation-engaging surface including a tongitudinally 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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longitudinal axis of the outer body from a retracted position to an expanded position. Then

the expandable reamer tool is rotated within the borehole.
In yet additional embodiments, the present invention includes methods of removing
an expandable reamer tool from a borehole. Such methods include pulling the expandable
25  reamer from the borehole and causing an area of at least one blade of the expandable
reamer located 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 forming a
constricted portion of the borehole to cause the at least one blade to slide in a direction
30  orented 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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FIG. 7 is a top view of a blade of the expandable reamer tool shown in FIGS. 1-4;
20 FIG. 8 is a side view of the blade shown in FIG. 7;
FIG. 9 is an end view of the blade shown in FIG. 7,

FIG. 10is 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
25  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;
30 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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An expandable reamer tool 10 according to an embodiment of the present invention
10  is shown in FIG. 1. The expandable reamer tool 10 may include a generally cylindrical
outer body 16 having a longitudinal axis Ljs. The outer body 16 of the expandable reamer
tool 10 may have a first lower end 12 and a second upper end 14. 'fhe terms “lower” and
“upper,” as used herein with reference to the ends 12, 14, refer to the typical positions of
the ends 12, 14 relative to one another when the expandable reamer tool 10 is positioned
15  within a well bore. The lower end 12 of the outer body 16 of the expandable reamer tool
10 may include a set of threads (e.g., a threaded male pin member) for connecting the
lower end 12 to another section of a drill string or another component of a bottom-hole
assembly (BHA), such as, for example, a pilot drill bit for drilling a well bore. Similarly,
the upper end 14 of the outer body 16 of the expandable reamer tool 10 may include a set
20  ofthreads (e.g., a threaded female box member) for connecting the upper end 14 to another
section of a drill string or another component of a bottom-hole assembly (BHA).
One or more blades 40 may be provided at a position along the expandable reamer
tool 10 intermediate the first Jower end 12 and the second upper end 14. The blades 40
may be comprised of steel, tungsten carbide, a particle-matrix composite material (e.g.,
25  hard particles dispersed throughout a metal matrix material), or other suitable materials as
known in the 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
30  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.
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may include a Butds 1c;hameter of the outer body 16 when in the second radially outward or expanded
position, and thus may engage the walls of a borehole when disposed therein.

In some embodiments, the blades 40 may be substantially uniformly spaced
circumferentially about the outer body 16 of the expandable reamer tool 10. In additional
20  embodiments, the expandable reamer tool 10 may include one, two, four, or any other

number of blades 40. Furthermore, in additional embodiments, the blades 40 may not be
substantially uniformly spaced circumnferentially about the outer body 16 of the expandable
reamer tool 10.
FIG. 3 is another cross-sectional view of the expandable reamer tool 10 shown in
25  FIGS. 1 and 2 taken along section line 3-3 shown in FIG. 2. The outer body 16 of the
expandable reamer tool 10 may include a plurality of components 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,
30 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
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shown in Fl Gbotk. Sakteicoafignaticransy adinlstabiizithpthSéxpandablees@ientoo ) dukiagse
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removable lock rods 33 may extend substantially the longitudinal length of tool
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

30  embodiments, the removable lock rods 33 may be detached from the outer body 16 to
| enable removal of the blade plate 26, blades 40, too! 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



FIG 3 is another cross-sectional view of the expandabl e reaner tool
10 showmn in 25 FIGS. 1 and 2 taken along section line 3-3 shown in
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30 may be fixedly attached to the outer body 16 in a first, non-actuated position shown in

FIG. 3. For example, the moveable inner sleeve member 30 may be fixedly attached to a

shear pin retention member 36 using one or more shear pins 38. In other embodiments

25  shear screws, burst discs, or other mechanisms may be used instead of shear pins 38. The

shear pin retention member 36 may be received within the upper portion of sleeve retention

member 20 of the outer body 16 and prevented from sliding within the longitudinal 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

30  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 thereofto allow drilling fluid
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shear pins 38. In other enbodinents

surface of the moveable inner sleeve member 30. In other words, the hydraulic pressure

within the moveable inner sleeve member 30 behind 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

30  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 actnation of the moveable inner sleeve member 30. In
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30 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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elements, or any other structures that is relatively more wear-resistant than the blade body
42. Furthermore, abrasive wear-resistant hardfacing material may be applied to any
exterior surface of the blade 40 that may engage a subterranean formation when the blade
40 is disposed in the radially outward or expanded position.

30 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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25  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 forty percent (40%) of the

largest width W of the blade 40. In some embodiments, 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

30 .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 compiementary 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



bl ades 40 toward the retracted position. In some enbodi nents, the
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longitudinally rearward region 41B of the blade 40. Furthermore, the cutting elements 54
20  (FIG. 7) may be provided at both the longitudinally forward region 41A and the
longitudinally rearward region 41B of the blade 40. In this configuration, the expandable
reamer tool 10 may be used for both forward reaming and back reaming, as described
above.

FIG. 9 is an end view of a portion of the blade 40 shown in FIGS. 7-8. As shownin
25  FIG. 9, in some embodiments, the rotationally leading side surface 45 of the blade 40 may
be disposed at an acute back angle 68 of between about zero degrees (0°) and about
forty-five degrees (45°) with respect to a plane 70 longitudinally bisecting the outer body

16 of the expandable reamer tool 10 and containing the longitudinal axis Lye.
Referring again to FIG. 3, the expandable reamer tool 10 may be relatively freely
30 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 (ie.,

e
C
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rect angul ar cross-sect
seat surface 32. In this configuration, the flow of drilling fluid through the longitudinal

10 fluid passageway 17 may cause the ball to seat against the ball seat surface 32, which may
temporarily prevent drilling fluid from flowing through the moveable inner sleeve member

30.
As the flow of drilling fluid is temporarily interrupted by the seating of the ball
against the ball seat surface 32, the pressure differential between the portion of the
15  longitudinal fluid passageway 17 above and below the ball caused by the drilling fluid
pressure trapped by the ball within the moveable inner sleeve member 30 may exert a force
on the moveable inner sleeve member 30 in the longitudinally forward direction (i.e.,
toward the lower end 12 of the expandable reamer tool 10). The shear pins 38 may be
configured to selectively fail when the pressure of the drilling fluid within the moveable
20  inner sleeve member 30 reaches a threshold magnitude or level (and, hence, the force
acting on the moveable inner sleeve member 30 in the longitudinally forward direction
reaches a threshold magnitude or level). In other words, the shear pins 38 may be
configured to selectively fail when the pressure differential above and below the ball in the
longitudinal fluid passageway 17 of the expandable reamer tool 10 reaches a threshold
25  level. After the shear pins 38 have failed, the pressure within the moveable inner sleeve
member 30 above the ball may cause the inner sleeve member 30 to slide within the static
inner sleeve member 28 in the longitudinally 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
30  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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this configuigtion, the expandable reamer tool 10 may be used for
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actuate the expa reanmer tool O, arestriction enent n
enbodi ment s #orward position, the pressure of the drilling fluid within the longitudinal fluid passageway

17 may act directly upon the blades 40, which may cause the blades 40 to move from the

25  first radially inward or retracted position to the second radially outward or expanded

position and engage the subterranean formation within the well bore. The drilling fluid

within the longitudinal fluid passageway 17 may be in direct physical contact with at leasta

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

30  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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relative to other cutting elements 54 on the blades 40. By way of example and not

30  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
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radially inward or retracted position to the second radi al | y outward

or expanded presént inyantinngthe rhgmgjedlnadb/ reariyerskmest gaint $Q)¢frthﬂ gage awi phiegion 2

wel | bor f UI hln t he .l on

passagendd 10 Graybed Bttt el o et AR M DAR 0 e lposted at o
portion of egditned Dah d]bﬁ'gﬁi@lﬂlrﬁﬂaenieﬂufeﬁﬁ of the Mﬂnﬂﬁﬁtﬁéﬂg@gim% dubfceVTthe blade
significant force acting on the blades 40 to cause the bl ades 40 to

nmove to the AAdhaaiY lgssoheneloyt menwﬁm@np@sﬁ%)mfrﬁhesl@ngmdml leagtbd of the

e g

(descri bed beéaaw)rdmsspcmm oagﬁlgm@aranﬁl r@hﬁe& Aayebe 1ddated oy dmt‘alhcmﬂv froma
mat eri al of t he borehol e and enl arge or ream out the

bor ehol el Foﬂongav%ﬂaerft%rémeﬁé Oéﬁﬁbiaéiaﬁpémm less ap@b(a{tm@]%wﬁ%@&“@ of
reaner tool o

towards the ﬁ%\/\ﬁ@ ﬁaﬁg]\@ﬂgﬁgé ﬁ%n %H{rglc}% B%%%ﬁn%&] d% 10 i's
5 rotated. For babksvarecitnatoms,the bpgnltudmﬁlymr(vﬁr’daﬁast paandtnef the gatglaerea or

rotati ng expandahl e reaner etrac ulled.int
backvvarg or b w«%&mmr?‘éﬁ ﬁilsﬁfse mﬁgowﬁ% Ehygen t Eﬂ’&&i “ﬁé‘rcé%‘f‘g > Al ter
the expandablgnf;&aiRin atmérhoi@%ﬂogldrﬂ?% Bha&da0 QLA & aﬁle&ﬁ'rﬁlagmﬁﬂ@segeﬁcpﬁmaﬁy

as necessary or desired raul i c pressure w t hin
| ongi t udi2fal oﬁﬂwrdjormpwulgéwlcmmhmyt ib etterapted tocpubleheenpartabletreamsdn édod 10
level to allo bl ades._ 40

5
oo Dot okt B B PR pe s Foneirt Pt R b ROTR g Lot hezage
expandabl e 1 gRERE rE@QH Si%rﬁm&eﬁﬁé’lo‘ﬂgﬂdﬁﬂ@@ﬂe@iﬁé 86 P hd fb‘f"mbﬁ’drﬁé}%laﬁng

to the surface. In"sonme cases, formation cuttings or other

debris may cala@éeSﬁh@ftmblndﬁ@,@ﬁblaﬁeﬁi%maﬂb@lessmkﬁlmblndlagmswmpmermdwdﬁ
h d t
I N e R R

25 or _]ammed 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, any force acting on the

longitudinally rearward-most point 80 of the gage area or region 82 caused by the

contacting 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

30  position. Asaresult, 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,



15 previously described with reference to FIGS. 5 and 6, such that
the bl ades 40 slide in a generally longitudinally upward and radially
outward di We0IAT0BR rel ati ve to the expandabl e reaner ROGUS2007/02¢76y
force acting on such jamred or stuck ¥l ades 40 by the subterranean
formati on (or.,a casi shae,. .f exanmple).in respgnse .to.retractin

or pul | ng. eSS iR a0 PB o P P e B B g or
force or pUSProthﬁatP%eeﬁEﬂ\ﬁH%o&Ooi BABRRGAAObS Sk Wddehioa@es t}fl-.oenurﬁhfqhé bRde

first radially inward or retracted position without causing the
bl ades 40 t optoximatadhke nerond hpperuensr 1Hof\thd Gxpandable reagadrrigel e bl sefae

| ate 26). | t d | i th I tool 1
From the bor SREPETH heRbetel s it hoSt AR ATy el e pHPariaa 1.
bl ades 405bagk th MditidraBerhbddftherts) Hedbdedsell MOADOMAY bé QinERRY Fldnd? OAk §HoWin
As a result, renoval of the expandable reaner tool 10 out fromthe

25bor ehol e nHIG.Ife if soid ¢mbadéndents, the recareddeared Hymayybe slightly Ficessed withinethe

The. bl ades. ADAEE RBCATERne Raebt SurcSmdit i ok P ednLSfoar T8 Reope

of the expandabbiimemRa TRé rebdd aléd J0mhd5.be 3NDstaMEN11PRush Hifhtthe/dltet siiice 27 of
recessed within the blades 40 relative to other cutting el ements 54

on the bl adetheddndeplated when g anlpastorghladeqto igin th axnagdednesitione By way of
tti ts.54 | ocated. on.the | ongit i . '
e ST A 25 A RS LAt B RS B

(1/8")) or | gpectideyiendowdre tHedi Hdvied BneIOEFIhe Wk pandablaeganttdtool 10) 8 8Bnce X
enbodi nents, the cutting el ements 54 |ocated on the |ongitudinall
rearward si d&owra baglk epgeaieef tho fammgtiarotngaging puifase ¢6 Hya tagation g at which the
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i nstead may be éﬁ@s%ﬁg@g@?ﬁ%%&%ﬁ%&&s |eg ?@@%l@%@@ ééﬁ %og?eo%vnﬁd}émms’
f or mat i on- engrgedesses treh 80 mag dxteddfram thebdacstdpg 9D bf the formutida-dgagihe sefics
54 | ocated on the Ionagii tudinally rearward side of tr]e bl ade prevent

13

these cul?i nf*&PefrdptRioBPToxigticc Hicc FRRREATIASh SHPEoF eBEHerd Loy t%t"&nrtE%
wi thin the b@{}.ﬁ@g&ﬁi@%gﬁlp%ﬁﬁwa%% F&g@ﬁ?hﬂg éex)%%glneégbe: Sisthle RAnQHh

fromthe bore esult, renobva e reaner too‘la
10 out from béteebrostehbiive payenbEs %b)urfiticlongiadidal teagthd. of the formitida-enkoging

substantially i.dentigcal,t | G, 8 apd illustrates. addi ti gnal. aspec
of "sone. enbodirenFAotiRe tde Prask evhuf Riverscrd RS i ipeiingl e RE St
some embodi nﬁﬁﬁ%ti&f—er%@in?%ﬁ%@% bNKE Bl o0 Mgﬁ_ﬂaﬂﬂﬂlaﬁ‘lgghé‘@igﬂaﬁceXmay be
rear war d- nost poi nt of the gage area or region 82 10 (i.e., the
radi al | y2@ut hetwdemabont ssveepeotent @84i) ofithe tongitudind length 11 6f) therfoymisteont-engaging

t di st f ' i nal terli f the. ..
For mat i on- engEeh A St P ABAE 4} Sy, i Ao Lo vpet el S el agh Lot
twenty-five BREERMHtich2RAIR sutthe JaTaidulsierdl | ength L of the
f or mati on- engagi ng}(surface 44 of the bl ade 40. More particularly, the

| ongi t udi nal I'y r ebirsameditratanspibe tacagn 94 at whick thycfonmationcengaeing pntfagp44

of "t he bl adeCin e SRIED a9 Mg gfone pE Bt i R FSBG et e

| ongi t udpfal 40 ems dasing of othBefedte MathiONbg EHHROSHBTIdIHE Bladeet04éhdab jdnbér stick
bl ade 40. In sone situations, the |ongitudinally rearward-npst

poi nt 80 of imEeggundaradiallyoupvegd on epanded Ppyitien aed fthis attempted doipuil the
contact bet V‘@)ﬁ%ﬂ?%ze %%@%gocﬁg Og{eft(rj]frdpqig G2 BbiHo1R" B? P%?ﬁonfir?g[qhyffogat}@nbg hWf\wich

bor ehol e shou O jamor s I'n e secon
radi al ly the formation-engaging surface 44 begins to curve radially outwardly closer to the

longitudinal centerline 86 of the formation-engaging surface of the blade 40, the blade 40
30  maybe 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



20 outward or expanded position when it is attenpted to pull the
expandabl e reamer tool 10 out of the borehole. By positioning the

| ongi t udi NWIOl pos/Eanstar d- nost poi nt 80 of the gage area BECT/HEWYIWIR4BE
proxi mate the | ongitudi nal centerline2B86 of the fornation-engagi ng
surface 44 of the bl ade 40, the bl ade 40 nmay &e | ess Iikﬁlé tegqbi nd
agai nst t he &ueeihe BladgA0e reteackpr moygin the direcan 64 afde gopigrpelo B4 redgtive ithe
expandabl e r : o 10 : Nt kAl H]H(]i j

40 engages a?o?il S|dr%g£§%iso %éeﬁraa@elgtl: Egiéé%vné Fﬁ#nty%&%oreagélelygg% e xBﬁrﬂg@
expandabl e r gadition footht fit4 radialpuinved outetrbetadrpssitionboAehatsalt, tamovhhefi the
words, any force acting on the |gngitudinally rearward-npst point 80
of the gage Streadale reagprdpolgld %ﬁg@dhﬁwrﬁ%‘a%ﬂ’%@ﬁﬁbﬁ%‘ itafede asi ng or
other feature wtRj 2 : i :
second r a%li ally og!é\%ia e@@rgg?%p;%gﬁgtgtsg@gP{tﬁ%ﬁnﬁ%nﬁlﬁ%ﬁi‘i r trgérégg% %}Fﬁ/cu'ar
i nward or r eteahatragedentphoid indiGS AR - BS. rAsshbivn i G VRisomé embeadiments of the

expandabl e reaner tool 10 out fro he borehol e nmay be yet furfher |
Faci |1 tat od. resent innugragas e f A-shaRed s 108 FompRnE s e miferial,

t he present | i .he {ne
recessed ar eg&é%@%?&?ﬁ 8’%@? %@te?@ﬁl?deﬂétg%?hg@gﬁ@? glcl:) é‘@iﬁ? & tll\l/(\%ﬁ 131{&9 & s2al 100
2008/ 070038 PaiEY USROMZA fam hyGrogenatcimitritecirsiznd rubbea( HINBRY, VIT@N™, or nitrile

formation-en i nqg surfac 4 be di spased.adj.acent. or oxl nat e
the roar b dapdE: AsSROWEGREIGNLE ¢ e-erional are ohge fheped sea LRI 1 e
bl ade pr oxi ”ﬁflsﬁaﬁéﬂ%eﬁ%@ﬂx@¥l§é’&ﬁ'ﬁ H'to%’l‘)n@épohﬁ‘ﬁl s%ﬁﬁﬂqﬁel%hé‘pero?ﬁﬁ?ﬁa&so&d

10). In sone enbodi nents, the recessed area 90 may be substantially
free of cuttimpprédwarefisbarsd s¢at|10) ma§ be)configuretiihi tei soated iremtsoehs F& (FK7. 8)

Sone enbod: neeEing et oes Soieitied 4B Aashiyet & ih! T gl motsgtputart) in
within the brage 18had B1, 3ichARLréRRe@ionhSaSs 0P 1R TOAAPE] 28! 108 tdken alg%the

expanded position. In additional enbodinents, the recessed area

may be sbbst iinesildri3yand (1éd K ofFiCh 12, ike Dahaped saal F09aeay bE coffigues t Rbid against

pl ate 26 whe at .least. on | ade, 40, i S..I he .e nde osiLLion
By ey of | Tiheilin et S50 el B6 pspbtes el o BT R B st
extend in ther1Gongbsttbeibiaad pitcl26rian dngé p@pérdainldrito Gach shg¥RIod thehdot 51 in
first lower end 12 of the expandable reanmer tool 10) a distance X
from a back eergmumigatiom wifethe drsharadsaaldfBagi ng surface 44 to a

| ocation 94 at whj t 1 QR i.Nng: . 4 i

curve radially ou{:fv\@arlgﬂgéﬁ%H&%?rg&gpng%glgﬁgﬁltogtaliﬁg?xeise?@%d{@r@g é(ﬁmd
may extepd f (ludiritbethd Toshapddeal 920 &f erighgenieat etk tdtheblgdabods 43 dhd te blade
15 44 to a location proximate the rearward-nost cutting el ement 54 on

or in the foPha26ehthenytegbedy 1u s sbawnin FIG! Sqthg drshppadisgal A B0 mawergage the
t he di stance i

| ongi t ud nal “FHaey 53 uaedtat Br B Bitho bt ePle Siler it (Fergiputtor st
bl ade 40 and9@ldegite dmpid (90D e Additiondl30%hernih ehiagementgrithitie nafacdsS3 i thelslot
of the fornmati OH-en aging surface 44 of the blade 40, Mre

parti cul ar | y>ltthe Toranedried 10 magy isesubiscisd fai iR PeEEDE (186) 8hMOEs tauRgze or
(7% of e i i nal . f Q- :

34 ot e bl ST, P e e FidRicdiRs SR PP T ol 1006 RUTABES or
| ongi t udi nal nbrepgyhpressed Statehreay e dexrdassd- wnadpayl teg pseehita(d €%) dr mibret Wiken the
bl ade 40. In s situations, the |lacatjon 94 at ich_ t

For mat 1 on- endabpie] SDaEPortonglpiusrne BRGddu ths Pl of fresuirr
define the fppdf 10k Bhowt ifCPIT. A6 [RSbWE MbbMitechisadR T-dRpdDsaNf0Pmay be
casing or other feature within a borehole should the blade 40 tend to
jam or st i cksubjectaddo géweniyiperaetit £20%) cmanmsqieere oz xprapeionposi ti on and

it is at ted t |1 the bl.e ,r eanmer ol 10.out fromthe
bor enot 20 by posi RF BRGSO LE R ol PRl By et e ont b0 Bcup
formati on- engagd 12, Jhe bad@p #Hhgd 68 NSy BefofitédForh @ hatdrlay thathh B eHtiffer than

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



30 may be less likely to bind against the outer body 16 of the
expandabl e reaner tool 10 when a potentially stuck or janmred bl ade 40
engages a Wa0RP701380t her feature within a borehol e as PEHUSNpEIAEDI
reamer tool 10 is pulled out fron1the2borehole In other words, a

Boai nst. 1 he. VEE dopdidottiiRisgBls 12 BEakD B SaRab oY rpreggeted

the bl ade 40y4tQ bidze,ask btiRf sWTRER ndleddte direction 62 at the acute
angle 64 relative to the longitudinal axis L16 shown in FIGS. 5-6

fromthe second r&s &ishaped aeahdP@may berqbaiwdlwlapmmd sy bexstretebed srthey are

di al | t t t
xpandabl e r BeAve oY g gute BRe 4D ARG pBBY B PRty BBV 11 o Jie D1t 40,
facilitated pequéd 9% bAROE il Y102PRk{ BRDIeflAy SEE (hly g QD ANTRNuS
of the present is a particular seal arrangement shown in FIGS. 11-15.

As shown in fhe@through omiewethb batkwp mings 362 tonkee gﬂp@@dtto ianeolatged rdlamabyer to

| ud T-s d | 100 t
Such a5 a pofHHBFEBY O RBTSHER ot EPRac e ety e pIEL LRI MEHea s
T-shaped seabrod00 soayePs 1-Hap&H sdaf Q00.NYIHE %@&@trﬂﬁgs W'@rmﬁﬁhg?trﬁﬁht&ﬂethe
rubber (HNBR), VITONTm or nitrite 10 rubber. As shown in

t op- sect i onan-ShBILﬂd/ sedls tlpe wnhgh@apsmoyeaﬁ?- (f30. 8¥ ofthesbladas 44 h@lrﬂlﬂmp,efbe

seal 100 confi.gyred t p sh

b ades b0 bl R IRL SRR ERE Pty RET R st TooRE RS lipdells
seated in a naees edbffcallf)| do.shyn ﬁm@m NpoR cOHPrdsseRCT thé Tishepellsad a0 by
40. As shown in FIG 11 and nore artlcularl in FIGS. 13 and 14,

whi ch are cr#8yobadadentrarfacy Bpf tber bladreplate 26 a\@@w the slot Tlotha bakle Hgs k92
the 15 |
beec onfig Iu? g §1’s<}§ ‘*[Eg%‘éuﬁa (fen? %urﬁﬁ‘% 53 ]O%thletbp’ B g%?e pt%ﬁléss g%%‘ Bd%g)é%

and particul a0 a/ndasnﬂhm'fﬁTolﬁﬁwﬂ:llkfdfe@ﬁ‘eﬂb@Z@fnotrél&la&kf@to &k agbthéz, th]e)baafuptrhgs
bl ade plate 26 at an ang per pendi cul ar to each surface of the slot

51 in cohfruni®asqnéist metSHrf@Cﬁ‘—é ST ok thgbiade platg 261prtpr terthe T-sippdssegh 100, in each
| d
CT ostr at oo Fireich 8Pl TV bt b POXmdy R0UHY LB ey A adls and

body 42 and bther di)hﬂld&nemksftcﬁn e smffaceh§3 andttlerebyahybil ontabsinahoftem contdctitg

15, the T-sh d seal 0 engage the surfaces 53 of the sl ot 51
of the bl ade%ﬁgé‘ieé s9¢ 188 i IB%F‘%PD%‘BWSE AagciRdrax inglude;fidggs or

90- degree _angig: o) %lmgﬁ%&cb?@&héﬁym%}ﬁﬁr fa@ﬂf%‘di‘&t%&ﬁﬁﬁlrﬁfc%t‘éﬁn{aﬂﬁ
surfaces 53 of the 'slot 51 he T-'shaped seal 100 may be subjected to

a ten pe2gent (1OB©feumgragale teblite ¢ ia dearan2sT owype pewidsd betiweemedeh blade 40
words, the thigckness of. the_.T-shape eal O.in its rel.ax or

o o s s OF iRtk S et IR et et af  aiver B U Rt thepengpble
more when th a?ﬁ‘eﬁfbﬁpﬁﬂthﬁﬁﬁharé@&xduﬁh RPAJok tﬁ@sﬁd@m WERL1 Qﬁe%@lﬂﬁthégiade
and the bl ade plate 26 of the outéer body 16, as shown’in FIG

sone enbodi nelkate6, rehem!rll srough tb rsemngor)prmt foomaticy) cuttingsl ot ashes dt:bmftqm

percent (209 0 ferri
Bl 15, |t holofBos Bgetr-d MY % af MRoERaRSS 1o or hariae B35 B ke
102. Thezbacigepe withior ddadiveBythd Blaﬁ@ﬁlﬁt@@ﬁfofm%@teflﬁdd?rl baBy Wanbf dxavpRkand
stiffer than the material of the T-shaped seal 100 such as, for
exanpl e, pol peitlintationackearagaeT of greater than about 0.0254 centimeter (about ten-thousandths
of an inch (0.010")) may be provided between each surface of the blades 40 and the
surrounding surfaces of the blade plate 26 of the outer body 16. Providing a clearance T of
at least 0.0254 centimeter (about ten-thousandths of an inch (0.010")) or more may help to
30  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



WD 2008/ 070038PCT1US20071024766 21 ( PEEKTm), pol ytetrafl uoroethyl ene
(TEFLONTmM), polytetrafluoroethyl ene inpregnated with bronze, or other
sui t abl e NMHORP8A176038 The T-shaped seal 100 may be PEI/HBI0VEI2Y766
el astic and nay be stretched as they 3 e passed over and around a

bl ade 40 d t h 52 t he bl 40,
Pho backun phpetn gEh 03 nlird (oY hSandl wiioin MR &
cut therethr %tﬁllaou@mbénﬂmeteh @abeat%ﬂw%msa}%sta@ iRe (wﬁ"aﬂfﬁﬁﬁbé pmaraed

enl arged dianeter to allow themto pass over and around t

the bl ades 4betwsert treyendrsurfseratafdhoblaend®angt tiovsermsundingsurfacas- @ﬂﬁ%p@dter
seal 100. Thﬁgfavyup rings 102 may hel p maintain the T-shaped seals
100 wi thin t R®%g1%oves 52 (FIG 8) of the blades 40. Furthernore, the
10 backupsrings 1Qzje8Ye Pf&?ér@'lﬁvehﬁér?flﬁscﬁéeﬂQiegb?ﬂ)@@ﬁ&efnhﬁltﬂ- 1&pENAE coeh
100 and contam nants. e specifically, as shown in FIG 15, upon
conpr essi on pn‘efemd eifibediapetd, thesslof ommatbyskvl@yl tlmafamd]lamgmzswdfaapm@@ thot

the bl ade pl t | ot 10
contact the. Sy Btenfmies Beder Bty dtesceliann o Bhca o o Pareiered
T- shaped sealemﬁaﬁmeﬁtel may baGRRIeOFitRfut tdegarhh@%np ltlﬁet @coa@ JTOYE ihRhAbl e

to one another, the bacKup rings 15 contact the surfaces 53 of
t he bl ade pl h@remmermlaxmpd t I adduion, fsitaree drogeerie erbodinient may he domigined with

Lot 2'%ka RGBS ol i S eI hebe o

inhibit co nt aiveitantas coritéfiplaed btk inv@ntbrss Fapes, thealenti®®has niiliy ot different
enbodi nents, the backup rlngs 102 may include ridges or other

non- pl anar saw\e?é@ug@émrpﬁeﬁésweli%@&tteﬂmsm@a@ FuEghsval  of

contam nants. 20 Referring again to FIG 15, a clearance T nay 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 expandable reanmer tool 10
that is large enough to allow the blade 40 to freely slide within the
bl ade plate 26, yet small enough to mnimze or prevent formation
cuttings or other debris froml odgi ng between the bl ades 40 and the
outer body 16 and to guide the bl ades 40 as they 25 nove within or
relative to the blade plate 26 of the outer body 16. By way of
exanple and not limtation, a clearance T of greater than about

0. 0254 centineter (about ten-thousandths of an inch (0.010")) may 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 30 prevent the blades 40 from
binding in the slot 51 of the blade plate 26 of the outer body 16. In
sonme enbodi nents, the clearance T between the |ateral side surfaces
of the blades 40 and the surroundi ng surfaces of the outer body 16
(e.g., the blade plate 26) nay be about 0.0381 centineter (about
fifteen-thousandths of an inch (0.015")), and a clearance T of WD
2008/ 070038PCT/ US2007/ 024766 22



bet ween about 0.0635 centinmeter (aboyt twenty-five-thousandths an
inch (0.025")) and about 0.1143 centi @8ter (about
forty-five-thousandths an inch (.045")) may be provi ded between the
end surfaces of the blades 40 and the surroundi ng surfaces of the

out er body'"#6S ¢BYFAI% t he present invention has been described herein
Wi th respect to certain preferred enbodi nents, those of ordinary
skill in the agt wl latethatltls not so
limted. Rat heﬁ Ak e&%ﬁ&’%{ﬁ%gméﬂ I%&? rﬁsg\ 9and nodifications to the
preferred embod Pf*é?ﬁt@dhﬂ%)”flséfW&d@S%ﬁQ?W@MRXWé'p&Hﬁ%OWQhomthe scope of

tng Id nventi on asedteé6i@ HkfelcBhfighleditd®eve reRtivads theio0Rr bdd9 BEMEES a fdt@pRoNe
e odi ment

e T bodTRt aRE TSRS Sotiorn § Aieieh iy LGt ieltabie SRR iy
cont enpl atiefedsy(90he 4 IDNAOiRA Sxis BLhd B@ér,botifi@nd Nvention has utility

with different and various bl ade profiles as well as cutter types and
confi gur at i ons?@ Mo¥eablgyaner sleeve mgmpey cgniigured to move fram aist agsiion i pesond

reamer t opésitooimresmnsgto agnedatereinedindyauboptstgreiferantial bpagea gy of
ext endi ngthterﬁﬁﬁgg ?é@}bto 8reant hydrthlllc g?e@a%re QRin Re%glg p%&gaév%&rﬁ%% écﬁndm ve

relative to t t ween re ractedny
expanded POYPE!Igest pee Biads 'Fé@tﬂr%ﬁowoneaﬁvé@p%mlta rayig presaryvithinpthe fleid s

than ni nebassd@grasaaféct iRt éh tAe latomt driechidalin taaslsécoﬁa] pdsi@n;out er body
npve roma

and nner
first positi on %re'alajseeaé"cm On?)%!a '(%ﬁ'z deconF §eéj tggmgge?@lﬁ%rfag? i ned
hydr aul i cbgwesnsthe @Jt@nbromeamamlateb@tsvm::ﬁ Obtb¢ ahlmsowrbladh@dmtm the outer
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bet ween t he outer "body and each teral surface of east one
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to wedge agai ndt an!h@Patfiasigreanas tast ofclain HurhereiniBest Ieasspsiariedes a
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3. The expandable reamer tool of claim 1, wherein the acute angle of less than

ninety degrees (90°) to a longitudinal axis of the outer body is about sixty degrees (60°).

4. The expandable reamer tool of claim 1, wherein the outer body comprises a
blade plate, the at [east one blade being at least partially disposed within a slot extending
through the blade plate.

5, The expandable reamer tool of claim 1, wherein the at least one blade is
sized and configured to exhibit a clearance between the outer body and each lateral surface
of the at least one blade adjacent the outer body of about fifieen-thousandths of an inch
(0.015 in).

6. The expandable reamer tool of claim 1, wherein the angled surface of the
base portion of the at least one blade is sized and configured to form a metal-to-metal seal

with the angled surface of the cuter body when the blade is in the expanded position.



2. The expandabl e reanmer tool of claim1l, wherein the at |east one
bl ade has a general ly rectangul ar shag® conprising corners having a
radi us of between about zero inches (0") and about one inch (1").

3. The expandabl e reaner tool of claim1l1l, wherein the acute angl e of
| ess than ninety degrees (90) to a longitudinal axis of the outer
body i s about 3i xty ToegtperdbleGémer tool of claim @, whEhsin b peghetbdnlfecer o grer
tool of Cbééerﬂoftio Yihﬁé&ﬂléhs’é&% B S orfRREY aﬁﬁrmgfe%ﬁge VAR 2B R Fiffeent NE
at |east one b age elng at least partially disposed wmthin a slot
ext endi ngdedneesutfit) eirbativbadeenty-ivealegrees (75°) reldtive Thibe dixguéiordabhieh treatrer
tool of claiml erei.n t at | east one blade is sized and
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when the blade is in the expanded position.
expandabl Beoe&RR3Yt ool of claim 6, wherein the angled surface of the
base portion of the at |east one blade is oriented at an acute angle

of between aboyt fifte oyt seventv-five deqgr.ees
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9. The exparg@pbdyif@RRE: WifiQhe REndpb@tdm. 1, further conprising a
T-shaped seal between the outer body and each |l ateral surface of the

at | east one bl ade adj acent the outer body, wherein the T-shaped seal
is configured anhd pAmiethiodpéehldrgings bareidle, e ethdd @mpfidiam ng out from

the fluid pass Williﬁﬁﬁﬂ%@fﬁu{bﬁ%fl&h‘ §§sa§%pﬁgt@gddﬁd"tﬁrog%hd%’r?§§ér gﬁé’sgor{gl .

bl ade, the T-shaped se I ng agail n ter

subst ant i & P{PECKSEPRINEUl ar to each surface of the outer body in
contact with tbsisihgsfeadic peedire within the fluid débsadewa® td Wt ditdetyesH B¢ Efabofa
bor ehol e, attl %t ﬂ%tbma%g OP{HQBQ a?:!i : reamer aus]:a klﬁa\lgt @gst%ré‘alla\%en% sTic! urle[gitive to
t hrough a fTuld passageway extendl ng ?ﬁroug an out er body of can
expandabl tae ba@n®idy in a direction oriented at an acute angle of less than ninety degrees (90°) to a

longitudinal axis of the outer body from a retracted position to an expanded position;

causing at least one angled surface of a base portion of the at least one blade to
wedge against an angled surface of the outer body as the at least one blade is slid relative to
the outer body from the retracted position to the expanded position, the at least one angled
surface of the base portion of the blade being oriented at an acute angle of between about
fifteen degrees (15°) and about seventy-five degrees (75°) relative to the direction of a
fongitudinal axis of the outer body, the at least one angled surface of the base portion of the
at least one blade being oriented at a first angle relative to the longitudinal axis of the outer
body and the angled surface of the outer body being oriented at a second, different angle
relative to the longitudinal axis of the outer body; and

rotating the expandable reamer tool within the borehole.

11. The method of claim 10, wherein allowing the hydraulic pressure within the
fluid passageway to act directly on a surface of the at least one blade comprises causing a

pressure differential between portions of the fluid passageway to exceed a predetermined



causing hydraulic pressure within the fluid passageway to act
directly on a surface of at |east one2bl ade of the expandabl e reaner
to cause the at | east one blade to slide relative to the outer body
in a direction oriented at an acute angle of |ess than ninety degrees
(90) to ameaHyie e Meve amevsalls innerelegvr mem b@(ff?mfarfmhpaS'tFC@tW"'Gtﬁttb%i
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wherein all ow ng the hydraulic pressure within the fluid passageway
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passageway to act direcfly on the at least one blade in the second position.

14, The expandable reamer fool of claim 13, wherein the at least one angled

surface of the base portion of the at least one blade is oriented at an acute angle of between
about fifteen degrees (15°) and about seventy-five degrees (75°) relative to the direction in

which the at least one blade is configured to move relative fo the outer body.

15. The expandable reamer tool of claim 14, wherein the at least one angled
surface of the base portion of the at least one blade is oriented at an acute angle of about

thirty degrees (30°) relative to the direction in which the at least one blade is configured to

move relative to the outer body.

16. The expandable reamer tool of claim 13, further comprising a T-shaped seal



degrees (900) to a longitudinal axis of the outer body, the at |east
one bl ade conprising a base portion ha&¢ing at |east one angl ed
surface, at least a portion of the at |east one angl ed surface

di sposed at a first angle relative to the |ongitudinal axis of the
out er bod§etyRn e At e and trchutrd sudpse Eihe aileashenedipderdipgrnt thefouten e
oEt er bf)dkiodM’l@I?\eréihme?T—sHﬁﬁ&Béeanﬁlecgiﬁglﬂd@@licﬁpobiﬂ%ﬁeh@o ﬁ&%ﬂﬂﬁﬂfrcﬁﬁ)ﬁﬁirﬁmx
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position {na odtePBsMcdpRi withQRe TBndpRE§RANSE to a predeterm ned
hydraul ic pressure differential between portions of the fluid
passageway, to prevent hydraulic pressure within the fluid passageway
fromacting on the at |east one blade in the first position, and to
permt hydraulic pressure within the fluid passageway to act directly
on the at | east one blade in the second position. 14. The
expandabl e reaner tool of claim 13, wherein the at | east one angl ed
surface of the base portion of the at |east one blade is oriented at
an acute angle of between about fifteen degrees (15) and about
seventy-five degrees (75) relative to the direction in which the at
| east one blade is configured to nove relative to the outer body.
15. The expandabl e reamer tool of claim 14, wherein the at |east one
angl ed surface of the base portion of the at |east one blade is
oriented at an acute angle of about thirty degrees (30) relative to
the direction in which the at | east one blade is configured to nove
relative to the outer body. 26 between the outer body and each

| ateral surface of the at | east one bl ade adjacent the outer body,
wherein the T-shaped seal is configured and positioned to prevent
fluid fromflowing out fromthe fluid passageway between the outer
body and the at | east one bl ade, the T-shaped seal abutting agai nst
the outer body at an angle substantially perpendicular to each
surface of the outer body in contact with the T-shaped seal.



