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" SLI DI NG BLADE EXPANDABLE REAMER FOR ENLARG NG BOREHCLES, " the

contents of the entXpANpAWLBREASRERS HOR BARTHAGRING APPDICWTIONS
ref erence. TECHNI CAL FI ELD The present invention relates generally to
an expandabl e reaner apparatus for 10drilling a subterranean borehol e

and, nore particularly, to an-expapfabgy €a8B apparatus for
enl arging a subterranean borehol e beneath a casi n% or liner.
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drilled. To increase the depth of a previously drilled borehole, new casing is laid within
20  and extended below the previous casing. While adding additional casing allowsa
borehole to reach greater 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
25  rate of oil and gas through the borehole, it is often desirable to enlarge a subterranean
borehole to provide a larger borehole diameter for installing additional casing beyond
previously installed casing as well as to enable better production flow rates of
hydrocarbons through the borehole.
A variety of approaches have been employed for enlarging a borehole diameter.
30  One conventional approach used to enlarge a subterranean borehole includes using
eccentric and bi-center bits. For example, an eccentric bit with a laterally extended or

enlarged cutting portion is rotated about its axis to produce an enlarged borehole diameter.

An example of an eccentric bit is disclosed in U.S. Pat. No. 4,635,738, assigned to the
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30  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
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
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Conventional expandable reaming assemblies, while sometimes more stable than bi center
and eccentric bits, may be subject to damage when passing through a smaller diameter

25  borehole or casing section, may be prematurely actuated, and may present difficulties in
removal from the borehole after actuation.

Accordingly, there is an ongoing desire to improve or extend performance of an
expandablé reamer apparatus regardless of the subterranean formation type being drilled.
There is a further desire to provide a reamer apparatus that provides failsafe blade

30 retraction, is robustly designed with conventional seal or sleeve configurations, and may

not require sensitive tolerances between moving parts.



30retraction, is robustly designed with conventional seal or sleeve
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drilling a subterranean formation is provided that includes a tubular body having a biasing

25  element and a push sleeve disposed within an inner bore of the tubular body, the biasing
element is in contact with the push sleeve and oriented to bias the push sleeve in an axial
downward direction to retract at least one blade along at least one track of the tubular body
and into a retracted position when the push sleeve is not subjected to force or pressure of
drilling fluid.

30 In still further embodiments of the invention, a guide structure for positionally
retaining and guiding at least one blade within at least one track of an expandable reamer

apparatus is provided.



retaining and guiding at |east one blade within at |east one track of
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retaining a traveling sleeve upon sufficient travel within the tubular body of the

20 expandable reamer apparatus upon exposing a push sleeve to exposure of force or pressure
of drilling fluid within the flow path.
In embodiments of the invention a measurement device for determining a diameter
of the enlarged borehole is provided.
Further embodiments of the invention include at least one replaceable stabilizing
25  block disposed proximate to one longitudinal end of at least one track to limit the extent of
outward movement of one or more blades of an expandable reamer apparatus.

Other embodiments of the expandable reamer apparatus are provided.

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



O her enbodi nents of the expandabl e reanmer apparatus are provi ded.
BRI EF DESCRI PTI ON OF THE DRAW NGS Wi | e the specification concl udes
with clai n¥O%8(%7%Ws% ar 1y pointing out ang.30 distinct| FCEUEIMIPY™hat
which is regarded as the invention, various features and advant ages
of this inventi onFImy ibesid®viewlof atlethodaaet of & dpahdable Rahfeeappatanawif g
description of the invention when read in conjunction wth the
acconpanyi ng®F¥fhgs, in which: WD 20081070052- 6- PCT/ US2007/ 024796
FIG 1 is a side pi@Y sRéwPdirf¥RasH dFBRlseQfonal VicX OrARCARARIabI8 28R er apparatus
apparatus of the invention,; FIG 2 shows a transverse

cross- sect i opsmdigptedbysseciopdinedphindd6t & r eaner apparatus as indi cat ed
by sectiop line 2 [ . _ | |

Cross- sec'? i onal VF%EV'\I?J%P g‘%’%eloé?@r@éggf)% %g%wn@r&ﬁ)g{ﬁ%%%ghdéﬁ%v{m@eﬁ FI G
1; FI G appasapsbowmindilGat;ged | ongi t udi nal cross-sectional view of

a portion of the ndabl e reangr, a ratus shown,in FLLG 3.

BI85 ohovs an ehiaAgaat el 1o PARENA s ERO enal Faaton shts:
the 16 expaneghhdableeandr apppatoedhosnshBin3in FIG 3; FIG 6 shows
xpandabl e rcamer FRDSANSHA SHBHH oAb view of SXphesporou e an

enl ar ged 161 0§5pafi@bld reiadr a %@yyupjhoamfi,yp@g,r portion of the expandabl e
reamer apparatus shown in FIG 3; 15FI G 8 shows a cross-sectional

view of a shear aEKeRshewsrn eatargadiserssyectipna viepind vebanatheraortionraf theer

apparat us;  eynanddbf@d regnégpy;ﬁaﬁ%%%%ﬁ pRfBi onal view of a nozzle
assenbl y of ar‘F embodi ment of the expandabl e reamer appar at us;
FIG. 7 shows an enlarged cross-sectional view of a further portion of the
expandable reamer apparatus shown in FIG. 3;
15 FIG. 8 shows a cross-sectional view of a shear assembly of an embodiment of the

expandable reamer apparatus;
FIG. 9 shows a cross-sectional view of a nozzle assembly of an embodiment of the
expandable reamer apparatus;
FIG. 10 shows a top view of a blade in accordance with an embodiment of the
20  invention;
FIG. 11 shows a longitudinal cross-sectional view of the blade taken along section
line 11-11 in FIG. 10;
FIG. 12 shows a longitudinal end view of the blade of FIG. 10;
FIG. 13 shows a cross-sectional view taken along section line 13-13 in FIG. 11;
25 FIG. 14 shows a cross-sectional view taken along section line 14-14 in FIG. 11;
FIG. 15 shows a cross-sectional view of an uplock sleeve of an embodiment of the
expandable reamer apparatus;
FIG. 16 shows a perspective view of a yoke of an embodiment of the expandable
reamer apparatus;
30 FIG. 17 shows a partial, longitudinal cross-sectional illustration of an embodiment
of the expandable reamer apparatus in a closed, or retraced, initial tool position;
FIG. 18 shows a partial, longitudinal cross-sectional illustration of the expandable

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



FIG 10 shows a top view of a blade in accordance with an enbodi nment
of the 20invention; FIG 11 shows a | ongitudi nal

cross- sectVBAYE Y08y of the bl ade taken along secti on TGTHES2407/03479¢
FIG 10; FIG 12 shows a |longitudinal end view of the blade of FIG
10; FIG 13 shows RIGCIshsws e pirtiginiahgittidiul drédsaectiahad s aivhiobthelek prddable
13-13 in FIG 11; 25FI G shaws a .cr.oss-secti.onal  vi ew taken, al on
section | i ne ¢3¢ 4Ppatatys ‘téﬁlqm’ lglﬁﬁmfgl peptionstogl ip mhich. iRYSS 180 %%%
of an upl ock sghtQR¥ & @pturkd; enbodi ment of the expandabl e reaner

appar at us; FIG 16 shows .a perspective view of a yoke of an

enbodi ment of t he FéQpihans errbanlersitidipal caesssectiguat fligstratipn of Bifsxpandable
partial, 'songkﬁléil'a ar&gm.Sﬁ%wmlashé&Pgasﬁ@wm PR pRIRRL TNt
of the expandabl e teamer apparatus in a closed; or retraced, initial
t ool positi orsccupndated Sdstraxeling sprgye beging td wen dowai withiin e epparatusclepdngithe
Il lTustration.of. dabl e reamer apparatus of FIG 17 in the
initial tool ng%glit?‘ﬁgﬁ%w@gcei ving a ball in a fluid path; FI G
19 shows a parti alFIGl 2irshpwsiglpartidl, longisdinglardss-eevabndl [llussitivatof te eppantidbde

expandabl e reaner appar at i .Fl 7.inthe initial positjon toal
I wht ot he TR AR AT 7 B Pien el e i e o 5gmed
shows a pmrt ipakition @hilé A blddetRingarglbyaguih datat undel s infRkhenf Ghidtphasure

expandabl e 5 reaner apparatys of .l FIG 17 in which a shear assenbly is
triggered as "‘Eﬂ"é%g’t‘ﬁaé‘j)‘g@”%ﬁ? FRMSUWORY and a traveling sleeve begins to

move down within E6. BRpowak patiall 108MnARal s k&ibhA iik@fon ROk ek dable
reamer apparatus of FIG. 17 in which the blades (one depicted) are held in the fully
extended position by the push sleeve under the influence of fluid pressure and the
15  traveling sleeve moves into the retained position;
FIG. 23 shows a partial, longitudinal cross-sectional illustration of the expandable
reamer apparatus of FIG. 17 in which the blades (one depicted) are retracted into a
retracted position by a biasing spring when the fluid pressure is dissipated;
FIG. 24 shows a partial, longitudinal cross-sectional view of an expandable reamer
20  apparatus including a borehole dimension measurement device in accordance with another
embodiment of the invention;
FIG. 25 shows a longitudinal cross-sectional view of an embodiment of the
expandable reamer apparatus incorporating a motion limiting member; and
FIG. 26 shows a longitudinal cross-sectional view of an embodiment of the
25  expandable reamer apparatus incorporating another motion limiting member.
MGODE(S) FOR CARRYING OUT THE INVENTION
The illustrations presented herein are, in some instances, not actual views of any
particular reamer tool, cutting clement, or other feature of a reamer tool, but are merely
idealized representations that are employed to describe the present invention.
30  Additionaily, elements common between figures may retain the same numerical
designation.
An expandable reamer apparatus 100 according to an embodiment of the invention

is shown in FIG. 1. The expandable reamer apparatus 100 may include a generally



FIG 21 shows a partial, longitudinal cross-sectional illustration of
t he expandabl e reaner apparatus of FIG 17 in which the traveling
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expandabl e reaner ap&r atus i ncorgor ating another notion limting
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102, 103 may be comprised of steel, tungsten carbide, a particle-matrix composite

material (e.g., hard particles dispersed throughout a metal matrix material), or other
suitable materials as known in the art. The blades 101, 102, 103 are retained in an initial,

20  retracted position within the tubular body 108 of the expandable reamer apparatus 100 as
illustrated in FIG. 17, but may be moved responsive to application of hydraulic pressure
into the extended position (shown in FIG. 22) and moved into a retracted position (shown
in FIG. 23) when desired, as will be described herein. The expandable reamer apparatus
100 may be configured such that the blades 101, 102, 103 engage the walls of a

25  subterranean formation surrounding a well bore in which apparatus 100 is disposed to
remove formation material when the blades 101, 102, 103 are in the extended position, but
are not operable to so engage the walls of a subterranean formation within a well bore
when the blades 101, 102, 103 are in the retracted position. While the expandable reamer
apparatus 100 includes three blades 101, 102, 103, it is contemplated that one, two or

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

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



cylindrical tubular body 108 having a |ongitudinal axis L8. The
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30  engage the walls of a borehole in a reaming operation.

FIG. 3 is another cross-sectional view of the expandable reamer apparatus 100
shown in FIGS. 1 and 2 taken along section line 3-3 shown in FIG. 2. Reference may also

be made to FIGS. 4-7, which show enlarged partial longitudinal cross-sectional views of
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United States Patent number 7,036,611 entitled ' Exgaindabl e _reaner
appar at us f oftraveling sleeve 128 1s allowed fo axially travel within the tubular body 108 in the

30  downbhole direction 157. Advantageously, the portions of the shear screws 127 when

sheared are retained within the uplock sleeve 124 and the traveling sleeve 128 in order to
prevent the portions from becoming loose or being lodged in other components when

drilling the borehole. While shear screws 127 are shown, other shear elements may be
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an elastomer, or may comprise a metal to metal seal suitable for expected borehole
conditions. Specifically, any sealing element or shock absorbing member disclosed

herein, such as shock absorbing member 125 and sealing elements 134 and 135, discussed
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25 The dogs 166 are positionally retained between an annular groove 167 in the inner
bore 151 of the tubular body 108 and the seat stop sleeve 130. Each dog 166 of the
lowlock sleeve 117 is a collet or locking dog latch having an expandable detent 168 that
may engage the groove 167 of the tubular body 108 when compressively engaged by the
seat stop sleeve 130. The dogs 166 hold the lowlock sleeve 117 in place and prevent the

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

the traveling sleeve 128. When the dogs 166 retract axially inward they may be
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Also, in order to support the traveling sleeve 128 and mitigate vibration effects
after the traveling sleeve 128 is axially retained, the seat stop sleeve 130 and the downhole
end 165 of the traveling sleeve 128 are retained in a stabilizer sleeve 122. Reference may

30  also be made to FIGS. 5 and 22. The stabilizer sleeve 122 is coupled to the inner bore 151
of the tubular body 108 and retained between a retaining ring 133 and a protect
sleeve 121, which is held by an annular lip 171 in the inner bore 151 of the tubular body
108. The retaining ring 133 is held within an annular groove 172 in the inner bore 151 of
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i ncl ude a pl %Prpéafa?% ?,logf 6&?{8%&2 tﬁa’c giﬁ gb?gr%ﬁ) %e%r}‘g] szzeeﬁ%aén all?lgf‘%m%r
opposi ng 1€ haappatasusdo0 is i thedhititlive retmaﬂmtpoﬁmdy, allowiap eciihiviel ymowitioh

arrangenents_bein 0 blndlng when the bl ades are
subj ected to" 3' g#@ﬁ%gﬂ%¥§?§%§- ressures. In addition to ease of
bl ade ext ensi on anﬂoth@taamtageprdﬂddemythetbiaﬂé&wsah&)iaguﬂmltmdt-&igl bf ek

148, the single rail d 25coo eratjn roove design provides
non- bi ndi ng got"ﬁté‘ﬁ P‘Ps%?)‘ﬁﬁ 1¢ ’ft%‘?‘ {'B‘T e(%‘é’i"ﬁﬂ?%#?”‘*ﬁ%‘?”f“ﬁ@ﬂ?%’?‘b? when

engagi ng a f gpusitdlPippoked@oveRaldl Bhped” rails 181 of the guides 187 on each side of the
20  blades 101, 102, 103. In conventional expandable reamers, each side of a movable blade
include a plurality of ribs or channels for being received into opposing channels or ribs of
the reamer body, respectively, such arrangements being highly prone to binding when the
blades are subjected to operational forces and pressures. In addition to ease of blade
extension and retraction without binding along or in the track 148, the single rail and
25  cooperating groove design provides non-binding structural support for blade operation,
particularly when engaging a formation while reaming.
In addition to the upper stabilizer block 105, the expandable reamer apparatus 100
also includes a mid stabilizer block 106 and a lower stabilizer block 107. Optionally, the
mid stabilizer block 106 and the lower stabilizer block 107 may be combined into a
30  unitary stabilizer block. The stabilizer blocks 105, 106, 107 help to center the expandable
reamer apparatus 100 in the drill hole while being run inte position through a casing or
liner string and also while drilling and reaming the borehole. As mentioned above, the

upper stabilizer block 105 may be used to stop or limit the forward motion of the blades
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configured to direct uid lateral Ty or’in the uphole direction 159.
The expandabimeybe sonifigyred ppdirest fiwid lateraliyer e the uplade disectiond Wescri bed in

Y L
The expandablogeratmabaspapp Kefranse AP bermypddte FIGS1 14123¢th particalanand optivehldy
sSSerhly Aoy B Bk BAOr L e 00 el L
rotary st eer abitemifotsisedint]RaboNe apilot bit and, if included, above or below the measurement
while drilling (MWD) device and incorporated into a rotary steerable system (RSS) and
rotary closed loop system (RCLS), for example. Before “iriggering” the expandable
reamer apparatus 100, the expandable reamer apparatus 100 is maintained in an initial,

30  retracted position as shown in FIG. 17. For instance, the traveling sleeve 128 within the
expandable reamer apparatus 100 isolates the fluid flow path and prevents inadvertent
extension of blades 101, 102, 103, as previously described, and is retained by the shear
assembly 150 with shear screws 127 secured to the uplock sleeve 124 which is attached to



rotary closed | oop system (RCLS), for exanple. Before "triggering"

t he expandabl e reanmer apparatus 100, the expandabl e reaner apparatus
100 is naiWO3PWEWOFN an initial, 30retragded position REI/EHOVUILTPS
FIG 17. For instance, the traveling sleeve 128 within the expandabl e
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under the i nfik Bihd8 Aftery shoit tignealredy/atil 47 fvactel ahalb$eat dfghetyalllttap nigevel 139 .chs
as shown in F|G 1 ti,op. the. hall 147 r I
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stops driisl i mbovelitinthe dridhwtringd Asahegeessyre sikdsy the ball inay beffuftberiseata into or n
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Referring to FIG Z%ﬁat aé)redeter 1 ned essure | evel, set g%/rﬁf&ae
e

nunber and i ndi vi BGEringieEIC.20,dagredstempingdiressyre svels sqt bythe

of brass or Gd¥a8ua$HehPdteRotR MRS BEdrabrws NB1 @ald€ of Bridslok 8thbdsuitabld he
expandabl e reaner apparatus 10 the shear screws 127 will fail in
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the shear29asdwagsia) inskiled watially rotiye erandableeames gorarates k00 e shear serreadp’
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att ached t o ttéward the smaller diameter of the traveling sleeve 128 and become free of the body 108.
25 Thereafter, as illustrated in FIG. 21, the lowlock sleeve 117 is attached to the
pressure-activated push sleeve 115 which now moves upward under fluid pressure
influence as fluid is allowed to pass throﬂgh the fluid ports 173 exposed as the traveling
sleeve 128 moves downward. As the fluid pressure is increased the biasing force of the
spring is overcome allowing the push sleeve 115 to move in the uphole direction 159. The
30 pushsleeve 115 is attached to the yoke 114 which is attached by pins and linkage
assembly 178 to the three blades 101, 102, 103, which are now moved upwardly by the
push sleeve 115. In moving upward, the blades 101, 102, 103 each follow a ramp or track
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and through t he expandabl e reaner apparatus 100, the push sl eeve 115

with the yokdownwardierked prsition]ths largep diamptygsastsonireae lradprasr held the
plades 101, Hig 16b%d &'y ﬁ)‘é"&?&;\gﬁ@ LATRS ( 1akch@Ft6RIdAGcb . ATALYs
cut/reamthe prescribed larger dianeter in a bore hole. \Wenever
drilling unlatched and subjected to pressure differentials for subsequent operation or activation,
30 Whenever drilling fluid flow is re-established in the drill pipe and through the
expandable reamer apparatus 100, the push sleeve 115 with the yoke 114 and blades 101,
102, 103 may move upward with the blades 101, 102, 103 following the ramps or tracks

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



fluid flowis stopped, i.e. the differential pressure falls below the
restoring force of the spring 116, the bl ades 101, 102, 103 retract,
as descri D¥@28M§8V52 vi a the spring 116. ;. | n aspecPCI/BF20§7H24796
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require seal gt . . ehstwe or custom made seals
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mllinmeter to_eights:tent f m | lipeter between adjacent, part
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conventi agal thecdasifigg b alld @ahsexphfidable Y&uner hjparatisil00 fbaptibdithr®igh die casing,
u the blades in the tracks, includes

actuating neans, .which ipclude

cl earances rQﬁB’Fqﬁ@g?E‘BﬁPgﬁgs_agﬁf;F‘ftWEt er to 3 nillineter, particularly
about 25 the dovahakipaiible rehSer appaClisAVOSSndt Bealcd g eHeddddeLarldadBEot
apparatus, the blades and the tracks may vary to a sgonewhat greater

! y {
extent or a Fenussealstherpin, sychas the GrRepsragionfastan made fealy uspd wysome

cl earances apghfeRliGlapkpesdable rédiRrarts of expandabl e reamer apparatus
100 pronote ease of operation, particularly with a reduced |ikelihood

of bindi #§ caused Thyepandableuranas gonarptesdOdnciudes eleprances of rangng BmMEYe-on
expandabl o r SamsiotE IRl kit IR ERAAICOP By SRS Pt iFing. 161
may be hel d idymgshiasealsthaehgtwize. Thedyeamitsedlstroalireonyenfibi@l, cipulbnseglsi des
1o oL AR L A58 T IR B
| ocat ed on eamatkssindadafcléataaces ranging from one millimeter to 3 millimeter, particularly about
25  the dovetail portions. Clearances in the expandable reamer apparatus, the blades and the
tracks may vary to a somewhat greater extent or a lesser extent than indicated herein. The
larger clearances and tolerances of the parts of expandable reamer apparatus 100 promote
ease of operation, particularly with a reduced likelihood of binding caused by particulates
in the drilling fluid and formation debris cut from the borehole wall.
30 Additional aspects of the expandable rearner apparatus 100 are now provided:
The blade 101 may be held in place along the track 148 (shown in FIG. 2) by
guides 187. The blade 101 includes mating guides 187 as shown in FIGS. 10-14. Each

guide 187 is comprised of a single rail 181 oppositely located on each side of the
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directed at R QU FE™MEl ades 101, 102, 103 for naxi num

cl eani ng, and nay Iibehéeichodineaalof }hedpiehtiorg tha trasdling sicergrodyeic sealed to
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triggering, the seal may be maintained.

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

30  the nozzles 110 in such a downward direction causes counterflow as the flow exits the
nozzle and mixes with the annular moving counter flow returning up the bore hole and

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



The expandabl e reaner apparatys 100 may include a | ower saver sub 109
shown in FIG 4 that connects to the | ower box connection of the
reamer bod¥yO2M8/0708F3 owi ng the 5 body 10874.0 be a si nglRCTHSREMNEERS gn,
t he saver sub 109 enabl es the connecti on between the two to be

stronger (hasulidrgbfhe BRESUP1,H0L,008 YortrRdiman CREME) hh@may bé dikecidrRlle
tool having an upper .and a | ower connection. The saver sub 109,

al t hough not opE@ized Bans eympptaienal flgid dyppraicy( CF P amalyéidnnect i on to

ot her downhol e equiRNRPindMle Pe‘al%xsapp%t'ub ho®hBEIcREPLRWEr Qlerlsi8100 shown
expandabl e reag% égggar atus 100 are now provided: 10The shear screws

127 of the she rorngcts Bthe lowenbay aegnactien efrthamsimerdody HSy dllprangithel
t he upl ock sl LR 1. 0kidal It | or
creats a tri oy 105 Gheh BnliSiccRudlch wRaNt ofloo BBV BESoRBoRHBENZ,
val ue. The prixdeiodo he stedgerdhasdigher mikeoh targie) e acorsent®nal teh pire tonder

drilling fluid .pressure w t.hin expandahl.e reaner. gpparatus, 100 may be
70 Kol cm 1 ormeBk AR ai 0wt SHBRRGT CHe hE FB 1B tRe SR e
pressure may pr@ides fdrende gifieRhicsonictibreeeiter Gostithole eglipmeitiop saht ed
herein to trigger the expandabl e reangr. apparatus 1 tional)y, it
i s recogni zed thals_tlﬁoﬂ’re’é gts ofthecxppnda _“%ﬁﬁ%??ﬁ’ﬁ@sgﬁ%aﬁogg‘ﬁﬁ’@m&%’ﬂ
shears nay, be provhe@eat Rrewsl1OWot e siflf dsBéniY €L fikairkidBth Galtfing sleeve 128
conditionally configured and biased to a greater extent in order to

further provitethyeslopkdeasd it mfbeingiel pasiies. aretsed i ravideporrae t8E8% of
hydraulic fl %lgasir%mh;pﬁﬁﬁﬁé YoildORS (REdeiRinfhe® Valhd) enﬁ'ﬁé&_%%nﬁﬁéd vahitat

103 may be replaced w stabilizer blocks having a guides and rails
as descri bed whishsheishearrscisais slpar ensler drdlling fivid prepsyen/within pgpapdablefeamer ac k

148 in the e r 0) ' . 384 th
expandabl e c)c%ﬁgz[é%?ﬂ(@légagi Ioi%%}&r% erfﬂt%hc:arr?\o%1 ﬁga:‘%r b%s:{%ﬁgrr]r]ay that
further be utthd pressureinmyaangeitd 4 greater ardesvdrekientthrapresenetinrein t triggenties
or eccentric reaners. tiona L e . , ch
i ncl ude one r oW of I? ﬁcraégrqcog’#’ mﬁnrkeéqé)v%&g?lwcﬁ?str?%%% é?det#%ﬁat%ga?%g ra?%%r
t han t he two whitksth©fheaiscteivad2ebheam niay bt @dbveted wallow thd Gring element 116 to be
Advant ageousl y, ..t wo.. or re.ro of cuttin | enent s l.p to t.end
PherT oo et bontgea bt Blasd o it en i orien o otlir piovilh cffiSe
hard formati Qesrantd 62blai rafuetén wof kdese sAgHtaanadluidi ew of an

enbodi nent of an expandabl e reaner. 3 atus .10 having a, .
rreasurgarre?r‘?t devi chgﬂn ’%Gbmﬁrﬂfél‘e\%];#?g@oﬁﬁ?eﬂ .%gmwg'ﬁ?edd“f’ﬂ’t he

i nvention. ThebiRaWEREBNin ide€ artDrafl§ &\desleBedReréin Bir bk Rei0Ed fnfe
di stance between the expandabl e reaner apparatus 10 and a_ wall of a

bore hol e bei&RpVEr 119108 e terabts inghesxprdahlarmet erarptys B0, mpy beysed
the extent atyWhlaihbid\@nEhBRIEGBIE HBERIn ARRAERLHSh Hay fither be utilized in a

drill string with other concentric reamers or eccentric reamers.
25 Optionally, the blades 101, 102, 103 may each include one row or three or more
rows of cutting elements 104 rather than the two rows of cutting elements 104 shown in
FIG. 2. Advantageously, two or more rows of cutting elements help to extend the life of
the blades 101, 102, 103 particularly when drilling in hard formations.
FIG. 24 shows a cross-sectional view of an embodiment of an expandable reamer
30  apparatus 10 having a measurement device 20 in accordance with another embodiment of
the invention. The measurement device 20 provides an indication of the distance between
the expandable reamer apparatus 10 and a wall of a bore hole being drilled, enabling a

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



enl arging a bore hole. As shown, .the neasurenent device 20 is nounted
to the tubular body 108 generally in a direction perpendicular to the
| ongi t udi NP 2808{030032 8 of t he expandabl e jganer appar at BET/IER007[114796

measur enent device 20 is coupled to a comrunication |ine 30 extending

through a t ubsh@ingdsbye HAS A sHolif, BX RRMIARAM AQIEN0 iSnRBRRA & ts tifdlar
that includes an end connection 40 at the upper end 191 of the

expandabl e r badei0Sgspenelly insa digctionaerpendicub eibe lagitudingheyisde of the
configured fop ﬁemg%gp%pﬁgfmtmme InéadihdnfnPdide 98 oufled fo a

speci al i zed edﬁlpnent, su as a comuni cat1 on subassenbly. The
comuni cat i oromhinneic8®nriay 30 kxtendivg thwegh & tibslappidy 1p®vkthe expandable reamer
measur enmept device Th asur.ement..dey 20 e qqﬂ{'

for sensi rQ]g, aHRyT aa(@%llrllsa]l%a Iz“?t rklng‘:?ué{r%gpo?ndd: QP nn‘?ﬂnag %eﬁgp esrieﬁ% P%lf “a %@g& (ﬁgllee,
or it may berdagetlagparaalsyl 0f The aelwhmngtiomdOvhayrhe dohfgwed for odnnactivar e hol e

may be anal yzed or.determ nedq by ot her equi pnent as i der st ood. b
a person of Q‘PJPI_’a}t‘bflfrV Y"ﬁépmﬁﬂ%ﬁ Fpetc’r‘i‘g? : mBE‘B"\‘}i%’F QS%M&WWW‘{’%/
accur at e det gypzkdeabiy? ThetomBRicRioAWNE 36 na§ alsd heustB aspFFRbivedte e 20
beconmes instrunental is determ ning when the expandabl e reaner

appar at us 10measurgrentideviqe;2Qg The mepsirqmentidpyicg 29 may bg pesfigpred fon ssi5ingy
remedi al a 0 bl fg, LAV e sensi
durati ongﬁrgr ﬁ%ﬁ%}éeﬁlg}% gfl Etﬁ:é@%ﬁ%e%ﬁféﬁfﬁ;?d&eeﬂgb,%?e y(;)IQ e Sﬂl&% ch?vvoa‘ler:jslflg
t hen have t oirbehickthesizeretia borhbolromy be aradyred dedetermingd byrathenequipgient is g

5. 175420 1 0RO Aof YA HE IR oft R BARE e s e

i nventi on hedetmiditioelofs bate hdlesizer @bt mesvenemedteievice2@Bcrmys inbtagnental is

i ncl ude soni ¢ _cal.i per roxim sensors, or.other., sensots. sui.t abl e
for det erni nArginE upkn e Seabuels  amppecas 105 BFoGRAR IS el
ex paB dab Ilef r eamger,anmrng&gﬁedldg meﬁ}ii(rjés@dﬂﬁd(:j falten rhther ﬂmadruh hgfenextetded ce ) 20
may be confi gured, unt e nd used to tern ne. the itjon of the
movabl e bl ad8¥rationsos pundeds ofgelsEde SYpree AROE B’ﬁﬁa’é ‘?éo‘g‘gg‘iﬁ’éléﬁ?‘&m be
apparat us 20se-mb@e€i N the reamed m ni mum borehol e di aneter may be
inferred fromsuch neasurenents. Simlarly, a neasurenent device my
be positioned wit Rismeasaremspbdgvice 04wy begagof p guelearbascdgngageiemgnk h or

proxi mat e togfdgn EhERHIsLRsQNn UNS. RANmERE! £1784do RN o AE a8hNRAIE the
bl ade is actuated to its outernost fullest extent. FIG 25 Shows a
cr oss- se@fi onssignee efhe invantian hesein displhosddn dhamepurwemany deviee Asmagalsi t h
an expandabl : a . 2 | L L : i

o1 ages mmy ofthad ate Caars PORER el of Pt B AN R ael Al L
st abi | i zer bHotkse UdEeémcwaliofigbae belelnd thepxpandatle ndatmiengppaiatuseblt ent

to which the .ad ext end war a ouwt war.d| | ong, t he, bl ade
P aers " hos CRURSATS, R ARIrEREIBARE S0 e P BE el Sttt PR diifrc
2008/ 070052- a&tefGifé tHSPOETHH LTS fdvhisle Bhatiesnindion budting ipadsef the éxpandabip
means, i.e., the push sleeve 115 rmay extend in th ial uphole

di rect i 0AS 158AmER EPRAEND: PRFRer the ARG SO PSPl Amates TRY R ey
sl eeve body #bs 6k hlechb@GeneIRARIIAR ridib@Ementidbdiee mal bk Pesifieted within

sl eeve 115 and the_inner bore . . . i
the movable blade so as to be in contact with or proximate to the formation on the

borehole wall when the movable blade is actuated to its outermost fullest extent.
FIG. 25 shows a cross-sectional view of a motion imiting member 210 for use
30  with an expandable reamer apparatus 200 for limiting the extent to which blades may
extend outwardly. As discussed above with respect to the stabilizer blocks 105 including
a back stop for limiting the extent to which the blades may extend upwardly and

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



151 of the tubular body 108. As shown, the spring 116 is |ocated
between the nmotion 5 [imting nenber 210 and the tubul ar body 108
while a ba¥B 28887932 of the notion |inm thng menber 210PCEHUBWOERHTN el y
retai ned between the spring 116 and the retaining ring 113. Wen the

push sl eeve Jk%xicht mtidahestriabingReh@ e IhCusRSledy 1Ny dnaidxiend id fk akial
pressure as descri bed herei nabove, the spring 116 wll be alloqowed to

conpress in upkolediFstien Hi% dbe moron Buitingmmember 210ey ke o §¥lﬁ1dfi§§tslﬁﬁ"°oy
the motion | bBAy 3 @gmgiﬁmme%gn WLGE: shifaddiof e Bhsh 185e 375 dfadheibferdBe:

the push sle fromfurther novenent in the uphole direction
159. I n thi s 1fkeftbetubulahzdy(l88cds gfownhtse eprjngrid Ak lecateddebreen fisanaiions

200 are ptevagted LLOm: 51 SAhORREART 0SS 861> M iiSdIRh! O

limting menber own in anot héer notion
i mting mentiedtimAterfilger 2 UG ratéritivelynetaxpbiatiadeh ehe spaine 1 1 pydahadetamini{ihg

is configure i a, spri.ng box hody.222 having an 1 N. .
cylindrical géﬂ%ﬁ“ %‘?%usgﬁgeeée E]aéllé t ﬂmos&"gﬁ‘fc?'ia&ﬁyﬁder?%lé fluid presgure
116 is cont akfi@gdcibed hbRinkhereOBe Bpring! 11 5 dill Bediloseé td @pledsintthe hfile
spring box body 222 with. the base end 221 resting between the spring

116 and an ugpestioaAsP wil ithmotions gagsted bydhemetion inptiae mswper? I8 i ng
116 and gbien?l-b%gnﬁlhggﬁfrﬁ)gjﬂé ahSthe ph@ide Y4¥eHbnt mgmb%ehmls él’ikQﬂﬂ‘xol%ZZ

is exten 0 inpinging contact with the retaining ring 1 or a
| edge or |i pdirgsiohd&htladhis respesk therhasies oilhoexpandsblegeamen appagabes 200 arody

108, ; . e T ' . A o
Fres. 25 ang el Bol BiRiing belbid BOIRRIA i MniftE bR iR 10} 0
may have ot her shaApsdwvariol Fi&26] gnethet motien lirhiting sxeanbpt 220 for yseditbanl |

| eg or el ongated ment, w thoyt .limdtation, In.a ver sense,
Lha ot on T PRI Rt apbir S i pifeiglicl o arsPuy MR nbay RESRRAEIRD
arrestediso 3pstadylihdritall@cone23 and a Base @821t pepdrtiad ofahgpipriagl 1 ®i comsined
particularly when different. Qore, h s.are to be r d.w a co n
P andab! o | ea g gpen ELiical ShCion BoE S AL Srtnd kaF bOEAIE St bl &
thereto. restih@b@vERrth PRSI TSN upp@ ehDbf (Bdloildtkisiead ENTRE foBdd)
or 220 may be sinple structures for lLimting the extent to_ of_ which

the actuati ngf sasnad 16end thspushgleeys §157 Weﬁﬁ‘égvéw the £7rY13 bOK Lede2 23| i erdend
For exanpl e, jflo {RihGRe bdnfict 4 MHERARRIe i glpﬁ?r%lﬁd’éei&ﬂﬁﬁsﬂﬁéétecfih@%iﬁne

T
wi thin the sgace bet ween the outer surface of the push sleeve 115 and
t he i nner20boperels]i obthe tubular basly|188. body 108 either between the spring

116 and the push mggggg%én%i&@%éﬂﬂémﬂojamégaﬂ&h&bﬁintﬁéslﬁdang%gzaem

108. The expan reaner apparatus 1 as descri be _
wi t h ref er engenerally@e8bediash@inggylindridasthepmay hiyve othengtapestand nonfigutatiens,

bl ades 101, 102, 103 al the s - bi ndj 1. L1 N el

di rection) ci’rceﬁmf'@e’e? pseg‘%gdt] ’ellérjﬁ ?rae?‘)rﬁ??rt%? 0\%‘ r?gt h%v{l%\)/“g ?&nt(;:'t Sél(%?é rﬁ%’ (R)'%g :imad
reamers havi sghse tisd imotion limitiegihambérallowethb kxee of itiameofericot tabe omasted tte
5 hydraul ic pressure to operate i utwar.d and thus requiri.

di 11 er enthy MEYRESREPBTE: MG HECIahT AP Lain S SpPERgY pher diftfiiibors,e
bl ades back hpMgurd 1o bdveirhédSwitles fsifrhon éxpandakieaeekah bpabAaTedquitidl pinitor
i ncludes activation neans, i.e., the linkage assenbly, the yoke, the

push sl eeve, Mogifisatlionséhetditre conponents for extending and retracting
the bl ades, al | owghdr BRib&EEAL AOMbRAIAENItiRE mERYER 10 B0 hades sinpid | e
al ong the sane path, but iIn ) ] _
structures for limiting the extent to of which the actuating means may extend to limit the
30  motion of the blades. For example, a motion limiting member may be a cylinder that
floats within the space between the outer surface of the push sleeve 115 and the inner bore
151 of the tubular body 108 either between the spring 116 and the push sleeve 115 or the

spring 116 and the tubular body 108.



10 opposite directions. Wth conventional reamers, the actuation
force to extend the blades is not guaranteed to lie exactly in
opposi te dVPERB0HNE2 and at | east not al opg the same paPRT/UPHETEAFNng
the probability of binding. The expandabl e reanmer apparatus herein

descri be over CO”E’Fhéj&?Eﬁda_Bl’éGéaﬁfey Ay RARisA00 Chs \WedcHb &I eivitR Fldred 8 MTRIGS.
I n anot her aspect of the invention, the expandabl e reamer apparatus

100 drives tAe231maridesdor whusiaenaioniof the bladpel 1y L2, 93along thesame) |y in a
first direction j i - ha: : ke ed

posi ti on (¢ haop g Sy e &iB53io) BHER jo CuRfial Bk R RBE Dy o
yoke and | i nkenyentisglnighsry having 3 piston tegsal teethel bladestthasent to rsupulste
sleeve dirtectl|ly retracts. t I LiLng: . Vi a: .

| i nkage aése#ﬁ r?/‘fhcfﬁﬁsg',‘rg g)c{bl%?g ?gﬁa’rarre%éaﬁgﬁlﬁlrs %%ﬂgxgé a?j 6&@%1&?@%}%2 feimng
ext ensi on anthetlehisacducl s piingste rdttaatbs blades bedqiewtndy én this redpectpthasi ng
spring or 20the hydraulic fl uid. conventional | ovi.ded.

Ui 1 0 part | o SRR SreRPEt int A Y GDP BIFaisele BELHEESimsmbly e

described, nysRy dpuiiidedt,it®@bStha BenOEAonaIDRE eeHifg amt dtrad@iplifie Blades,
those skilled in the art, Accordingly, it is intended that the

i nventi on onPlovies thegrualing force &rmoviie theldadss obrrlenscharams et r
l'egal  eqyp vabghisie difeetions, With cofleHtiohal ré&hittdTB abBation force to extend MM blades is
expandabl e reaner apparatus for enlarging a borehole in a

subt er r anean nétguamnteethto liegnugntly 4 ppposite directiong apd 4 d¢astnob alaye havamepath,

I i tudinal ;. axj ' . :
trak w ¢ neesps B ehBaRl b Al R L BIC Afifer A A A Sfee i
surface, theowmrcdmassicfioeeies assokiated oitbdonyeniond] spammerd out wardly at an

acute angle to thg | ongitudin axi s; rilling fluigdnAfl.ow
ot ext andi ng t nPGngRekdstet e Akion. e exnan el Athartdl e di St e
at | east 19neagdting Mgeany, Eerpthe pashisfeegs) weely ia arfestairectivh twhile frcihg dmblades to

subt erranean forpation duting.re , at | east one bl ade slideahl
conpled 1ot AEVA i@l Rosticn e plede g diri Spgagto B pih ses ey,
sl eeve di sposeet antl lilkdge abembinem thososite difdeidniHhb badh SRRy ditdady faHds 8
to the at | east qgne hlade, the push sleeve configured to nove axially
upward r espoR¥fgbyiryllinepyie e ypke rd lkegeassrgont ulRispaelivatiog mapoRIgrdeshe
drilling fluigg fd BMcRRtdAsibRafive@Siok Bﬁh@hlah@sﬁﬁksﬁ%ﬂ@ve@f@%iﬁh@@ﬁdﬁgﬁ
at least one track and into an extended position, the push sleeve
havi ng a0l ethsthydmuli¢ fuid psepamentivaatynrevidesupl ed t hereto; and a

traveling sleeve ¢apaaatiflon RaflenBf iteahlekidh a0l Bechfoli R RLEHYE
the traveling sleeve tonfigured to selectively retain {he push sl eédve
i n an initiahwpereig Yapationsaodigtheramtodimentsi will otdve taathodeskidled orthe art.

retai nment f e_coupl. . S| Niermipod I

expandabl e rg%%?l%ﬁ%blgge@g%&egfﬁ agﬁgﬁﬁh@%oﬁoﬁ%el}m%in%F?Tglgﬁgtﬁgg%e%dsefjng
el enent di spolaieh antl thwinlegahequivahents. bor e of the tubul ar body, in
contact with the push sleeve and oriented to bias the push sleeve in
an axi al “Jownward direction to retract the at |east one bl ade al ong
the at |l east one track and into a retracted position when the push

sl eeve is not subjected to force or pressure of drilling fluid
sufficient to overcone a force provided by the biasing el enent.



3. The expandabl e reaner apparatus of claim 1, wherein the at |east
one track extends radially outwardly ffom the |ongitudinal axis.

4. The expandabl e reaner apparatus of claim1l, wherein the acute
angle is out 10 egrees. 5. The expandabl e reamer apparat us
of claim I""3WREPEISA 'S he acute angle is | ess than about 35 degr ees.

6. The expandabl e reaner apparatus of claim1l1l, wherein the at |east
one bl ade is direct

assenbly. 7. Thg expgﬁSgﬁ%bﬁgﬁﬁ?;ﬁgggyg%ﬂghgﬁmg82}5 rﬁ]ﬂ(ilumﬁe"? nean

i ncl udi ngfCAMENFOMPISIAE - structure for positionally retaining and
gui di ng the at alwalkt bdmaa‘bdmgaaibnglhﬂlhziallaxi&% idier b&a,Sdn cQt’éEsdrraaé‘;lénd at least

8. The erﬁJ‘t%P Wﬁmﬁ ﬁ}%wula?ggogvrbgfv%ove e m e%r{%‘ an t\‘k@%m?ﬂ surfg gu IFaﬁt

structure conprises ed rai on f east

one bl adeowckﬁbpwwwangﬁatp@@ygquw W'Qﬁﬁﬁ@d@ﬂﬂgu%ﬁﬂ@ss of the at

| east one traClédﬂlﬁiglfmiﬁﬂfbéwﬁ)bihdﬁféh&ng’mﬁﬂbwth@%nﬁah&r@i@ﬁ@bﬁhém%l&@@ﬁ%ch .
us o urt her

rails. r appar

conpri si naavéngr%féiagr?n? Fﬁﬁf ﬁ?&?ﬂ?@?“ré}ﬁtﬂﬁ?ﬂ S&t‘v@%fFP"l fa Eiﬁrt?ﬂ?%{'r body
and t he pieghatiohdenng reaming, at least hee blxdealidesblyentplafto thest [pastivns lradwad the
10. The eypagdsal.e reaner apparatus of claim1, wherein the travel i ng
sleeve is axially retained in the initial 03|t|on bg

assenbly Wit hi ﬁP¥%'ﬁeM%8'PP%8? withig the H@e‘t%‘?é'?e iyl body and COUP'Tlm therfd
expandabl kasteasrblada thegual slsevefcomflganemamwetharmmpmmrpspoasmagtoa dr@sabr@c k

sl eeve co ,,mqg fhﬁ)d H%@mﬁ rﬁ%\‘ﬁn @JJW Lﬁ’aﬂﬁomﬁteﬁé]ﬂ%e laﬂ%:és?grlﬁa cve

formng t east tal nmen erel eeve
is axiall ?'W%‘P%PH%%F Pe tfaﬁE a“%'f“lolaaIe’“ﬁﬁ%thPPEPPrbV‘etpH@‘ ggeve éa\értg aiﬁ*@st

r et ai nmenbnd reaindieat fodtulchoudiavhaets; sldeeve when the at | east one

retai nment fea he .| .ow | ee ubul ar
body proxi nat eg!t& 5\%“94 SIéevg d's %9981% hf}%t ngﬁ’a‘?]%uiﬁpﬁ% ee%%eveandp%%nrgel n
the push gpevevenfiogregiq %ﬂlqueﬂyrratﬁ@ﬂnq RsabBleevedf ﬁ@mltralrmsrtwrath@u@mgmacteeve
has axi al ih the aneask by veainmshi feslRRblpled 8 iHedusR86khe at | east one
retai nment feature of the | ow ock sleeve fromengagenment wth the

t ubul ar body. 12. The expandabl e reaner apparatus of claiml,
further conpri&i ng ane expbiokleséavey epfaoatusoficaint ¥, furtea¢amipriging & biasing

traveli nge@h@ﬁ\e%f:w%e wtﬁ.uiﬁeweemre bnambuw tidal, EJ&%& w.mh@fsusm@éve
13. The ex e rea aratus of claimi, her congtrlsm

neasur ene ’80‘?%5’ tF?f’rtH%%‘{S CIRPYR ‘RGN 3Xid iy d'bel‘c“‘f"}f@ reliRrtdhgyelgeast one
bor ehol e. biade along the & leashanedreplasrdialitb e reteatee posijpparhah the posh slé@e 8 b8,

erein t Qﬁ) dlfed¥do Phre l}’lé (%‘fgnl%u%efﬁllldssﬂmc%n 3@5%{’&%&4 f[)lf%g Fl%glded b

substanti aI y perpendi cul a ongil tudi nal axis nmeasur |
di stance PBSIREVENH of the enl arged borehol e. 15. The
expandabl e reaner apparatus of claim1, further corrpri sing a

stabilizer sl egve C?ﬁ@éx%gnéaglegé%%ér ea;atlps?gf%ﬁ%% wherell\’\etl:ne aetrl'riczi gn ttr ck

tubul ar body for recei Vi cT; ‘rave Ve
extends radially outwardly from the Iongltudmal axis.

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

about 10 degrees.

5. The expandable reamer apparatus of claim 1, wherein the acute angle is less
than about 35 degrees.

6. The expandable reamer apparatus of claim 1, wherein the at least one blade
is directly coupled to the push sleeve by a linkage assembly.

7. The expandable reamer apparatus of claim 1, further including a guide



- 29 - formation, conprising: a tubul ar body having a

| ongi tudi nal axis, an inner bore, an Bﬁter surface, a plurality of
upwardly and outwardly sl opi ng tracks within the tubul ar body between
the inner bore and t outer. surface at an acute angle to the

| ongi t udi ﬁ‘éHCt”é%a‘l’épos“"’”a”yre*ﬁ"'Bﬁ 19 quidlrorthe At papl %\ﬁ/bﬁﬁ? g('“é&f“@ﬁ&'?ﬂ%j one

t hrough t hackt ubul ar body for conducting drilling fluid therethrough,;
a plurality of circunferentially spaced, generally radially and

I ongi tudi nal 'y _extending bl ades, each bl ade slidably engaged with one
of the plurali®y of Tte %R%dab@d?ar‘%rﬁepaéﬁmq d&9im Gridherain e Agdesstiugteur e

t her eon asshpreyeido@ppdsed govetal-sR&0 €dilg bR thelak REK ohe bl@LshdaRo @we&nded
bosi t1 one et RPR6 R BersliERite 8e dimetonnirglirabitl SR oDl FPolR oo
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t he expanded position responsive to a pressure of drilling fluid

within the flow path and a sing farc ow ock sl eeve coupl ed
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retain the actuation structure in an initial position and wherein
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wherein t a brasing rce provi y a structure orrented
subst ant i Bedvy i nI i ne with the longitudinal axis and in contact with
the actuation structure for holding the blades at the retracted
position in the tra Wt he force, .th etracted positio
correspondi ng ?10 no?ﬁ%?xgan%b% r%larq‘erﬁi)'fafradﬁjso icéi%ﬁ'g?éhgf C%Pé's'(%g(%gjﬁ"@%l e
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rea tus of claim 16
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drilling $kevedropreagsasteniwithithaitublia biodner bore. 21. The
expandabl e reaner apparatus of claim 16, wherein the at |east one
cutting structure conprises a plurality of cutting structures.
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devel opi ng axi al force upon the traveling sleeve responsive to
drilling fluid!3l owiThg exdsedabidreangtapparatus of claim 1, further comprising a

measurement device for determining a diameter of the enlarged borehole.

14, The expandable reamer apparatus of claim 13, wherein the measurement
device is a sonic caliper directed substantially perpendicular to the longitudinal axis for

measuring a distance to the wall of the enlarged borehole.
15. The expandable reamer apparatus of claim 1, further comprising a stabilizer
sleeve coupled to the inner bore of a lower end of the tubular body for receiving a lower end

of the traveling sleeve.

16. An expandable reamer apparatus for enlarging a borehole in a subterranean



the initial position of the traveling sleeve prevents the actuation
structure fromnoving the bl ades beyorR8-the initial position; and

a triggered position of the traveling sleeve allows drilling fluid to
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inner bore of L%@vl&c Ql‘éla\%rcopﬂgt%'to the acduatlon ﬁlliJctL%a rjf one blade having at
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drilling bw@plslslﬁ%\@samgletamuémﬁtw%@eTcmmﬂy b@m@tet\wtherxtheh@ulﬁmdm | east
one bl ade along the track; a traveling sleeve disposed at | east

tiall t hi f th
ol ok o1 eeve! Eoupl BUPEEPRE e “Ssiyesl RETSFReR ot Erc8ie Bh5ye

travel i ngfoslegemwiiefl oy eesuwrpom@ladmuwarﬂlﬂw lrhllowlrvcbm:theMnemal axis@nd in

engagenentqnMct Bitrble | b&ﬁ‘ﬁ%n BRIrORr ﬁﬁldutnghﬁe bidied éf‘fheb&%étetj Qolifidnah et he
push sl eeve in an | nit Ea§8| tion and wherein axial trans| ation of

the travel?9iyWLh Bafuce H’é?tff’t ted RS \AeB 0] Rl 80 forefhansial diersiE t he
t ubul ar bofdye expa3dable reamer appar@ds. The expandabl e reaner apparat us of
claim 26, further conprising a conpression spring disposed within the
inner bore of the tubular body and in contact with the push sl eeve
for biasing thédpushhesp@ardeblessmres 2eparales A cliby 1 uépreinghe biasing force isp g

The expanetdaled by aapmry stp@aeat us of claim 26, further conprising a
notion limting menber coupled between the tubular body and the push

sleeve to limt an extent of axial novenent of the push sleeve.
19. The expandable reamer apparatus of claim 16, further comprising structure

for selectively limiting the movement of the blades along the tracks beyond the extended

position corresponding to an expanded diameter of the expandable reamer apparatus.

20. The expandable reamer apparatus of claim 16, wherein the actuation

structure is selectively operably responsive to drilling fluid pressure within the inner bore.

21. The expandable reamer apparatus of claim 16, wherein the at least one

cutting structure comprises a plurality of cutting structures.

22. The expandable reamer apparatus of claim 16, wherein:



29. An expandabl e reaner apparatus for enlarging a borehole in a
subterranean formation, conprising: -~30- a tubul ar body having a
| ongi tudinal axis and at |east one track within a wall of the t ubul ar

body sl oped up and outwardly acute angle t
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axis;

a drilling fluid flow path extending through an inner bore of the tubular body;

at least one blade having at least one cutting element configured to remove material
from a subterranean formation during reaming and slideably coupled to the track;

a push sleeve disposed within the inner bore of the tubular body and directly coupled
to the at least one blade, the push sleeve configured to move axially upward responsive to a
pressure of drilling fiuid passing through the inner bore to extend the at least one blade along
the track;

a traveling sleeve disposed at [east partially within an inner bore of the push sleeve;
and

a lowlock sleeve coupled to the push sleeve, wherein a portion of the traveling sleeve
forces a portion of the lowlock sleeve into engagement with an inner portion of the tubular
body to retain the push sleeve in an initial position and wherein axial translation of the

traveling sleeve enables the lowlock sleeve to disengage from the tubular body.



a traveling sleeve disposed at |east partially within the body, the
travel ing sl eeve configured to sel ecti®ely retain the actuation
structure in an initial position; and a | oW ock assenbly

i ncluding a pI aI| rusi ons, ere i on of the
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formation, comprising:

a tubular body having a longitudinal axis and at least one track within a wall of the
fubular body sloped upwardly and outwardly at an acute angle to the longitudinal axis;

a drilling fluid flow path extending through an inner bore of the tubular body;

at least one blade having at least one cutting element configured to remove material
from a subterranean formation during reaming, the at least one blade slideably coupled to the
at least one track; '

a push sleeve disposed within the inner bore of the tubular body and directly coupled
to the at least one blade, the push sleeve configured to move axially upward responsive to a
pressure of drilling fluid passing through the inner bore to extend the at least one blade along
the at least one track;

a traveling sleeve within the tubular body axially retaining the push sleeve in an initial
position within the tubular body by engaging at least one retainment feature coupled to the
push sleeve;

a longitudinal biasing element disposed within the inner bore of the tubular body and
in contact with the push sleeve; and

a motion limiting member coupled between the tubular body and the push sleeve to

limit an extent of axial movement of the push sleeve responsive to the pressure.

30. The expandable reamer apparatus of claim 29, wherein the traveling sleeve
is axially retained in the initial position by a shear assembly within the inner bore of the tubular
body.

31, The expandable reamer apparatus of claim 29, wherein the motion limiting
member floats with motion of the biasing element while limiting the extent of axial movement

of the push sleeve,

32. An expandable reamer apparatus for enlarging a borehole in a subterranean
formation, comprising:

a body having a longitudinal axis;



-32.

a drilling fluid flow path extending through the body for conducting drilling fluid
therethrough;

a plurality of blades carried by the body at an acute angle relative to the longitudinal
axis, each blade carrying at least one cutting structure thereon;

an actuation means positioned within the body and configured to directly actuate the
plurality of blades between an extended position and a retracted position in respective
response to a pressure provided by the drilling fluid within the flow path and an opposing
force;

a traveling sleeve disposed at least partially within the body, the traveling sleeve
configured to selectively retain the actuation structure in an initial position; and

a lowlock assembly including a plurality of protrusions, wherein a portion of the
traveling sleeve forces the plurality of protrusions of the lowlock assembly into engagement
with an inner portion of the tubular body and wherein axial translation of the traveling sleeve
enables the plurality of protrusions of the lowlock sleeve to disengage from the inner portion
of the tubular body enabling the actuation means to axially translate within the tubular body.

33. The expandable reamer apparatus of claim 32, further comprising at least
one biasing element coupled to the actuation means for providing the opposing force and
further including structure for selectively limiting movement of the plurality of blades beyond
an outermost extended position corresponding to an expanded diameter of the expandable

reamer apparatus.



