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TECHNICAL FIELD
Embodiments of the present disclosure relate generally to status indicators for
tools for use in subterranean boreholes and, more particularly, to remote status
15  indicators for determining whether expandable reamer apparatuses are in expanded or

retracted positions.

BACKGROUND
Expandable reamers are typically employed for enlarging subterranean
20  boreholes. Conventionally, in drilling oil, gas, and geothermal wells, casing is installed
and cemented to prevent the well bore walls from caving into the subterranean
borehole while providing requisite shoring for subsequent drilling operations to achieve
greater depths. Casing is also conventionally installed to isolate different fomationé,
to prevent crossflow of formation fluids, and to enable control of formation fluids and
25  pressures as the borehole is drilled. To increase the depth of a previously drilled
borehole, new casing is laid within and extended below the previous casing. While
adding additional casing allows a 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
30  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
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15  end thereof and a reamer assembly some distance above the pilot drill bit. This
arrangement permits the use of any conventional rotary drill bit type (e.g., a rock bit or
a drag bit), as the pilot bit and the extended nature of the assembly permit greater
flexibility when passing through tight spots in the borehole as well as the opportunity
to effectively stabilize the pilot drill bit so that the pilot drill bit and the following
20  reamer will traverse the path intended for the borehole. This aspect of an extended
bottom hole assembly is particularly significant in directional drilling. The assignee of
the present disclosure has, to this end, designed as reaming structures so called “reamer
wings,” which generally comprise a tubular body having a fishing neck with a threaded
connection at the top thereof and a tong die surface at the bottom thereof, also with a
25  threaded connection. For example, U.S. Patent Nos. RE 36,817 and 5,495,899, both of
which are assigned to the assignee of the present disclosure, disclose reaming structures
including reamer wings. The upper midportion of the reamer wing tool includes one or
more longitudinally extending blades projecting generally radially outwardly from the
tubular body, and PDC cutting elements are provided on the blades.
30 As mentioned above, conventional expandable reamers may be used to enlarge
a subterranean borehole and may include blades that are pivotably or hingedly affixed

to a tubular body and actuated by way of a piston disposed therein as disclosed by, for
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the disclosure;

FIG. 2 shows a transverse cross-sectional view of the expandable reamer
apparatus in the plane indicated by section line 2-2 in FIG. 1;

20 FIG. 3 shows a longitudinal cross-sectional view of the expandable reamer
apparatus shown in FIG. 1;

FIG. 4 shows an enlarged cross-sectional view of a bottom portion of the
expandable reamer apparatus shown in FIG. 1 when the expandable reamer apparatus
is in a retracted position;

25 FIG. 5 shows an enlarged cross-sectional view of the bottom portion of the
expandable reamer apparatus shown in FIG. 1 when the expandable reamer apparatus
is in the extended position;

FIG. 6 shows an enlarged cross-sectional view of an embodiment of a status

indicator of the present disclosure in the bottom portion of the expandable reamer

30  apparatus shown in FIG. 4;



FIG 2 shows a transverse cross-sectional view of the expandabl e reaner
apparatus in the plane indicated by section line 2-2 in FIG 1; 20FIG 3
shows a |wogntumdisaal cross-sectional view of the expandabirasceanes707
apparatus shown in FIG 1; FIG 4 shows an enl arged cross-sectional
view of a bottom portion of the expandabléﬁ reaner apparatus shown in FIG 1
when t he expandabl e reanmer apparatus is iTh a retracted position; 25FIG 5
shows an enl arged cross-sectional view of the bottom portion of the
expandabl e reaner dppdrsheusanstnbaged grofstsertionalieyi of pecakerhmestisf e stabisner
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figures may rghajaRichie st BorHeNBsl &@andBRI AR PParatus, status indicator, or other
feature of an earth-boring tool, but are merely idealized representations that are
employed to describe embodiments the present disclosure. Additionally, elements
common between figures may retain the same numerical designation.

15 As used herein, the terms “distal,” “proximal,” “top,” and “bottom” are relative
terms used to describe portions of an expandable apparatus, sleeve, or sub with
reference to the surface of a formation to be drilled. A “distal” or “bottom” portion of
an expandable apparatus, sleeve, or sub is the portion relatively more distant from the
surface of the formation when the expandable apparatus, sleeve, or sub is disposed in a

20  borehole extending into the formation during a drilling or reaming operation. A
“proximal” or “top” portion of an expandable apparatus, sleeve, or sub is the portion in
closer relative proximity to the surface of the formation when the expandable
apparatus, sleeve, or sub is disposed in a borehole extending into the formation during
a drilling or reaming operation.

25 An example embodiment of an expandable reamer apparatus 100 of the
disclosure is shown in FIG. 1. The expandable reamer apparatus 100 may include a
generally cylindrical tubular body 108 having a longitudinal axis Ls. The tubular body
108 of the expandable reamer apparatus 100 may have a distal end 190, a proximal end
191, and an outer surface 111. The distal end 190 of the tubular body 108 of the

30  expandable reamer apparatus 100 may include threads (e.g., a threaded male pin
member) for connecting the distal end 190 to another section of a drill string or another

component of a bottom-hole assembly (BHA), such as, for example, a drill collar or
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20  apparatus 100 is disposed to remove formation material when the blades 101 are in the
extended position, but are not operable to engage the walls of a subterranean formation
within a well bore when the blades 101 are in the retracted position. While the
expandable reamer apparatus 100 includes three blades 101, it is contemplated that one,
two or more than three blades may be utilized to advantage. Moreover, while the

25  blades 101 of expandable reamer apparatus 100 are symmetrically circumferentially
positioned about the longitudinal axis L along the tubular body 108, the blades may
also be positioned circumferentially asymmetrically as well as asymmetrically about
the longitudinal axis Lg. The expandable reamer apparatus 100 may also include a
plurality of stabilizer pads to stabilize the tubular body 108 of expandable reamer

30  apparatus 100 during drilling or reaming processes. For example, the expandable
reamer apparatus 100 may include upper hard face pads 105, mid hard face pads 106,
and lower hard face pads 107.



but may be noved responsive to application of hydraulic pressure into the
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20 101 is shown in the outward or extended position while the other blades 101 are shown
in the initial or retracted positions. The expandable reamer apparatus 100 may be
configured such that the outermost radial or lateral extent of each of the blades 101 is
recessed within the tubular body 108 when in the initial or retracted positions so as to
not extend beyond the greatest extent of an outer diameter of the tubular body 108.

25  Such an arrangement may protect the blades 101 as the expandable reamer
apparatus 100 is disposed within a casing of a borehole, and may enable the
expandable reamer apparatus 100 to pass through such casing within a borehole. In
other embodiments, the outermost radial extent of the blades 101 may coincide with or
slightly extend beyond the outer diameter of the tubular body 108. The blades 101

30  may extend beyond the outer diameter of the tubular body 108 when in the extended

position, to engage the walls of a borehole in a reaming operation.



enbodi nment, the axially directed force directly actuates the blades 101 by
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the wal | aﬂ%§eﬁ*ﬁs CBOp A EoeR PR S ajppaupre }ialﬁl@&tpghded ’
posi tion. The,qhtd {NITRE %ﬂ&%lé@ém%pgﬁ%uﬁqb&ﬁfd%@@ﬁd@'ﬂ?@p%h%ﬁ@@l igonpact

(PDC) cutters or other cutting el enments known in"the art.”  FIG 3 is another
cross- sect i onald thé ealvopistoh é2@xyjacivab bethreenfimirediopnevetayslly @Gthimibe tubiukg

bl ades 101 sho ip.FIGS. 1 and 2 taken.alg ectign l.ine.3- own in 10
Bl G 2. The oXBRHARI Bpnshis Mg BUee Bl ceeesng oy isBo fsh T8%ng a
bottom porti olshsﬂl%leeir&ﬂs%aa}mwe?igt&am. BiIbRId@ 4SS, HePuiiyledvadl sigRybBe push
sl eeve 115 and the val ve piston 128, which are both configured to nove

axi al |y wiX hi biaseddowarn theatistplcengt 12081 tha tybatas bade Qdbyr brsswpiag 13pmide t o at
520 010, SR o STRL AL LG4 9 s Abarslajacei ot on
by a second spring 134. The first spring 133 may resist motion of the push sleeve 115
toward the proximal end 191 of the expandable reamer 100, thus maintaining the
blades 101 in the retracted position. This allows the expandable reamer 100 to be
20  lowered and removed from a well bore without the blades 101 engaging walls of a
subterranean formation surrounding the well bore. The expandable reamer
apparatus 100 also includes a stationary valve housing 144 axially surrounding the
valve piston 128. The valve housing 144 may include an upper portion 146 and a
lower portion 148. The lower portion 148 of the valve housing 144 may include at
25  least one fluid port 140.
FIG. 4 is an enlarged view of the bottom portion 12 of the expandable
apparatus 100. As shown in FIG. 4, once the expandable apparatus 100 is positioned in
the borehole, a fluid, such as a drilling fluid, may be flowed through the fluid
passageway 192 in the direction of arrow 157. As the fluid flows through the fluid
30 passageway 192, the fluid exerts a pressure on surface 136 of the valve piston 128 in

addition to the fluid being forced through a reduced area formed by a nozzle 202

coupled to the valve piston 128 and a status indicator 200, as described in greater detail



15bi ased toward the distal end 190 of the tubular body 108 by a first
spring 133, and the valve piston 128 nmay be biased toward the proximal end
191 of thwotobul4z847body 108 by a second spring 134. ThePCirrustoigpsimnyg 133
may resist notion of the push sleeve 115 toward the proximal end 191 of the
expandabl e reamer 100, thus maintaining the blades 101 in the retracted
position. This allows the expandable reaner 100 to be 20 | owered and
renoved froma well bore without the blades 101 engaging walls of a

subt er r anean Hebewaihen t@m@%@m@nrﬁ@? fuhlacenBld ang@h@omioggmme@t r eamer

apparatus 100_al so, i ncl ude st.al onar Ive Si 44 a.
surroundi ng t A" g‘é Vebcoglteglﬁ ff eV dS§ usn Hl V%gjz?]plsztlon f(jgarb!)\%/i:e an

upper porti onglff tawekdahd &xmrenaqet)looﬂlela&laﬂsh&yn@wmhep@r\xelp@snorim of the
val ve housi ng 144 maY i nclude at 25l east one fluid port 140. FI G 4 is an
SC

eEI arged vi ewneltdestié leggitone Avjsiarort ]@rg? Vehegrthe h%V%Rlﬁﬁﬁé&%tréve&Spgﬁﬁﬁ%% 00. As
sho FI G h
bor \émho: 2 a f?ng)ln%l? ngeu%trll&gtso%qg I ng I"ul %ﬁ%ﬁ%&gﬁlif?tg%é@ #tﬁﬂg%h t ©

fluid passagewal tht92lchs ohhﬁudll;foﬁtCM()Cfﬂniﬂd 1ﬁt}red¢i\vvéxﬁ)6n10@61418h)ét}felual\(é fl ovvs

t hrough the fluid 30passagewa the fluid exerts a pressure on surface
136 of the varqrsingildtanshpra Wﬁl(éfﬁilstqnéfrpfiﬂ&eﬂﬁéﬂpwm%fh%giﬁﬁleffﬁ?‘ied t hrough a
reduced area v ShANa 128 and a
stat us i ndi caé d%%@by Zsé@g%tﬁ%e%ﬁ%@ggﬁéé&ggﬁgﬁ ?40\4&0% bel %I\:/Lv When t he
pressure on tdenber f@d&t\&&ﬁ tenchivdieuning 4 B4 aRDthe bdubmbsdygt@atThedmugh t o

overcone the force of the second s rin 134, the valv i ston 128 noves
axially t]&varﬁlt{“ﬁéhecﬁ“é‘fl fe g‘&; %‘F STSHBTUP AR S‘B%(‘f ?i%%ts&lerﬂ‘és al ve pi ston
128 incl udes QEevleq(I@tV\maﬁ t}felﬂf&s@u@%htthels%@facémrbfttﬁhepdéﬁlsl‘é@vepl' 1%%9%6&28 travels
sufficiently tar 5enough, the at |east one fluid port 129 of val ve

pi ston 128 at eroeglsto gatradtaid fyrsteiprigad3 WHIG. Dhtheaush deeye 1bhelides upwador t 140
formed in the |l o orti 48 of the yal.ve h ing 144 as shown in FIG
5. Sone of th&Y V%%HBWXW r‘?B& ﬁlr %EHleﬁé‘efq\{a[ﬁeﬁ?ggssage\/vay 192 travels
through the al i gnevch iidldRaed & ré2&t theAladen 01, di fRsWf fid ehdeiierd 142

bet ween the val ve housi ng 144 and the tubul ar body 108. The fluid
15  passageway 192 may be reduced or stopped. This will reduce the pressure exerted on

the surface 136 of the valve piston 128 and the nozzle 202 causing the second

spring 134 to expand and slide the valve piston 128 toward the proximal end 191 of the
tubular body 108. As the valve piston 128 moves toward the proximal end 191, the at
least one fluid port 129 in the valve piston 128 and the at least one fluid port 140 in the

20  valve housing 144 are no longer aligned, and the fluid flow to the annular chamber 140
ceases. With no more fluid flow in the annular chamber 140, the pressure on the
surface 138 of the push sleeve 115 ceases allowing the first spring 133 to expand. As
the first spring 133 expands, the push sleeve 115 slides toward the distal end 190 of the
tubular body 108, thereby retracting the blades 101.

25 As shown in FIGS. 4 and 5, the valve piston 128 may include a nozzle 202
coupled to a bottom end 204 of the valve piston 128. While the following examples
refer to a position of the nozzle 202 within the tubular body 108, it is understood that in
some embodiments the nozzle 202 may be omitted. For example, in some
embodiments, a status indicator 200, as described in detail herein, may be used to

30  generate a signal indicative of a position of a bottom end 204 of the valve piston 128
relative to the status indicator 200. For example, the signal may comprise a pressure

signal in the form of, for example, a detectable or measurable pressure or change in



10 within the annul ar chanber 142 exerts a pressure on a surface 138 of the
push sl eeve 115. Wien the pressure on the surface 138 of the push sl eeve
115. i s grwatoemaeyh to contract the first spring 133 (FPGI/iBpo11tobgopush

sl eeve 115 slides upward toward the proximl end 191, extending the bl ades
101. When it is desired to retract the bl ades 101, the flow of fluid in the
fluid 15 passageway 192 may be reduced or9stopped This wll reduce the
pressure exerted on the surface 136 of the valve piston 128 and the nozzle
202 causi ng uhews@nﬁddﬂsgﬁhmbwm@mihwbﬁﬁpéndk%ﬁ@“®hmHE3ﬁh6w@§W$e pi ston 128
toward the pr.oxi nal 91 of, t.he.tubul ar y h e pl.ston
128 noves t ovidf at%%&)nﬁp@k ?&QUPEH&O% Ow‘frrPémé 4§ B’ egﬁ@e?‘fﬁs} %‘rt 29 in
the val ve pi syans hdRaePe0d B eomtguk&ias indddiee the Flbﬂtl(ﬂ%ﬂthé-ﬁ&zlem@ hﬁat?x& tyal ve
housi ng 144 are no |onger aligned, and the fluid flow to the annul ar
chanber 140 chestess indiqatpr 360 propessonf gperatingdie fnllingaystgamuBegauseiBiber 140, the

pressure agn theéﬁ%@ %Cc%ull?’gto tfhe V%l Bfé?olﬁ 1%3 ¥§ sl‘lﬁaoqgﬁesrﬁﬁél@lzb?ﬁfegg the

first prlng% rst s‘pr expan
sl eeve 115 slindested ﬁh\é@bﬁuém@ftﬂé sdlad pl@tﬂd 119%@&&&1@ mahud:raited bmﬁwprd
thereby retracting the bl ades 101. shown_in 4 and 5, the valve

pi ston 128 neResitias oirush sikevezl 18 apd Qh“é&fjﬁﬁ é@lt Iét@ W%%W%ﬁﬁz%ﬂdlﬁ? % he
| t f th
val ve piston %tﬁ}rlle %{}Eﬁe % l?%hfn&t%'v!ar&% %tg%ﬁ‘l‘iﬂ% dr200 ?i‘g Shovh:Pi 3‘?‘1%0@ ithdnde Of the

nozzl e 202 w I s urider st 0o In sone
enbodi nent s thsunodicher Zmeffmyvéiglrmlnnatdsehht t}EMadexamp(bra; lekst sbari@be,

enbodi nents, a st(L g |nd|cat r 200 des ﬁ]ged i %gtail Egrel may be
used to 30 geitErcied Iht |S&‘r‘i‘é§lm C%‘FS 1751708 WehBESEHSend 204
of the valve puRtRPIFdREs §}E)I\x@1t1hmt5)tﬁeﬂ%§§tﬁhy§ldic%k 5@ Q¥ectPly ifdRfat@xanpl e,
the signal may conprise a pressure’signal in the faun of, for exanple, a
det ect abl e orthateths expabdablpappsstrsd 001s mhare;g@nqiadposmgn- pressure of drilling
fluid within the b i 200 may
be coupled to the ?%ﬁgﬁsﬂb?ﬂWgﬁpTﬁﬁ(ﬁPn?WB‘%QP?@ %hﬁlT%ﬂgoﬁﬁ@ Bt us

i ndi cat or 200thk $x 5204118 WpRehtol 00N§HnGRE 8loédaeopi@sh.t ln%rr@ferrfbtl@lrrMZSZﬂ@ 202
relative to the status indicator 200 to persons operating the drllllng
system Bdcaugatus indiogien 290 mclpdes 4té€aéUW|9llﬁ@ﬂlqnéa ceplepwtipy ef tBe altlewst o8, t he

posi tion of the,.no | val ve piston
128 and, t her%%ﬁon Z}}%lnlgr?tdgfrt;ggn Cros eé%cé%;el%lt ec?qgog?a?w%%@ &ﬂ&rqﬁt Sl eeve 115
and the bl adeﬁ)nél&ﬂdmaﬂ fixib nl@(fstiauy$dr aﬁhrﬁ;aé dan oﬁ@ﬂﬁbmﬂmaﬁl z&alhﬁdﬂatedmlne nozzl e
202 is not over the status_indicator 200, as shown in FIG. 4, then th?
status indi cafist 6thg siefysardisajien 30jindudes a dastpraton2fie hpyingia frsh pross-gictiona
shoul d be,

| east
area 212, a second portion 208 having a second cross-sectional area 214, and a third

20  portion 210 having a third cross-sectional area 216. As shown in FIG. 6, the first
cross-sectional area 212 is smaller than the second cross-sectional area 214, the second
cross-sectional area 214 is larger than the third cross-sectional area 216, and the third
cross-sectional area 216 is larger than the first cross-sectional area 212. The different
cross-sectional areas 212, 214, 216 of the status indicator 200 of FIG. 6 is exemplary

25  only and any combination of differing cross-sectional areas may be used. For example,
in the status indicator 200 having three portions 206, 208, 210, as illustrated in FIG. 6,
additional embodiments of the following relative cross-sectional areas may include: the
first cross-sectional area 212 may be larger than the second cross-sectional area 214
and the second cross-sectional area 214 may be smaller than the third cross-sectional

30 area 216 (see, e.g., FIG. 8a); the first cross-sectional area 212 may be smaller than the
second cross-sectional area 214 and the second cross-sectional area 214 may be smaller

than the third cross-sectional area 216 (see, e.g., FIG. 8b); the first cross-sectional area



10 retracted. If the status indicator 200 indicates that the nozzle 202 is
over the status indicator 200, as shown in FIG 5, then the status

i ndi cat orw@Q0128f4fs3ct i vel y i ndi cates that the expandabl e rappmse@tios47800 is in
an extended position. FIG 6 is an enlarged view of one enbodi ment of the
status indicator 200 when the expandabl e agpparatus 100 is in the cl osed
position. In sone enbodi nents, the 153ta11§§ i ndi cator 200 includes at |east
two portions, each portion of the at |east two portions having a different
cross-secti odR myéwla@eﬁhm@néemdp@ﬁﬁswubml ared 24 hand Bagtceddi nal axis L8

FIG 1). F h
gt at us I) ndi g%{%)lé%g% ?lﬁl&?ﬁ eq?rgfar t%gﬂ Ehe%hlrdzﬂgsss egtgo?]lgl 'cg’g flé%ee L. gt’ €

Cross-secti orgi. 8)ean &ﬂeﬁmo@t}fe&fhﬂﬁdorp@étevb@mraﬁ&e&wmmeaa 2seczmg1216 may
cross-sectional area 214, and a third 20porti on 210 having a thj

cross- sect i orhglgraduebasahewn AsFKhEwr thermsgiondetvasa crass- §%Ct1€1?9é§%eﬁ%%k2t L&hal
area 212 i.s ln!m?rbeag t%@ oBGQR %’ao%s]ﬁﬁ&ﬁm r%ﬂgoﬁ[oﬁéoglﬁ)g ﬁ{qqﬁgcond

Cross- secélon arger ‘han ross-section area 216,

and the thirdigeesspsatl toqnalongmanaz 1RisiLs (Flar gpmdylesubdmtibily equal as
cross-sectional area 212. The different cross- sectlonal areiﬁ}gﬁéz 214, 216

of the statushpwairBlsT 8260 Grthqpagions 208, 208 i) mpyhavsSifsrent .
combi nati on fg AL Ed ?r%gg G40 S9bSRMehQBRbt @b BRI%IRY 2SR F@sr 6%@”13' e, in

the status indrcator having three portions 206, 208, 210, as
illustrated |8m-aazﬁienferelﬁd>chnﬁplaryahd mmmnmbsccmfﬁgufwoﬁ hdl\hwmtdgast"@lmtl ve
i areas may.include: the f Cl,0SS-Sec area 212 my

Cr 0ss- sect i ong n
be | argerl% ha‘ﬁ%f?rﬁ’ét %%i?(?ﬁﬁmé‘?]ﬁ%asé%aé’thed’ﬁ fod Py ths platusy l‘fﬁ%rajé)gcond

cross- secti onal _argaudld ABYRRIRIRE bifushRRGB0 b ebhFigssipeed T onal 30
area 216 (see, e.g., FIG 8a); first cross-sectional area 212 may be

smal | er than drbss- ssetmahlarcar, e@cékasecod anidistatedan F14. Sendf thi statie ensiehtor 200

cross-sectional area t [ 0SS-S onal area
216 (see, gcomnﬁlsﬁa%‘i?ﬁ ec’ioﬁ%selc 1?%?“@? o@%g t‘:{’\gbcﬁélr bg&élgy ¢¢ ele‘[65'12 may be
larger t han t §i8si SESAREN RSB SAGh RN veAfifan 2Ighs anthe idi€alpes@mEl position
cross-sectional area 214 may be larger than the third cross-sectional area

216 (see,l5e. gl.n,dthﬂ@@d&@}emlt wHeited positionfe transiti on between
cross-sectional ar ATRY. @)2 G 6, or
the transition bet%eg}rlllu%:n 5%§e]f§fetgt%liégnal eﬁ@%ﬁ@?%&l% @%%H‘mbﬂdg e abrupt
as shown in Rdee 28@. T YaeO1ZL0mey 1rﬁﬁldba|phmlitgmf ﬂﬁﬁpaﬁ@@wa&i@ﬂinﬁh@feﬁlmr ection

parallel to the longitudinal axis L8 (FIG may _be s bstantial |y equal
as shown in Fdelesgsslgs eXE?FldlthéhrB‘é%htth%H%S‘?%@ W@@Bau%@e E{Pé‘? F%'Fser ent

l engths as Sggﬂggd_dggﬁg@m% EBQSC%BO%@EAM%@M@E%&&% ildidkrab0hHy4Q0 shown

in FIGS. 6 a y exenplary and any geonetry or configuration
havi ng at20 eastachattto the lower portion 148 of the valve housing 144 in such a manner as to fix

the status indicator 200 at a location relative to the valve housing 144. In some
embodiments, the base 220 of the status indicator may be removably coupled to the
lower portion 148 of the valve housing 144. For example, each of the base 220 of the
status indicator 200 and the lower portion 148 of the valve housing 144 may include a
25  complementary set of threads (not shown) for connecting the status indicator 200 to the
lower portion 148 of the valve housing 144. In some embodiments, the lower
portion 148 may comprise an annular recess 218 configured to receive an annular
protrusion formed on the base 220 of the status indicator 200. At least one of the status
indicator 200 and the lower portion 148 of the valve housing 144 may be formed of an
30  erosion resistant material. For example, in some embodiments, the status indicator 200
may comprise a hard material, such as a carbide material (e.g., a cobalt-cemented

tungsten carbide material), or a nitrided or case hardened steel.



10di fferent cross-sectional areas may be used to formthe status indicator
200. In further enbodinents, the status indicator 200 may conprise only one
Cr oss- secwpanelo4as4ea, such as a rod as illustrated in FiPGr/uBeoiilos47vhe
status indicator 200 conprises a single cross-sectional area, the status

i ndi cator 200 may be conpletely outside of the nozzle 202 when the val ve
piston 128 is in the initial proxinmal poé ifion 15and the blades are in the
retracted positions. Continuing to refer to FIG 6, the status

i ndi cator 200 may mazth@pad@y@eba@f?equ pTise voribe sawe indigatar 260 agdiea

plurality of fluid pa eways 222 .i.n the.formof hales.or sl .endi ng
through the b4S¥ @%8” ?gﬁﬁ%(%esﬁqnb&)et“ﬁgaldjlr?’flmair;%osg 14 inccll){oteé‘1 8 1%%%@ d St})%&?%%%?nal Iy
t hrough the basgux2RiendibeoPBsBladed MG, 1 NRisBitad S nbH TRtREr ROty be
20attached to the | ower portion 148 of the valve housing 144 in such a

narnerhas to‘mﬂ%mphéﬂ%wh@UbeVﬁM¢E@@éﬂzﬁéﬂnﬁﬁ”ﬁ“ﬂd@&ﬁp@ﬁgﬁéwa$?W@“?% t he
val ve housi ng_,144. .| i .
SSI gbl é]'es. In s%rr? O?nrgbo%ﬂ%%ﬁ% g?e[%ﬁ(il ngsng%g/\gf ?%% r@)?e@cfm%_tggoug% @%eus

i ndi cat or 'may be"renpovabl'y cou Ion he val ve

housi ng 144. orleon2mplytaveaatifa drbs-sbain. 22@mativélhassharus FIGSi catdr 200
and the |l ower portion 148 of the val ve housing 144 may include a
25conpl ement afyheszzist202 may Apdude ARroE R 241 hiClE IS RBIRITHY Crosessecfignals

i ndi cat or 200 i | v, Nousi ng 144. In sone
enbodi nent s, ?fgoﬁgﬁg?ﬁ 0%??%%£&§2€%§§mggﬁgr, éﬂgﬁﬁgnnulér recess 218
configured to receinwpearionraflualris poapedibiomgh thed intechabfiuitl ipesshgeyeyd20 of t he

status indicator 200, At |east one of the status.indjcator. 200 .t he

| over portd onexi?fﬁhrtgfthlfoHéh Wiln\?éﬂﬁ%_ PGS TAE Oﬁ%%ﬁglnﬁ%ﬂéﬁltﬁ%%drggg’?%i on
resistant matglihaboydiPholEXAERE: (e k] wiRTPERARKL MfAkitus 100PnaY 8 Hitaluid cat or
200 may conprise a hard material, "such as a carbide material (e. a

g.,
cobal t - cenent ad rhonigstddy avobic@r patipmerloperating the dritlinggederor Agélwevahiver dened
st eel . . Th ozzl e. 202 may. be confi qure 0 ss over . the.status
i cator 200P8EN ERRRORF BB BN B B R RSl B posR
posi tion int oma ndiAé RERbveb: 8l 108 bbrition of e CRAHSEnEXHEPDOORNKICH wileaugt ades.
FIG 7 illustrates the nozzle 202 over the status indicator 200 when the

val ve pi ston thedluidpressurternd thti dsilling fheid being mombered %Q waigi Shesgvamignses in the

pressure of the drilling fluid can be used to determine the relationship of the nozzle 202
to the status indicator 200, which, in turn, indicates whether the valve piston 128 is in
the proximal position or the distal position, and whether the blades should be in the
retracted position or the extended position.

20 For example, as shown in FIG. 6, the first portion 206 of the status
indicator 200 may be disposed within nozzle 202 when the valve piston 128 is in the
initial proximal position. The pressure of the fluid traveling through the internal fluid
passageway 192 may be a function of the minimum cross-sectional area of the fluid
passageway 192 through which the drilling fluid is flowing through the nozzle 102. In

25  other words, as the fluid flows through the nozzle 102, the fluid must pass through an
annular-shaped space defined by the inner surface of the nozzle 202 and the outer
surface of the status indicator 200. This annular-shaped space may have a minimum
cross-sectional area equal to the minimum of the difference between the cross-sectional
area of the fluid passageway 192 through the nozzle 202 and the cross-sectional area of

30 the status indicator 200 disposed within the nozzle 202 (in a common plane transverse
to the longitudinal axis Lg (FIG. 1)). Because the cross-sectional area 214 of the

second portion 208 of the status indicator 200 differs from the cross-sectional area 212



5 bl ades. In sone enbodi nents, the fluid passageway 192 extending through
the nozzle 202 may have a unifoiln cross-section. Alternatively, as shown
in FI GS. woant/0d784rhe nozzl e 202 may i nclude a protrusi eaTARIOMNOELN7 IS a

m ni mum cr oss-sectional area of the fluid passageway 192 extendi ng through
t he nozzle 202. In operation, as fluid i i punped through the internal fluid
passageway 192 10 extendi ng through the~ b2zl e 202, a pressure of the
drilling fluid within the drill string or the bottom hol e assenbly ée.g.,
within the redterfirappatiet 206, he@yesauy obde dulimgrludl wilchangd asdherepzslg 20ér sonnel

or equi pnment operati he dr.ill} ste t val v i St.on noves
from the ini tha&®s %Pgﬁﬂﬁéfs%%f’? ?@)@%ttﬁ%el‘fg&}s%ﬁ%rhg@n ﬁl&? Sg?th %tf)hc?%ﬁog’ %E‘;On, t he
nozzle will ONSY Secaibe thededss-8ediBhdliaRia 204 of the ssdoall pertiondDE 3f Bk s, whi ch
wi |l cause 15the fluid pressure of the drilli ng@fl uid being nonitored to

vary. These viadicaipc¥) ditfers fionpthe seoay-gectional prsa df§ pf the guxd norepnckf bdheused t o

determ ne .the rel.ationship.aof the nezzl.e : | 0di or 200,
which, in 5t ursltlafmﬁ lﬁé‘lc%gli gﬁso?\tmé)tr et < ﬁéle\ﬁglﬁlv%%%lﬁlﬁ(gwgg%é%@%sgﬁ? }ﬁ&?lﬁgﬁpr oxi mal
position or thiesedifisingthe BRdhd p&tion adkltonrhethirdpottiva Jibades shoul d be in the
retracted position or the extended position. 20Fgr exanple, as_shown in

FIG 6, the first H6rPivnsimpbfiest srepeokthapisssuraliptdilipg duig witlyn the vaive posed
wi thin nozzle. - - Pl ) S [ ole xi mal

posi ti on. Them%g%%%gt]%} %‘B&{O@f}éﬁbﬁ%ﬁ% ?&Jé‘?}?‘ﬁ%ﬁ%@ﬁﬁgﬁgﬁt‘wﬁ itﬁaiv et £ ui d
passageway 19Zovas¥rohetha ifitidl @rddmalogositioa tariheisnbseyenodistabposttioovdliledliea of t he
fluid passageway 192 through which the drilli yid is flow ng through

t he nozzl¥® 1_(??1.1%{@%1&2@6%@1@1“&3% , tﬁ%"ﬁﬁ‘ép‘ﬂoﬂilzgf Wd%scoflmlﬁdé?‘f_gieﬁge fozzl e
102, the fluigqmyst, RRSE gﬁ%g&az?g ifNRleAln ﬁﬂ?ﬂ?%dan%p?&fﬁrs?ﬁrfgkﬁ%htﬁfa}l he

i nner surface of the nozz the outer surface of st at us
i ndi cat or 200be Jheerseditha tirs poctioa@Od of thacttusayditrawa2 08 isrvithimim mozele 202 et | onal

area equal to,the ni.pinumof the difference t ween.t he, cr.oss-secti onal
area of the fiQrg “gggléggJeA\‘ﬁa'be i’@‘ﬁ‘ng?hfl%ﬂ@ﬁraﬁﬁel%ﬁgiozvle%ﬁ%gheaﬂaseﬁ ﬁ%ﬁ’e open
cross-sect i onglsiheavehistfh iRensledfd thd i bxirdAQositis R Steseh WHIOI itct he
nozzle 202 (in a comon plane transverse to the longitudinal axis L8 (FIG

1)). Becalse thheutseqmst dselnositian skeveainXl@. 3fa tisibleguessing spibe E9EHPIYE LS t he
et 17 ol oo b R U PSS bR RN Rl B Rk

the first porfi?dK° P 0 W nge as

the nozzl e 20&epaRsesontpomonP8s b tiststaparihdiono2O. For exutnpse odied theomtveon 208
of the status indicator 200. Sim]arly, because the crgss-%letcti onal area
ek

214 of the sewidndlpdbhastoielzds fsyt disancs ?(aatthj%pmﬁa?l%%ﬁrw Pf BFSH%om t he
Lo 0 kB R s AT - 8003 Rc2 10 0 Ry Esit g cat o
passes frxm tfgl thependirewill themin2@8set foorh ke firkti presspe Py tom dd@ted pressure P,
which is higher than P;. When the valve piston 128 has traveled a second, farther
distance X, the protrusion 224 will reach the transition between the second portion 208
and the third portion 210 of the status indicator 200, and the pressure will then decrease
from the second pressure P, to an lower pressure P3, which is lower than P,. The third
25  pressure P3 may be higher than the first pressure P in some embodiments of the
disclosure, although the third pressure P3 could be equal to or less than the first
pressure P; in additional embodiments of the disclosure. By detecting and/or
monitoring the variations in the pressure within the valve piston 128 (or at other
locations within the drill string or bottom hole assembly) caused by relative movement
30  between the nozzle 202 and the status indicator 200, the position of the valve

piston 128 may be determined, and, hence, the position of the blades may be

determined. An above-ground pressure indicator may be used to monitor the variations



FIG 9is a sinplified graph of the pressure P of drilling fluid within the
val ve piston 128 as a function of a distance X by which the val ve piston
128 travewe 2ar/i4r84moves fromthe initial proxinmal positiPom/useottiiost707
subsequent distal position while the 10drilling fluid is flow ng through

t he valve piston 128. Wth continued ref ?%ence to FIG 9, for the status
indicator 200 illustrated in FIGS. 6 and'7, a first pressure Pl nay be
observed the first portion 206 of the status indicator 200 is within the
nozzl e 202 asngressure.i RorEk@npk, a prssubregaegp ardessie tapysaedt UReI0r dves from
the closed to the .open . position valve piston 128 ves.. the inigi al

pr oxi mal posi%cﬂ%lﬁltlgﬁoa\% Y HUEIOR SYES 3nigcctoﬁlga%%%%rggsélﬁetdl%ﬁ%]g’%gs[‘l@tﬁl on
shown in Fl Gscleenm¥y 5¢ BtRePiRVS tiepromidead oy ifGPABHH Nget he Faseioanth
pressure P2 will be observed as the protrusion 224 of the nozzle 202 passes
over the secanesspigrti on 208 of the status indicator 200. For exanple, when
t he val ve pi ston 8 h r.av S | : r sion 224
Wil reack? t he trﬁosrie i%ﬁo%l%ﬁgtoﬁég%b%}ém%? rhse'g {ag%%gaﬁg%ggg%ﬁ/&% taﬁiee%és{econd
portion 208 ofubtthiafiy @liginicaldiThatsedond POstiod Q08 Aty hbhe: pdiesister gbont eduat oen
increase fromthe first pressure P1 to an el evat a}ﬂpéiggsur,e P2, whjch is

hi gher than FRboulfhess times adianyderoif Siedhstpegion0oand the thigd Rordigr dHYmaY Aaeher

di stance X, t ' il - L second
port 1 on 208 ardRRE! SRl QB hnthi e AL bR BB O Rt he
pressure Wil | orteleaibod@adngas dhfstratimetdnty, fedosigpopicasddmeay?Rve @ dmmetapnbr

pressure P3, which is |ower th 2. The third 25 pressure P3 may be hi gher
than the 19 rs%boﬁ?%gﬁﬁjénc\ga(pﬁ )S@M%gaisﬁ@ﬁflQOIBIPHPQ%H&P’E‘EYGQ% ?‘E',el%’é?fhough

the third preggyr &e_%%d?&w&v&?hﬁ%@dthst&aﬁrindhqwl??f@.mtcﬁﬁ ahd thelhiRr essure P1
in additional enbodinments of the disclosure. By detecting and/or nonitoring

t he vari at i ongorfion 2 Hempy ks ardamétertifabotieightionths of st iwah (28] 6.03embt her

| ocations withjn the dgril] stri or. battom.hol e assenb aused by

rel ati ve nov ?ﬂmg’@l ﬂ‘é‘fl\f\}lé’g a{er?{é}%h%lgﬂxgm?g?d% I{Stggr%lfnélké/u(')gol Adi'tat or 200,
the position of27henMat ¥givei tiaMedstS, M8 Yird @odiohe0ewiaHh thanskzldmmce, the
position of the blades may be determ ned. n above- ground pressure

i ndi cat orl mayzderates adirstaressure dom ackass themoatlp epdand tha gatus indigetas 28¢r B For
exanpl e, a prse()%'?euerm o%%i’fgn‘?s ik f%{stﬁaﬁr?%%r% d%@g%%g%%;‘%sﬁ Sﬁg%&ﬁ%é qu&k?é\g{/ﬁeé. -

acqui sition and evaluation sys ressure di'sp

an LCD scr eenThdmyid Blew raeabsdhabey@ctehed gs shoudeightchumdned igalthns pbeminmtea user
the variations in pressure. 5For exanpl i n_one enbodi ment, the status

i ndi cat or 2003R8EPHE (WE24 lan)s tvhidhusnam ﬁg’ﬁwnémﬂwa? TORRCTOFHAC B portion
208 may have ﬁ%g@gﬁ%@@@&%%@%&é sekh %%éh%d;élﬁﬁz& bEBRar HhARESEbnOf the

first portion e third portion ave a di aneter about equal
t o about 2the wliralnelpundd per hguatd msh (J9Ors1) 62 DBPa), For exemalepthe se¢ond pressure

mbodi nent , illustrati ly, . the first ti di, anet

o T0about | onoRHP Heribhitg St % bornds pRSTUSEBRA HSTED SIS M) have.

a dianmeter of 8@3%3% (RO 1@&%&&%‘%&&?1‘2%&%@@%%Q)fwa?d\thieﬂ%thl €dd fo0') (3.73
p may

cnm) and the thir ortion ave a dianeter of about eight tenths of
an inch (0. 80(BIG(3).@3hcegpandablesappimatus il 89 causimgdhe protusien 24off thbanzelegi0%

handr 01| o0, RED TR £.4000, 99T, (8 ALl 01§ AL S e
drop acrogs tbhernezetehddfddidmbstdtenssdatdindiciet ZaY, e c2640-sedtidnal area

available for fluid flow dramatically decreases, causing a noticeable spike in the

pressure drop across the nozzle 202 and the status indicator 200. The magnitude of the

pressure drop may peak at, for example, about 500 psi (3.45 MPa) or more, about

750 psi (5.17 MPa) or more, or even about 1,000 psi (6.89 MPa) or more (e.g., about

30  one thousand two hundred seventy-three pounds per square inch (1,273 psi)
(8.78 MPa)). As the protrusion 224 of the nozzle 202 continues to a position over the
third portion 210 of the status indicator 200, the pressure drop may decrease to a third



sone enbodi nents, the first pressure drop, may be | ess than about 100 psi
(0.69 MPa). The fluid flow rate may then be increased to about eight
hundr ed owbl2ore®4psy m nute (800 gpm (3,0281/m, which gemasatied®s«osecond
pressure drop across the nozzle 202 and the status indicator 200. The
second pressure drop may be greater than _gbout one 20 hundred pounds per
square inch (100 psi) (0.69 MPa), for exa ol e, the second pressure drop may
be about one hundred thirty pounds per square inch (130 psi) (0.90 MPa). At
800 gpm ( 3, 028 eysprgdrop. hEhadhirg prepiuse driep 128 bsegsiakes thes thypeondavessererdier di st al
end 190 (FIG X d r .on 224
of the nozzl ebhgﬁ)efgiha%m 3%@%@%&%0@{% g Eﬁ%ﬁ%ﬁgrgtpg%@%%pﬁggtﬁeea%%?o rusion
224 of the nmﬂ&ﬁﬁ@m&&g&[ﬁe@@@yﬁnc}ﬁtnesoqgegoncb pag.i on 208 of the status

i ndi cator 200, the cross-sectiognal area available for fluid flow
dramatical |y decr eé%é@“oé‘%ltiﬂeﬁaowdn@tsp@éémbéd@tﬁnféethiﬂﬁtaﬂﬁé‘ldﬁ?%g@péﬂﬂr op
across the no; t he
pressure §rop£§rlwl§1§e %géﬁﬁgﬁfg&g?ﬁ%ﬁgﬁ% da[‘ﬂ'e 155}@3@?@{5@ ;gnﬁénrtfore

about 750 psionlpa dingleRajrease 1rrmesura1na3eheem1>sabems the GG X2 ;(aﬁseB@vd‘x/lﬂ@ or
nore (e.g., about, 30 one t housanpd two hundred . seventy-three ds per
square inch (Siatpsipdisaioy 290G Argcopgmagly, t %@O‘E%‘@nﬁ?‘&sﬁﬁgﬁ"%%ﬁ%% re? 5521 e

202 continue Sme%ﬁt%r DOS SEdHOR t9Y Bf mbferbisdiRQ dréR! nth@ %Qa@f the Q@c&é@tdfs

i ndi cat or 200 e préssure drop nmay decrease to - “pressure
drop. The thiIlodatpmeﬁﬁwr@zziﬁémmaymbebgd@anenedt han the second pr essure drop
but | ess than the eak. or exa hird pressur rop may
be about Yhe hundr tt}V% ﬁe?sugedﬂgﬁi’@tqsﬁgﬁ % Bl iy e)f@ng BlSpa) . As
previously Weaﬁpbeﬂef&orﬂpﬁsﬁgaee@zh@mm&h& appB@Ans! @k USclo§iF SRIuRT not B0 seray

5i nclude a single uniform cross-sectional area as shown in FIG 8e. In this
enbodi ment , olhiteds Eqrngareplﬁ,nn recs@nraWEh eglgmrebq@yem%tbg disglesireighe he

nozzl e 202 passes g}/ @1 st at us i.ndi cat or [ %f) ) pAsgordi 8}#“59 e mpre
variations i n~ ok aé’g?ra S 572y SPRRTSG A @PaRrRIS S sk 3 Stch '8S two or
NDre Cross- seglpafdidle RABRS malyREm@HiSadi@ilidehBloaleCTHURCYhIRS cett@idahibdbin®dntd he
nozzl e 202 that may be determ ned. 10Al t hough the forgoing disclosure
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accor dance er e of 't ["'osur e, e expan
appar at us mayis@onrmitsetoalne Spéﬁﬁl dalhﬂtmctsdmlandi nz@rgemeadite slmwn zirideiesmﬂaed,r nor e

expandabl e features may, conprise sta |zer bl oc Thus
enbodi ment s 18NGFAREOBRIheEr @PFE’D@@ ST t‘&&%@ﬂ‘ﬁaﬁ%g E?‘gw ngs,

such enbodi m&%ocﬁﬂh@nté‘%‘il%é’ aﬂ&Ja}érlﬂorcﬁaE lo¥ 8rd%9'y él&’ltl if B8 ht! PhikeSm8He, £l%u§}? ope

of the disclosure, Isclosure is not [Iimted to the specifi
constr uctzmnsthandpaaldalan g;maea'nmssdescbrd:wd harreth idelwdesi doathe mitorg ehevsmtu&mélcdbher

addi ti ons and i cati nsto and. del et.ions fro he describ .
rbodi mont o v ke S dieioie BRLOER b PiEr o PSsble BRvERec A Khown in
Furt hernore, gktough
While particular embodiments of the disclosure have been shown and
described, numerous variations and other embodiments will occur to those skilled in

25  theart. Accordingly, it is intended that the invention only be limited in terms of the

appended claims and their legal equivalents.

CONCLUSION
In some embodiments, status indicators for determining positions of extendable
30  members in expandable apparatuses comprise at least two portions. Each portion of
the at least two portions comprises a different cross-sectional area than an adjacent

portion of the at least two portions. The status indicator is configured to decrease a



20 the expandabl e apparatus described herein includes a val ve piston, the
status indicator 200 of the present disclosure may be used in other
expandablwoappauatsases as known in the art. Wil e parti edras2@risdonent s of
t he di scl osure have been shown and descri bed, nunerous variations and ot her

enbodi nents w Il occur to those skilled 25the art. Accordingly, it is

i ntended that the invention only be Ii m'ltlgd internms of the appended cl ains
and their legal equivalents. CONCLUSI ON | n sone enbodi nents, status

i ndi cators f crosgseeionplfirerpfgasitianorig fvid eath exerdingthapighenseragdatle expandabl e

: egiont TR 14 e entinelhon
P00 por b ons. B F BsSurt Gl SRROPS NG a R pRE b B PR e B - Comt

portion of thgedberlofaftexpMAabionbpoass is Then sttaides positircat or is configured to
decrease a - 15 - cross-sectional area of a portjion of fluid path

ext endi ng t hr ough laethe gabadipeatscxagndaplesoprralasss e e I%SU%Fe&‘iaHea\ﬂi thin the

fluid path taq i e : g . bl e

appar at us%i sQ?Orrl&l%e%gél?lgﬁ%e%mg@gﬁﬁfdgrr?ll.qglphgggﬁﬁq@#ﬁ%ﬁ] %gtﬁ%{éﬁgg andabl e

ﬁppar at us gs ftherethsa@ighn AsuibteapistamBalispbirdrveltioh & tanitquibiody tlee talnmyision body
aving a drilling fluid flow path extending therethrough. A valve piston is

di sposed wi t HioRfigwEd fqmevea%m%@dwn gl Wéli“%?ghept?lg‘ﬂl%b‘tﬁléfﬁ‘?sip&%ﬁ“@cfotaé’r &

axially down Mt SRS e of
drilling fl u;’\%fdglgiﬂg f@f?i??‘?égﬁ bithe B TRPR b, %\%vt%%ﬁ&%%&g? at us

i ndi cat or i s dsmpabedhinithclongitudimal borgf hiditwialar body thef statbeindigtat ar body, t he
status indi cator 10§onfi ured to restrict a gllortio of ,a cr.oss-sectional
# il

area of tl e v‘?ﬂnggurﬁ L SHIFARRERY O FEsEREQR ¢ VSRV SRR y
downward wi t hi,Rhd Nevd HRYA BlovR@A¥ially downward within the tubular body.

In further embodiments, methods of moving extendable members of
earth-boring tools comprise flowing a drilling fluid at a first fluid flow rate through a
drilling fluid passageway extending through a tubular body. The flow of drilling fluid
15  isincreased to a second fluid flow rate and a first pressure causing a valve piston
disposed within the tubular body to move axially downward from an upward position
to a downward position in response to a pressure of the fluid at the second fluid flow
rate upon the valve piston, at least one extendable member configured to extend when
the valve piston is in the downward position. At least a portion of a cross-sectional
20  area of the fluid passageway is decreased with a portion of a status indicator as the
valve piston moves axially downward causing a pressure of the drilling fluid to
increase to a second pressure.
In yet other embodiments, methods for determining whether extending and
retracting elements of expandable earth-boring tools are in extended positions or
25  retracted positions comprise flowing working fluid through a fluid passageway
extending through a tubular body of an earth-boring tool past a first portion of a status
indicator having a first cross-sectional area. A first pressure of the working fluid is
measured proximate the first portion. The first pressure is correlated with a retracted
position of an expandable portion of the earth-boring tool. Working fluid is flowed
30 through the fluid passageway past a second portion of the status indicator having a

second, greater cross-sectional area. A second, higher pressure of the working fluid is



In further enbodi nents, nethods of noving extendabl e nenbers of

earth-boring tools conprise flowng a drilling fluid at a first fluid fl ow
rate throsghlor/idrsdrl i ng flui d passageway extendi ng throegh/is2aosdzar body.
The flow of drilling fluid 15is increased to a second fluid flowrate and a

first pressure causing a valve piston disposed within the tubular body to
nove axially downward from an upward poSition to a downward position in
response to a pressure of the fluid at the second fluid flow rate upon the
val ve pi st on,megsuted axiximie thoceeandaiortionndis secopdighyn pegsuraissareagd Wikn t he
val ve piston js_in.the down Lhhon. . 2 rtign of a
cross-secti onal gwggO%ﬁ0%§§£?F§¥®5%%g %@ﬁﬁg§ﬁ?§53§%$§1§% "with a portion
of a status indicator as the valve piston noves axially downward causing a
pressure of the drilling fluid to increase to a second pressure. In yet

ot her enbodi nents, nethods for determ ning whet her extending and retracting
el enents of expandabl e earth-boring tools are in extended positions or
25retracted positions conprise flowing working fluid through a fluid
passageway extending through a tubular body of an earth-boring tool past a
first portion of a status indicator having a first cross-sectional area. A
first pressure of the working fluid is nmeasured proxinmate the first
portion. The first pressure is correlated with a retracted position of an
expandabl e portion of the earth-boring tool. Wrking fluid is fl owed

30t hrough the fluid passageway past a second portion of the status

i ndi cat or having a second, greater cross-sectional area. A second, higher

pressure of the working fluid is - 16 - nmeasured proximate the second
portion. The second, higher pressure is correlated with an extendi ng
position of the expandabl e portion of the earth-boring tool. WO

2012/ 047847PCT/ US2011/ 054707 - 17 -



CLAI M5 What is claimed is: 51. A status indicator for determ ning a position
of an extendabl e nenber in an expandabl e apparatus, the status indicator
conpri si NyoO 2at2/d4esagt two portions, each portion of the &CTIusasi/o54v07
portions conprising a different cross-sectional area than an adjacent
portion of the at |east two portions, the,status indicator being configured
to decrease a cross-sectional area of a'ngtion 10of a fluid path extending
t hrough an expandabl e causing a pressure of a fluid within the fluid path
to increase when an extendabl e member ©EAIME expandabl e apparatus is in an
ext ended position. 2. The status indicator of claiml1, wherein a
first portion of the at |east two 15portions conprises a first
cross-sect i on@hatds eldinggdds:a second portion of the at |east two portions
conprises a second, |arger cross-sectional area. 3. The status

i ndi cator of claim?2, further conprising a third portion conprising a third

cross-sectional arga szgl{ﬁgi&ﬂ&ﬁgg%fggggggg%gEggéﬁﬁﬁg&kggﬂhmﬁggang& 20t he

second portion. S&n expan Oor use In a subterranean
bor ehol e, conpnhskpadatie tppardtas; theatyushiadicatgr @nthrisingi ng fluid fl ow path

extendi ng therethrough; 25 a valve piston disposed within the tubul ar body,
the val ve pi§¥8ﬁﬁéﬁﬁﬁpgﬁpédm@%Pﬁﬁ9%oé FéﬂFﬁ“ W&‘WFWH@HgPﬁg%?ﬂﬁular

body responsive to | Ldiheagle SRS &i188; & Rkehst the
driiling fluid f|ocvrv§S|§z%|tCe ; gréggé;{hﬁlg&ii%dé%ca%%r di Sposed within t he

| ongi t udi nal bor e wdtug indichtobding chdigyreditddecstane asross-sectional area phalpestionr
configured to restrjict . rtion of a cross-sectional area of the valve
30pi st on esponsi¢g%ﬁ%n$H§8§§FW£n%&§? ISP dﬁﬁfﬂFFﬁﬁﬁgﬁﬁﬁgf%a$F¥ﬁin t he
tubul ar body. within the fluid path to increase when an extendable member of the expandable

apparatus is in an extended position.

2. The status indicator of claim 1, wherein a first portion of the at least two
15  portions comprises a first cross-sectional area and a second portion of the at least two

portions comprises a second, larger cross-sectional area.

3. The status indicator of claim 2, further comprising a third portion
comprising a third cross-sectional area smaller than the second cross-sectional area of

20  the second portion.

4. An expandable apparatus for use in a subterranean borehole,
comprising:
a tubular body having a drilling fluid flow path extending therethrough;

25  avalve piston disposed within the tubular body, the valve piston configured to move
axially downward within the tubular body responsive to a pressure of drilling
fluid passing through the drilling fluid flow path;

a status indicator disposed within the longitudinal'bore of the tubular body, the status
indicator configured to restrict a portion of a cross-sectional area of the valve

30 piston responsive to the valve piston moving axially downward within the

tubular body.



- 18 - 5. The expandabl e apparatus of claim4, wherein the status indicator
conprises at |east two portions, each portion of the at |east two portions
havi ng a wof2bev@m47cr oss-secti onal area than an adj acentCpaisteians4h7 t he at
| east two portions. 56.The expandabl e apparatus of claim4, wherein the
val ve piston is biased axially upward by spring. 7.The expandabl e
apparatus of claim4, wherein the valve~ 6?ston conpri ses a nozzle coupl ed
to a bottomportion of the valve piston. 8. The expandabl e

apparatus of claim-7, wHerespandehls anbaﬁtll%of@almw}’g{ﬁfé@leﬁ@%@%”&kr t he
status indi Cactocr)r{pnses at eaitg?'e ?1ong)%gapyg%a}9$§oiatﬂggtrl?§ néo&&r%'h%%% V\h_er e! il

the nozzl e cofprisé a ofre protrusion ex Into t drilling

fluid flow patifferent cross-seddnallhe xpanshiiest ppar cﬁ‘ttllLESatd)éast(:tb\@iptmﬁns.f urt her
conprising a stationary val ve housing axially surroundi ng the val ve piston.
2011. The expandabl e apparatus of claim 10, wherein the status indicator is

removabl y 5COUp| ed ot h&es&ﬁéﬂﬁ% }Spé@tluygf &8&1‘?4 Réherein the valve piston is biased
axially upward by a spring.

7. The expandable apparatus of claim 4, wherein the valve piston
comprises a nozzle coupled to a bottom portion of the valve piston.
10
8. The expandable apparatus of claim 7, wherein the nozzle is configured

to pass over the status indicator.

9. The expandable apparatus of claim 7, wherein the nozzle comprise at

15  least one protrusion extending into the drilling fluid flow path.

10. The expandable apparatus of claim 4, further comprising a stationary

valve housing axially surrounding the valve piston.

20 11.  The expandable apparatus of claim 10, wherein the status indicator is

removably coupled to the stationary valve housing.



- 19 - 12. The expandabl e apparatus of claim4, further
conprising: at |east one nenber positioned within an opening in the wall of
t he tubulwo 2bed784vhe at | east one nenber configured toPoowS2@5en a
retracted and an extended position; 5a push sleeve disposed at |east
partially within the tubul ar body and co% led to the at | east one nenber,

t he push sl eeve configured to nove axiarlg'upmard responsive to a pressure
of drilling fluid in an axial chanber formed between the tubular body and
the val ve piston tB- extBirkexphedable apparsius ohdaimehiiether gerapating east one fl uid
port in the valve pisto the.at .|l east one fl uj t el | 41
10comruni cat i %r%eaﬁte TREen rt{eﬁ Bosdtrl ?qefi i“ﬁ%% iRl p%nlfng (‘1)'13\/%6 gfag]l oéc ;rq{cf %%@éﬂz}%fi { tH‘!(:: anber

when the val ve pi sle@oh&mambal dojifig@edwanevedetiden atrbactadiintian ekeaded
13. The expandabl e apparatus of claim4, further conprising at |east one

above ground pressRISEI9Nndi cator for determining a pressure of the drilling
fluid passin hid] £ 1 Lk t hod
of novi ng%at ga[é%}sl'? fegﬁegﬂ%é&tggdn%é 4S!eﬁa?n%ar%evwﬂg? Hgﬁmﬁégaﬁbﬁd%%r}dl Cr%lplteég(f t,héa{m
conpri si ng: f legstongmamblér, theipngh §léavie dofiguged tb medvefakiallgdupwad r at e

through a drilling fluid passageway. 20ext endi ng t hrough a_tubul ar body;

i ncreasing the fl oWRIPSHF I 3 PTREUH indﬁl?lt@ fﬁ“ %’@@r?dw# f}Eﬁngwf f%eag?t@’eﬁrhd at a
first pressure caugl gy bahydRhotai ShsRAsElithililediihdmbtbalaody to
nove axi al ly downwar Pron1 n upward position to a downward position in
response to aatpesstsserfidport inghd Valvapiston ttheatdexsbot fiuidipatt plowidingflied upon t he

val ve piston, at |east 25one. extendab) e.ne configyred t xt.end when
the val veldi st on i%on?lﬁu‘_il?:?éloam? g‘eé%@?rlgi fgﬁ‘?h%d’a@@gﬂ&%ﬁxﬁg Cg?mtfeéast a
portion of a crossya&ftht QR Fﬁfo‘ﬁ@s ﬁialiﬂ%ﬁnﬂi@wﬁﬁiﬁﬁ%ﬁ@w widyh a portion of

a status indicator as the valve piston noves axially dowward causing a

pressure of the drilling fluid to increase to a second pressure.

13. The expandable apparatus of claim 4, further comprising at least one
above ground pressure indicator for determining a pressure of the drilling fluid passing

15  through the drilling fluid flow path.

14. A method of moving at least one extendable member of an earth-boring
tool, comprising:
flowing a drilling fluid at a first fluid flow rate through a drilling fluid passageway
20 extending through a tubular body;
increasing the flow of drilling fluid to a second fluid flow rate and at a first pressure
causing a valve piston disposed within the tubular body to move axially
downward from an upward position to a downward position in response to a
pressure of the fluid at the second fluid flow rate upon the valve piston, at least
25 one extendable member configured to extend when the valve piston is in the
downward position; and
decreasing at least a portion of a cross-sectional area of the fluid passageway with a
portion of a status indicator as the valve piston moves axially downward
causing a pressure of the drilling fluid to increase to a second pressure.

30



- 20 - 15. The nmethod of claim 14, further conprising determ ning
whet her the valve piston is in the upward position or the downward position
by det ennwoiznp/oasather the drilling fluid at the secondpCiraisdotfiloswor ate i s
at the first pressure or the second pressure proximte the status
indicator. 5 16. A method for det§6nining whet her an extendi ng and
retracting el enent of an expandabl e earth-boring tool is in an extended
position or a retracted position, conprising flowi ng working fluid through
a fluid passagewaylext eHuimghedelsliagm &, furher eomsising dstermpang whathei tsor | ng

| ageuay! ext e me - fu dsfemnogng by
cr osst asct | oo g Rl Agiotioh of O SRkRR RXEHLD Sehiine |,

proxi mat e t hewhdth&tthddilling®fiid @othe etadhd Agidt ey fatd iS tit the E8sS Pregsuné diitha
retracted position of an expandabl e portion of the earth-boring tool;
15f | owi ng wor3erong IPSSIE PEwiBaghhe idus dicgopassageway past a second portion
of the stat us i ndi cat or having a second, greater cross-sectional area;
measuri ng ‘a second, higher pressure of the working fluid proxinmate the
second portion; anth. A nohigdebadétergnining whethond, exingingrang reésstingeelemertt an
extendi ng position of the expandable 20portiqn of the earth-hori.ng tool.
17. The net hotf rexpandehie egrth-pertiedes! lwrﬁ%rqxgqna@d PASH RO g rweﬁ .R@Slm%hi d
t hrough t he f%ﬂ%ﬂg ssageway past a third portion of the status indicator
having a thir ross-sectional area smaller than the second

flowing working fluid through a fluid passageway extending through a tubular body of

10 an earth-boring tool past a first portion of a status indicator having a first
cross-sectional area;
measuring a first pressure of the working fluid proximate the first portion;
correlating the first pressure with a retracted position of an expandable portion of the
earth-boring tool;
15 flowing working fluid through the fluid passageway past a second portion of the status
indicator having a second, greater cross-sectional area;
measuring a second, higher pressure of the working fluid proximate the second portion;
and
correlating the second, higher pressure with an extending position of the expandable

20 portion of the earth-boring tool.

17. The method of claim 16, further comprising:

flowing working fluid through the fluid passageway past a third portion of the status
indicator having a third cross-sectional area smaller than the second

25 cross-sectional area of the second portion;

measuring a third pressure of the working fluid proximate the third portion, the third
pressure being lower than the second pressure of the working fluid proximate
the second portion; and

correlating the third pressure with a fully extended position of the expandable portion

30 of the earth-boring tool.



25cross-sectional area of the second portion; measuring a third pressure of
the working fluid proxinmate the third portion, the third pressure being
| ower t hawotzhe/messond pressure of the working fluid proecwatseotijoss7eecond

portion; and correlating the third pressure with a fully extended
position of the expandabl e portion 30of E?e earth-boring tool. WO
2012/ 047847PCT/ US2011/ 054707 -21 - "“°18. The nethod of clai m 16,

wherein nmeasuring the third gressure conpri ses neasuring a pressure

di fferent fromthedirskthegpebedpleclam konhwhepsinepgumng the third pressure19 The
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passageway pgégbéggrﬁ%%%Hgﬂ%%%§¥%%gg%%§ﬁ%ﬂgF%€g§q¥%;fgg?g$kggﬁgépgg§ novi ng
a val ve piston disposed within the tubular body axially downward from an

upward position to a downward position by flowi ng working fluid against a
surface of a val vel%i st Brs.met .ﬁ%@nh¥%ﬁ’836¥M%W8$MP§@Pg éﬂ%P%@h%%ing t he

val ve pi ston LSRN |t % AP HOCHIEG G IiniRatbPEonfFH¥emBlREQN and
surroundi ng g&gggtat sayﬁﬁ%cato? mﬁ%h Péspect tontﬁe sta#gg fﬁdic%tor
valve piston disposed within the tubular body axially downward from an upward
position to a downward position by flowing working fluid against a surface of a valve

piston.

10 20.  The method of claim 19, wherein moving the valve piston comprises
moving a nozzle connected to the valve piston and surrounding the status indicator

with respect to the status indicator.



