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TECHNICAL FIELD
Embodiments of the present invention relate generally to remotely controlled
apparatus for use in a subterranean wellbore and components therefor. Some
embodiments relate to an expandable reamer apparatus for enlarging a subterranean
25  wellbore, some to an expandable stabilizer apparatus for stabilizing a bottom hole
assembly during a drilling operation, and other embodiments to other apparatus for use
in a subterranean wellbore, and in still other embodiments to an actuation device and
system. Embodiments additionally relate to devices and methods for remotely
detecting the operating condition of such remotely controlled apparatus.
30
BACKGROUND
Wellbores, also called boreholes, for hydrocarbon (oil and gas) production, as

well as for other purposes, such as for example geothermal energy production, are



30 BACKGROUND Vel | bores, also called boreholes, for hydrocarbon (oil
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20  casing is laid within and extended below the previously installed 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 pass
through the existing casing. As reductions in the borehole diameter are undesirable

25  because they limit the production flow rate of oil and gas through the borehole, it is
often desirable to enlarge a subterranean borehole to provide a larger borehole diameter
for installing additional casing beyond previously installed casing as well as to enable
better production flow rates through the wellbore.

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 wellbore



eccentric and bi-center bits. For exanple, an eccentric bit with a
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tubular body, the outer edges of the blades carrying PDC cutting elements.

As mentioned above, conventional expandable reamers may be used to enlarge
a subterranean wellbore and may include blades pivotably or hingedly affixed to a
20  tubular body and actuated by way of a piston disposed therein. In addition, a
conventional wellbore opener may be employed comprising a body equipped with at
least two hole opening arms having cutting means that may be moved from a position
of rest in the body to an active position by exposure to pressure of the drilling fluid
flowing through the body. The blades in these reamers are initially retracted to permit
25  the tool to be run through the wellbore on a drill string and once the tool has passed
beyond the end of the casing, the blades are extended so the bore diameter may be
increased below the casing.
The blades of some conventional expandable reamers have been sized to
minimize a clearance between themselves and the tubular body in order to prevent any
30  drilling mud and earth fragments from becoming lodged in the clearance and binding
the blade against the tubular body. The blades of these conventional expandable

reamers utilize pressure from inside the tool to apply force radially outward against



The bl ades of some conventional expandabl e reaners have been sized to
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these conventional expandable reamers uti]ize pressure frominside the tool
to apply force radially outward against - 4 - pistons which nove the

bl ades, carrying cutting elenents, laterally outwar

) d. ailt is f%'l}t‘b?/ sone
that the nat Lff‘l%o‘éﬁfWl%lébr@oﬁ%ﬁ\?&%qe%ﬁémlﬁéé%%_elﬁmF%T\%slatﬁ{ _é{IOPYjY‘i‘é Sriekts to
cock and jamyhg tﬁét%na?\gg og%@g@éoéw%ﬁm%w&s Ly SRIshigRd 000 b gbact i ng

i

t he bl ades Iaterg[% y i nwa , designs of sone conventional expandabl e
reamer assenbdndgsm Biegistomsoankd dllgledy lpacientirey thasprings fredmentrjcingde: Batds pul | ed
upwar d agai nst the well bore c¢asin Furt hernore, so conventi onal.

hydr aul i cal | yaigElydpegdy é‘éﬁ?&ggﬂ%‘ﬁ%f?%e %?ﬁgﬁ’é’PgeeXB%rgﬁgle&?g’b%%s&mgL%nd a
very conplsex $hapgdy 8fade fRXREHH »Vﬁeélgaéﬁfa@ an®pul R GG ardCahinyd tAGwemdré Ng

el ements. 'In order to prevent cocking, some conventional reaners are
desi gned havi caginghBurthesiore, strapenhvouing! iydraoticaly acmated yeaneerawtdizd t he

supposed cocki ng, .10r iring nmatching and, conpl ex seal confi gurations.
These seal's g?@g?%‘étﬂrsgﬁg%ﬁ%géf% aIvg’g'lfogﬂeé‘rsrﬁ&f‘?eaﬂgSﬁpeﬁglgagl.sgm’ orblade;

Not wi t hst andi OgrylfdeudlolefiSenty. 118 briRPRY B8R kM gHidntd contéliidhal r@aferaarcar ger
di aneter wel |l bore bel ow a snaller dianmeter well §or e, the need exists for

i mproved appadesicned bavingthe hisths sheped@dilhygn swsler redry toripidibesupppsed epgkéng, and

reamer w l5assenblies are limted.in &he t h

G ameter BF - suanrregetFie i shinplk S el et R uC S BErRRET, holRHy

di amet er. Furfehiesf®egtenddnygsy i onal bi-center and eccentric bits may have
the tendency to wobble and deviate fromthe path intended for the well bore.
Convent i onal expandaByitsteading fy vA8QusIor 8RPTOqgRES 1@ sl ARl ioRERMBIREEEt abl e

than bi-cent e, and, gegent Bélgwt&ishﬁileﬂmé(mggr WURIOBE thel RedBTE: ?Qg%q)l whem passing
f or e e

g
through a smaller "dianeter well or caslng séction, nay remat urely
act uat ed, andappasatypraas endthods fdridoirlgtsoe For instasaepbiatenfer amd tehmenweingbor e af t er
actuati on, Addi tional ]y, if an operator of gln ex&ao?da |l e tool is not

aware of the ¥PEPRSHE Lt injthsrsepte thafdhenass haaishd1andr of sUd 1005kt her t he
tool is in ann(ﬂfé@j%@tqﬁg R4 1@kl Bﬂ}féc}eaming diameter. Furthermore, conventional

bi-center and eccentric bits may have the tendency to wobble and deviate from the path
intended for the wellbore. Conventional expandable reaming assemblies, while
sometimes more stable than bi-center and eccentric bits, may be subject to damage
20  when passing through a smaller diameter wellbore or casing section, may be
prematurely actuated, and may present difficulties in removal from the wellbore after
actuation.
Additionally, if an operator of an expandable tool is not aware of the operating
condition of the expandable tool (e.g., whether the tool is in an expanded or retracted
25  position), damage to the tool, drill string and/or borehole may occur, and operating
time and expenses may be wasted. In view of this, improved expandable apparatus and

operating condition detection methods would be desirable.

DISCLOSURE
30 In some embodiments, an expandable apparatus may comprise a tubular body,
a valve piston and a push sleeve. The tubular body may comprise a fluid passageway

extending therethrough, and the valve piston may be disposed within the tubular body,



25position), damage to the tool, drill string and/or borehole may occur,
and operating tinme and expenses nmay be wasted. In view of this, inproved
expandablwoappauas3as and operating condition detection meThisdel1nswbr be
desirabl e. DI SCLOSURE 30l n sone enbodi nents, an expandabl e apparatus nmay
conprise a tubular body, a valve piston d a push sleeve. The tubul ar body
may conprise a fluid passageway extending therethrough, and the valve
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fluid passageway into an annular chamber. The method may further comprise moving
a push sleeve axially relative to the tubular body with the fluid directed into the annular
15  chamber, extending at least one expandable feature coupled to the push sleeve, and

detecting the extension of the at least one expandable feature.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a side view of an embodiment of an expandable apparatus of the
20  disclosure.
FIG. 2 shows a transverse cross-sectional view of the expandable apparatus as
indicated by section line 2-2 in FIG. 1.
FIG. 3 shows a longitudinal cross-sectional view of the expandable apparatus
shown in FIG. 1 in a neutral position.
25 FIG. 4 shows a longitudinal cross-sectional view of the expandable apparatus
shown in FIG. 1 in a locked closed position.
FIG. 5 shows a longitudinal cross-sectional view of the expandable apparatus
shown in FIG. 1 in a locked opened position.
FIGS. 6A-6B show a longitudinal cross-sectional detail view of a valve piston
30  and valve housing including a collet.
FIGS. 7A-7B show a longitudinal cross-sectional detail view of a valve piston

and valve housing including a detent.



20di scl osur e. FIG 2 shows a transverse cross-sectional view of the
expandabl e apparatus as indicated by section line 2-2 in FIG |I. FI G
3 shows awbangimessrnal cross-sectional view of the expamdahiseoiappspat us
shown in FIG 1 in a neutral position. 25FIG 4 shows a | ongitudi nal
cross-sectional view of the expandabl e apparatus shown in FIG 1 in a

| ocked cl osed position. FIG 5 shows a | ongi tudi nal cross-sectional
vi ew of the expandabl e apparatus shown in FIG 1 in a_l ocked opened
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7A- 7B show a %’[)g)r?g ﬁ%ﬁ dzﬂ)ll? %@%Cgﬁlgc%%g%ﬁgggﬁl \/Ilgbgw X?R)gé {\?%ﬁﬂeepopr)tlsgtfon and
val ve housi nga pustlsidivelg a detent. - 6 - FI GS. 8A-8B show a

| ongi tudi nal cross-sectional detail view of a portion of am?gxpandabl e

appar at us i ncl udi n§lG sA’e%lPWﬁﬁ1??&%@Pat%°%séﬁﬁ6’%1r‘il?‘¥/°’gfl“b‘?@a @Pﬁé‘i‘lﬁs of a
push sl eev.

includin ﬂUId on M'&o%'d?ﬂilcecr oss-sectional view of
an expanda le apparat us nclualng f ports on either side of a necked
down orifice. FIGEI9B. sh@Bs sﬂnarw]/argadlcmsd sacgedh ereossH-iseodphntaale appaatusf t he

expandabl e ap ratu n. FL.G and h the bl ades expanded.

FIG 10 is 8?@119%?‘@0"6}? t@béﬁ‘ﬁ F’ﬂﬁ‘@ ystem i ncl udi ng an expandabl e
appar at us, accor di PG00 i@h &%ﬁ@h%woqudrﬁmg Qgt%ﬁlllﬁau&ﬁ at Offlafabld A shows
cross-sectional detail view of a valve piston and val ve housing including a

dashpot . apparaBs, a@ﬁﬁ}mgi@ashmélmbgﬁhsémlpmal Vi ew of a valve piston
and val Veld~| oustng H&lltllgl s?lgwgcrtogsa gelétlgxp ﬁidgtaullq view 9% {T% piston and valve housing
including a dashpot.

FIGS. 12A-13C show a cross-sectional view of a valve piston and valve
housing including a track and pin arrangement.

FIG. 13 shows an enlarged view of a fluid port in the valve piston of

15  FIG. 12A-12C.

FIGS. 14A and 14B show cross-sectional detail views of a chevron seal
assembly located at an interface of a valve piston and valve housing of an expandable
device such as shown in FIGS. 3-5.

FIG. 15 shows an enlarged cross-sectional view of a bottom portion of an

20  expandable apparatus, such as shown in FIGS. 1-5, including a status indicator and in a
retracted configuration.

FIG. 16 shows an enlarged cross-sectional view of the bottom portion of the
expandable apparatus shown in FIG. 15 when the expandable reamer apparatus is in an
extended configuration.

25 FIG. 17 shows an enlarged cross-sectional view of the status indicator as shown
in FIG. 15.

FIG. 18 shows an enlarged cross-sectional view of the status indicator as shown
in FIG. 16.

FIGS. 19-23 show longitudinal side views of additional embodiments of status

30 indicators.



FIG 13 shows an enlarged view of a fluid port in the valve piston of
15FI G 12A-12C FI GS. 14A and 14B show cross-sectional detail views
of a chewvonopealssassenbly | ocated at an interface of aP¢aluseoipiosteon and
val ve housi ng of an expandabl e device such as shown in FIGS. 3-5. FIG 15
shows an enl arged cross-sectional view of,a bottomportion of an

20expandabl e apparatus, such as shown in 7F1 GS. 1-5, including a status

indicator and in a retracted configuration. FI.G 16 shows an enl arged
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configurati orf shows an enl ar ge sectional view of the
status i ndi cahécatas shown in FIG 15. FIG 18 shows an enl arged

cross-sectional view of the status indicator as shown in FIG 16.

FI GS. 19-23 show | ongi tudi nal side views of additional enbodi nents of

status 30indi cators. 'W%D%S?ﬁOR&Aﬁ%ﬁﬁ@@WTI@E?NWNﬁ@ﬁQ graph of a

pressure of drilling flui in a valve piston as a function of a
di stance by whi ch Theallusitatiengyiredented hemiredrs, in edra¢ ingences, et s¢tadlysewsdi cat or .
S5MODE(S) FOR CARRY] NG OQUT THE | NVENTI ON he LlLlustrations .presented
herein are, |3YPaHEY aﬁ%ﬁ%ﬁ&*’é’?} ANRBTANS OF GYPPRE e’i‘ff)h éH&Frﬁglre’fe;%@Fﬂfzeg

expandabl e anRaeahntRioRs thaCHFP eRERYed 2e1c8@be hibbdi Bt R dsdistar] | zed
representations that are enpl oyed to describe enbodi nents of the

di scl osure. Addditioratisy dlgmends ememosbawrepfigures mexrstdin thgsase neyeriet ai n t he
sane nurreltroi ca _’Lo%esi gnation. Various enbodi nents of the disclosure are
directed KBt e appar at us.

0 ° Various embodiments of the disclosure are directed to expandable apparatus.
By way of example and not limitation, an expandable apparatus may comprise an
expandable reamer apparatus, an expandable stabilizer apparatus or similar apparatus.
As described in more detail herein, expandable apparatus of the present disclosure may

15  beremotely selectable between at least two operating positions while located within a
borehole. It may be important for an operator who is controlling or supervising the
operation of the expandable apparatus to know the current operating position of the
tool in the borehole, such as to prevent damage to the tool, the borehole, or other
problems. In view of this, embodiments of the present disclosure include features that

20 facilitate the remote detection of a change in operating position of the expandable
apparatus (e.g., when the expandable apparatus changes from a retracted position to an
expanded position).

FIG. 1 illustrates an expandable apparatus 100 according to an embodiment of
the disclosure comprising an expandable reamer. The expandable reamer may be

25  similar to the expandable apparatus described in U.S. Patent Publication No.
2008/0128175, filed December 3, 2007 and entitled “Expandable Reamers for Earth
Boring Applications.”

The expandable apparatus 100 may include a generally cylindrical tubular
body 105 having a longitudinal axis L. The tubular body 105 of the expandable

30  apparatus 100 may have a lower end 110 and an upper end 115. The terms “lower”
and “upper,” as used herein with reference to the ends 110, 115, refer to the typical

positions of the ends 110, 115 relative to one another when the expandable



By way of exanple and not [imtation, an expandabl e apparatus may conprise
an expandabl e reaner apparatus, an expandabl e stabilizer apparatus or
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of the present disclosure may 15be renotely sel ectabl e between at | east two
operating positions while |located within borehole. It may be inportant

for an operator who is controlling or supervising the operation of the
expandabl e apparatus to know t he current opera%i ng p

( ) sjition of the tool in
t heb:oor ehol e,appgats 490 tspopitienedvitya sagdbess: lhe Oc"%f'éler}‘? {%Ofﬁg?‘é‘[%@?”e, or ot her
probl enms. |n i [ !ﬁﬁ'{?ﬁ f [ IEhi de
features t hatboﬁlg\fﬁgg%fﬁl’? at %antﬁ E@Q?}B not eélﬁt%%?ggﬁi?&gggﬁg%g%%’ ag%{ae?g%dijng
posi tion of theeekpaadad) rapparaigibe (@va end Wik anbtbersepamdslal deillaspper at us

changes froma retracted position t n expan osition). FI .
illustrates o8 m&mogeréﬁéabatm%@@%eé@@f &%)?F%Chaﬁ% fgﬁﬁ@mpﬁéﬁt]a“&f t he
di scl osurg compLi & dag._R %Hgggg‘gld@ﬂlr&afgpgﬂuﬂgg@np%@,dgﬂiﬁiﬂ&%%ﬁ%é?ﬁy be

25simlar to the expanda aratus described in U S. Patéent Publication
No. 2008/ 0128&hd5,15 off thedutiddardotie i 080f tRO Obandab]eappatatusd 00 By anadieds| asseRefaner s

for Earth Borjin plications." The expan | e apparatus 100 i nclude a
general |y cylthf’gikﬁ%ﬁ" attﬁrﬁﬁ‘l?egirferl%lﬁyo’_’tWgﬁ’ﬁgiatﬁrgcoém?%ﬁé?}fedﬁ’lpﬁraﬁndgiﬁo L. The
tubul ar body A@fepectinEoLXRANGARS 6r HORPBHMFINUS FABOEBY-HBVRsamblower end
110 and an upper end 115. The terns "l ower" and "upper," as used herein

with referend@HA) (elge aendperstl), 115, refer to the typical positions of the

ends 110, 115 relatjve.to one another when the. ex - appar at us
100 is polsgl tioned lte?ﬁt ﬂn%e%{“?agger%%u‘feh%a nt())ev%)rmlg)ﬁd? ‘Iﬁ!g%bégg e)f%melg%ba%ul ar body
105 of the expppdak!ieoappad@ipk, H& dPindabelfegeacaizuet at Hidadoutee. 9., a

t hreaded nmal e pin nmenber) for connecting the |ower end 110 to anot her
section of a @p¢ksior sladeniPOot2Ade e FKa s be resitianayretaiehl e assenbl y

(B 10 MR Bl e i P s e P o
below and may be provided at a position along the expandable apparatus 100

15  intermediate the lower end 110 and the upper end 115. The blades 120, 125, 130 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 120, 125, 130 are retained in an initial, retracted position
within the tubular body 105 of the expandable apparatus 100 as illustrated in FIG. 3,

20  but may be moved responsive to application of hydraulic pressure into the extended
position (shown in FIG. 4) and moved into a retracted position (shown in FIG. 5) when
desired, as will be described herein. The expandable apparatus 100 may be configured
such that the blades 120, 125, 130 engage the walls of a subterranean formation
surrounding a wellbore in which the expandable apparatus 100 is disposed to remove

25  formation material when the blades 120, 125, 130 are in the extended position, but are
not operable to so engage the walls of a subterranean formation within a wellbore when
the blades 120, 125, 130 are in the retracted position. While the expandable
apparatus 100 includes three blades 120, 125, 130, it is contemplated that one, two or
more than three blades may be utilized to advantage. Moreover, while the blades 120,

30 125, 130 are symmetrically circumferentially positioned axially along the tubular
body 105, the blades may also be positioned circumferentially asymmetrically as well



end 115 of the tubular body 105 of the expandabl e apparatus 100 may i ncl ude
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or blades 120, 125, 130 (see FIG 2) may be positionally retained in
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a unitary stabj | zer B oCK s whis i cabinded Ble is not desired while the drill string is
rotating. Advantageously, the upper stabilizer block 135 may be mounted, removed.
20  and/or replaced by a technician, particularly in the field, allowing the extent to which
the blades 120, 125, 130 engage the bore hole to be readily increased or decreased to a
different extent than illustrated. Optionally, it is recognized that a stop associated on a
track side of the upper stabilizer block 135 may be customized in order to arrest the
extent to which the blades 120, 125, 130 may laterally extend when fully positioned to
25  the extended position along the blade tracks 220. The stabilizer blocks 135, 140, 145
may include hardfaced bearing pads (not shown) to provide a surface for contacting a
wall of a bore hole while stabilizing the expandable apparatus 100 therein during a
drilling operation.
FIG. 2 is a cross-sectional view of the expandable apparatus 100 shown in
30  FIG. 1 taken along section line 2-2 shown therein. As shown in FIG. 2, the tubular
body 105 encloses a fluid passageway 205 that extends longitudinally through the

tubular body 105. The fluid passageway 205 directs fluid substantially through an
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and 3, the tubular body 105 positionally retains three sliding cutter blocks or
blades 120, 125, 130 in three respective blade tracks 220. The blades 120, 125, 130
each carry a plurality of cutting elements 225 for engaging the material of a

20  subterranean formation defining the wall of an open wellbore when the blades 120,
125, 130 are in an extended position. The cutting elements 225 may be polycrystalline
diamond compact (PDC) cutters or other cutting elements known to a person of
ordinary skill in the art and as generally described in U.S. Patent No. 7,036,611.

Referring to FIG. 3, the blades 120, 125, 130 (as illustrated by blade 120) may

25  be hingedly coupled to the push sleeve 215. The push sleeve 215 may be configured to
slide axially within the tubular body 105 in response to pressures applied to one end or
the other, or both. In some embodiments, the push sleeve 215 may be disposed in the
tubular body 105 and may be configured similar to the push sleeve described by U.S.
Patent Publication No. 2008/0128175 referenced above and biased by a spring as

30  described therein. However, as illustrated in FIG. 3, the expandable apparatus 100
described herein does not require the use of a central stationary sleeve and, rather, the

inner bore 210 of the push sleeve 215 may form the fluid passageway.



bl ades 125 and 130 are shown in FIG 2 in the initial or retracted
positions, while blade 120 is shown in the outward or extended position.
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t ubul ar body 105. Such an arrangenent may protect the blades 120, 125, 130,
a casing, or bot h,Anghopmen Epah Uéhéls@@rﬁé@saymmpngemwés%ﬂfaﬁﬁ%m n the

i f |l . I
oot L RS TP RRRD S, apaacriin 05, eecs

out er most  r adioakigenst emd pasltiohbé sdothaid@s v suraeb 3 10 3énprixgs & emalbdr denukdrt h or
slightly extend beyond the outer dianeter of the t¥bular body 105. As
i |lustrated byriBredes hopthedouensugfaces 19p creaion sreptgy torgs OREdt¥e™beyond t he

outer d amet &l 1NGnbHRIBLRONNAARS 190G, b il B @i RAGaTkRATM on. 1O

engage th In a ream ng operation. 3 1's anot her
cross- sect i onalrfavdsény agiresstnézed Xjnit) dabdseriappa natedetdiDbelshoBaforadligs.thel and 2

taken al ong section line 3-3 shown in_ FlI 2. Referr] to FIGS. 2 and 3,
the tubul ar D) s ?ﬁéé?%yl R5rParsey tqvéatr‘éfhr‘?goftﬂ‘?‘le?é‘géﬂ B#tﬂg ewg%ﬁﬁs bl ocks or
bl ades 120, aratsd 00 B?/tarﬁrrﬁ %{)ﬁl?gé?&%@ t"['h\é_@iralsﬁx?@g f§36}ﬁ4f35re§3t]9notm%f easigs 120,

125, 130 each carry a plurality cutting elenents 225 for engaging the
mat eri al of asl@8sdbl ewaahtanpparemat il dof tetimindaple ipaveals| 1001 thanbiapegithe

wel | bore en t he S 0,, 125, 130 are in. an.extended position. The
cutting éﬁgngmﬁgﬁégéﬁggyl éo85V§Ey?§ﬁﬁpﬁpﬁe&ﬁpgﬁ%Wﬁwé %%Bu?ﬁﬁﬁ§rcutters
or other cutteRgvel FMRExPakddBMIednterd 00 BofPNwelibdeé Hithalt Yhetade 120) 1Dhe art
and as generally described in U S. Patent No. 7,036,611. Referring to FIG

3, the bl ades!3xdgagipswallaef y wbteranesstipmragign bycasingdlefinipg thegllbor. pe
hi ngedly coupl ed tg the sh .sl.eeve - Ih .
ghea&qsggl:‘éevewfléﬁxllw @ﬁ%grtu& ude EPI%!E%%};J o?glégzllggiért% tﬁ’zﬁ

configured to slid y arar n“response to

pressures apphageorhueidge @Ml 5luk e @hbeles 306 fhatikectidge &illivg fuildocvarant s,
the push sl eeve 215 nay be disposed in the tubular body 105 and may be
confi gur el sithieblides B0 k&5, pd%h sl eeve described by U S. Patent Publication

No. 200870128175 1l §RACRTIARLS, AOHLIAPSFhYIcBoROSI P SRl bed

t herei n. However, as i 1'ustrated i e expan e app us 100
descri bed her gich tlihodry actalwaginh ceminuaicase with thepbnblitabof stzates 3B@ar n ghaeve

ggg’s agg&gsr ’ \Evgl%s,i tﬂer:] Slruratfi(t)}; gf n%]i(z)le%];rtg ?36\5 gl%sc%ngslp%gc\{i%g %(%25216@%%6 fmoaiyrkT)]etnt] g fluid
continuously open position regardless of a position of the blades 120, 125, 130.

20  Having the nozzle ports 335 and the corresponding nozzles 336 in a continuously open
position may help to prevent any blockages from forming in the nozzle ports 335 and
the corresponding nozzles 336. Furthermore, having the nozzle ports 335 and the
corresponding nozzles 336 in a continuously open position may help keep the
blades 120, 125, 130 and an exterior of the expandable apparatus 100 cool while in a

25  wellbore at all times. However, in some embodiments, the nozzle ports 335 may be
temporarily closed, such as to produce a detectable pressure change of the drilling
fluid, as will be described in further detail herein with reference to FIG. 8.

Referring again to FIG. 3, a valve piston 216 may also be disposed within the
expandable apparatus 100 and configured to move axially within the expandable

30  apparatus 100 in response to fluid pressures applied to the valve piston 216. Before

expansion of the expandable apparatus 100, the valve piston 216 may be biased toward

the upper end 115 of the expandable apparatus 100, such as by a spring 134. The



As shown in FIG 3, the push sleeve 215 may conprise an upper surface 310
and a | ower surface 315 at opposing |ongitudinal ends. Such a push sl eeve
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axially withint Oapparatus 10 esponse to
pressures appahtilexdt ére fitidparal 4kofiths tosver pdGion BéS of the valve housing 144. ThlS
original position may also be referred to as a neutral position and is illustrated in
FIG. 3. In the neutral position, the blades 120, 125, 130 are in the retracted position
20  and are maintained that way by the first spring 133 biasing the push sleeve 215 towards
the bottom end 110 of the expandable apparatus 100 without the flow of any fluid. A
fluid, such as a drilling fluid, may be flowed through the fluid passageway 205 in the
direction of arrow 405. As the fluid flows through the fluid passageway 205, the fluid
exerts a force on a surface 136 of the valve piston 216 in addition to the fluid being
25  forced through a reduced area formed by a nozzle 202 coupled to the valve piston 216.
When the pressure on the surface 136 and the nozzle 202 becomes great enough to
overcome the biasing force of the second spring 134, the valve piston 128 moves
axially toward the bottom end 110 of expandable apparatus 100 as shown in FIG. 4.
As shown in FIG. 4, although the valve piston has moved axially toward the bottom
30  end 100 of the expandable apparatus 100, the at least one fluid port 129 of the valve

piston 216 remains misaligned with the at least one fluid port 140 of the lower

portion 148 of the valve housing 144. This position, as illustrated in FIG. 4, may be



expansi on of the expandabl e apparatus 100, the valve piston 216 may be
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sl eeve 215 J&m;%rd%ﬁna@élnygrpgéride{a%%w,w@mdm@s kowahe amd 110 with the
at least one tluird port 129 of the valve piston 216 msaligned with the at

| east one f| upadsggewty AGRinaf the henulapweamip Bt H arusidsthe filuidte prasbwizelthsusi ng 144.

This original positio also be referred to as. a ut.r.al positi and is
T st adldh et s fi Rene e b ERtpuft SFpd TSR mBgRkblss 330
are in the reAgagkOobda®sld n@Nowdsuafck /el fishisRet 113atas Walted¥uitie fir st
spring 133 biasing the push sleeve 215 towards the bottomend 110 of the

expandabl e appex thewterppensurfhenitl Ot Adetefasey voth emngl drisubsiantially ¢qyiabipresiyess as a

drilling fluid,,. e flowed t u t he flui L 0.t he

di rection ofzﬁ?P%&%ﬁggyp%§51ﬁ%e?F@? f 8&%“%’¢ghg @%gﬁﬁﬁﬁFzgggh éﬁgmay
205, the fl uigh @%ewe& sarfi@res, aRing thdlafRe Qirldé aeh, willde\sadake tipinshofor®16 i n
addition to the fluid being 25forced through a reduced area forped by a

nozzl e 202 cowpliedon thetuppensarioes 3 0shaymnethe Smilies surface apsadue\irtee oiihe e

surface 136 : ; ‘&ﬂ%Hﬁ bi asi ng
force of thqugg%ﬂﬁlggﬁ%Lgt%%é?gﬁﬁgﬂﬁg?gégg'gto 1§§h%35§§k§3?§?@§%?bmard
t he bot t om enWhtd thegfressupandabloecapparas Lisis Rat amugheveyverconieltl® folce As shown

in FIG 4, althou t he. val ve piston has noved axially toward the bottom
30end 100 of enp@e%ﬁbgwa“gwse%ﬁz% HFJESU%%,HG{ ECep upward And fauIsey ?Bu%ort 129

22 o 2];3 v ﬁgvleoﬁger%%s %’Q’L&d@%g@msthe}e%%m&ﬁg%metbﬁhdw@zcﬂtl2:*, §86asQRGw liiii d port
portion 148 of the val ve housing 144. This position, as
i |lustrat2d i RIGRISGvhigh inaso teéerred to as the locked open position.
In some embodiments, a resettable check valve may be included, such as
located within the at least one fluid port 140, that may prevent fluid from flowing
through the at least one fluid port 140 until a predetermined pressure is achieved. After
the at least one fluid port 129 of the valve piston 216 and the at least one fluid port 140
25  of the lower portion 148 of the valve housing 144 are selectively aligned, activation
may be delayed until a predetermined fluid pressure is achieved. In view of this, a
predetermined fluid pressure may be achieved prior to movement of the blades 120,
125, 130 to an expanded position. A specific pressure, or a change in pressure, may
then be detected, such as by a pressure sensor as described further herein, to signal to
30  an operator that the blades 120, 125, 130 have moved to the expanded position. By

including the check valve, the peak pressure achieved and the change in pressure upon

activation may be increased and the measurement of the peak pressure or the change in



- 13 - referred to as the | ocked closed position. In the |ocked cl osed
position, the blades will remain in the fully retracted position while
fluid is wbaeed4rdsrough the fluid passageway 205 as t hePppodistéionssh2t he
val ve piston 216 nay be nechanically held, such as by a pin and pin track
mechani sm further described herein with reference to 5FIGS. 12A-12C.

When the at |least one fluid port 129 of - the val ve pi ston 216 and the at

| east one fluid port 140 of the |ower portion 148 of the val ve housing 144
are sel ect i veirgssakingaydd, mars raaidily advertdesgandyedy hemepeaeltable idérdagatinglabw, t he

fluid flows f ssa way. 205 into th annular chanber 345,
causi ng the fﬁ%ﬁé&F 2@ g%s Bﬁﬁ'gfﬁméﬁﬁﬁpg} P er 345 and exert a
force on the | owery,syifcae@bsdimentt, 4 dflei®im Wﬁlz&ﬂ-ﬁ) mAatafeievilbed above,
the | ower surface 315 of the push sl eeve 215 has a Iagger surface area t han

t he upper surfigiere2B10.a stieeted iinkposition nglpripdesermingdsxiehfares s grripdas-2-
pressures ied to

Flua ehe T ori smig L A O S AR O PR g ™

sur fac e ar ea,andioB, whehghBatk dlitatehANeabthie b0k peakirapplciadd acharighén piegare sur f ace
310, having the smal l er surface area, by virtue of the fact that force i's

equal to the thiteraiheaclbhy ideefifirdivia @Pﬁeé%rrwn%qrén%rl@ézefiéo ARt emopgratpgthat
appl i ed. eyl BeqR! @St gm@ﬁ%@ gwmaarénas@@%o i SrHYIcERk 4699Hgh to

overconme the Torce appl ed1 I'rst spring he resuItant net force
IS upward antoa@iises hﬁﬂupu&hﬂ&bgﬁMﬁsQﬂZhimkﬂkmH@mu@m&ﬁﬁmsﬂﬁéﬂﬁbym@xtendlng

the bl ades 120, 125, 130, as shown i.n % B [ aéﬁﬁ eferred to
as the Id@kedﬂﬁﬁ%ﬁe%%§€¥ﬁﬁﬁ4o¥ﬁﬂggM§l bﬁﬁ Y%pmﬁn &8 ®“heck val ve

may be incl Uds‘flguld?r:"ﬂp dﬁ? e ?%@%é% AiUZrbfttltﬂ;Bm@sted |c§ﬁ’e°tt40@ﬁﬁ bk BbdiRRetovdA0,

that may prevent rom ng through the at | east one fluid port 140
until a predeheshuuiied4pd ebsuthe exmndaiié gpeditusA00es intareutia] dogisisn, asskown ui d
port 129 of th al ve_pi ston 216 an d the ui d 140 25 of
t he | ower poﬂP?%é éﬁ rn?m%wO%F9@ ﬂ@ﬁ@?ﬂgwﬁﬂ§%§?33@BW@KFPnggﬁE(?éned

activation may,de, gelayashddntiid p@sﬁr@&mﬁd ThRedachievbd), e aBside 41 S naghi eved.
In view of this, a predeteimned fluid pressure nmay be achi eved prior to

moverment I6f tush bizinks shelepd segpts q@@ftﬂ@ heedand ederperst thedprce ApRISEOYT i ¢

pressure, hange | Sy y, e y a
pressure sen§§?g§§n Egeregﬁﬁa uﬁpcgﬂ%ﬁ%@EI%pR%ﬁH%%uﬁ%%%1n§gggmﬁﬁn rat or
that the bl adfgwid0as shdtn id BIG. &Y €n MRMESK thie, th@ealee(préﬂ@de(ﬂé AR inbi Move Byt
i ncl udi ng the check valve, the peak pressure achi eved and the change in

pressur e uporoidbe Flosadinepitipmynty enuarr@r phgrhtothevabEadtiPe AEhE* 6t Stahe peak
pressure or ttﬂ?esﬁagg&%unt. By ma!lllltammg the position of the valve piston 216 until a

20  predetermined amount of force is applied, a fluid flow and pressure required to move
the shoulder 410 of valve piston 216 past the end segments 402 of the collet 400 may
be greater than is required to move the valve piston 216 after the end segments 402
have been pushed radially outward past the shoulder 410. In view of this, at least one
of a predetermined fluid flow and pressure may be achieved prior to movement of the

25  blades 120, 125, 130 (FIG. 2) to an expanded position. A specific pressure, or a
change in pressure, may then be detected and utilized to signal to an operator that the
blades 120, 125, 130 have moved to an expanded position.

Additionally, a collet 400 may also be utilized to maintain the valve piston 216

in an axial position corresponding to the fully expanded position of the blades 120,

30 125, 130. In view of this, at least one collet 400 may be positioned relative to at least
one shoulder 410 to resist movement of the valve piston 216 from one or more of a first

axial position corresponding to a fully retracted position of the blades 120, 125, 130



pressure may be nore readily ascertained and may be nore reliable in

i ndicating that the blades 120, 125, 130 have noved to an extended

posi ti on.woO 2012/047837f ur t her enbodi ments, a collet 400 napChaSatitiossmer to

mai ntain the valve piston 216 in a selected axial position until a

predet enni ned axial force is applied (e.g., 5when a predeterm ned fluid
pressure or fluid flowis achieved), as- Aown in FIGS. B6A and 6B, which may
facilitate at | east one of a peak pressure and a change in pressure that
may be rel i abley.iadelntively bov drilingflpdeseseure sisnsiod aaerdndekipl posdiono al ert an
operator that_ the bl ades 125, 130 .hay, ved nded position
The col 1 et " ac5 R eBan LAV eBiRAPrRyT oY RTRAEE el S, bR Bat o

bi asi ng menbekmti¢d¢ hidhakilmmyd pRkase éthe). end segnents 402 radially inward
The val ve piston 216 may include a shoul der 410 and the end segnments 402 of
t he bi ased col | et bdothagmbedipwsist 4 deied 569 may bhatikzed e gemtain tomabs t he
expandabl e apparatus. 100, i s b._a neutral.. pbosition s.shown. in Fl BA.
Cpon appl i naopy LaincorseRdaafe dfsha L Pt BloeBit S s P Gy,
when a pr edetwhun M@ dddidrititkdPr&ssidi€achievid)Uishhbivan FEGRAGAI @dgd) ,Thehe

shoul der 410 may 15 push against the end segnents 402 of the collet 400 and
over come t he deiing a0QumaY FEPT? aRRvableaspiiqreTBdrased tovagd the yalve gistosi21200 and

push the end i S i vi ew of
Phi's, the. val P Drgpemedte’ S8, dicks BYL UL 32 MR pirrklelon Blng bf 1 1 2
axi al force aqikiof@Bellevilidreashatsy eTlpd wil vpiRdib2 Bxeee dslude tikid@shalcl asaount . By
mai ntai ning the position of th pi.s 216 until a 20 regeternined

val
amount  of! or%@owe@éﬁ%ﬁtm&,exaeng el {%W@?%O%&%Wée gt ™ rove the
shoul der 410 bvathl H6irRici a1 RdPedARkiohlPad0g SEABWMidHe Alig g col | et

400 may be greater than i1s req to nove the val've piston after the
end segnent s go@vefddewberm thedhec is adh adutrgl msitieay @ shaso iftHe. shollpder 410.

In view of this, .at | east one of redeterm ned fluid fl ow gand pressure
my" b achi eviYRE breRgemonaHat ke B Sy Boes 218efe moeve HAmBHER 2y 1o
an expanded po&inki BBmoAesHRESofrhGoPSEESUREdetétt 560 SMPRGLR oI tRE RE&WHpBliedTBY
then be detected and utilized to signal to an operator that the bl ades 120,

125, 130 avebxtbe bdsing membssspddé theptstsnt $@hand push the sefviable predfuisipn 582 el | et

400 may al so utiliz t 0, mai nt a val ve..pi ston .216. in Xi_a
e T nltor Sndabr e S BRI FIO G (B S Bis B Rarge Bifol 28 nfibicdl

30125, 130. Imovd @wodthetnbitsal paditibe@sil af ALialCotde@bplddQo fiayyvabe pad&i 2iconed
relative to at | east one shoulder 410 to resi st nmovenent of the val ve

pi ston 216 frerehe tesholt amomtaBy mastaigigdhe prsiiopiobhecahedsiondiongtit o a
R b e e T Y I S
cor resporili ngtht groavé 604 of tex panepidtop@36 pasdtheahovahke dobtademn SD20f the25, 130
(e.g., arel aéeitegl?ggO rr;liag ge grreiatlelr ‘ithra]lg isf rleéfliliged% Tove the v%}v%tp?s)tdn 216 after the
movable protrusion 502 has been pushed past the groove 504. In view of this, é
predetermined fluid pressure may be achieved prior to movement of the blades 120,
125, 130 (FIG. 2) to an expanded position. In view of this, at least one of a
25  predetermined fluid flow and pressure may be achieved prior to movement of the
blades 120, 125, 130 (FIG. 2) to an expanded position. A specific pressure, or a
change in pressure, may then be detected and utilized to signal to an operator that the
blades 120, 125, 130 have moved to an expanded position.
Additionally, a detent 500 may also be utilized to maintain the valve piston 216
30  in an axial position corresponding to the fully expanded position of the blades 120,
125, 130. In view of this, at least one detent S00 may be positioned relative to at least

one groove 504 to resist movement of the valve piston 216 from one or more of a first



In further enbodi nents, a detent 500 nay be utilized to maintain the valve
S5piston 216 in a selected axial position until a predeterm ned axial force
is appl i eso(e12p4783rhen a predeterm ned pressure i s achi @cg&d)S01@958PDWN i N
FIGS. 7A and 7B. The detent 500 may conprise a novabl e protrusion 502

bi ased toward the val ve piston 216, by a_piasing nenber 506, such as by a
spring (e.g., a helical conpression sprng'or a stack of Belleville
washers). The val ve piston 216 may include a Qavity, such as a 10groove 504
that may ext endl pisitonrdoaesonidiaktya filyueitrctadeositipy et thi Slages 12296}25ar1120t he
novabl e protrusion.502 . posi-tioned lally. wthin the
cavity (e.qg. ,(e'é'r 86@%‘@5’3?%@@& 'f?}né RE™% é?/?%i:tgj’ ?@éé %&gﬁ&rlégﬁ%llpéfm%%si tion, as
shown i f Fl Geodéspohifd tAPRIlY ieRgandedp@iteinaifiideaieax 2 @125 or30€e g9at he val ve

pi ston 216, the groove 504 nay. push a%ainst t he noveabl e protrusion 502 of
the detent S50¢layrly bigedabirs hkpresiicstad®pl i ed 15 by the bi asi ng menbers 506
of the detent 500 ;and v, i oove
504, as s%ovvn in ﬁ@n@%@:ﬂ?é}&%@% tgaﬂt?l Fﬁ%ép 5%%?1\8/2?@52%8%%}/0% (f%ggun%g not
move out of tsheh Mhetthépdre poSinhmomicativhiwithathe aliraity éfatoeeeagqukpteor whertthe val ve
pi ston 216 exceeds a threshold amount. By intai.ning.the pgsjition of the
val ve pi st on bagss gigtpsitianadip dess fian Awly pgftipRy ich may, BRlitatgRt 4 £ ui d
fl ow and pre r i : v gt on
216 past | ne ey B e e R P B PR YT U o
i's required tapreswue stiver aral wizpd Stabert 2 Gpeadftorehatttineblades 4B0.6l 2pr Bi0rhase on 502

has been pushed past the groove 504. In vie f this, a.predeterm.ned fluid
pressure 1ﬁay %%Vegé%?ré%ﬁl ¢ patitiony fifssEarapie: tﬁéf &Pﬁi}‘t}b?fd’(?éégf , 3 3%2%‘(1 130

(FIG 2) to %anégh%ﬁﬁﬁngom&silﬁimcwsedvd AYd bmithatiH jubteRtdre @Re of a 25
predetermned fluid fFfow and pressure nay be achi eve EFIOF to movenent of

t he bl ades 12fgded 2%), 1230 30RErGn ti) fuily eapandspposiiad, pobias bypassing gsedingi c

pressure, or a cha i res . then be detectgd and utilized to
signal to an_rﬁ‘ﬁﬂl?eé{%g&ai ﬂﬁ@%lﬂgﬁ'ﬁ%g@li%&pﬁ%,&i’géo \%lo%rzof\’/_go_stag%}gen
expanded posithhlQpnsiAesl Hetvpdial thd/retractéEpRtion208 tHEiIRbgRAndEl pisitoh zeg t o

mai ntain the val ve piston 216 30in an axial position corresponding to the

ful ly expandadoyides sigaificatt andeclipblydetsctablg prespge chapge, whichmanbefeteipdto at

| east one detent, 500 b r i ove 504
to fesi st novsé%%lng) agfog?%té)?ghaﬁ?\%élbg% s?g%eﬂ%\%?#%ﬁegﬁﬁxp Lﬂ(r%%? O%Q 8%91?(?}r \s{t -
16 - axial pagbthepexaapld, erondiy®ihozde patts3psnead canispohdigsidzzlenmal be he

bl ades 120, 125, 130 (e.g., a relatively. |l ow d_ri ] (9 fluid plégssure
state), and #lawdgntuidepamupiaiion gherhe Pledporit h?gitlg e ey IBssHAdEY
position of t&%iti%h?g)?l%é&%%’m&% 618%hd &pel to fid Bhtdn¥Gltidn Bhelmeblddkd g

fluid pressure sta
20  are in the fully expanded position, as shown in FIG. 8B.

In yet further embodiments, an expandable apparatus 1100 may include fluid
ports 1320 and 1321 on either side of a necked down orifice 1325, as shown in
FIGS. 9A and 9B. When one of the fluid ports 1320, 1321 is closed, as shown in
FIG. 9A, any fluid passing through the tubular body will be directed through the
25  necked down orifice 1325. With both the fluid ports 1320 and 1321 open to an upper
annular chamber 1330, as shown in FIG. 9B, the fluid exits the upper fluid port 1320
above the necked down orifice 1325, into the upper annular chamber 1330 and then
back into the fluid passageway 1205 through the lower fluid port 1321 below the
necked down orifice 1325. This increases the total flow area through which the drilling
30  fluid may flow (e.g., through the necked down orifice 1325 and through the upper
annular chamber 1330 by way of the fluid ports 1320 and 1321. The increase in the



5In further enbodiments, the plurality of nozzle ports 335 may be
configured such that they are in communication with the plurality of

nozzl es ewoept2/des37when t he bl ades are positioned in a lPesaseéansdoat | y
expanded position, which nmay facilitate at | east one of a peak pressure and
a change in pressure that may be reli ablﬁ identified via a pressure sensor
and utilized to alert an operator that ¢ bl ades 120, 125, 130 have
10moved to an extended position. For exanple, the plurality of nozzle ports
335 and cor r esfabfidi arpancanlts e mbgtattenl widoeen in dufd presswisehovathe aedketh j ust
before the bl desrﬁz 5 130 are in the fully expanded position, such as
by passing a 841 9 bc r]ré 600 as shown in FIG 8A. This tenporary closing

of the nozzle portﬁu@&ha&@@mtp}@dsuﬁerredﬁmntglfwﬁsthe@&t\zmanbmeeﬁpamw@d posi tion
and the fully expanded position may 15provide a significant and reliably

det ect abl e pr@@éﬁaﬂlé 1¢ g be whilize t@r@yﬂlﬁ%e therdeteetean q @%@I@F?élmgtcén(h%ortfﬁer at or
that the hi ac{ﬁ? p%fmge%bnéo ed 42 1486 ifﬁ'% &?ég%%%?&%? o R bte'dg cted BY 2 FORL her

exanpl e, tthe plru oz e por corr spon I'ng nozzles may be

closed to fl Lpréssa@rﬂ%niuoﬁag tdeAcaphithtrhe didrathe 9pdrdfdr aslidShe didfgaih@pemtihde
fully retracted p05|t|on by a sealing nmenber 610 and open to fluid

communi cat i orfORAKIANS Plehepigadabiompparaus 1K@ Tha shangsdp RFGEHC PG on, as
h FI G t
7700 mmy 1 ot dazteg in deta btk ind WE bR o SERAMITR Y Becu AL RHRATHBRAE (@RS S

orifice 1325, o;&&atﬁhbwnhe blades GR0 SAhaexthafd@bldMpparannd 100 aﬁelmethfeleupzdldp@r ts
1320, 1321 is c|losed, as shqwn FIG 9A any flui as t hrough t he
tubul ar H8dy RGOy & %‘g?re‘ﬁ‘i’rgﬂ ﬂi‘erﬁ?’@ﬁ%edntpﬁ"é“% PEY 1%@?:1 fofth‘EBPQI?stg‘S Wth
both the fl U'tﬂatRHéBl%dé’s:’iziQOﬁ%b%@@éx&ﬁ@é& %Per@ﬁgﬂglﬂﬁbo@&ﬁ) W ar chanber 1330,

as shown in FIG 9B, the fluid exits the uppef fluid port 1320 above the
necked down orifi dealk:as sompembvdiencuppibe change irapresshmmrher bel:3@essarediroe back

necked down. dPFEEDISHE0 priinto: S5 KEDabd Ehu Pl GHoBtu RSk barty FeuuSrewn ch
the drilling Bohtup &uﬂf@aé/ftflé ﬂMYd(p@rth?’ZOtdﬁﬂqggh Tl RESKAGISOMANPId, fieGRsH 325

and through the upper annul ar chanber 1330 by way of the fluid orts 1320
and 1321.15Thesl¢aye ﬂéhﬁ;@aj/ pomprése an inner bore 1210 having a diameter of about 2.25 inches

(about 57.2 mm) and the fluid ports 1320 and 1321 may be about 2 inches (50.8 mm)
long and about 1 inch (25.4 mm) wide. In such an embodiment, a necked down
orifice 1325 comprising an inner diameter of about 1.625 inches (about 41.275 mm)
may result in a drop in the monitored standpipe pressure of about 140 psi (about 965

20  kPa), assuming there are no nozzles, (the nozzles being optional according to various
embodiments). In another example of such an embodiment, a necked down
orifice 1325 comprising an inner diameter of about 1.4 inches (about 35.56 mm) may
result in a drop in the monitored standpipe pressure of about 269 psi (about 1.855
MPa).

25 In additional embodiments, an acoustic sensor 1500 may be coupled to a drill
string 1502, such as at a location outside of a borehole 1504, and in communication
with a computer 1506, as shown in FIG. 10. The acoustic sensor 1500 may detect
pressure waves (i.e., sound waves) that may be transmitted through the drill string1502.
When the expandable apparatus 100 is activated, and the blades 120, 125, 130 are

30  moved to the expanded position, components of the expandable apparatus may impact
other components of the expandable apparatus 100, such as shown in FIG. 5. For

example, the blades 120, 125, 130 may impact stabilizer blocks 135. Such an impact



- 17 - total flow area results in a substantial reduction in fluid pressure
above the necked down orifice 1325. This change in pressure resulting from
t he acti wiDi20re/@f83rhe expandabl e apparatus 1100 may be ®CIrlus2@d/ 054592
facilitate the detection of the operating condition of 5the expandabl e
apparatus 1100. The change in pressure be detected by a fluid pressure
noni toring device, which may alert the ggéfator as to the change in
operating conditions of the expandabl e apparatus 1100. The change in
pressure may 1heay ¢agenpriessieedvaves tettayek Shertdyilk srengro? vdv damay kmdiieoes

Cxpandabi e BT PR Eh%e0 800 e BBl Shusbi 0 RS BHAR el il clor o

the change i nh@E@BHUEE SUBYorEPYhdile: @ thd @heded Redshie vaeaad tk oplrator ifag bl ades
1120 have been expanded for engz{gilgg t he bor ehol e. In at | east sone
r

ingdi ment E hewgg;tg}?érﬁlgaétherblﬁeé ia{) heee moydde 41 eapaadeshpasitioBet ween about
Si t i . LEd db
T T e

t he openi ng of the one non-fi

t he push 15slwerhe tHe2dl stng OOPEH e waereiim therflobolire dF 230 ridng fgdsandinsayet er  of
about 2.25 inches (about 57.2 mm and the fluid ports 1320 and 13%1 may be
about 2 i nchek¥ IpSEMBURFIeLWKL tsgompaigt 1306 Fegssyre measyrsentz gay thep beych” an
enbodi nent, C L i Sl n i i anet er of
about 1.625 iatﬁc edé%((j%lg%ﬁa Oﬂlh%%%gté ng@{ggfsliﬁ rtlé}é’[lcl}rggge%?lﬁéthe noni t or ed
st andpi pe pr essasnenzhtsamythenlOcopgiar(dadchias BpploRligRap furetisunf tge,thiydhe ar e

1o noeel ol e, B95E) 83, 2oL, Bt onal 250 ng L9 K2t 043 caBod e o)
conpri sing anpk Bﬂéﬁtix@.ﬁ%ﬂ'@iﬁ@ﬁ oPthe @RMHable 4pgaPEREDO( KRR YS if AR BIRIET0,MRY,
result in a drop in the nonitored standpi pe pressure of about 269 psi
(about 1.855 Modave aBhed @mddickpanded pesitvod i Brewitligingarcompausan avesiénecive1 500 nmay
be coupl ed t % r%eéjsqlireldlpeak pressure that corresponds to a change in the operating condition of the

expandable apparatus is relatively small compared to a baseline measurement, the

15 comparison of pressures over time may provide an indication of a pressure change and

be utilized to alert an operator of a change in the operating condition of the tool.

In view of this, one or both of a pressure sensor and an acoustic sensor 1500
may be coupled to the computer 1506 and the movement of the blades 120, 125, 130 to
one of the expanded position and the retracted position may be reliably detected and

20  communicated to an operator.

In yet further embodiments, a dashpot 1600 may be utilized to slow the axial
displacement of a valve piston 216 in at least one direction, as shown in FIGS. 11A and
11B. The dashpot 1600 may comprise a fluid filled cavity, such as an annular cavity
including a portion 1602 of the valve piston 216 therein defining a first fluid

25  reservoir 1604 and a second fluid reservoir 1606. The portion 1602 of the valve
piston 216 may include one or more apertures 1608 formed therein to allow the fluid to
flow between the first fluid reservoir 1604 and the second fluid reservoir 1606. The
apertures 1608 may be selectively sized, and fluid properties (e.g., viscosity) of the
fluid contained in the first and second fluid reservoirs 1604 and 1606, may be selected
30  to control a flow rate between the first fluid reservoir 1604 and the second fluid

reservoir 1606, and thus control the actuation speed. By slowing the axial movement

of the valve piston 216 with the dashpot 1600, the actuation may be delayed, and an



string 1502, such as at a l|ocation outside of a borehole 1504, and in
comuni cation with a conputer 1506, as shown in FIG 10. The acoustic
sensor 1580 20my04@88Uect pressure waves (i.e., sound wave®LTiusatl1ms469he
transmtted through the drill stringl 502. Wen the expandabl e appar at us
100 is activated, and the bl ades 120, 12 130 are 30 noved to the expanded
position, conponents of the expandabl e ag%aratus may i npact ot her
conponents of the expandabl e apparatus 100, such as shown in FIG 5. For
exanpl e, the ibtrasted fla@Qpress @8 in theGtandyyipé mprbe adtiemsili Additiopilyctas duzgon Such an

i npact - 18 - cause. pressure ves to. travel through .th [l tring
1502 whi ch nd aggéﬁﬁﬂgﬁPgﬁﬂﬁﬁmFﬁ%ﬁé%dﬂg?ﬁgigéﬁ§%¥OT%@%?gﬁﬂéc %%&%ﬁ%%fsensor
1500 may then, dhaansifiptesdurs i @henttR defteted QRPUilEfed 1588nt & drasieaindithg teo t he
detected pressure wave and the operator may be signal ed that the bl ades

120, 125, 130lardeyé20mdved 306t the cxrpulable@pprsais 1 @hhavs mpyed fagWgIof 90 a pressure
sensor, suych as aegres ure tra ngﬁﬁkﬁbﬁay be included within the dril
xsition,

string 15 2, P gﬂﬂé$%f%%?‘Fr%: e of the drilling fluid, and may

be in communi cati g ovddr b fetrecteiymadesn 20,5906, 130 afstingagmanHIESERS sthaay t hen
be taken over a period of tine and transmtted to the conputer. Th?
pressure meaderseamaiiyd pay 1 2hehthpsalypRisepedo aadibs ahlsagipneg flydpprid 44 ot the
function of t X% - i INnRbRsRUr e
over time rrafbggr%o??{ﬁ% toeC é eOﬁlﬁgq%gﬁggg&g?&l{ﬁg@c@ﬁﬂ@%ﬁ of the
expandabl e apfhad &btsflchdfg irsal te aasulaf chbimbertdadagd af@APing 22bessuk80n Hevewemved t o

an expanded position. By utjljizing a_co ri son over .tine,.ev if a
meas _uP_ed 1;9eaE5uﬁfP%f'§slt§r%c ﬂ%/erf&lel é]G?Yeegﬁo N@%ﬁg{)@e %ﬁ%ﬂ%&‘ﬁ& q‘ﬁip‘i’rﬁ %29063{‘]%1’%1‘@
condi tion of Life, sxpand gﬁeép&?émk&'g%ﬂt 246 &1 @t 10k Yotiorh ks 60RPA4108 to a

basel i ne neasurenent, the 15conparis f pressures over tinme may provide
an i ndi cat i orhafing 144 esseleetivehanigeligned, delung bf dgating Buidneaytrempindrppet or  of
a change in the operatin ition of the view of .this, one

t ool . I
or both of alﬁﬂ§§§ﬂ?%d?8ﬁ§g§ﬂgﬁﬁlgﬁt@EHH??W@gégﬁ§8?dﬁ%%bgﬂﬁ§mggugbdﬁied to
the conputer J83EcRRechiifs RVEINBAL si@éwdINe the @BEiar Bodly.103 Zballockd3@e ieillpge Of

the expanded position and the retracted fosit[on may be reliably detected
and 20 cofnunilgdteescans foom disengeler chamber 345 apdyitp an gree et cem e dyHBAtes |

a
dashpot 1600 be, utijli to_slo h i S
o ston 216 i B ke prshd ik iafingyfobadngiiu e AR QGRS A BNNS,
dashpot 1600 weylweanapeh S€ogenfupuh dplichli@tbfedtedsire dsfigbntag sach ®nrbbedr cavity

including a portion 1602 of the valve piston 216 therein defgpi g a first
fluid 25r eserVayes andOwsanay dsebesharcd|tlonge PESwr/Gicasersgge oy effg?%zt?n 1602

Ot 1 PRSPl e e i anes e ooR Aou o
and the sHcongb thhtui signifser amndunt d6fi6ssuithe natdest twhee shelf608 portsyl 29el Kedrect i vel y
ST KN LN SN S AL
]? FE;[ :’jo | a flowfaliebetvRes ohbembbdislent d b Lot QERIURIMo 2095 (BRSY Edtprigcond
a flow path of about 0.125 inch (about 3.175 mm) in diameter. In some embodiments,
the pressure relief nozzle 350 may comprise a carbide flow nozzle. The size and/or
25  number of the pressure relief nozzles 350 utilized may be selected to achieve a
detectable change in standpipe pressure upon activation. For example, the utilization
of a single pressure relief nozzle 350 having an opening diameter of about one-quarter
(1/4) inch (about 6.35 mm) may provide a change in standpipe pressure of about 80 psi
(about 550 kPa). However, some sensors may be unreliable in detecting a pressure
30  change of about 80 psi (about 550 kPa) in the standpipe. In view of this, the size

and/or number of pressure relief nozzles 350 may be increased to provide a larger

change in standpipe pressure and provide a reliably detectable pressure signal to alert



reservoir 1606, and thus control the actuation speed. By slow ng the axial
novenment of the valve piston 216 with the dashpot 1600, the actuation may
be del ayewip 2areh42937 - 19 - increased fluid pressure in Phg/tst@ndpiope my be
achieved. Additionally, the duration of a change in fluid pressure nay be

i ncreased. At |east one of a specific prgﬁsure and a change in pressure may
then be detected and utilized to signal "to an operator that the blades 120,
125, 130 of the expandabl e apparatus 100 have noved to one of an 5expanded
posi tion and aa opetatoges tedhpopdratingreondition of th exnragéable epeetysddP. Fole bl ades

120, 125, 130, referring again to FI.GS, 3- h t L ort
129 of the var@arls 1§ts8ﬁ1%f&%ogwnf§h%c}éapg? glasg%ndélﬁgp S%‘%r%%%c%tfi fﬂﬂgﬁ%&o&# 9?Cﬁe

| ower porti onhsildBoRicod RRaadyvie: laBAKY B@ectdle BRY pREsuseleacdrlvated initgal i gned to
inhibit the fluid fromflowng into the annular chanber 345 and applying a

pressure on tstradpippend thesize fadeumes ofpresyyee Tsliginozrlenid) mavbe sprsisdite” at
| east one_fluid port, 129. of t.h | R RAP fluid
port 140 8f taﬁgle %%\%}%an %}%%t%ngp%ﬁ§%5¥&? %eeﬁ{/egfheééﬁ%ﬁégongﬁi%ﬁhge se? ctively
m sal i gned, ach@ltione ofurtted drhtiodgnédts) iadhavepy i etamdpipet presoe @rdater thae abower
chanber 345. At |east one pressure relief nozzle 350 rraey acc?r di ggl ﬁlgbe
provi ded, extlSRdsHgbeuid P reaydhegeliphly dgectatieby fBIEPFe $588R) [addR thg) | ow

(e 01110 SR B SR TOP AR Ehanbragf stk

ore expandabl e apparatus 100. The at
| east one pr eskigvea tiednige fn staxiplpe pa&Ouragicatee thah abys 16Qpn (douopbehMHadn

application of a pressure differential, such as a.check valve, K and, thus,
may al so e r@eBAFERtey Wsomesmbodipants, Q&}gggﬁ&%ﬂ?@%ﬁﬁﬁ& %B%f%g%l e. The
one or nore i ke lor HORA S EbdR 833 iR} @k ¥ehliaal |

fl ow path Zo%ﬁgﬁﬁgg{agéﬁio{i can%ﬁe;(rlr%g%{ag?ﬁlpr essure is n}ot Yost \lAlhen t he

fluid ports 1€ mdyBoddea ehingnevstamigipetpeessure bf abogt 200psd (abptl Is3& MEahdAul ar
chamber 345. ..Wa¥1 of ﬁxar@l e and notl. ti mf t.,on bat 1I eta@ on embodi nent
of the press AditOafGILOABIFN S 2 BEFSYRIIE W%é 4 PSREISAEh PV EBdut 0. 125
inch (about ZupbfReWBndiét gadFeiaBraboltibns QUENt@ TDAYINGR (Hbsut 4. Fempr) esshiaear el i ef

nozzl e 350 may conprise a carbide flow nozzle. The size and/or 25nunber of
t he pressidr e apshingidianesteriog eb@sd03R iindhAakputB yirpkord@Reet ed t o achi eve a

det ect abl e change I!nndﬁitéi%rrllg&%h@%n?éﬁrﬁ?t}é@?esglgrgg?lg?éé%?ﬁ%i396‘,'at QL o%ﬁﬁl'ng’ t he

P . a
utilization of a singre pressurée re avi’ng an ope

di aneter of akeistireatiRastuidicessy hhdbe bvelied abprovidé pabsuraielamyshouvhele a
change i n standpi pe pressure of about 80 psi ( bo%% 550 kPa%.. However, sone
sensors nay bEcsHcaphelmogzle ASQtide s Hﬁi’ogler}j‘égﬁ hs@t At g lish PRSSE 80 psi

(sbout 550 Ealeidd e 5 30akieced B sl bl iy gm b nurber
in standgi(pe ¢reelssalve oanthepdayided @ha atledst ain yighl ptesstratslaasqiassdbensiygnal to
alert WO 201\%{t}?s%gn%3p7re§cs:1—1rrley 1?p2 toola /ogtSig'VGegtﬁousand pounds per square inch (5000 psi) (about
34 MPa). In at least some embodiments, a screen (such as similar to screen 1900
shown in FIG. 13) may be positioned over the at least one high pressure release device
355 to prevent solid debris from damaging components (e.g. such as a backup burst
25  disc, of the at least one high pressure release device 355.
As previously discussed with reference to FIGS. 3-5; the position of the valve
piston 216 may be mechanically maintained relative to the valve housing 144, such as
in one of a neutral position, a locked open position and a locked closed position.
FIGS. 12A-12C illustrate a pin and pin track system for such mechanical operation of
30 the valve. The mechanically operated valve comprises the valve piston 216 and the

valve housing 144, which are coupled via a pin 1700 and a pin track 1702

configuration.



- 20 - an operator as to the operating condition of the expandabl e
apparatus 100. For exanple, in sone enbodi nents, a change in standpi pe
pressur e Wyoeat2arn7¢3man about 100 psi (about 690 kPa) may Po@/usedilabiey?2
detectabl e by a pressure sensor |ocated in the standpi pe and the size and
nunber of pressure relief nozzles 350 may be sel ected to 5achi eve a change
i n standpi pe pressure greater than abouf 100 psi (about 690 kPa) upon
activation. In further enbodi ments, a change in_standpipe’ﬁressure greater
t han about 150 psiForgkaoplethesalypeitonayo bey cenpassi apindedct 748 Ifermsg igan

| _ _ _ :
or cssur o 1ol rare ngageael sy aROR B RR% G OnbleE TP R R Elncl

st andpi pe pr essléofIREAIe hdubiap 1apontterhbdeps in ¢tabaamibolin®dtdyle)val@ upon
activation. In sone enbodinents, two pressure relief nozzles 350, each

havi ng an opeahfpR2Hi AL EERPET 0ap SUMOBNLrhe antey siriaye thagpl (abdgtnsamls
may be utid i rQVvi : i i f about 200
psi (aboué 1%§§V%2§F&E¥ﬁqgg§+ ﬁgngﬁggﬁgﬁé#ﬁgﬁ%@?gg{%ﬁggéﬁﬁga%ngef nozzl e
350 may be seakeagtiagtHconbaymosdpinpeitheigaldd giseh 21 6.gihaatne enbbhdimeatsptht pin

one-quarter (1/4) inch (about 6.35 n%%, such as an 15openi ng di aneter of
about 10/ 32 itFCk 17%hBay havesiyat gyotfegrgfgpred to in the Wsédgis&to??n 18Ul one or

more pressure el i6looBaagl 8% A pibn bRARLy 006 RER L SIS Sringl sase devi ce

f
355 may be provide QPO provi de pressure release should the preSsure relief
nozzl e 350 f aixerting.agorce rethe mpwptdutigetin. Theerakve piseast] 6omay tei ghfigred withe

rel ease vi ce. 355 may conprise, faqr ex | e, a . backup bur dis. a high
pressure Z)OC H”é&%“\ﬁaff‘\‘/%?n ]E?rq"ﬁlﬁ %gguﬁgmé&g%ﬁ@r’éfw}] B4 E%% Qﬁltzg‘ﬁ O}S‘hg?saur e

rel ease devi cndBedmy dWvhivatemsly Bf @EME BSIdUMWHR aablits Ali¥ @otvbals@amnd pounds
per square inch (5000 psi) (about 34 a). In at | east sonme enbodinents, a

screen (such thsvaivepisan 246 asd theeeduegbionetibameterth@rd, thePyespruy abveplasi t i oned
over the at Iea%p one hi ess rqirelgﬁse devi ce S%th?KpQ%yen%tﬁglid
debris from dERHEGFYY €8 e §ed({18‘? g S TR RUE BUIST IEHTES of the
at |east one {yvahd Rire@sekefied belheastnd eirel 335&using the valVDIRGEVI6OY Slayel

di scussed with reference to FIGS. 3-5, the position of the valve piston 216

may be neldhardaveitayd prd the ssoaad spreigdtit e carapresse [the Hewrd dslling thudiis’ such as
in one of a ngui. ] N cl osed
position. Fl é&& 1&%% %g%h%eﬁ%g]tor aa{ %?ég%gitlﬁggﬁl g}%ﬁ}p It“}ra gic%p%yegf Ijém oge such
mechani cal opgraid pAngfl 38Riahee vativient td e verehanhicqadtdry? e iattehrtisdllyv e
conprises the valve piston 216 and the val ve housi ng 144, which are coupl ed
via a pin 1700°V¢ a pin track 1702 configuration.

Referring to FIGS. 12A-12C, one or more pins, such as pin 1700 carried by the
20  valve housing 144, is received by the pin track 1702. The valve piston 216 1s
longitudinally and rotationally guided by the engagement of one or more pins 1700
with pin track 1702. For example, when there is relatively little or no fluid flow
through the valve piston 216, the force exerted by the second spring 134 biases the
valve piston 216 upward and the pin 1700 rests in a first lower hooked portion 1704 of
25  the pin track 1702, as shown in FIG. 12A. This corresponds to the neutral position of
the reamer apparatus shown in FIG. 3. When drilling fluid is flowed through the valve
piston 216 at a sufficient flow rate to overcome the force exerted by the second
spring 134 and the valve piston 216 is biased downward, the track 1702 moves along
the pin 1700 until pin 1700 comes into contact with the upper angled sidewall 1706 of
30  the pin track 1702. Movement of the valve piston 216 continues as pin 1700 1s
engaged by the upper angled sidewall 1706 until the pin 1700 sits in a first upper
hooked portion 1708. As the track 1702 and its upper angled sidewall 1706 is engaged



-21 - For exanple, the valve piston 216 nmay conprise a pin track 1702
formed in an outer surface thereof and configured to receive one or nore
pi ns 1700worroevn4rssmer surface of the val ve housi ng 144. PATtuSeoias46et y, in
ot her enbodi nents, the valve piston 216 nay conpri se one or nore pins on
the outer surface thereof (not shown) ang 5 the val ve housing 144 may
conprise a pin track foinmed in an inner” 4 face for recei ving the one or
nmore pins of the valve piston 216. In sone enbodi nents, the pin track 1702
may have whatbyimgn 670 therviefvemistan 216 i foredddo satatesassuning thelvatve hewvsing bfrtat i on.

i on, . | I. 216 ' d [
exerting a 1 orbe I v g RbAPan G ol whf ARG Rock 1B oRFORE) B8 T

confi gured WhévehQat of tB@sdlvepiRen Li ®mal) axisBgn@or BEH@E thel e portd 12084 e, such
as the nozzle 202, providing a constriction to dowward flow of drilling

fluid. When avabieimistomel 6ftp mayefin enet eheliamgient wish org rangye of By fhudpaatsd 4P he
reduced i Rner. 'agg; r 1 . . : A Nstljaftion
created b§ tﬁgq%é uégﬁu%ﬁgg%P%PgﬁéP§FE%§§%§% su %@P%ﬁ@h@g ovg%gone t he
upwar d force chx@béedshyIddne-Hewd thppih 0134 thedlisiupgerthoekadal ve pi ston 216
to travel 15 downward and the second sprin conpress. |If the flow of

ng 134 ta )
drilling fl uirgrien B0 msshewrofIG: é%l%db%iﬂb@lgP@WS 2% dra g e tHsakighsst dLhis he
upward force : | L G ve t he
val ve piston c%x%&%)? gﬁ tteaégé[ ﬂgléer%fc ?(Sa%lggyésgtqp%éﬂé%g?%% P %%Sﬁ%%&éﬁlggﬁs% %—n %C, one
or nore pi ns,Fl§udhlmethe fickedldlO&d pasitioe dhdiyladdaavi Bv &l the rdtaotsd pgsitleidso i s

received by the pin track 1702.. The val ve piston 216.is l.gngitudjpally and
ot at] ondfl y 1658 BB ys 4 o 825&&5@&%@ @ﬁéé@?mﬁﬁ?eefomeﬁé the P ’f‘ﬁ pi n
track 1702. For eﬁarépde?toM%%nhé@ﬁagoﬁ§1z9?h@¢,law}raﬁngt&ﬁqk%n%diﬂ@mfdfwd flow
t hrough the val ve piston 216, the force exerted by the second spring 134

bi ases the vallGs. p2411834, e 6rilipgdud! Eeguteeayhiaredred or dinivated, causing e | ower
hooked portion. 1704 o 5the pin track 170 as. sho in FIG .12A. This

cor r esponds fYl%ﬂ%§W§%V§8W“BS§PF?%HH6?W?W§%?gﬁﬁ@Fe8 8F§P8§ﬂ§H§a§4iﬁsFlG

3. Wen dril lthega{é pis@dn 236 {sl e upharatghot Bereldl ¥y ® thé sinaN0@dbriad bithe
sufficient flowrate to overcone the force exerted by the second spring 134

and the V&l vevahiedrogsing 16+ il heare d7owomeaiinto confect tvidiadowvomeldves al ong the
R T e o
pin 1700 is move along the pin 1700 until the pin 1700 sits (not shown) in a second lower hooked
portion 1712. As the lower angled sidewall 1710 of the pin track 1702 moves along
the pin 1700, the valve piston 216 is again forced to rotate. Men the drilling fluid is
20  again flowed and the fluid pressure is again increased, the valve piston 216 biases
downward and the pin track 1702 moves along the pin 1700 until the pin 1700 comes
into contact with the upper angled sidewall 1714 of the track 1705. The upper angled
sidewall 1714 of track 1705 moves along the pin 1700 until the pin 1700 sits in a
second upper hooked portion 1716 as shown in FIG. 12C. As the upper angled
25  sidewall 1714 of the pin track 1702 moves with respect to pin 1700, the valve
piston 216 is forced to rotate still further within the valve housing 144. This axial
movement causes the fluid ports 129, 140 to align with one another, allowing drilling
fluid to flow into the annular chamber 345 and sliding the push sleeve 215 as described
above. This corresponds to the locked open position of the expandable apparatus 100
30 illustrated in FIG. 5. In the locked open position, the blades will be in the extended
position so long as there is a flow of fluid high enough to overcome the force of the

spring 134. The track 1705 may be capable of repeating itself once the pin 1700 has



engaged by the upper angled sidewall 1706 until the pin 1700 sits in a
first upper hooked portion 1708. As the track 1702 and its upper angled

si dewal | WoQ6127@788mgaged - 22 - by pin 1700, the val vePpiraiseo12i69t s
forced to rotate, assumi ng the valve housing 144 to which the pin 1700 is
attached is fixed within the tubular bodé 105. The axi al novenent of the
val ve piston 216 nay cause one or nore 0 3the fluid ports 129 in the val ve
pi ston 216 to nove in or out of alignment with one or nore of the fluid
ports 140 5 itreveled avminge ch@usferrgcqafgthmh@wWoﬁirmié&ﬂyf Wberdm@mfhm@r@ati on

with the annul.ar a r .345. ( Fl 3-5). Wen t in 17 first
o oor hooked Mt 7008 REEsg din b (o oy Heyed MBefol Fal B, iRyl 340
may be i sal i goeehat Jdah@fﬁ@meﬁmqaa&dbgeﬁ hgd ld@ﬁ&ﬁdo&ﬂ?@ﬁdor&@ﬁé)lbeon of the

expandabl e apparatus 100 as shown in FIG 4. In the [ocked closed position,
the bl ades wdchieed.in the retracted position so 10Iong as there is a fl ow

of fluid high eno n or der
to align ?he f|U|g98§?$ 8%%%%P@§8£9g@%%%%éﬂ$%dgﬂqgﬂﬁg %nggﬁihev 0
12A-12C, the d@nbddimags dés%&d@b@@éﬂﬁﬁbé@énb@aﬂ@ﬂ@@é&de@ﬁteﬁlylbmsﬂﬂftlgd caUS| ng

t he val ve plston 216 to nove upward in rgﬁgonse to the force of the second
spring 134. A§ @%@%ﬂ@@%@f&ﬁd@ﬂeﬂa@n%a g ipsisreng the flawyas of Bcat i ve to
the pin 1700 i nmes
into contact ﬁﬁtﬁiggﬁgigﬁgiﬁéﬁé Eégébﬁg%t@gy%gﬂ%?&?ﬁgdg?ﬁm??géiag Q The

| ower angl ed thé eteatiinhl ahiila@mtdm;blacrmmt diescmedelbavm to He g andltv@R unti|l the
pin 1700 sits (not sho cond | ower ort| 1 t he

| oner angiVed ZTaHeHRML 4 WQ%OB@& HEe; rﬂoqdiraws § &8NtEY E%&Fﬁ]@w&%n 1700,
the valve p'Sﬂﬁ@u?%@ahﬁﬂﬁgﬁhHMQQMG?ﬁKkP3%95%&%b0%%%@a§he drilling fluid is
20again fl owed and t lurd pressure is again increased, the valve piston
216 bi ases downwarhi vaewdofﬂhefcpegmmg, amand?rﬂaapmvaélsseabﬁwglouh@nlpndnrnmt@of unti |
the pin 1700 into cQ nt act si d 1714 of the
rack 1705, THEORHpuRe SrgPeaardtlinh onrd Y ¢ At AT nd g%t e
pin 1700 unt Itllméshe\d%@c&ﬁ%n%fﬂ& dxParRiaBRGPPAathp RRY chm%kefdﬂmé ﬁin@@wmew as
shown in FIG 12C. As the upper angled 25sidewal | of the pin track
1702 noved widdwvnhekpbetaytbs epﬂqqlahlmoportaﬁétqm apte tpireltaply detest the op@rp@@j to
rotate still t , housing 144. This axial novenent
causes the ffﬁﬁgﬁgg {ﬁ%fﬁgﬂﬂ%aga? & |gn wi th one another, allow ng

drilling fluid to EMQmmwﬂmomhhﬂmamnubabwm%&@hgﬁﬁ&ﬁBa@ﬂ@m&hnding t he push
sl eeve 215 as_descri bed above. This corresponds to the | ocked, open_position
of the expand%lﬁsel%ﬂapae nezzhed9 2 ving st cied eropsseriianal ayea may b eoyridk ed

open posi ti Ont]pl he lﬁé 153}%81?21’8 | As 88w 6. £ BRY 4?9219951\;11' ?ﬂqcﬁﬁie aPfgstas ther e

is a flow of enough to overcone the force o spring 134. The
track 170® n&metihmtpqn-ab%@ afendmpelabiglga sitlewdlf oftheroAzlke?0Bi WHERGRe has

expandable apparatus 100 is in the neutral or locked closed position as shown in

FIGS. 12A and 12B, the nozzle 202 is retained within the valve housing 144.

Accordingly, at least substantially no fluid may pass through the at least one fluid
port 1800 when the expandable apparatus 100 is in the neutral or locked closed

25  positions. However, as shown in FIG. 12C, when the expandable apparatus 100 is in
the locked open position, the nozzle 202 extends beyond an end of the valve
housing 144. This allows fluid to pass through the at least one fluid port 1800 in the
nozzle 202, thereby increasing an area available for fluid flow which may result in a
visible pressure drop of the drilling fluid passing through the expandable

30  apparatus 100. Accordingly, by detecting and/or monitoring variations of pressure of

the drilling fluid caused by the availability of fluid flow through the at least one fluid



- 23 - traveled around a circunference of the track 1705. Simlarly, when
nore than one pin 1700 is utilized, each pin 1700 may have a mrrored track
(i.e., rasDabizyp4zssimetric) such that each of the neutralPCTiusekedswspen, and
| ocked cl osed positions nay be achieved. 5It will be apparent that the

val ve as enbodi ed according to any of the various enbodi nents descri bed
above may be opened and cl osed repeat edrl 4by sinply reducing the flowrate
of the drilling fluid and again increasing the flowrate of the drilling
fluid to cauyertt8ee ivtkewezsh¢, stposition 6f the valve pisiopwd p enaarbg daiswnined.@ndr esul ti ng

in the rotational and.axi i spl acene desgri bed above due to the pin and
track 10arraﬁﬁ%ﬁ%ﬁP9$%Hﬂﬂ$#%ﬁ%$$§?ngpﬁg#mgﬁﬁ di nents of val ves for

control ling the fligw iefist bdHé Bnb&ifbes, 2R PrvasusEiagtieed, 3¢Bay id &Siralde &) Ay
al so be used. In view of the foregoing, expandabl e apparatuses of

vari ous enbodiensntdebes anchetheri paeticlesdiom erigringche sauira dyidghamdentddact ed by an
t lim.ted.nunb foti . [ L4l dabl
cher o W7 AT S U, AV 0 g gt

appar at us~“may chan I'me

i mportant to &gt @l fuid port €29 efthy valed giston L6, 10@esddictwign clandilvei pogtoo? 14 he
expandabl e apparatus. In sone enbodi nents, as previously discussed and as

shown in FI G3nd firaaivehouging b4 ae steom RAVER L4 #eskAB: chederern 80482 i onal

area may be ¢ ] - o] i he
ozl o 302 magoh B B S48 N HakdigB iR G o8 oSG ANE bl 20 ek R o
sidewal | of tdhkastenzbeth2@Pleasfbeafltideoaxthandabl momppasat vdielfgrzles. Im t he
neutral aor | ocked closed position shown in FIGS. 1 and 12B, the nozzle
202 i s réfaj ﬁéﬂlembﬁihﬁwpﬁeg«?éw\?@l h‘%ﬁgv%cowse A&?H}d&'ﬁﬁg}we %ﬁtef}%é%%st
substantiaII%mg F&Hﬁﬂnﬁ&%uﬂﬁ%év%ﬂégﬂﬁﬁuﬂ%? at least one fluid port 1800

a

when the expan e apparatus 100 is in the neutral or |ocked closed
25posi tions. Howevire opasinghwithnithe fete@n 19@0mapwhesmalhenouglp torptaysinesdidpar at us

100 is in the, | ocke n posjition, the nozzle 202 extends beyond. an end of
the val ve hod%%ﬂ@“%gﬁ&%$ﬂg@u§ﬁ%5ﬂ§m??ﬂ$@3?8“$§§ a W?éﬁgthH%aéPﬂ?gbst one
fluid port 18Q0ciethbob@ndheZ Be@peldes WiRGH BRYscieBE | SFFMAPhAR aayiBh 1&%ahdnabl e for
fluid fl ow which may resuflt in a visible pressure drop of the drilling

fluid padsi ngbohirfoiedhindiedthe epamiaglb(005) (about 1.27 mm). In further embodiments, the

openings within the screen 1900 may have a width less than about fifteen thousandths
of an inch (0.015”) (about 0.381 mm). During drilling, a velocity of the drilling fluid
may act to clean screen 1900, preventing plugging of the screen 1900.
In some embodiments, the expandable apparatus 100 may include at least one

20  bonded seal to prevent fluid from entering the annular chamber 345 except for when
the expandable apparatus 100 is in the locked open position (see FIGS. 5 and 12C).
For example, as shown in FIG. 3, a first seal 1902 and a second seal 1904 of the
expandable apparatus 100 may be bonded seals. The first seal 1902 may be located
between the upper portion 146 and the lower portion 148 of the valve housing 144 and

25  provides a seal between the valve housing 144 and the valve piston 216. The second
seal 1904 may be located on the nozzle 202 coupled to the valve piston 216 and
provide a seal between the nozzle 202 and valve housing 144. The seals 1902, 1904
may include a metal ring or gasket having a rectangular section with at least one
opening. An elastomeric ring is fit within the opening within the metal ring and

30  bonded thereto. The disruption of the elastomeric ring is resisted by the metal ring
which limits the deformation of the elastomeric ring. Conventional seals, such as

plastic or O-ring seals, may be damaged or lost at pressures and conditions experienced



30apparatus 100. Accordingly, by detecting and/or nonitoring variations of
pressure of the drilling fluid caused by the availability of fluid flow

t hrough twie 2at2/d4es33t one fluid - 24 - port 800 in the mOTAISR)11454505iti on
of the valve piston 216 may be detei mi ned, and, hence, a position of the

bl ades may be determ ned. In at | east sone enbodi nents, as previously
di scussed, it may be desirable to preveh?sdebri s and other particles from
entering the annular fluid chanber 345. 5Accordingly, in sone enbodi nents,
a screen 1900Giunmag operatpdracfeble expendabte dpparstustlf@ By rdpésssig soetecciventgnplor t 129

of the valve piston,21 | acat ed he val v I St 2 nd the val ve
housi ng 144, Sgals ?ﬁtgmn&ﬁi sﬁ‘iﬁﬁgﬁe ?&ﬁqgﬁgﬁ%ﬁ AreREe zlg?lgéonwﬁg%ﬁl]d%@qi’eﬁ%} it the
flow of sol i dofBitiehd Mdprébieseftnt Beanlatl€aphra@RE 0Dl Ui d port 129 that nay

plug at |least one of the at |east one fluid port, the one or nore pressure

relief nozzles. | rnfothssembeditsdisnbatandshle appawmils 19600y Aegudesinastaaey

cylindrical sleeve extending. cifeuU rent j.al . i ston 216.
The openi %gs %eYrﬂP ﬁeaﬁ’ﬁlés %‘?”gglﬁ#l{fgogj%vpye st né]iel%ngzlggig%&ﬁg&gbl\g@% solid
debris in thengdtlat taftbef 545 &kcbptavn Wiknahié agpahdudlaappuilatis 100 arthere 18dkad For
exanple, in sone enbodi nents, the openings within the screen 1900 nmay have

a width | ess QPR RCIBOBsUF IGS. Y and diie): dur msanerie.arfirtied 1002 oty sccabut 1. 27
woth Tess (g GRoot TPrre g RRBRER FREn O A g S0 AL Y 0561

m) . During driddhengn séal ugkmblyt 1906 indytieclatid d dhemgnfséalil d0§rayirsichevron cl ean

screen 1900, preventing plugging of the scree 900. In so enbodi nent s,
t he ex paﬂ(@ablt@%‘ﬁb%?ga]cgﬂga Q%O%%‘ei"’f?@lhﬁﬂ@pd?ngl @é%’ta fg‘ﬁ@dﬁﬁtob ef%kal to

prevent fl ui dseéérﬂrgdgﬁ%ggl:%g @E%?ﬁg&rééaf 1R av 34 eroBX6RAbn iRbevhen the

expandabl e appar at us ocked open position (see FIGS. 5 and
12C). For exagmkbmlly asa slieovem drrf VRIsBipe3 Simaildrly; gte fagand $802d emyran lsekemd seal

1904 of the expa | e arat.us 100 may .be .bonded seal s. The first, seal
1902 may be |W§€éﬂg§85‘& ﬁ?ﬁgﬁnﬁﬂbﬁvﬁﬁﬁg’ﬁsﬁ%’%lf’? Sﬁpi(g%e%’f? Y& Y, Orpﬁ%ti on 148
of the valve hahsi Tt fddnaRebod@REQNIE €51 Pardadll 6 BRL Weehapei® adbMEe housi ng
144 and the valve piston 216. The second seal 1904 nay be |ocated on the

nozzl e 202 coaspirelled chevne seall W68 pidfitsharplisscandcthpyron barkun risesl 9 19epdd @K t he
nozzl e 202 and val ve housing 1 The l.s 1 i net al
ﬁ}{i Suuglyma ﬁ,eglcéi%rhdglﬂ%l g'r 3 qig%ﬁg o ﬁ%brévt]egﬁéha 1s'\ﬂﬁl %ﬁggroﬂ

ring or gaskett0 e east one opening. An

el ast oneri ¢ rdeag, thé sdald 1900f 1104 atdv@oRNEIyg withktahdithe lbperairigadonditiogs amid 30
bonded t hereto. The disruption of the elastoneric ri ns{éi s resisted by the
metal ring whpessures of the exprndadle apragatiotPlorAs hewa IaElCo é: whey thg fTud

Convent i onal }Zo%bi) is ?ﬂ%?t@d a8 a-8SldeSr g% cf‘ﬂ'e\';ljof?geﬁ gﬁglﬁblyr@@fé g flamsgedor | ost

at pressures nd ‘con 1 ONsS experien
20  assembly 1906 may prevent fluid communication between the fluid port 129 of the

valve piston 216 and the fluid port 140 of the valve housing 144. As shown in
FIG. 14B, when the fluid port 129 travels past the chevron seal assembly 1906 the fluid
ports 129 and 140 may be aligned and in fluid communication. When the fluid
port 129 of the valve piston moves past the chevron seal assembly 1906, the fluid

25  within the fluid port 129 may be under pressure and the chevron seal assembly 1906
may be exposed to this pressurized fluid. Chevron seal assemblies 1906 may provide a
reliable seal in such a location and may have an improved seal life relative to
conventional seals.

FIG. 15 is an enlarged view of the bottom portion 12 of an expandable

30  apparatus 2100 according to an additional embodiment, which includes a status

indicator 2200 to facilitate the remote detection of the operating condition of the

expandable apparatus 2100. As shown in FIGS. 15 and 16, the valve piston 2128 may



- 25 - during operation of the expandabl e apparatus 100. By repl aci ng such
conventional seals with bonded seals, the seals 1902, 1904 are nore |ikely
to w t hstwoaotda7ssper ati ng conditions and pressures of Prhe/uszpanssbt e
apparatus 100. In further enbodi nents, the expandabl e apparatus 100 rmay
include at | east one 5chevron seal, as shown in FIGS. 14A and 14B, to
prevent fluid fromentering the annul ar - éhanber 345 except for when the
expandabl e apparatus 100 is in the | ocked open position (see FIGS. 5 and
12C). For examglhdg a mozier220? seglledd@dotiord ead 22%orfdhsedyve nistod 2 b38. tWhile
expandabl e ap

aratus 100 include .a chegyron assenbl y.1906. The
chevron seal tg% ABIRe %Wﬁnﬁ%ﬁ?fgri tﬂ8Ip88§°%0§tﬁ%9?%%?8&“’@58@? ¥u§’u ¥rst chevron
10backup ri ng,k93908 3 is BRARISNEMNR BorRREKbRIibRY thtHbZzle 2207 thef badtaiter
1914, and a second adaptor 1916. The chevron seal 1908 nmay have a

cr oss- sect i orfskapenlegerenabinpodimentschrtamoindigator 32005 iegsscribsi i deggil y, t he

first and _second chevron cku ings 1910 and 1912..

cross- secti o EHEFRY ktfe‘ﬁ%ﬁ?% 369%5@6 aasg%ﬁi\?%:ﬁtl‘gr()fsa Kepe Hﬁﬁgﬁq‘{%@ P second
adapt ors 1914, aRgdyaRLGsttRY 1 IreRiaPRdhé Qatasaicaton 220 a%s exdahe thihgydadn seal
1908 and first and second chevron backup rings 1910 and 1912 to fit snugly

in 2 etalh gl amﬁb/ q®11181190:2$e B;prqgilpp aignaldn Sedermeeln{os erapplg) 2 deigetablagripeagiiable on
seal s, e seals 1 kel i .
conditions andicprEX chaéqég I prt%%]s%re F()i%llg{ggﬁ}ﬁ/ wﬁtﬁln%% Q%d%g% tA!é%hs g£iatl ng

ressur he expan e apparat us own in FIG
14A, when t herd. ub dhpastus bdRaios 2b@rabebe aupkedftd tetlowerdertaf 2148 ofthevr on seal
assenbly 1906 the chevron seal 20_assenbh%w1906 may prevent fluid

comuni cati onvabefpeaing ei f Thestptysdpdicalon? 290 11 spafigaied & BAaishOREIRRETt he
(o ot 1l PO R MRl SRR e
129 and 140 naytele Blcingaddt made2207 iswbdpledtotbaiaed piston 28 thetpositibhof d port
]} |28| gf the Vatlh\é gozpzllesb%g aﬁ%\{r? 1caegsst e %xt]s%io%ho \t/}{eovr;tlvseep?sltor? ?Pz%r%?x'd}’ thg'r%%% ’the:[ he
intended and expected positions of push sleeve 2115 and the blades 120, 125, 130
15 (FIG.?2). Ifthe status indicator 2200 indicates that the nozzle 2202 is not over the
status indicator 2200, as shown in FIG. 15, then the status indicator 2200 effectively
indicates that the blades are, or at least should be, retracted. If the status indicator 2200
indicates that the nozzle 2202 is over the status indicator 2200, as shown in FIG. 16,
then the status indicator 2200 effectively indicates that the expandable apparatus 2100
20  isin an extended position.
FIG. 17 is an enlarged view of one embodiment of the status indicator 2200
when the expandable apparatus 2100 is in the closed position. In some embodiments,
the status indicator 2200 includes at least two portions, each portion of the at least two
portions having a different cross-sectional area in a plane perpendicular to the
25  longitudinal axis L. For example, in one embodiment, as illustrated in FIG. 17, the
status indicator 2200 includes a first portion 2206 having a first cross-sectional
area 2212, a second portion 2208 having a second cross-sectional area 2214, and a third
portion 2210 having a third cross-sectional area 2216. As shown in FIG. 17, the first
cross-sectional area 2212 is smaller than the second cross-sectional area 2214, the
30  second cross-sectional area 2214 is larger than the third cross-sectional area 2216, and

the third cross-sectional area 2216 is larger than the first cross-sectional area 2212.

The different cross-sectional areas 2212, 2214, 2216 of the status indicator 2200 of



25w thin the fluid port 129 may be under pressure and the chevron seal
assenbly 1906 may be exposed to this pressurized fluid. Chevron seal

assenbl | e80290A4ne3y provide a reliable seal in such a | ecatiseniangonay have
an inproved seal life relative to conventional seals. FIG 15 is an

enl arged view of the bottom portion 12 3}2' an expandabl e 30 apparatus 2100
according to an additional enbodinent, v {eh includes a status indicator
2200 to facilitate the renote detection of the operating condition of the
expandabl e app&r &7 ars nea-dimnitingexahpias, oy CPmGSl.atl%Oghﬁfell@ crogsesetifingearpisst on
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status i ndi can@ille?B@Pthedrd @¥argetitonal 4rea 31 161&de, Ry FEQITPY;i the fisst pr essur e
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change in pr eSewrsectvnaldred 3218 gndy heisealien thamthe peeoad gieahisslonahares polihdidn FI G

15, the statyg, 'sé?:ghd’;gr%% fegtfg?lgl JBY, 8 rﬁﬁﬂfg s‘?fgallreptlzaﬁlbﬁle!tﬁi‘@éro@%e&tﬁdﬁ@l 2148 of

t he 10val ve housing ne status 1 ndicator 2200 is configured to
i ndi cat e t he peasilicgseepd.gt RKS. RO 1heefirR20@ssrsettamblvazed 22 12 meaydtedangsr thardtheat or

2200 to persons operating the drilli system Because th zzle 2202 is
coupl ed tld thgé’C(\’Péi! ‘i?‘_éssﬁFg’cOBﬁl B ,l4taﬂ£?“&§g‘?‘i“§6wsﬁfecf1 ?ﬁ’i??(;lzgf@%ge al so

i ndi cates the,pasinbh 812 1Qfd LB KMl ReSIDIE (328 ;arG. MihemeRtitiohie i Nt ended
and expected positions of push sleeve 2115 and ?he bl ades 120, 125, 130

15(FI G 2). |tfansitien betatears ciosiectorod a2 122l 1a22d$ mdydte graviahasshpen 202 | s

not over the s i,ndi cat.or, 2200, as shown.in F , n_the status
i ndi cat or 220%%2}1?’eocftﬂi‘evt@n?thf)ﬂBFt@’g%%rofﬁisaeftl?%éarﬁ?sa%g%’ 2;233,1 ﬂé? LY %east
shoul d be, refy@ftgshowd intE. BL A UpgiinFicaet Witich2DD6] TXDSCZR 10 hditectibie
nozzle 2202 is over the status indicator 2200, as shown in FIG 16, then

the status i nefirdkel torthopogitedina exis LFIC. Inhinenbesibstgatialkyirguadap shatdbine
apparatus 210055 19.21, or the portions 2206, 2208, 2210 may have different lengths as shown in

FIG. 22. The embodiments of status indicators 2200 shown in FIGS. 17 and 19-22 are

non-limiting examples and any geometry or configuration having at least two different
cross-sectional areas may be used to form the status indicator 2200.

20 In further embodiments, the status indicator 2200 may comprise only one
cross-sectional area, such as a rod as illustrated in FIG. 23. If the status indicator 2200
comprises a single cross-sectional area, the status indicator 2200 may be completely
outside of the nozzle 2202 when the valve piston 2128 is in the initial proximal
position and the blades are in the retracted positions.

25 Continuing to refer to FIG. 17, the status indicator 2200 may also include a
base 2220. The base 2220 may include a plurality of fluid passageways 2222 in the
form of holes or slots extending through the base 2220, which allow the drilling fluid to
pass longitudinally through the base 2220. The base 2220 of the status indicator 2200
may be attached to the lower portion 2148 of the valve housing 2144 in such a manner

30 as to fix the status indicator 2200 at a location relative to the valve housing 2144. In
some embodiments, the base 2220 of the status indicator may be removably coupled to

the lower portion 2148 of the valve housing 2144. For example, each of the base 2220



20i s in an extended position. FIG 17 is an enlarged view of one
enbodi nent of the status indicator 2200 when the expandabl e apparatus 2100
is in thewolzopad7§30si tion. In sone enbodi nents, the staras/uspaitosicor 2200
includes at |east two portions, each portion of the at |east two portions
having a different cross-sectional area g a plane perpendicular to the
25l ongi tudi nal axis L. For exanple, in oA enbodinent, as illustrated in
FIG 17, the status indicator 2200 includes a first portion 2206 having a
first cross- sédhestated indicetar 2002nd thedewerrnbripar 2148 0t froslviedonseg 4l 4eedhd
cross-sectional, area 2214, .and .a.t.hir rfi 21 V| ird
Cross-secti oﬁ%(flu erae?nﬁ%éntﬁs tr?g\%\}/llqre%d‘r% (I%qéo‘%%fgﬁ?gn%?lpgp%cs?a(%%- sect i onal

area 2212 is iﬁdl@eltbﬁl_ZOUh@fhe‘lckWer%@ﬁQﬂQl%@Bﬁlewlﬁéh@dfb@igﬁﬂeah%ﬁk the
30second cross-sectional area 2214 is larger than the third cross-sectional

area 2216, arﬁafllhoﬁ‘énctnltﬁ, the lewerorianc In8 iy carpEsoa@mplar reses§ &2 18 siigtise fir st
: . P .
5996 of i e Op i RlvE R it oFGbl AR E OREDREF ROGu S RRAE S, =21

exanpl es, anyAtdedasbomeadfitionstailis @dfcher 210 aidalsslosecpironal 1 4drofds vabwe be used.

For exanple, in the status indicator 2200 having three portions 2206, 2208,
2210, as il | Jj¥briag 4 maypegormed oL EreSiGhRrSEREBYFRN Y FEMPKeFSMCowni ng

el ative of oSaaRAfaRN Al HRARIRY: 1208 iR omdohSe L hlidmdfiAg Sudegtd onal area

2212 may be larger e second cross-sectional area 2214 and the
second cr oss-cadidd matatialde.gaa 28%dt-cemented tergaieh earbide amtdrtad), otrd mitided or
cross-sectional ar&F%Zlq (see, e.g., FIG 19); the first cross-sectional
area 2212 Vmyfpha &relt han the second cross-sectional area 2214 and the

second cross sect ifalo AL 8802A4¢ b EB 138 WHhas bvdrTRNsththeinkithtod 2200 as
cross-sectional area 2216 (see," e.g., FIG 20); the first cross-sectional

area 2212 maythbealvapigen 21 Hamovdsdrand deduitil rexizs! pwdidndrials difeent2ixtdl and t he
second o1 05e et 915 L5820 1N, KRS ST LR S Pt P 1 o
bet ween cr ossfH@ChHRMBH 208ATen 2Rl valvelididn 2 RIXL6 iy dReil gosihaafor @gersitawn i n
15  oftheblades. In some embodiments, the fluid passageway 2192 extending through the
nozzle 2202 may have a uniform cross-section. Alternatively, as shown in FIGS. 17
and 18, the nozzle 2202 may include a protrusion 2224 which is a minimum
cross-sectional area of the fluid passageway 2192 extending through the nozzle 2202.
In operation, as fluid is pumped through the internal fluid passageway 2192
20 extending through the nozzle 2202, a pressure of the drilling fluid within the drill string
or the bottom hole assembly (e.g., within the reamer apparatus 2100) may be measured
and monitored by personnel or equipment operating the drilling system. As the valve
piston 2128 moves from the initial proximal position to the subsequent distal position,
the nozzle will move over at least a portion of the status indicator 2200, which will
25  cause the fluid pressure of the drilling fluid being monitored to vary. These variances
in the pressure of the drilling fluid can be used to determine the relationship of the
nozzle 2202 to the status indicator 2200, which, in turn, indicates whether the valve
piston 2128 is in the proximal position or the distal position, and whether the blades
should be in the retracted position or the extended position.
30 For example, as shown in FIG. 17, the first portion 2206 of the status
indicator 2200 may be disposed within nozzle 2202 when the valve piston 2128 is in

the initial proximal position. The pressure of the fluid traveling through the internal



FIG 17, or the transition between cross-sectional areas 2212, 2214, 2216
may be abrupt as shown in FIG 19. A length of each portion 2206, 2208,
2210 (i n wodbrears3on 15parallel to the |ongitudi nal axi ®CIL/USENIGE054Y) may be
substantially equal as shown in FIGS. 19-21, or the portions 2206, 2208,
2210 may have different |lengths as shown_in FIG 22. The enbodi nents of
status indicators 2200 shown in FIGS. 172%hd 19-22 are non-limting
exanpl es and any geonetry or configuration having at |east two different
cross- sect i orfhiid passagswany 1 Femageela funclior of thhminimamusossestivatlgreaxddes 201 n
further enbodinents, the us J ndi Ol .12 ; L 0, one
cross-sectioﬂ%ﬁEQFgg?wgﬁ%ﬁkgg(g'rglKégh???@égﬁg@g%ﬂﬁﬁggﬁg?ﬁggﬂgYf t he

stat us i ndi calogsle 2260 16QHRF WORE, & thé NGIdElONUHBuSLBE hodd 2 1anedhe flullansst at us
i ndi cator 2200 may be conpletely outside of the nozzle 2202 when the val ve
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retracted.posi ki0n t i-nui t:Qqr 0 _ i ndi cat or
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base 2220, which allow the drilling fluidt ass | ongitudinally. through
the base 222c9ros=rﬁ_§ct19a§1ér@z§c§h€oﬂuléﬁéssggeéﬁae@?%gﬁr‘e@&?é %@G%ﬁ%a h8t t ached
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to fix the status | ndicator at a location relative to the. val ve
housi ng 2144.cobmmeoptenearnedtrseso tie, londimdinabaxi 222 Beofust e sosatsestionsldi cat or

may be renovably upl.ed to .the. |l rtion.214 he.val ve housi ng
2144. Fo rllgle)x S @%QQQW sgzongd WBﬂE’Q%é Qg@‘e status gld}cagqr(}%ﬂ(id&egt% Mdi cat or
2200 and the J.Quet RALTdr& 4248 uRffirkiPRriical 2286 NRYSieS Gt dMing NGUWER a
conpl enentary set of threads (not shown) for connecting the status

i ndi cat or 220hange ashlee nagwe22pdpassesrran 48 fust poHen220¢ & thesesond 2144. |1 n sone

enbodi nents, the | r -portion 2148 c i;Se._an annul ar s 2218
confi gured 56%“?%5%%@@fﬁﬁS%Wﬁﬂ?éféﬁ&%ﬁéusg%ﬁﬁﬁéﬁﬁgﬂBSﬁ“?ﬁ?sBé%%gézzo of the
status indi cafred 203208 theAbcdn@asitionP208bf thb Stafits addicatdr2dDC aifers dRtheand t he

| ower portion 2148 of the valve housing 2144 nmay be fornied of an erosion

resi st ant! Smataedsaectionak areacihglos thei third portior Ab B ihttatus indisatet 2309sthendi cat or
2200 may conpr. r .. B Al j i , a
cobal t - cerrentﬂer%%?rﬁ’%gs e(ﬁlugrgﬁlgg)ﬂrlrﬁ aé%?% ?ﬂg%?%ﬁrg)? tep 3 g%geg&lg?hel gggie

har dened st eglortion 2208 Th ethenbizd patid2d210may be configured to pass over the

status indicator 2200 as the valve piston 2128 fromthe initial
proxi mal posi tion Fl 8%88&@%*3%@1@1 tth¢ prﬁﬁé‘ﬁ%ﬁ‘ﬁ%“%ﬁ‘ﬂé@"@ﬂ @‘_ﬁé’iﬂ&ﬁ of
the blades. FiG.,3fd As'a%ﬁéug)h%%ahﬁ?aneeiﬁdﬁ@é%e%ﬁepfsfb% [betseld 4di cat or

2200 when th 1va?ve prston 2128 is int distal position for extension
20  moves from the initial proximal position to the subsequent distal position while the

drilling fluid is flowing through the valve piston 2128. With continued reference to
FIG. 24, for the status indicator 2200 illustrated in FIGS. 17 and 18, a first pressure P,
may be observed the first portion 2206 of the status indicator 2200 is within the
nozzle 2202 as shown in FIG. 17. As the expandable apparatus 2100 moves from the
25  closed to the open position valve piston 2128 moves from the initial proximal position
shown in FIG. 17 to the subsequent distal position shown in FIG. 18, a visible pressure
spike corresponding to a second pressure P, will be observed as the protrusion 2224 of
the nozzle 2202 passes over the second portion 2208 of the status indicator 2200. For
example, when the valve piston 2128 has traveled a first distance X, the
30  protrusion 2224 will reach the transition between the first portion 2206 and the second
portion 2208 of the status indicator 2200, and the pressure will then increase from the

first pressure P; to an elevated pressure P,, which is higher than P;. When the valve



150f the blades. In some enbodi nents, the fluid passageway 2192 extendi ng

t hrough the nozzle 2202 may have a uniformcross-section. Alternatively, as
shown i n WOGBI2/a#783and 18, the nozzle 2202 may i ncl ude aPpraiSeMgi0sHs92224
which is a m ninmum cross-sectional area of the fluid passageway 2192
extendi ng through the nozzle 2202. In opséation, as fluid is punped through
the internal fluid passageway 2192 20 ext'endi ng through the nozzle 2202, a
pressure of the drilling fluid within the drill string or the bottom hole
assenbly (e. gistom22%ihas trieelecemsespnda fvthendisisncz 2O Ghe prafusien 224 svil eepcind

noni tored by personnel. or equi pnent r-atbn he .drill i t he
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subsequent dijfdigdtof@H0} dndnhe pGuROLZlltRedeteasifv@n eheaecald pr&ast Patgxor ti on of
t he status indicator 2200, ich will 25cause the fluid pressure of the

drilling fl uilewpareguiedhi veeks lowentban .. e dardpressareddananba Mg thedsur e of
the drilliwng ] . 1 : relati L p:af the nozzle
2202 1o t ho dPaiEPERrESILRRS A SRR hPARE AR Bl | fer "he
val ve pi st on p2ds2dreiPs could bBequat axiriess thpashd fienpressutel Ry idadiittdnaposi ti on, and

whet her the bl ades should be in the retracted position or the ext%ded
posi tion. 30FHoSIBeRY & themveRivhn Bidatsetng ayd/ogmenitoring thesgrelihs 1986 of t he

status indic .a;}r&rsul%%ﬁ@xiﬁ@ﬁ vARe le&ﬂ% eg l((WI ot BinB: la%i%hﬁw?tgﬂ%hé’mpstfi%oﬁ’ al ve

pi ston 2128 i's 1n e initral “proximal position. The pressure of the fluid
travel i ng t hriottgh Hoeeassemtedynaused B Selatifd mbdenpas betgewatne 2d82e 209 apd the

function of the mninmumcross-sectional area of flui assageway 2192
t hr ough ick?tact"r‘r“em@‘rc?tf’ﬁ%?&%FQPﬂtl‘?nsoﬂﬁ%W%ﬁ%plftﬁ? 851%51(:"‘?%56 &‘3 “é%zi‘%. I'n
other words, @gcd B dositb of iR WBdEHnOYBhadibminezzl e 2102, the fluid nust
pass through an annul ar-shaped space defined by the inner surface of the

nozzl e 2202 5and tive eample, in oné evbodimenthide stapts usdi¢anati228 oray 2g@0leasthi s

annul ar - shaped C have m ni pum cr -sectional. area.equal to the
ot of ¢ ravaRRRDy SR aBe Reehd bR S B AR bR iy LSRR, ¢
passageway 2132y hfeeuigtes b laginida 2 theddDoaitsh 2206 afd ©8 shisesiriiezd1 0aaga of the
status indicator 2200 di sposed within the nozzle 202 (in a _conmon pl ane

transver dé t avhe diagiigrehelt saval ixabout the dpametni gétheHisstppBios 238et ¥¥nal  10ar ea
221401 Lhe SRRR, RADELAR,E308, S AR AL IS LSRR, R0 ELS e T rom
the drilling dibmibter ofi dbbuteina hglé ireh (0.5 (niez |27 220 tHeassed portaim 2208 nfayr st
S 1 arly. bt dntreof BB SRt aY e ngeihop! e U iRt Bofty o 2208
of the status,Rdifae Wit foehs Hat@ Naldifter of about eight tenths of an inch
20 (0.80”) (about 20.3 mm). At an initial fluid flow rate of about six hundred gallons per
minute (600 gpm) (about 0.0378 m’/s) for a given fluid density, the first portion 2206
within the nozzle 2202 generates a first pressure drop across the nozzle 2202 and the
status indicator 2200. In some embodiments, the first pressure drop may be less than
about 100 psi (about 690 kPa). The fluid flow rate may then be increased to about
25  eight hundred gallons per minute (800 gpm) (about 0.0505 m’/s), which generates a
second pressure drop across the nozzle 2202 and the status indicator 2200. The second
pressure drop may be greater than about one hundred pounds per square inch (100 psi)
(about 690 kPa), for example, the second pressure drop may be about one hundred
thirty pounds per square inch (130 pst) (about 896 kPa). At 800 gpm (about 0.0505
30  m’/s), the valve piston 2128 begins to move toward the distal end 2190 (FIG. 15) of the
expandable apparatus 2100 causing the protrusion 2224 of the nozzle 2202 to pass over
the status indicator 2200. As the protrusion 2224 of the nozzle 2202 passes over the



15 cross-sectional area 2216 of the third portion 2210 of the status

i ndi cat or 2200, the pressure of the drilling fluid wll change as the

nozzl e 2200 2peeEess7f rom t he second portion 2208 to the wPhirrus2@onsicon 2210.
FIG 24 is a sinplified graph of the pressure P of drilling fluid within

t he val ve piston 2128 as a function of a gl stance X by which the val ve

pi ston 2128 travels as it 20nobves from tRe"initial proxinmal position to the
subsequent distal position while the drilling fluid is flow ng through the
val ve pi st on 2¢@8.poviian2208 of thewsttisriediesteri280the FpE-sepuonal yea pypdlalle frus

i ndi cator 2200..lJlustrated.in FIGCS 17 i may be
observed the Lﬁigf)w 5???%%“32%%%8?5 %lsmgta atu ﬁcseaP% lke?ﬁ (he} g%%hlé dro ithin the
nozzl e 2202 agrdshedholile F263 anlifhe Asui dicerparaiabite nedppatidl dfshekeQuroves
fromthe 25 closed to the open position valve FI ston 2128 noves fromthe

initial proxidreP meyerak Bnos remple. At 800 pst (akgut hdS Miise exiers: akpust ] pst
h =
Pecond. pr Sosure B NPy rfudiof bR Bl CRA S BBOR SUBERRAIA [ 0.1 o

2202 passes mbeut dﬂ&ehasmd/onmhﬁﬂed Bev2A&hak pbhﬁisqieﬁimel imehi (@ 2T Zopss1)2 200. For

exanpl e, when the valve piston 2128 has_travel ed irst distance Xi, the
30 protrusi or(abap g My IMP%)}aa%fhthF ﬁ@tWF18H§?%4 %ﬁfh%%‘i’%g’e%o? entmups o aRgsiioBn 2206

and the secong,pgy R@Pd;?n&@ﬁﬁzgfo delie Al ik B! Bk phaife af qln hRoRE&SSUr €
will then increase fr the first pressure P1 to an e evate essure P2,

whi ch is hi ghera thindprefiure dldgnThetdird atosgire drodOnay hnzlgmnfn tizh2Be mgnd ravel ed a
second, f rther dis h the transition

t he ot r usi 224 W |
bet ween tife SEESHE ?Rn]?‘?téﬁsm BSSP‘?‘?é’eglﬁ f eﬁ?ﬁ‘?l?ot eglf%@r%qﬁurfi AEPst at us
i ndi cator 220Qyy %&ohh&le%%aéar \éﬂo{lﬁdstﬂé%hlﬂﬁeqﬁﬁ?‘QQOE&?(beu eeeag
pressure P2 to a | ower pressure IX whi'ch s | ower . The third
pressure P3 may beAhpghensly trwnt@tddemfspmsterriopémﬁethﬁSiahlssmﬂmt@r%@@@mnt s of
t he invention, althaugh t ressure P3 cou e
than the 1 obeRiceStn it dafinP SRt Sadar R f O an B dhelimi oy
det ecting andiy a 5BPletiMdréddd it fiessuRIThat bedtServad 4dtBe RELESINOR pwsthdver tilee val ve
pi ston 2128 (or at other |ocations within the drill string or bottom hole
assenbl y)15causats ipgicater 2290y Aasprdéngdbn thejaeimeeariatiane ihgessrssctppabargniet he
10st at us i ndi ] t y be
det er m ned, a%%ﬁgﬁgﬁétgpz%@&cggg \%'%ﬁﬂg&fetck&g S%@] }@ aEr)réEatl?/’ tﬁ‘gg%%ttg%rh %aned
For exanpl e, adau@aﬁoielﬂba(vﬂhmsﬁﬂienotﬂefzm?ahat&‘mayrhiﬂdeaérmmeBZOO may be at | east
substantially cylindrical. The second portion 2208 nmay have_a di

er
about equal to abotiye e ftrilk??éém%{“%|t}§r?é€tt‘é3rm6‘Fatf’h%2qO|m%thoﬁmlﬁft?bﬁﬁﬁ’ﬁ? and
the third porid.on 361 QP eIaRays RwiinAlieh e ADONYIOSMhe LAREAH L if2e

di aneter of t irst portion 06. For “exanple, 1n one enbodi nent, as

il lustratiove whd:ryval\termstbm isgn thpalidtal posif @0 endthy bladesel 24, tha i3 iGol) labout one
hal f inch (0.5 (about t he. second tion.2208 have .a

et or of _ABSHEGHL AT RO UR P o LTS 57 S BN FASPA 1Y about
37.3 mm and §t£}ﬁiﬁ§ﬂé gﬁ'gsﬁ@%a;y% adR LAY aQﬁH&ﬁ@pr@és@fEeblei c}ﬁﬁ%@ﬂ%éssﬁh,g ht

tenths of an inc about 20.3 At an initial fluid flowrate
of about six ma}’ldleebeéeﬂe¢te<h® Wlmmwpera(cﬁd@tg‘}@rbﬂad@&b&tuﬁ 1(39?18\’@118%9(1 for a
given fluid densit

ort in
Somerates a Eroindkd ot TP St Beant b ftals bg ol Ml iy
i ndi cat or22208 shb#n $OPFES. @ohadi fﬂbﬁe a thi@ f)ftfoﬁt22ﬂ)¢) asshg esidpepizemyndoe | ess

t han about 100 psi (about 690 a). The I uid flowrate may then be

i ncreased to gwped to seal the nozzle 2202 when the nozzle 2202 extends over the third
portion 2210. After the blades 120, 125, 130 of the expandable apparatus 210 have
moved to an expanded position and the nozzle 2202 has been closed, the increase in
pressure will be detected by a pressure sensor and the operator may be alerted and may

30  then adjust the fluid flow to achieve an appropriate operating pressure.



25ei ght hundred gall ons per mnute (800 gpn) (about 0.0505 nB/s), which
generates a second pressure drop across the nozzle 2202 and the status

i ndi cat orw@20(2/04T432 second pressure drop may be great er PChAs2@hos69DNE
hundred pounds per square inch (100 psi) (about 690 kPa), for exanple, the
second pressure drop may be about one huggred thirty pounds per square inch
(130 psi) (about 896 kPa). At 800 gpm (about 0.0505 30 nB/s), the valve

pi ston 2128 begins to nove toward the distal end 2190 (FIG. 15) of the
expandabl e appar atfiwsthgrnowe,@iiheighghe W@a’fa@@if}r%@ﬁ@ﬂm@%@@b@% hergjg 1 P& 2202 to
pass over th t {: S t he nozzl e
2202 passes g’\?z\;re%t#(zn’ It}i% ia%?s 1851c§t810 pg)(())r ?}f)ahnﬁ)zt%ﬁgw#ldtﬁ %@téutggl ndi cat or
2200, the CrQ@@mﬁﬁ@&ﬁQMﬁ¢wﬁﬁﬂaeaﬂal|ab|e for fluid flow dramatically
decreases, causing a notlceable spi ke in_ the prﬁé re dr acro t he

nozzl e 2202 and tH@ﬂ§P3?3§ Pregingatisstosgrzatustryize o FFH@@ @ﬂﬁ% Kessure
drop may Beakapg% émﬁ%%@)ﬁ ﬁxp&'ﬂie 1%2996 ar(iﬁlp QH%dlécléls%ng Abt QNinfRIE

about 750 psi nor e, even about 1, psi (about
6. 89 MPa) orIREEEmﬁﬁegnaamhhmmswnboﬂhoushnﬁnﬂﬂmoﬁmﬂdm@dmseubm@ymnm%ke

pounds per square inch 1273 Si out 777 MPa t he protrusion
2224 of the rfOPIPRISIPYS E*Bﬂ%fi al% B gizﬁoésvrﬁle{?\l}{ea‘ef)ﬂ%o‘ifﬁ?rre&x%ﬁdfﬁ%n 2210

of the stat usfeétﬁl% ﬁﬁk%&mﬁg%abtlllﬂz%r BloB_S LK, \Qﬁﬂ%pce%% HRPURANE HaQc Bednhi rd
pressure drop. The t pressure drop may be greater than the second

10pr essur e drdepcribgt! ahcési@“mhamhet dveorppEYy g Eapegk sucFlfmmlmdan@t&eare tieeely hir d

b h d f h (150
pei) (abddt 1! BaApEy o B HEG Bipetop b aRET R AR " BHBES ER: et s,

the status Inqhi@éatt@rthe%%eaﬁmstra&ldﬂ@l@n@a@an@ah@mymof\maﬁd%me&@ﬁfce onal area
as shown in FIG 23. In this enbodinent, only a single increase in pressure

may be obserW@@O&Smbﬁémd6@2$@ﬁzzﬁtﬁgﬁ@gégh clgtipas gy hedsscriRed cat or 2200.
Accordi ngly, iations,. ea the status
i ndi cat or d@ﬁ)g S“”{QKFRSIEWEPQH%Pgégnégg%ﬁgﬁg %ﬁeas the greater the

accuracy of | ocat i Diusohhild\@rtapzemRd2Réhds lidvabedipdestribed ane siwiwne the I n
yet further enbodi ments, the status indicator 2200 may . conpl etely close the
nozzl e 2202 a%@oxﬁp@vermdrwmgﬁ SpetoPRasiTBeERfhare ﬁ@r%ﬂmsgaw(ﬂd A/t refgctive

concl usi on Of(éfgtﬁgs:égg\?@ﬁ&m %(t?% g%llrgf t@ﬁ 1h§enh§n C?kh%t ﬂx'nﬁ% u{o t§9 eEl'f‘an and the

bl ades 120, 1 een noved to a xpanded position.
In view of t moslstna:usngmdfmagmnammhemenﬂ desctibeds siackdyrioes puhet%idrt@nm;d be

achi eved and a eC|f|c p ure, e.in essure th
detected to §P@ FMFBS ’%g@iﬁ?@? Pﬁhfet g“%?%ﬁ@ggﬁﬁﬁnwfﬁ%bei r ggb noved
to an ex pand%em%k&lhﬁp skifTO tHRXAMR Ritioh BBy, FaRtriS b Shbdliient¥RY 1Re
configured generally
2 disclosure may be combined with features of other embodiments of the disclosure and
may also be combined with and included in other expandable devices. The scope of
the invention is, accordingly, limited only by the claims which follow herein, and legal

equivalents thereof.



25as shown in FIG 19 and may have a third portion 2210 havi ng a shape

si zed and shaped to seal the nozzle 2202 when the nozzle 2202 extends over
t he thirdwpantiem32210. After the blades 120, 125, 130 efCTiuseoieropsnziabl e
apparatus 210 have noved to an expanded position and the nozzle 2202 has
been cl osed, the increase in pressure mné% be detected by a pressure sensor
and the operator nmay be alerted and may then adjust the fluid flowto
achi eve an appropriate operating pressure. - 32 - Furt her nore,

al t hough the expandabl e apparatus desctlB&4Sherein includes a val ve piston,
the status indicator 2200 may al so be used in other expandabl e appar at uses
as known in the art. Although the forgoing disclosure illustrates

enbodi ment s ofyhatis edpadddabl e Sapparat us conpri si ng an expandabl e reamner
apparatus, the disclosure is not so |imted. For exanple, in accordance

wi th other enbodi nents of the disclosure, the expandabl e apparatus may

conpri se an expandabl e J e g.,0ne or nore expandabl e
features %ay corrp?l?se s%%%#géﬁé?ﬂp%’ﬁd lﬁlﬁ Whil e certain enbodi nents
have been de&mmbmadxmhdoﬁ@QMMghﬂuﬁhﬁma@ewmmamymﬂgtﬁnmhnngb” such

enbodi nents are nerely 10ill us ra @ng(p trtctlve of the scope of
the inventi or?“’"’éYFcPlttﬁlil disposge MEthBY{he B10HBE DpgY; mthteé’& VP(PISM’eCOgg%‘HF fogmove

constructions and -ghggﬁeﬂ&qmﬁhﬁggggﬂg?ggﬁgq??ggmm§éggﬁﬂyﬁgﬂ@g§agy@er

addi ti ons and nodi tions to m the descr
enbodi nents will txhrcmgbﬁreeﬂmd posapeeap indewifigarey tealdckivéln comie! arffow ofhus,

whil e certai n enbodi.nents have been descri bed and shown in the
15acconpéﬁying drdﬁige O AL fEW ﬁ%ﬁﬁ%ﬁ?ﬁents are nmerely illustrative and not
restrictive of Jsheteémepo@éd tvhﬁnltﬁe/teﬂﬁlh%dyeﬂai cSUHI& th AVRE bReipandidle
l[imted to the specific constructions and arrangenents shown and descri bed,

si nce various ot hefeatardtheiposissleavd cam‘égu[rc;cbtgtmwgixtaﬂy r@h@mdeltethed}%v ¢ om the

descri bed enbodi ne be a LI the art.
Addi tional Iy, feat Tt s A EHBDARIER 2t Grtibinehaohful oé%nrdiéhlmgea
conbi ned with featgyjes of other enbodlnents of the disclosure and nay al so

be conbined with and i ncluded in other expandabl e devices. The scope of the
i nvent i onlSi s, whereisiikl exgridable apparaiys ssrqopfimyred Hescapratersigsl BHICEES ow her ei n,

and | egal equival e&ttesnstog%rfﬁl% at least one expandable feature.

2. The expandable apparatus of claim 1, wherein the nozzle comprises at
least one fluid port extending through a sidewall of the valve piston and the at least one
20  fluid port extending through a sidewall of the valve piston is open when the at least one

expandable feature is extended.

3. The expandable apparatus of claim 2, wherein the at least one nozzle
port positioned and configured to be open and provide a fluid path between the fluid
25  passageway and the at least one nozzle when the expandable apparatus is in a fully
expanded position and to be closed when the expandable apparatus is in a fully

retracted position.



- 33 - CLAIM5S "What is clained is: 51. An expandabl e apparatus, conpri sing:
a tubul ar body conprising a fluid passageway extendi ng therethrough; a

val ve pi swonotvepssged wit hin the tubul ar body, the val vecpitstan/ossni i gur ed
to nove axially within the tubular body responsive to a pressure of
drilling fluid passing through the fluid, passageway and configured to

sel ectively control a flow of 10fluid ih?%‘an annul ar chanber; a push

sl eeve di sposed within the tubul ar body and coupled to at |east one
expandabl e featurél theélhsipshansablewepasaig oipldiad, derpsvile akdeast pye r&lsonsi ve

to the fl f fluid i h I : | -
expanaabl o1 asrup Ok AT BRN ForERINRR BE FRRELRG LAl AR PEG 1o

generate a s i@@@ge\ifﬁwrﬁahé RPeRKSRNBEAB whibn tHeexpdndhisia appapates iexpafdigbl e
feature. . The expandabl e apparatus of claim1, wherein the nozzle
conprises at dxgarsied pastion yidvhsarthe expredriieRPPRARS igh 2£ULY BERREd PSHI®he val ve

pi ston and t ol Ul I r : idewal | of
t he valvegpis?gﬁéPéﬁﬁgéﬁgﬁﬁgﬁg?ﬁ@hggﬂfééfﬁﬁ%ﬁggggg%%gggﬁgﬂP%gﬁﬁgg is

ext ended. retractédl pobhien ex paepahded pppipan.at us of claim 2, wherein the at

| east one nozzle port positioned and configured to be open and provide a
fluid path between the fluid 25passageway and the at | east one nozzl e when

the expandabl e apparat ufd &phfiaBlefUbdnEPAnded ARk Limpridish g ¢! osed
when t he expandable apparatggﬂPsefﬁﬁétPully ret'ract ed p@%itlon.1 s
device positioned and configured to resist the axial movement of the valve piston and
10 to allow the axial movement of the valve piston when a predetermined pressure is

achieved within the expandable apparatus.

6. The expandable apparatus of claim 5, wherein the retaining device is
positioned and configured to resist the axial movement of the valve piston from at least

15  one of a fully retracted position and a fully expanded position.

7. The expandable apparatus of claim 6, wherein the retaining device

comprises at least one of a collet and a detent.

20 8. The expandable apparatus of claim 1, further comprising:
a drill string coupled to the tubular body, the drill string having a central fluid channel
for delivering fluid to the fluid passageway; and

a pressure sensor in fluid communication with the central fluid channel.

25 9. The expandable apparatus of claim 1, further comprising:
a drill string coupled to the tubular body, the drill string having a central fluid channel
for delivering fluid to the fluid passageway; and

an acoustic sensor coupled to the drill string.

30 10.  The expandable apparatus of claim 1, further comprising a dashpot
positioned and configured to slow the axial movement of the valve piston in at least

one axial direction.



- 34 - 4. The expandabl e apparatus of claim 2, wherein the at |east
one nozzl e port positioned and configured to be open and provide a fluid
pat h bet weorzot2ma7837ui d passageway and the at | east one ROTAISR0MI0LH9L he
expandabl e apparatus is in a fully expanded position and when the
expandabl e apparatus is in a fully retrag ed position, 5and to be
tenporarily closed while the expandabl e” %Daratus is transitions froma
retracted position to an expanded position. 5. The expandabl e
apparatus of claim1l, further conprising a retaining device positioned and
configured to resist t axi al vement  of .1.h V. i 0 to allow
t he axi al m)vementﬁof the e\)/(ngwgﬁgiaglfa(g%u%{acrl]alrélelp\rﬁ% gf‘écgnnﬁ]ser% agég%géslur eis

achi eved W t Hhdicitbedispopaaakih eheppatdidabbore of the tubuldd body) eheaxdraiddiohtor
apparatus of claim5, wherein the retaining device is positioned and

confi gured t conBgirsd tanegriehd Rertioronf@rsess-seFtiopplersathe i STon FespATEIVe| east
150ne of ful r e it | osition.

7. The ex%anggg%@k§%62§% %ggﬁga%?@?%?@g”%ﬂ&ﬁ@%ﬁmgﬁgﬁgggg?hing devi ce
conprises at |east one of a collet and a detent. 208. The expandabl e
apparatus of claim1, further conprising: a drill strjng coupled to the
tubul ar body, the ldri | IThexpangablgapprgates efsidipal whergindhe ke o T

delivering fluid A f Ui ﬁﬁ%?ﬁ%QY'd@ [ESSHi®R SERsYini N fluid
connunicatioﬁgkﬂ¥%8¥%§%géhgpgf@?§U| chéﬁnepgkg%Q.T%e expanda fg appar at us
of claim 1, fsuandhipe posspe bfithgpst dbodrd90IkPatupomectivetipl.ed to t he tubul ar body,

the drill, string having a central fluid channel for delivering fluid to the
fluid paé&agemay; and an acoustic sensor coupled to the drill string.

3010. The expandabl & apppfalPsmdbleabgirfud of it NEhricPBRApSiAY a dashpot
positioned and configured to slow the axial novenent of the valve piston in

at | east one a}dasti ondipireaniditowk, in co@Bination, configured to control rotational and axia

movement of the valve piston within and relative to a valve housing responsive
to an upward bias force of a spring and selected application of an axial,
15 downward force provided by drilling fluid flow through the bore of the valve
piston;
at least one aperture extending laterally from the fluid passageway to an exterior of the
valve piston; and
at least one valve port configured for selective alignment with the at least one aperture
20 to communicate drilling fluid from the fluid passageway to the annular
chamber responsive to at least one of rotational and longitudinal movement of

the valve piston within and relative to the valve housing.



11. The expandabl e apparatus of claim 1, further conprising a status

i ndi cator disposed within the |ongitudinal bore of the tubular body, the

st at us i mipeat2om783enf i gured to restrict a portion of a ecovas2@ensiconal area

of the valve piston responsive 5to the valve piston noving axially downward

wi thin the tubul ar body. 12. The S%pandable apparatus of claim

1, wherein the annul ar chanber conprises dat | east one bl eed nozzle sized and

configured to provide a change in standpi pe pressure of at |east about 690

kPa upon activati o 10Anmﬂwdofmmxmrnyméxpangbbwpmayp&@anmgméﬁ claim1

further conprisi.n | east,one pin .and k, in conbination, configured
ﬁgnmlna%Oﬁ%g%he val ve piston within agd

. at
to control rd¥§¥¥%W§F“§ﬂ%m»%¥%ﬂ”’ébenent 0

relative to ajinafinea NEFoRGhFRERE lﬂ&id\/;ﬁisstage\azﬁy sfpvabdattiods of teeepiialtle spri ng
and sel ected application of an axial, 15downward force provided by drilling
fluid flow througppiétuBore of the valve piston; at |east one aperture

ext endi ng . at er al ] f LUl YR, [Qr val ve
pi st on; ar?d arngn%%%%] &g%gl]s{(/)g%lghg%eg%tfz%giﬁggur eagtb? gfﬁlslg%gé)gﬁ t\g}eﬂ Y2 ?%\gﬁoent W th
the at | east one agenhtuluel ZotRewoyimoarcaingladchadnbeng fluid fromthe fluid

passageway to the annul ar chanber responsive to at | east ope of rotationa
and | ongit udirﬁaYln%PWReV%ﬁmﬁlhérelﬁ&WE’ the Boglar W‘Sh‘i‘"ﬁh gﬁéluf“ﬂqﬁﬁfﬂegémf) & he
val ve housing. -38: . chambed4: A Nethod of operating an expandable
appar at us conpri sing: positidning an expandabl e apparatus in a borehol g;
directing a fdxtendinklaolwastlone axpgandatii¢ feathrqasls tgemelysledvegaridubul ar body of the

expandabl e apparatug; 5novin val ve piston ially relative to the
tubul ar POdy FSFCHBEBGFEEnTon %ﬁFatalF‘FSBﬂ?%i%‘pﬁ?)‘@ﬁf(e&gﬁt\‘ i d passageway into an
annul ar chanber;

15. The method of claim 14, wherein detecting the extension of the at least

one expandable feature comprises detecting a change in fluid pressure.

15 16. The method of claim 15, further comprising at least one of opening at
least one fluid port in the valve piston to facilitate the change in fluid pressure and
temporarily closing at least one fluid port while moving the valve piston to facilitate

the change in fluid pressure.

20 17.  The method of claim 15, further comprising:
holding the valve piston in an axial position with at least one of a detent and a collet
until a predetermined pressure is achieved; and
releasing the valve piston and moving the valve piston after the predetermined pressure
is reached to facilitate the change in fluid pressure.
25
18. The method of claim 15, further comprising slowing the movement of

the valve piston with a dashpot to facilitate the change in fluid pressure.

19. The method of claim 14, wherein detecting the extension of the at least
30  one expandable feature comprises detecting a pressure wave transmitted through a drill

string coupled to the tubular body.



noving a push sleeve axially relative to the tubular body with the fluid
directed into the annul ar chanber; extending at | east one expandabl e

feat ure wvohotda7gsash sl eeve; and 10det ecting the exten®Ccomsediiiohsont | east
one expandabl e feature. 15. The method of claim 14, wherein
detecting the extension of the at |east ge expandabl e feature conprises
detecting a change in fluid pressure. 1516 The nethod of claim 15, further
conprising at |east one of opening at |east one fluid port in the valve
piston to facilitale theeghe fi o) 19, wherewsdstacinghd PressiI®Mare | y cl osi ng

hange 1 n 11 e prsdr e o BT SalilBL 6T EoBl b4l A BRI o ng:

hol di ng the v@ketBn@inSpRRsird walle fxisaittqaBidu® thewrillvtrady wigast acongicatnsar.det ent
and a collet until a predetemined pressure is achieved; and rel easing the

val ve piston and noving the val ve piston after the predeteiw ned pressure
is reached to facilitate the change in fluid pressure. 25 18. The
met hod of “clai m 15, further conprising slow ng the novenent of the valve
piston with a dashpot to facilitate the change in fluid pressure.

19. The nmethod of claim 14, wherein detecting the extension of the at |east
30 one expandabl e feature conprises detecting a pressure wave transmtted
through a drill string coupled to the tubular body. - 37 - 20.The nethod
of claim 19, wherein detecting the pressure wave transmtted through the
drill string coupled to the tubular body further conprises detecting the
pressure wave transmtted through the drill string with an acoustic sensor.



