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10001] Thwe 2appil7sat i on cl ains the benefit of U. S. Pat erCTASpI®at40ON

Serial No. 13/160,015 filed June 14, 2011, pending, entitled "EARTH BORI NG
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retractabl e pads. Enbodi ments additionally relate to conponents for such
earth-boring tools, such as cartridgdéilithcl udi ng retractabl e pads, and

rel ated methods. g, pTH.BORING TOOLS INCLUDING RETRACTABLE PADS,
CARTRIDGES INCLUDING RETRACTABLE PADS FOR SUCH TOOLS,
AND RELATED METHODS
PRIORITY CLAIM
[06061] This application claims the benefit of U.S. Patent Application Serial
No. 13/160,015 filed June 14, 2011, pending, entitled “EARTH BORING TOOLS
INCLUDING RETRACTABLE PADS, CARTRIDGES INCLUDING RETRACTABLE
PADS FOR SUCH TOOLS, AND RELATED METHODS.”

TECHNICAL FIELD
[0002] Embodiments of the present disclosure generally relate to earth-boring tools
including retractable pads. Embodiments additionally relate to components for such earth-

boring tools, such as cartridges including retractable pads, and related methods.

BACKGROUND

[0603] The trend in United States land and other unconventional oil and gas
exploration is tending toward a horizontal development of oil and gas wells, where a borehole
is drilled into, and then to laterally follow, a hydrocarbon-producing formation. Such
horizontal development of oil and gas wells typically requires directional drilling, wherein a
vertical borehole segment is drilled, followed by a curved borehole segment which, in turn,
transitions to a horizontal or other borehole segment extending laterally to follow the
formation. Typically the curved borehole segment is drilled with a bit having a relatively low
aggressiveness, in order to provide stability and control of the tool face. In forming the
lateral, or horizontal, borehole segment the operator may want to optimize the rate-of-
penetration (ROP). To optimize the overall ROP using conventional bits, the operator may
utilize a round trip, tripping out the bit with relatively low aggressiveness and tripping in
another bit with relatively high aggressiveness. Such a round trip may be time consuming
and costly due to the wasted rig time and necessity for using two different drill bits.

[6064] In view of the foregoing, improved earth-boring tools, improved earth-boring

tool components, and improved drilling methods, would be desirable.
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protruding from a face of the eart -bormg tool adjacent at least one cutting structure, The

method may further comprise opening a valve within the earth-boring tool to release a fluid from

a first reservoir positioned beneath the at least one retractable pad and reducing the amount of

protrusion of the at least one retractable pad from the face of the earth-boring tool while within

the borehole, and resuming drilling after reducing the amount of protrusion of the at least one

retractable pad from the face of the earth-boring tool.

[0009] In vet further embodiments, a method of forming a curved borehole may
comprise extending at least one retractable pad positioned within a face of a drill bit at a first

side of a borehole while drilling, and retracting the at least one retractable at a second side of the

borehole while drilling.



100081 In yet additional enbodiments, a nethod of operating an earth-boring
tool may conprise drilling a borehole with an earth-boring tool wth at

| east onewoebrzcsmbl e pad protruding froma face of thePearusheiRonismg t ool
adj acent at | east one cutting structure. The nethod may further conprise
opening a valve within the earth-boring tool to release a fluid froma
first reservoir positioned beneath the at |east one retractable pad and
reduci ng the amount of protrusion of the at |east one retractable pad from
the face of the earth-boring tool while within the borehole, and resum ng

drilling after reducing the anmobunt of protrusion of the at Ieast one
retractabl e pa 1}5%5 | g 100091 In yet
further enbodi %ém @ﬁké@ﬁl 13 ‘?%?%Q%kkgq‘@%“?e tlggé) y conprise

ext endi ng at {sme;t Biﬁblrsbmwmch@haicpmq;fo*e:irtiiﬁm@mvhwihgndaiiba@e of a drill

bit at a e of .a bor ing, and retracting the at
| east ongc%gé alng g%?rée%tf(’dgn 38%%‘8? tglsﬁg % ée borehole while drilling. 3
BRI EF DESCRI PRioON CFIGI EEh@%RNméﬁthMﬁw@:a THEbDRAW NSSetfB0bRpadd G 1 shows

a schematic %/I ew of & frg%i ﬁg; gscﬁ iudl ng a drill bit in accordance with
an enbodPHERT S PT80S ‘8‘53%? EFBFeesure- [0011] FIG 2 shows an

i sonetric viepoat] aFus. i3lshodd 4 bowaal wel Bﬂthé @il B blattnein PRES?. according to an
enbodi ment of th p nt ~di scl osure. . 2] FIG tom vi ew of
the drill bitl @ﬁgb\m Qi%ﬁ‘l@W%a schematic yi éﬂlﬁﬁ“ﬁoﬁ% @ﬂ%ﬁ {}Igc ematic view
of a por tsh@ﬁn%ﬁufd@atﬁx%ls'tﬂm@hta 61 bddly Gf the drifl bawhd Shohling wle etattalll padsha ough a

bit body of the drill bit and show ng the retractable pads in an extended
posi tionan extended position.

[0014] FIG. 4B shows a schematic view of the portion of the drill bit shown in
FIG. 4A, with the retractable pads in a retracted position.

[0018] FIG. 5A shows a cartridge assembly including a retractable pad foruse ina
drill bit such as shown in FIG. 2, the retractable pad shown in an extended position.

[0016] FIG. 5B shows the cartridge assembly of FIG. 5A with the retractable pad
shown in a retracted position.

[6017] FIG. 6A shows a cartridge assembly including a retractable pad and a second
piston for use in a drill bit such as shown in FIG. 2, the retractable pad shown in an extended
position.

{0018] FIG. 6B shows the cartridge assembly of FIG. 6A with the retractable pad
shown in a retracted position.

[06619] FIG. 7A shows a cartridge assembly including a retractable pad and a
diaphragm for use in a drill bit such as shown in FIG. 2, the retractable pad shown in an
extended position.

[0020] FIG. 7B shows the cartridge assembly of FIG. 7A with the retractable pad
shown in a retracted position.

[0021] FIG. 8 shows an exploded view of a shank and an electronics module of the
drill bit of FIG. 2.

[0822] FIG. 9 shows a cross-sectional view of the shank of FIG. 8.

16623] FIG. 10 shows a perspective view of the electronics module of FIG. 8.

[0024] FIG. 11 shows a schematic diagram of the electronics module of FIG. 8.



[0014] FIG 4B shows a schematic view of the portion of the drill bit shown
in FIG 4A, wth the retractable pads in a retracted position. [ 0015]
FI G 5A swowsi12zi7¢emst ri dge assenbly including a retract alpCe/ysaad2foe4ouse in a
drill bit such as shown in FIG 2, the retractable pad shown in an extended
posi tion. [0016] FIG 5B shows the cartridge assenbly of FIG 5A with
the retractable pad shown in a retracted position. 100171 FIG 6A
shows a cartridge assenmbly including & retractable pad and a second pi ston
for use in adrill bit such as shown in FIG 2, the retractable pad shown

i P an ext ende@dki FiGor 2 shows a paftp) a183s-Frtignalbrew hbndrill big inchidingiagyeshassenbl y
of FIG ] . Ll retracted position.

100191 Fﬁ@t%kgrgh%\?\%Elg&égﬁlﬁgégg&g rseeﬂg}ﬁ{/gbllbﬁl(rz ‘uding a ret Eact abl e pad and a
di aphr agm f or [@92€] i RIGa 1dshdws dpartiad oroks-seticmhbview pha Siillchit including apvetveact abl e
pad shown |n,an extended si.tion. . 0020] FIG 7B shows the cartridge
assenbl yaS?orﬁi—'P@O a?&"&"?’ﬁeﬁﬁ%f]t}tfl%?rfsaea%%clloesu%ad s]hown in aretracted positiog.
[0021] FIG 8 shows an expl oded view of a shank and an el ectronics nodul e

of the drill bit of FIG 2. [B%%%]ILéﬂg’Engﬁﬂ?&ﬁ a cross-sectional view of

t he shank of FIG 8.
[0027] The illustrations presented herein are not meant to be actual views of any

particular device, or related method, but are merely idealized representations which are
employed to describe embodiments of the present invention. Additionally, elements common
between figures may retain the same numerical designation.

[0028] Although some embodiments of the present disclosure are depicted as being
used and employed in drag bits, persons of ordinary skill in the art will understand that the
embodiments of the present disclosure may be employed in hybrid drill bits or other drill bit
configurations. Accordingly, the term “earth-boring tool” and as used herein, means and
includes any type of drill bit or other earth-boring apparatus for use in drilling or enlarging
bore holes or wells in earth formations.

[0029] FIG. 1 depicts an example of an apparatus for performing subterranean
drilling operations. A drilling rig 10 may include a derrick 12, a derrick floor 14, a
drawworks 16, a hook 18, a swivel 20, a Kelly joint 22, and a rotary table 24. A drillstring
30, which may include a drill pipe section 32 and a drill collar section 34, extends downward
from the drilling rig 10 into a borehole 40. The drill pipe section 32 may include a number of
tubular drill pipe members or strands connected together and the drill collar section 34 may
likewise include a plurality of drill collars. Optionally, the drillstring 30 may include a
measurement-while-drilling (MWD) logging subassembly and cooperating mud pulse
telemetry data transmission subassembly, which are collectively referred to as an MWD
communication system 50, as well as other communication systems known to those of
ordinary skill in the art.

[0030] During drilling operations, drilling fluid may be circulated from a mud pit 60
through a mud pump 62, through a desurger 64, and through a mud supply line 66 into the
swivel 20. The drilling mud (also referred to as drilling fluid) flows through the Kelly joint
22 and into an axial central bore in the drillstring 30. Eventually, it exits through nozzles or

other apertures, which are located in a drill bit 100, which is connected to the lowermost



100231 FIG 10 shows a perspective view of the electronics nodule of FIG

8. [0024] FIG 11 shows a schematic diagram of the el ectronics nodul e of
FIG 8. W0201217400251 FIG 12 shows a partial cross-secriusa@lk/ovidesy of a
drill bit including a swash plate according to an enbodi nent of the present
di scl osure. 100261 FIG 13 shows a partial cross-sectional view of a
drill bit including a valve according to an enbodi nent of the present

di scl osure. DETAI LED DESCRI PTI ON 5100271 The illustrations presented
herein are not neant to be actual views of any particul ar device, or
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measurement systems that are conventionally located within the MWD communication

system 50. Mud pulses that define the data propagated to the surface are produced by

equipment conventionally located within the MWD communication system 50. Such

equipment typically comprises a pressure pulse generator operating under control of

electronics contained in an instrument housing to allow drilling mud to vent through an

orifice extending through the drill collar wall. Each time the pressure pulse generator causes

such venting, a negative pressure pulse is transmitted to be received by the mud pulse

transducer 70. An alternative conventional arrangement generates and transmits positive

pressure pulses. As is conventional, the circulating drilling mud also may provide a source of

energy for a turbine-driven generator subassembly (not shown) which may be located near a

bottom-hole assembly (BHA). The turbine-driven generator may generate electrical power

for the pressure pulse generator and for various circuits including those circuits that form the

operational components of the measurement-while-drilling tools. As an alternative or

supplemental source of electrical power, batteries may be provided, particularly as a backup

for the turbine-driven generator.

[0632] For directional drilling, the drillstring 30 may include a mud motor 90 and a

bent sub and/or a steering sub 92 at a location near the drill bit 100. When drilling a straight



100301 During drilling operations, drilling fluid may be circulated froma
mud pit 60 through a nud punp 62, through a desurger 64, and through a nud
supply |iwe 268/i7m206 t he swi vel 20. The drilling nud (al oTrst@rnedot o as
drilling fluid) flows through the Kelly joint 22 and into an axial central
bore in the drillstring 30. Eventually, it exits through nozzles or other
apertures, which are located in a drill bit 100, which is connected to the
| onermost 5 portion of the drillstring 30. The drilling nmud flows back up
t hrough an annul ar space 42 between the outer surface of the drillstring 30
and t he imneholesagrhentghoftedring slo$2éral the difl] bit d0bmayhatlcbe wetated relativéhie theur f ace
where it |s r rned. to r e 68.
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When drilling a straight

plurality of cutting structures 122 (e.g., polycrystalline diamond compact (PDC) cutters),
such as in a crown or face region of the drill bit 100 and the blades 114 may include wear
inhibiting structures 124 (e.g., tungsten carbide wear buttons), such as in a gage region of the
drill bit 100.

[0036] As shown in FIGS. 2 and 3, the bit body 110 of the drill bit 100 may include
a plurality of retractable pads 128 located on the bit face. The bit face is shown in FIG. 3,
and is the leading region of the drill bit 100 that engages the bottom of a borehole during

drilling operations (i.e., the portion of the bit that is opposite the shank 112). For example,



borehol e segnent, the steering sub 92 and the drill bit 100 nmay both be
rotated relative to the borehole 40. In view of this, the drill bit 100 may
be rot at esoabfziceasber and may drill a slightly oversi ze#Charsetelog4o@ue to
the steering sub 92 rotating and rubbing along the wall of the borehole.
Optionally, a steering pad on the steering sub 92 may be noved to a

retracted position, which may allow the drill bit 100 to be rotated
on-center while drilling a straight bdtehole segnent. 100331 When
drilling a curved borehole segnment, the nud notor 90 may be utilized to

rot at e t kechteirdckablie fad 100 mag batdcated bowa blade bidreditel tét WAy 1Whatlagpositien dri | | st ri ng
30 | ocat ed aboye t.he nud tor 9 ma 0 oLate relative tao.the borehole
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the st eerfjuiichaki PR oiwitilige sit BodPVIRDIEICE hRfektof Pad a cbfe Stidehirmgl pad nay
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steer i ng 190TRZ.ABM AL cHAfind] 193 HEF Ektéifl 1o BHeleRRFibOSahe @Hill bit 100throbigh &UICh
enbodi ments, the formation of a curved borehol e segnment nay be facilitated

utili zi ngrerdug wdke haek het(F¥éstlaccording to the present disclosure without

utilizing a bepsgsuf ARAlbodinffls! &%&g&gt%p&au@bm_b@mﬁw@@m herein with
reference to FIGS. 12 and 13. 10035] As shown’in FIG 2, the drill
bit 100 rayridgsmprecinbly H0bI80, B yuchpe shaven in FiGRAIA. $B26A. 686 78 ndyBdy 110 may

i ncl ude f AdES Is : t bet ween t he
bl ades 1%’4“%’@?3{1?‘3%“2‘% outlél}]i&g]t?%?ggjehgflptth%gp%??ltﬁ%ﬁ?@ R‘ﬁg@fﬁg bit body 110
may additi onal009] ndk sltevreinFIGE 1A end %, a potridge essembly(IBP @aydcludglsi ch nay be
| ocated qn_the bit bod to .di ' : L 1] nnel s 116.
The. bl adard 15einidy Rfiie 85 Eptbh i plsithel bRMRDOILE plrtiter GARATE S

pol ycr ystpidtdn e selaledhagathsictherparctd waPDE). Thetpistors)44 nsaycihclade 4 sarerdf@wachor f ace

region of the drill bit 100 ,and th | ad 114 | L:nhi biting
st ruct ur 453 %4l ey, that f’l?ﬁd]%cthé‘ﬁ acgg?’ﬁitg%g@gfe%su‘t‘lgg% ée,og'lst 3@&' f\é@ﬁpﬁglgg gage
regi on ofvetwien eeiskdleddpelrimb@ of the piston [40@3Gthe Barred lvaliri 42 renBin33.alsd bafided, t he
"2 il e PRAATEVES 8 B S LA
the | eadiva@otiigi ©r fftegkdll ffnhdd wikl the dQflertiAal FONGa@pR, hbecthokblopadf28a
borehol e during drilling operations (i on, of hat is

i (i.e., the porcéiE l%ﬁo%it
opposi t e MaYesRmRKsetl Pf parbidg,or her Y resisjang maisriple RLBEL ‘@eé rPP8°%hay be
| ocat ed Qb chiRf €46l IhoRfindeRRnkitb tRAdYe, 3 HEFRE 150 PORE bisA 1 8PhRLthObutel Y
trailing a row of cutting structures 122. In further enbodi nents,  each

| G
r et r act abyal Yadnayzelingg flid reservaid SRy Thesarrides W ey ferharinepdeop Getifiges 122.

154 to the fluid reservoir 152 and a valve 156 (such as a piezo-electric valve) located and
configured to control the passage of fluid through the opening 154 to the fluid reservoir 152.
As the reservoir 152 is defined by the barrel wall 142 and the surface 150 of the piston 144,
the reservoir 152 may vary in size, depending upon the position of the piston 144 within the
borehole. A substantially incompressible fluid may substantially fill the reservoir 152,
contacting the surface 150 of the piston 144. In view of this, upon closure of the opening 154
by the valve 156, the incompressible fluid may be contained within the reservoir 152 and the
piston 144 may be held in position via hydraulic pressure. Non-limiting examples of
substantially incompressible fluids that may be utilized include mineral oil, vegetable oil,

silicone oil, and water.



[0037] As shown in FIGS. 4A and 4B, the bit body 110 rmay additionally
include fluid channels 130 within the bit body 110, which nay extend from a
central fwoidixitgaweel 132 to the nozzles 118 and to caviPCiras2@2®414n0 t he bit
body 110 containing the retractable pads 128. The central fluid channel 132
may extend to the exterior of the drill bit 100 through an opening in the
shank 112 (FIG 8). [ 0038] In sone enbodi nents, each adjustable
pad 128 may be included in a cartridge8assenbly 140, 180, 200, such as
shown in FIGS. 5A, 5B, 6A, 6B, 7A, and 7B, which nmay be positioned within
the cavity 13G0040] t Abe baraitige assdmblly 1dhmapbe sibaifipr bi@tion into the cavity QBBH] As

w142 P rRR B GRDuAdnd A} BOAE AOREL P lningk 180 MY b6 Gecioe’ €

peri net erpo@itxohthecpntzsdgmssib%bsbl@laedpagacmsmedtdepthb’aﬁmrelﬂle vality 1342nd Midpe pi st on
144 may incl.u car 146 ee r include a
A i taenfire Gt B patiae BRR0LRTIAP g 6 Ble S LS e BOREITRE ' e

seal ed peflinget & maf bd heldal tﬁ&lﬁ{fa&e%tl&nﬂllltmeldﬂa(ﬂ@mwahdhnﬁz@znamnadx thay al so be
fitted with beari.n r ar, ri, ton 144 S |ncludsthe
retract ab‘l@“@@ 55‘??5’139\]7\%‘81\{}? g’%f%g{h %‘8"?8“&“’1’%‘?% fi‘f‘?i VesFdted with the
carrier lgbweeh@ic @xAIR @senﬁﬂ]'ﬁlﬂﬁlnﬂ@&ﬂﬁthioﬁy pagl A&’cﬁtuﬁmyy,bﬁnﬁ@mﬂm&e& of

carbi de, or other wear resjstant nate wel ded or brazed to

the carriRpvidelegnd ippsed thrpugh the b bedy b‘qtﬁc?r%ﬁé:?ecé{“’élﬁof% icgken B“¢¥e pi st on
144 and theviad 1%lantah l:leét‘f'c%ldmﬁ’onEfﬂlﬂgde@crfb'euﬁrﬂfuﬁﬁéﬁ%&ﬂ'hémﬁﬁ%m refegerg@r t ri dge
140 may further include an opening 154 to the fluid reservoir 152 and a

val ve 1560FdaE-Bd- a piezo-electric valve) |ocated and configured to
control the pggl‘gf"}?e IQBthlﬁé:“eﬁ‘b&M&@h’cQ&ho@vﬁ% Pﬁﬁﬂ%ﬂ&né%é 4&1-&.9%: :islséhhtd reservoir

152. As the reservoir fined by t barrel wal and t e surface
150 of t hb?ﬂpmmrmiuw rstth@erehe@bt&kdeﬁnmsz ﬁm&wowwaf Fst gistos 1 84 epsdtitethg upon

t he posit :ﬂ)f‘hf& faafihgd |y

i nconpr es‘;él?lgv f‘ﬁ% ?r”.?‘f}g‘% a%l%ﬂa? t(p] fﬁ%ﬁ%‘]% ﬁ%%@g%ﬁ?ﬁ%&wz contacting
the surf a&&ilmﬁﬁllmﬂha ¢aetr1|dg$ase¢mlm480 may mp’adﬁ ofecpid pistoy p¥n ard owalvel&i the
openi ng 154. 5 val ve, i i ned

o thi ot iRl G5 BSn 0o ofclRia bRERTPAGES 186 Spooellh Py Y BRSS! T2
hydr aul i Crcgnllasﬂuweucthmnalf*rmésewgnremmpilmccm‘d rsastb@iralml all'y inconpressible

R e ik i L A
i nsertionsi A5 B, i Beapistyn 18Gofalic dafteidgr dssenddy 1 801@ay ilﬁbl@&‘ﬁa«éhﬁrlaridS%Qh and
may include a e 160 that ma utiljze ositiagn.the cartridge
assenbl y Ef@(?teﬁ[caé”% RN 61Pi‘ti;\eo" éé’ﬁffme\ﬂn“f‘msﬁgf igo @&vﬁva%%}%ﬁé’a%ﬁlﬁ al so be
utilized gewieRithe feigheterbf fhe diget pREACSDbyd thé Girdt eart-dm evalli1 82, laadlyhag 2Bo b&or

exanpl e, the flange 160 may be ﬁf%gﬁsd to

L{p eof&&?drlllbltloo
(FIG 2), i %W”%an‘t’%ﬁrﬁngh tRiteRy ety Pelyder [IRRYE ¥e bit body
110 and a| ®OwhRM nfdk B¥lk l@itB'oHln‘i’e‘ngl?h‘&mﬁ:ﬂ&hthhﬁéW18816 cartridge assenbly
140 and the bit body 110. Additiognally, vmrlng 162 nay%lgﬁ?ﬁ{?roléld d and

rout ed t hr ougH%¢43% EWSWQP‘J‘?E’G 186 M3y ¢ Pepitioued Mithina5ec febagd B bet ween
the val veslat @R w4l @4%&&%&&%%%&&«1 %k%n(@%%@dléd%ﬂ.nktnhé dtbfuardet ai |
herein with reference to 1) | n "anot her enbodl ment ,
shown i n FalGE4. Gke senpnd pistog 1§émawlabg@ca§i§émw%whﬁayn‘? NS N £ i r st

barr el I fini S [ 13dicipRgd t 1 oned

w thin G Ty S ol e tinkrd v pet oAy Bk, o8 oyl R A ERRY t “The
first barprevidevakdal h@@eembdsqcpmwtblylsﬁmthfammdd@é“e]a%fﬁb}%ly 180 may i ncl ude
a second pi st 6, ! d
second pi stongﬂ(i‘éi Algﬁﬁ%@m tﬁéeés/rgbeocj??{z %@%@‘M u cSon %ﬁ?@ tggvsﬁﬂg Sﬁff%cteg fl ow
bet ween aoffthe Sitst ardwmdlprstcmsgsfhmdi ]a%SI@mn@Iveﬁ)esmomi to thedincompressibjeOiiiP |

Simlar to f 144 of. the.car Ln FI GS.
5A and 58 dtt ed'ﬂ ﬁu's ‘fm%m%lﬂr B e%’[ Eéé%’gi?’ éﬁ%" fd‘%%&gngg“ﬁ ncl ude a
carrier 1&8ondspistbn 886 raayshecsted cliffaréntly, sublmwtormywdermpbrmﬂwemhgﬂlmwdtof itted with

o ot on 168°8rR Foerrrel Upr-BPRape T SRNERTL e BR BB & T,

bearing or wear ring. The first piston 184 nmay also include a retractable
pad 192, which may be coupled to or integrally formed with the carrier 188.
[ 0043] The second piston 186 may be positioned within a second bore defined
by a second barrel wall 194, a perinmeter of the second piston 186 seal ed
agai nst the second barrel wall 194. The second piston 186 nay al so i ncl ude
a seal 196, such as one or nore of an O-ring, a quad ring, a square ring, a
wi per, a backup ring, and other packing, which may provide a seal between
the second piston 186 and the second barrel wall 194.



[ 0044] Al though in the enbodi nent shown in FIGS. 6A and 68 shows the
surfaces of the first and second pistons 184 and 186, respectively, exposed
to the i rworeprxéwsiobl e fluid and the drilling fluid havi RgTAiSpéi2an2480 zes.
The surface areas of the opposing surfaces of the second piston 186 may be
sized differently, such as to provide a pressure nultiplier to increase the
pressure of the inconpressible fluid relative to the pressure applied by
the 9 drilling fluid. Additionally, the size and surface areas of the

first piston 184 may be different than the size and surface areas of the
second pidstlling fhgé. Additionally.obergze and syacefarees pldhe Brsbpisioadéh way be dHferent dge

assenbl y tﬁ:% ¥P2%)@CSJUHQC%S 3\%,:2%’39%5%@’@@%@‘9”1 202 to provide an expandabl e

fluid reserv0|r d 7B. For exanple, an
el ast oneri c ndfius mayetlfmﬂposmbmcbmeds evertridgn agnmbbﬂﬂﬂhr@yomludcladlgélbbsserrbl y

200 and p i de arrler E f. eto be
commun: o B e R grioR h iR ervaPen B 4 HRb I BAGHS

t hr ough aForakarepl2 Q6 elastomefic msmbemzqrbzq:osmé}% obahinrdd af qhe sammigelo [ ncI udi ng
a retractabl S matlca in FIGS. 4A and
4B, the quﬁﬁnﬁjl%ﬁg)naﬁ‘él%ovidf(? fihHJi Bﬂgerb?’?t SB@glf“ifff)%H@fr%sglﬁﬁec the central
fluid Chadﬂ:ﬂﬁﬂ;}unic%%d@fon{ ﬂneldﬂnmg Zluhll withl®the bt by Em (FIG. leélﬁ@.@?iat\ylgéiiﬁﬁ to < 130
contai ning_the retractah a . ln.view o : e fluid channels
may pr OV|f’lj’(érs?‘Fﬁﬁ"'ff’"c%ﬁﬁﬁﬁ‘f‘&3&55%’?]23&”%@@?11&%8“@3\%r ?zil%ui d channel 132 of
th]t; drill bit ll@m]tgxs%h&ﬂﬁ §dhbﬂmaﬂ1§1m FI©§04A 2RD4B, Shectuidshataelc 3diachewi t h
reference to

h
136, A varg0 qur ureans <ainalid Sune Lt Bal P EISER o central

fluid chanpg) lﬂ%nﬁ\mnéth@réiﬁétﬁﬁﬁ?&b 2, ﬂﬁdxe&%ﬁthlfﬂ{e R EMRhkols E’:O\dﬁelyV e such as
val ve 156, 187, 206 describ reference to the cartrldges 14 180,

200 may bRsovide ﬂv@éamtwn@@tmdletwﬁ@n%easﬁm&hﬂmd&hwnéb}ﬁmﬂ@aw‘d% lﬂgﬁ%en t he
central féagtbggecmngﬁi @&m@dHaﬁbécﬁLﬁm&a&k@tm@slaﬁ 5BL8R, 6B YA, addhe val ve

156, 187 ctrica actuated (e.g a piezo-electric valve)
and may |?B@bstlmﬁadofathlrctb¢rwmtb’déﬁl 6rVaWﬁmﬂyaﬁ@"dplérﬂﬁt"éd‘ubkﬁoa’rm‘@l“éﬁ?f’r oni cs

modul e 3 et\]i/&?itth{%érgglakcgcﬁﬁgﬁ (ill NaddBe I%G?\f?%{)er d l?g./ ggrsexgﬁ)gllelapdl\t k@ such

as descri p I cation and 12/901, 172
and U.S. Ratbrtl 5S6UBB0S dZschidbd] RiT6 reféreso &) B0 Sartridgss1 BIOQPHY), 200 @b 72; and

7,849, 934 al .. . JUS FOR
COLLECTI N&'IBﬁfEL %f“ﬁe@é@%bﬁi&?%ﬂ%%p %Eégg%c%ggr@%%néﬁﬁéﬁgjsm gnee
of the pribasemiactaplppad 8], 092, 2t heTled \abzled%l,rlé?,o?r%awrbe@fecmhnld)mcmtedrﬁ@@r por at ed
by reference h n.it entlre 047 FIG 8, the
s%ank 1122 PIHE ﬁifg’g" éahéeéﬁ’i“f’g?y B %bcwu%%g) Jth g ?‘?‘?Pw bﬁ&nt udi nal axis
z 0$ ot he aml@hlciﬁﬁdulh Bl@fgﬁmm beoloedteddin ithel shixkt 142 oﬁtheelmﬂlrbatl 10D owoh as s

confi gur r ng dri n

enbod nertescibed by Py el ainetsdansr e B8 @000 78004 S bl 112 1 s
gi ve B a deaaﬁBérev é@ﬂﬁ‘ié' msagtssgi a:swlcuiz@ngamgmmna 784,094 ieach thdmhslek atjzm whi ch
may be configured as a substantia e el ectronics
nmodul e Sl?ﬁchgﬂe‘bé“%T'é{QQd"*WﬁP Pﬁ%—@}{% gﬁgmbﬁﬁﬂ%gbéﬁﬂj‘b%h{] t he end-cap
312, whi cheRrORIGNEDATALY aQabsski g@edolb mkﬁgneebfmegr@m dpicatidnN@e of t he

el ectronics nodul e 310 to create a tluid
disclosure of each of which is incorporated by reference herein in its entirety.

[0047] As shown in FIG. 8, the shank 112 includes a central bore 300 formed through
the longitudinal axis Z of the shank 112. In conventional drill bits, a central bore is configured
for allowing drilling mud to flow therethrough. In this embodiment, at least a portion of the
central bore 300 of the shank 112 is given a diameter sufficient for accepting an electronics
module 310, which may be configured as a substantially annular ring. Thus, the electronics
module 310 may be placed within the central bore 300, about the end-cap 312, which extends

through the inside diameter of the annular ring of the electronics module 310 to create a fluid



tight annul ar chanber with the wall of central bore 300 and seal the

el ectronics nodule 310 in place within the shank 112. 100481 The
end-cap 30 2r¢l7yeés a cap bore 314 formed theret hroughpCouskomaz4oaril | i ng
mud may flow t hrough the end-cap 312, through the central bore 300 of the
shank 112 to the other side of the shank 112, and then into the central
fluid channel 132 of drill bit 100. FIG 9 shows a cross-sectional view of
the end-cap 312 di sposed in the shank 1212 without the el ectronics nodul e
310, illustrating an annul ar chanber 320 fornmed between the end-cap 312 and
t he wal l stlghf anpiler dhemberayithisby walBg@enital bare3Wrand real the elegiromjcs srodwled1Q g ring
322 and ring 324 forma protective, fluid tight, seal

bet ween {Eégeeﬁg}ilgﬂéznd the wall of the central bore 300 to protect the
el ect ronl cs rr[bﬂﬂslBla ﬂ@et(ﬂa@.“%lls;nclnd@mcamw«c 3k formedtemevieneghl susbtidl t i ons. The
protectiv n sealin
i g 324 e PR Moubiihe shd b 32 Hrblih i Aol REre 300 of MEuBRERRT S0 1 10
appr oxi nethebtyeratdabﬁqhbdrmk 1 [, esscsthiereinto the central @0id @hankhel 1$2 pEdréhipoiOnEHi.s, t he
first se ring 322 and t S ond ealin fornmed of

mat eri al sﬂﬁog’ﬁﬁfrggfs(g?t'Ogg]h‘i'ed'hgﬁpee PR3 ls‘zh(flé’ﬁsegérh%% sﬁflefg%}{/ol“?tgnrrent such
as ’rrbf or eé{éttl‘priie;m@iul&/ﬂﬂg@ﬁdﬁﬁﬁ@nwmarlcﬁarﬁiﬂa:d]fénmdﬂhbhem the BhdNBR)31D-ring in
conbi nat i on

Cocur oa. 1 endrke cnsaay e R ohibE iagk  Eorth BRC el OBRARP IR o, f or

exanpl e, s%alﬁ@@i‘ﬂg QZ@foﬁﬁS'pfdtéctxv@ lf]bidligﬂgseﬁﬁﬁht’da@tfkleﬂ@&p%ﬂﬁ afdtle 324 of te t hr eaded
connecti on, epoxy connect ape- mem)d%fr et Bner a weld, and a

braze. cehtral P@'G%q opfiedd F’@@!‘“‘F‘é‘?ﬂ“‘éé“%iﬁ]ﬂéll%(fgﬁ ESCINIIYHEY as a

flex-cir Cééh&lt@@a"[ﬁe profeVe skl fgmbd B)tthﬁﬂm deBligdingOn? bt $ecortiGealih ing
flex-circuit board configuration facilitate the bendi n% and g‘gapl ng of

the el ect¥24may lspbeicandigered to maigaig ﬂ&eﬁﬁ@lﬂw‘:ﬁvﬂ%ﬁﬁﬁ%ﬂ PR PHEEAYBOSPALICS hown i n
FIG 8, syidg@ble for disposition about the end-cap 312 and into the central
bore 300." The flex-circuit board may include a high-strength reinforced
backbone (not [8448iwn)in samnefemetiofimeniscthe fist ﬁedungamén%nérmﬁe@%%@?ﬁhas ring

accel er at .
accel ero rréez?gnrag% i‘%@ {' ?%lﬂgt a(? Elﬁta?‘l% férQZx;an é‘sts © rh?g\st? X&H(J:I? regﬁf&{ﬁﬁug@:‘sruah whi ch
may bear asofer semplsra Hyﬁogem@md Nitdle rﬂy@d@m Bubmdm)&-tle&h@@mbmmw@nd cap

312 in a Eacl% ﬁ? ”: :]Il %nﬁg}t' tlllcee?la tr{g@ be%ecﬁl‘e‘ii'%@ﬂ’l@tsllla'ﬂﬂ I%EFE} eration

forces reSu |ng operat|ons I'zing a material such as a
Vi sco- el asimber datbﬁs:ctm\ mechamsms]sﬁﬂﬁb,]fot examgl 4 secure pressefierititing epalneg nNegs 156,

s
may be cogbrgured to per forma variety of data collection and/or data
analysis fu “Ct[bt%ﬂf " The electronics module 310, may be configured as a flex-circuit board, shown
in a flat configuration in FIG. 10. The flex-circuit board configuration may facilitate the
bending and shaping of the electronics module 310 into a generally annular ring-shape, as shown
in FIG. 8, suitable for disposition about the end-cap 312 and into the central bore 300. The flex-
circuit board may include a high-strength reinforced backbone (not shown) to facilitate the
reliable transmission of acceleration forces to sensors of the electronics module, such as
accelerometers. Additionally, other areas of the flex-circuit board, which may bear non-sensor
electronic components, may be attached to the end-cap 312 in a manner suitable for at least
partially attenuating acceleration forces resulting from drilling operations by utilizing a material
such as a visco-elastic adhesive.
[0651] In addition to operating valves 156, 187, 206 to control fluid communication
between the central fluid channel 132 and the retractable pads 128, 192, 212, the electronics



[ 00521 In sone enbodi nents, such as shown in FIG 11, the electronics
nodul e 310 may i nclude a power supply 340 (e.g., a battery), a processor
342 (e.g.woaormosmwpr ocessor), and a nenory device 344 ( @CHUS2@2/042400
random access nenory device (RAM and read-only nenory device (ROM). The
el ectroni cs nodul e 310 may additionally include at | east one sensor 346,
348, 350 configured for neasuring physical paraneters related to the drill
bit, which may include drill bit condiltion, drilling operation conditions,
and environnental conditions proximate to the drill bit. In one enbodi nent,
t he sensonsiuB46) may B c@Sguradite perfoimalarialy ofiduetdicctidnend/esxdtaicnalgsds, a

magnet i Cflcnjl %‘% sensor 348, and a tenperature sensor 350. 100531 The
accel erat1on Sensor 346 may include three accel eroneters configured in an
ort hogonal ar (m)ﬁg]e nbnsomgiembodimests lsuahfas stivevnde EXS. dil ghetletreniceaypodde Hior anged at
a right an ativ ot her ac roneters rly, the
magnet | o PR aReur iy SR Ren e R v e RS BB BTUT M SsT GtEdy T an
or t hogonahenttiy dgvipe 3ehie.o ,ia réndomercdis Mtmbilyde ingReiM)mid ecad-onBymdneorar r anged at

or 1 hogon P ReRBr DR de<pate mods 1106 APy Ralee Syeare s8R b t hr e

sensors aug, ﬂes&rﬂgb@d fctme@mng 9&3@%&1 patifRRFsSelafed &0RS AYiISbig AUicRMMagNgeNeENt s may
al so be utili om‘ruru cation ort SSéqn?éo al so. be

i ncl uded "i‘crl\“dﬁﬁ'é“ bit gendition; Qfélﬂwa'la@@fa ot B RUAnESER SRR

devi ces sy6R dafbR MR 6ARINAER AR RRsoby b SIMOIB 0 iRliR AR b@cRFE6€SSI NY
system 354. The communi cation port 352 may be configured for a direct
comuni c &Een346i hragstc figkd ?W@“ﬁé%ﬂ‘éaﬁﬁ‘@%ré@éq $050692% em 354 using a direct
wire connecti gipsgy @héﬂ&&@éﬁ% LRI A ihNeRhRd REALrometERoffaurddin ¥RY Of
exanple only, 'Infrared, BLUETOOTI1-11, and 802.11a/b/g protocols. Using the
direct comhogenalanirgementie.38eh ofithracedlesemeteramey berpuanzed & 2aighapeiBe confi gur ed
to comu i exanple, a
conput er Pas30 Y it e BRERIREARGSE SN OHP Magind BHALEr a8 Bey (0 ahen
the dril lindbide tm@ﬂnagnemmtemﬂim@ in mherﬁxog@mbarmng@mm GempashioEhei on 1ink 356
may be u qﬁgh ownl oad
sof t war eﬁﬁ%agt ?tﬁ V\/a\lrr%glb(§£|l¥aln Iédeitldrp he aQ' trﬁlangge é%h 01?% %t e c‘??lgér%?rg}sj nodul e
310 by downhqﬁdnmmgnmhﬁmggmamm@ﬂgdanmﬁmanMHhmmuwkmadhEampheedaﬁ@sand
analysis nnunlcatlon ort, 352 ma I to query the

el ectroni¢ %crﬁ?)ddllﬂmé“ ‘fug?bersrﬂf Eﬁ”ﬁg fi%ina"%" eg{eéta%}agg{sﬁge gtrﬁlg?? bit 100, such
as, for exanpl@s4pi tz\cs}ﬁﬁmaicau‘nnrﬂmmﬁz alag elkd Bninciadedonl the elestermicaimodule B &6 |

sof t war e version, total e ed ti of per at j.on r long term
G 11 by SO GO PSR A MW oRor ot ER S A Kol

0055] As grftessitiglsyesin 156, Thi 8dmmadhiCatidh porb 852 Iﬁ@}&iee:dnﬂgdrdsd for 4 diecbi t body 110 of
the drill bit 100 and_the el ectronics, nodul e 310, t hat erates the val ves
156, 187 ,OBORMSHPTIEK PSRRI PSS HE SR AP i e HTECIRNGT 3  he
control  syifdlQMdn@fudidaBort ﬁbfoé‘&ts%&l@ bRy &f%ﬁamﬁlaamy,aa,ﬁarémBLUgTommrﬁded
conpletely within the drill bi t I n. sqne net ho of

oper at i orfinéf03. Ha/bdg prptocals. 1 Usiggghe ‘E"FFét ‘%Oé’c"f'%&?g&‘m lgxkggg,ghelei@tromggno ® of the

drill bi t3lé%y"5@&’0@%{1&@tc;doﬁlrﬁ%ncﬁ@%%'a‘?&ﬁ&%ﬁc&ﬁn@%‘ SRR sRdsktbon, such as
a fully extended poSition, as shown in Fl A, and 7A. Wth the

r et r act alfkempla.dsompger, 2 gortableicpmpuies, andsrrsesona| dw@silam@@fb&h@ﬂwn'h curved
bor ehol e 6@t BRVHHBE. ’I;l'm s TRt B ndnfifRicdsdn l{nk@.iﬁ maf Be tal B adbfi@p bt onal
drilling techniques, such as to transition froma vertical borehole segnent
to a hor i femmibed, sush ag fiargxaname, t¢ dovirtiend exftwanclend spbwareiupgrades.He enablerseivp abl e pads
128, 192 f rovi de
1SS HtHEMip
a1 educed 655k BN A8 1§ SRR coifhurdhian i CR b a2
drilling anﬁlysmmtac Uhyeinivgriehion porb3f2inayiatsb hg uielcleo wfef)etbt clv@mewpmsdme of
cutting es 122 ad act , 212. In one
enbodi meS{l ?rﬁ%()% ' E: rcgag dlltg({h%rg'tr lslnogﬁgé s‘técga %E@ |“§}'4“§mgrt hin the cone
regi on C abdctrbies misdulel sedidl hum&rﬁoﬁ@):rc vaxd;oa,aaat el@smiam'memﬂ biitrwe@h_on( #1d@the) of
drill 100. Af he, curved bhor e se t. i rilled within the
fornatlod %*ﬂ?qﬁﬁ?éﬁ%%gpg LR Tﬁ@g"Tgﬁme ‘ﬁﬁ?e?ﬁgn be retracted into
the bit body 110, increasing the depth-of-cut and the aggressiveness of the
drill bit 100 by increasing the effective exposure of cutting structures
122 adj acent the retractable pads 128, 192, 212, which increased
aggressiveness may facilitate the efficient formation of a substantially
strai ght borehol e segnent, such as a horizontal borehole segnment by
i ncreasing ROP for a given rotationable speed of drill bit 100.
[ 0057] To retract the retractable pads 128, 192, 212, a signal may be
prOV|ded to the electronlcs nDduIe 310 In sone. enbodlnents an

. - Y b1 AN~ o o I | v




13 [0058] In further enbodi nents, another force acting on the drill
bit 100 may be utilized to provide a signal to the el ectronics nodul e 310.
For exanpwe,20t2g42zpi || bit 100 nmay include a strain gagecCrrusecaauaIneat i on
with the electronics nodule 310 that nay detect WOB. A predeterm ned WOB,
or a predetermned series (e.g., pattern) of WOB, may be utilized to signal
the electronics nodule 310 to retract the retractable pads 128, 192, 212.
To facilitate the reliable detection B8 WOB correlating to the

predet erm ned WOB signal by the electronics nodule 310, the rotational
speed of the [@0653]l As the LAI0esntdy, 185, DG mayaberlochtalt withii the itdodnt 10rafitlet | onal

speed (i .€84,. onsj| stent rotatio er .nm nut odi nent s,
t he rot afi'i'%h'é?mg?f@he %I?CQ'EOHEQS H}Ofi?lfgg? {%‘aﬁ%mrtwgﬁeb‘ggﬁ%/i’l% =6{??1e2§8§{3 yggzpeed of
subst ant toahtey inzté shaRPM 2 theedrsiebis | 00 this lentdDBy ssdng fom khe retractable [@BSDI8, Af t er t he
el ectroni dul e 310 detects .the, signal tract the retractabl e pads
128, 192,1&§J2.g?{“§3f§‘? E“CE'E%CE?O& "tt?laﬂl’i‘gthﬁ’otﬁ?&lﬂéﬁ’?ﬁ%&to t he predeterm ned
rotational spmesk|Si®iaine alecttdlis 8f dperitias of theldbl bit e, sierataaprgadcds el at i ng
to the predeterm ngd \OB signEI),_H@n el.ectric currgﬁg{ ma.l\é be provided to
the val v 2580t thegdrill b d0¢ maY RSPSRRGY RESEQed Hean Nt RSB FHHE 2 P28, 192,
212 and §)I§ eXRh3RIHeHBEn, ad SowndR F1OBYs QBARNandl A OWith eheflrbiticthbleEe1 1% ough.  For
exanple, an electrical circuit may be provided between the power supply 340

(e.g., bA?%ai3positionedin as giondssinostionsyred botshalp seemsat pay Relormefgvith g7~ 206,

as the vl ph00 udid dirkBEndTRY 118 WehhiGudsChidh hyBltdndilidd frén RY¥EIkalt O Operat e
(e.g., the valves 156, 187, 206 may be 'piezo-electric valves that may be in

a nor nal bgrekdlosasmentide harigoned erientation; Jethe siisnded posikion, thederisEREPHD open) .

0060] After i j I i g ct abl e pads
198. hon 15195 BT phic| G of AR Kol Bha b D L e Br T

string 38ggremiveress ofthedmihbit HeD tptyhayclcilistetthedriling alcthaprge OZ®, 192, 212

dhpieh

by the under] vi f i j 206, the
Force. apip AT Boball ofRRMheIRERYSE £oaghpleny Y SRRt P, B0

undri | | ed92,ai 2raini cowe eahediohent the neradtablelpadsi are bo@edsupstantiady within theipeant i al |y
i nconpr essi. bl ui,d, w.thin,t he associ at.e e vl I 152, 9 to flow
out ot ¢ Fepecer by b b 3 ARaBRPP iR CRBTGLD L dige 198 angde L0,
cause t heuved baehicidicgmpads drliRD, witk®Rthe 2dRation, e retedctabletpads 138 692, BE2 bit body
110, as sho in FIGS., .5B,. 6B, and 7B. |In enbodi ts that utilize an open
cartri dg@’aa\é@&r‘fﬁri}faf&?&'"‘? H‘é%‘trnghg}oeg"é’fcﬁflgg ﬂ%ﬁigﬁtﬂ?r?z")?uﬁalng\?\}/wout of the

reser voi hggkbsdivaieds 07 te Will Bit t B@byinciechdingihé bifective expohee bf duttmoyrudti®s | n
enmbodi nents that utilize a car&ri gge gss nmﬁ/ 18%, 200.with a second

r eser voi A24glacenighe retipgiatle pfis L8 S od 1o WHIGR YCrasFe 28I GIFS M of the first
reser voi igclifife Q86 AGHA fdriaford b suBgadlly SFRFH Bbrehat®degmeéfd suchaslsi ng t he

vol ume of second reservoir 191, 204 to expand, as,shqvvn iEI gl gxﬁ 6B and 7B.
[00611 | fozmts! Berpbals sREAESL by iRereasterRIR fn p givsh grlatiopable srpsd obdrill Bk, e

extended jgpt hin the borehole after they have been retracted. To extend the
retractabl e pads 128, 192, 212 within the borehol e, another sj gnal such as

a signal si m [0467k oTo stragtibe whpdatiepads A8, dPGrPAR 2 Benabrpy bt prowided wrtheyct abl e
pads 128’elelﬁgrﬂcsg'ljrgdufﬁﬁ 00 HnVintiRdint s AEacREBGLEPEH ths drPEivh 60 RdPre Upon

receiving the signal, an electrical current nmay be provided to the valves
156, 187 utii@ teprovisis poienhirtg thelachienipempdide A1) Fopaxmnpiey the diidibit W9mayng t he

val ves 130, J8f at \Z&ggﬁrﬁggﬁd&g@ﬂ%még%gé{\%%té‘dlUf/f[tﬂee&c@a&%;n@fe%mhe adkBQerdfidd | bit

100 may be positione om of _
sensor 346. A predetermined rotational speed, or a predetermined series (e.g., a pattern) of

various rotational speeds within a given time period, may be utilized to signal the electronics
modute 310 to retract the retractable pads 128, 192, 212. To facilitate the reliable detection
of accelerations correlating to the predetermined rotational speed signal or signal pattern by
the electronics module 310, the weight-on-bit (WOB) may be reduced, such as to
substantially zero pounds (zero Kg) WOB.



borehole and drilling fluid may be punped into the central fluid channel
132 of the drill bit 100. The fluid pressure within the central fluid
channel 180 20f2/t7®6drill bit 100 may then cause fluid tecriuseoiziosogh t he
val ves 156, 187, 206 and into the associated reservoirs 152, 189, 208,
causing the volume of reservoirs 152, 189, 208 to expand and the
retractabl e pads 128, 192, 212 to extend fromthe bit face. After the
retractabl e pads 128, 192, 212 have bdén noved to the extended position,
such as shown in FIGS. 5A, 6A, and 7A, the valves 156, 187, 206 may be
closed to nui mMﬁBp ThfirthiEaibdainenal Mﬂiﬂleﬂford’e&&ﬁﬂig/@i the ddf Bit 16@&ay BO8, hol di ng

retractabl 192, 212 in the extende ositio i.lling ma
comence.! lizBF p“["dfg@?ig“%toé%ﬂ?ﬁ“ﬁﬂﬁf E‘O %?Pq SF@P gepmele, El%ec%'ﬁ:ﬂ” d'é)g ér?a\)’o?r 1%1
204, suchn@desd i dape inl cGRmubati®Bwitil the eﬁBﬁonT@,m@fuﬁﬁfﬂlﬁftl&t Ay deectappl i ed to
the fluid in the second reservoir 91 28 %g EHS g%thjt he second

pi ston 18808 A piedsigmineddY PP s ire e&?r&ﬂﬁ SgiFs R MYREthin the
central fii&h ©RAANShe él&zroﬁfcs H%@ul@'?'l(“o rbrdct ﬂa@@etﬁBﬂblﬁefﬁ:@dsﬁbﬂl o2 him t he

second reservoir 191, e flowed into the first reservojr 189, 208.

I'n enbodi faglitate e tehighie dfae%lee SEWQ%%WWFE togthg pregesarmingd; WOBREne| Ry e rmay

di rect thg.dBERRb@ASS R, thelrbidtithal et bike &RBGE YO ﬁaﬂghzmﬁlﬁdaﬁed aA . In
further enbodi ments w thout a second reservoir 191, 204, drilling fluid may
be utili msxagwtvmmnnbmﬂ@gsa ponsistent fotationsrpes mittaRFd) nlrfome wher ei n
dr|II|ng l.e.f ot her
filter rre | um Q?ér?%t Mg &atﬂ@alrr%ge e Wlﬁ?if tngaylﬂﬁ#ﬂ?tﬁ i%g%iﬁl %ﬁ%bg%‘r?l s from
passi ng tﬂubﬂuglhllymowmhﬁMDSIngthe WOB@@ed1 I n additional enbodinents, a

drill bit 400, | udi 'gured to
sel ectively ré? gt Aarh%d&gx gtra‘ﬁ | Vi t}gld%glﬁh;é(]:stpgagﬁ%’%tggyth %gg&gg]!% of the
drill bi tpadﬁ)ms 590212 ema,emcelmeﬂms ca:scl&hag\zmthemrdﬁb%ﬂlni@m@mnaﬁ!mﬂeeﬂn such

mbodi t t d r.et t 4h 0, 510
Wi ve dr ey e MR RS e M ATEANCR 8860, 2 o
segnent  balecw@r uiriagt rﬁ:kyelaeq:g@mmwnenemss ofs, L1, Qbmgar&sspmmngnemelaﬂc(aﬁbG 2) in

i 11 b oGS 2B atShr 20 o oP o BRI P DRt R "erch

ret ract abdx@mprgarfel@uatcifag mm@lb%tpmnd%e BetiByn e poeeBupply 300 @.Svasdypl at e

422" ana PINERRSTADE Bodda3 | CRIGHE PR S0 0PV ROVBIRS | A PRI o -

i nt er f aceegdf refliiHRRE oxpélétt)% 4418 (SBYthE 041vésals8! B 7T Blahavie ﬁlﬁotemﬂtrborehm e,
and the Ig%r rgl ate)lbl b Fate(évrv?th the drill bit_ 400. For exanple, the

upper pl a‘taé"eM‘Zt Wﬂ)ybfblé‘ aaﬁoflaélﬁfe“do%eé 'Tﬁ’ﬁl%a'ﬁireaﬁli‘)}“él‘z?%ﬂ?uhgel?)’a'tt%"aftPOﬁF’e‘Qent t he
upper pl ag 22 fromrotating relative to the borehole. A plurality of

pi stons 4 be coupled to the | ower Pl ate 424 by a hi na%ed connecti on,
such as a baI |[ U0l Ldiek eandingribregignaber sigrels tareiragtike 'IeHWé?bl‘bﬂ’ ¢ 828392,y

rot ate, n t I o the
upper pl atg ﬁ%lgﬁt W&%P gtlé(gintgJ ﬂl;yo‘%”lﬁemgg?g‘?}émp ﬁ%{%ﬁ th?%g@%ggﬁﬁ{@%ﬁgﬁ%%t body
452 and bapplied tolths :utrmwnmds ézs,daz,\m hy theandestyingciormtionp Bien qpeping of

[ 00651 | i t tilted
rel ati ve%g%&% 158“187 fb%r @Eqﬁﬁ% O;k)%%?ao%dlﬁ% #qbglzﬁailﬁ s%h as by
mani pul atémige onm:mll@d fcrrmaeonﬁhead]ef thc)drsll Ui D00aneaeecthe wbtsmtlajbper plate 422,
whi ch may. caus 4 in the
b1t body BEEsin . AN B g ESed el RErRICER, Bt od ool BRI Resdblhe 2,
402 may tieni Kﬂauﬁ&thtdmgh itetvabetlab) 187208 sndld:Ais¢ the moxagtablewaddl 28nth 2ot Atar d
relatlvetoth it f d t rehol e,
as a resut” '5 Htpélfﬁq?lgb%?éégxﬂséﬁqw&%‘gié%é’%gp gt e?fBS I eg‘%@%‘%ﬁ?o@gtl ng

pi stons 4fdizaek big cairidde@sseaiblacitaihe encomgs s4tl0 ﬂuiﬁhﬁa},sﬂms butpif &teees&ﬂ(blrrray
cause the pistons 4 0 fuse the retract.abl e pads 410
to extend 5\%{?@?\ ""t"ﬁ@’“gél r‘ﬁﬂlﬂ%ﬁ‘égﬁg{ggﬁﬁgﬁg’gig nerpbqdipe 'g?t&igt g‘ﬁ Zt%he borehol e
and to noyseridpRESntaN d3(; 208 &ith A8edonl Faek &bl @1, pedishdihCorredsitly fadd mag t he
retractabl e pads 410 pass a second side of the borehole. In view of thi S,
the depth-of-cut for the drill bit 400 nmay be greater on the second side of
the borehole than the first side and the drill bit 400 may renove nore
material fromthe second side of the borehole and directional drilling may
be achieved. Furthernore, the direction achieved (e.g., the degree of
deviation froma straight path) may be determ ned by the angle that the
swash plate 420 is oriented relative to the primary |ongitudinal axis of
the drill bit 400. (0066) In further enbodi ments, such as shown in
FIG 13, each retractable pad 510 of a drill bit 500 may be in fluid
cormunl catl on W|th a vaI ve 520 such as a valve simlar to the vaI ve

Y - v ~ ~ 2 a2 — O rer—eN NN 2 ~ e




16 "MODULATED BI AS UNI TS FOR STEERABLE ROTARY DRI LLI NG SYSTEMS, " t he

di scl osure of which is incorporated by reference herein inits entirety.
The val vewb2012may206e coupled to a rod 522 that may preveat/ush@2wadsoe 522
fromrotating relative to the borehole during drilling operations. The bit
body 530 may include fluid channels 532 therein to provide fluid

communi cati on between the valve 520 and the retractabl e pads 510.

Addi tionally, the bit body 530 may i ndBude fluid channel s 534 that provide
fluid communi cati on between the valve 520 and an exterior of the drill bit
500. As sfhaweutiofithelfiest rds8rvoiri89,f208nl inhethe edconds@eeryainy! Yy B, gausing ghed

comuni cag | i I Lt cation at or near
t he gagea‘?oélfghpeoélf%g#om? ﬁ%éﬁ(rglfrllﬁ{’ ZI%{‘ tc{s%%m% %14 %hg?{nﬁ]nefl%(e%ng%gﬁdngﬁt s, the fluid
channel s 534 réi61be Iolsorectratbdohommptie dettaatableghadst 128, 192t 2 12ougy B30teaded provi de

fluid i [ t teri f_ th ' [ h
nozzl es TH 5 sarbge et e e i RayRisso ol P rapBRe BEE M P
channel s B32yithiddhe boircheld, dnbthesidnal, bechbas b sigoal winiB0 topbt the sob@dsethessigmlit he

drill bit 500 during drillj ration thus will rotate re]atj,ye to the
Vel ve 52010 etaet 6 <ol bl 25, BB AR e ot e oS R SR AIET o

circ y:jn‘ e ][ Ilglmnidradei‘fi@gih_@ Bignsidhh eé&ﬂ‘ﬁ:al Awrfeht By iod plrrex;lfa‘dgg eiztviables i ifg Zﬁfn 28610 ) ma)t;
provi de ui d comruni cati on bet centr [ a in the bit
body 530 SOHESROREINE Fihg r%@%@%@@ﬂ%ﬁ%@%ﬁéﬁ? Ql?t"ég’%l%amgg? MEPRE bl ocki ng
fluid Con‘méﬂziirfg%!di&)mewr&&%ﬁn The @91 bRIPORE) BYpdsitiohell Frassing ottehdotrbé ween t he
central fluid passage 544 and the exterior of th rill hit 500, A second

d f
ci r cunf erkopghols and dyfling fRiidbmeay bg WR‘?QIW%”G?B“*F?&Q“E chnnglel 3 9 thg WY Muni cat i on

bet ween a;gpetrhaatRAPr&sRadiRkOneosd B ERhhQ3P6f the &l Bk 10d@agihed | bit 500,
while preventing fluid communicati on between the central fluid passage 544

and ei t hegausstfluidito fawithaough sheriaives 532 1 8hd0&and iptertheassrsiedgsaryiss e,

retract ab ﬁa@f’jfaﬁ%ﬁ? t%eo\galunngé;&ggsknr]oﬂs PPEN @,3@@ to dxBEndCRl icAbkirdddblbaBaS sSage

544 of the  pressurized relative to a fluid surrounding
the ext er128r 195 2t e edtend frotyi the BoGce. Wihier thewstradtablepadh b2 dP2 243 havglgerns 34

correspongi t fol i reati al

regi on 54 b‘(’) t‘%%g%\}/{{fﬁ{llgedapg’%?'l"s H@aarqesﬁ(gvg%@ﬁ?g %(?AS%%}%‘%JE%?%%E@UH zed.
Duri ng t hi87p2Gsssay bezdlosgd pr maiew; theexpapdedsotume of kaserfoieh 120 &89, 388 passes t he
first circynferential regi of .t l,ve .520 . ' el 532
to the r 0GR Hres PaatETstiey BaTb gt R Ersh s ks bl PofRERES, 70
the central fljoéat]pdssmpyedimérs diat inbledda sdcbndrieter&ER01 9AN2D4 hehreshoawtiabl e pad

510 may b e ded, L.n response.to the fluj.d pressure, he,drill bit
300 1ot at O PAH P Gkl fFSr BE B8 o P18 1p G PR BB SRS Bk ot

retract abtea, padas hidigpalsssetdhd pioemorse of threuphfiisr fuxtlladiapleag 0542 tef t he

val ve 520 and.a fluid cp i cati t . fluid.,17.channel 532 and
Che 1 ui ey tL%%‘K‘"PEH%}’Ja?ﬁ“B“éd%Hfﬁﬁéﬁﬁgﬁég‘gﬁ}‘\}ﬁe g‘é‘& LTS
venting. Rridi0id1NeovaRy b GowdiddsL e (18t ¥servaois] 808l llubdbehimamelvith@?a passes
t he second circunferential regi gn, 542 of the, val ve %Q%)U fluid .

conmuni ca¥rdl FEriol\Al gells e Erid ayedinecidhe, ippompsess! id o thGEeseYPEr i or of
the drill9idP0R). WigheBibolBfttstwitBud Rt RAGirA 91 EXACEH IR fllidt he
pressure of the fluid in comunication with the retractabl e ,paﬂ%@ecom ng
reduced amey bhilized puibe isprepisablslioidr & rugk eheflimete Whareiduibiog Hd 19e

ori ent ed f&hal ¥ ScbRpfesTRE SR £sdr@n R UfRr fiRE nfeBhAGLARLRnPRALFbOMlizEL MOVe
inward at a location corresponding to a first side of the borehole and

out war d rielishibiysolidelebrisfern passing dlerowgh thtealiol¥hol e as the drill bit 500
rotates wthi r | fa il L8 1 SBRE AHie 406 t he
drill bit 5ooqﬂ%§ﬁb§9§§@g%'@ﬁc’gﬁ"d¥ g‘%és’géjgﬂ?ﬁ?iﬂg’eﬁgfi The e b he
first sidélOafd minebaeanfiputed to SBOtivelyretrastovdexienddndividesl irgtractaplsipprdsid Osecond
side of t re e d - H [ I i) chi d. Furthernore,
t he di rec?@oon%é”c I"ﬁiel{'/“ezc?jm)( %&g?ejgs%chgageaégédéwo ﬁ%gﬁgt%agrﬁf moﬁgg strai ght path)
may be de¢meodimends, khe exivasipoand reartioh of the raabible &b 418) Hiwhdletdgllingenasor ehol e
and the fluid pressure supplied to the central fluid passage 544 of the

drill bit 500. [0068] Wile the present invention has been
descri bed herein with respect to certain enbodi nents, those of ordinary
skill in the art will recognize and appreciate that it is not so |limted.

Rat her, many additions, deletions and nodifications to the enbodi nents
described herein may be made w thout departing fromthe scope of the
invention as hereinafter clainmed. In addition, features from one enbodi nent
may be conbined with features of another



enbodi nent while still

as contenplated by the inventor. 18 CLAIMS What is clained is:
ear t h- borwogotaick206onpri sing: at |east one cavity in a Patased12/0m=00
earth-boring tool; a retractable pad positioned in the at |east one cavity

adj acent the face and coupled to a piston |ocated at
| east one cavity;

t he at

with the piston and contained within d3irst reservoir; and

be utilized for the drilling of a curved borehole segment by varying the aggressiveness of
cutting structures 122 (FIG. 2) in different locations on the bit face.

[0064] In some embodiments, a drill bit 400 may include a piston 402 in fluid
communication with each retractable pad 410 and each piston 402 may be coupled to a swash
plate 420, as shown in FIG. 12. The swash plate 420 may comprise an upper plate 422 and a
lower plate 424, which rotate relative to one another at an interface 426. The upper plate 422
may not rotate relative to the borehole, and the lower plate 424 may rotate with the drill bit
400. For example, the upper plate 422 may be attached to one or more rods 430 that prevent
the upper plate 422 from rotating relative to the borehole. A plurality of pistons 402 may be
coupled to the lower plate 424 by a hinged connection, such as a ball and socket connection
440, and the lower plate 424 may rotate, along with the drill bit 400 and the pistons 402,
relative to the upper plate 422. The pistons 402 may extend into bores 450 in the bit body
452 and be in fluid communication with the retractable pads 410.

[0065] In operation, the upper plate 422 and lower plate 424 may be tilted relative
to the primary longitudinal axis of the drill bit 400, such as by manipulating one or more of
the rods 430 attached to the upper plate 422, which may cause the pistons 402 to reciprocate
within the bores 450 in the bit body 452 upon rotation of the drill bit 400. The reciprocating
pistons 402 may then cause the retractable pads 410 to move inward and outward relative to
the bit face as the drill bit 400 rotates within the borehole, as a result of hydraulic pressure
forces generated by the reciprocating pistons 402 acting on the retractable pads 410. The
swash plate 420 may cause the pistons 402 to move downward and cause the retractable pads
410 to extend when the retractable pads 410 pass a first side of the borehole and to move
upward and cause the retractable pads 410 to retract as the retractable pads 410 pass a second
side of the borehole. In view of this, the depth-of-cut for the drill bit 400 may be greater on
the second side of the borehole than the first side and the drill bit 400 may remove more
material from the second side of the borehole and directional drilling may be achieved.
Furthermore, the direction achieved (e.g., the degree of deviation from a straight path) may
be determined by the angle that the swash plate 420 is oriented relative to the primary
longitudinal axis of the drill bit 400.

[0066] In further embodiments, such as shown in FIG. 13, each retractable pad 510
of a drill bit 500 may be in fluid communication with a valve 520, such as a valve similar to

the valve described with reference to U.S. Patent No. 5,553,678 to Barr et al, titled

bei ng enconpassed within the scope of the invention

1. An

| east partially within
a substantially inconpressible fluid in contact



a valve positioned within the earth-boring tool and configured to regul ate

fl ow t hrough an opening of the first reservoir. 2. The earth-boring
t ool of cweaizm2l74%0art her conprising a controll er positi ecgdsaaiziou1soa he
earth-boring tool and configured to selectively open the valve. 3.
The earth-boring tool of claim2, wherein the controller is positioned
within a shank of the earth- borlng t ool . 4. The earth-boring tool of
claim1, further conprising a cartrlddé assenbly conprising the piston and
the valve |located in the at | east one cavit . The earth-boring
tool of cMPRULATERBESUNKES H&Rtsﬂqﬁﬂﬁéﬁé'@s}d%*@Yﬂmfdhwﬁ SYMPEMSesthainot her

pi ston. c*lsclc%sH@: of mﬁthﬁnE&'pm{eH 'ﬂg rd @ 8hceReref! lﬂ'lt%élrﬁt\gh % eudlvd iﬁtrﬁz@r gef | dge

assenbl y npri ses anot reservoir contal a su anntially
i nconpr es®mblleétdd x@dd22 thatomt prevenhihetvalvh €22fiorn Ingatingi rsltmw: toghrechordheleval ve s

positio ”eﬂ;r‘%@ grtﬁ%? E% _i'tf/o%lg.r ﬁ“genlé?%%gﬁ g{ k?ﬁ@llﬁg ﬂhﬂcc?lgﬁ{eﬁ%%b %e@eﬁ ko_l’l'_'hd bet ween

the at | east~one reservo
ear t h- borprogdd fhad cofimahiaationdetwiae thei valve H20 Mailtherctrsctqdﬂspadﬁdm@d and

cont ) 00 RN R R TR GO SSF TN 11110 1101 o

communication between the valve 520 and an exterior of the drill bit 500. As shown in FIG.

13, the fluid channels 534 may provide fluid communication to the exterior of the drill bit
500 at a location at or near the gage region of the drill bit 500. In further embodiments, the
fluid channels 534 may be directed downward through the bit body 530 and provide fluid
communication to the exterior of the drill bit 500 through the nozzles 118, located in the face
region of the drill bit 500. The fluid channels 532, 534 formed through the bit body 530 will
rotate with the drill bit 300 during drilling operations, thus will rotate relative to the valve
520. The valve 520 may be configured with at least two different circumferential regions
540, 542. A first circumferential region 540 may provide fluid communication between a
central fluid passage 544 in the bit body 530 and the fluid passage 532 to a retractable pad
510, while blocking fluid communication between a corresponding fluid passage 534
between the central fluid passage 544 and the exterior of the drill bit 500. A second
circumferential region 542 of the valve 520 may provide fluid communication between a
retractable pad 510 and an exterior portion of the drill bit 500, while preventing fluid
communication between the central fluid passage 544 and either of the fluid channels 532 and
534 corresponding to the retractable pad 510.

[06067] In operation, the central fluid passage 544 of the drill bit 500 may be
pressurized relative to a fluid surrounding the exterior of the drill bit 500. When the fluid
channels 532 and 534 corresponding to a retractable pad 510 pass the first circumferential
region 540 of the valve 520, the retractable pad 510 may be pressurized. During the
pressurizing process {e.g., as the fluid channel 532 passes the first circumferential region 540
of the valve 520), the fluid channel 532 to the retractable pad 510 may be opened to the
pressurized fluid within the central fluid passage 544 of the drill bit 500 and the retractable
pad 510 may become extended in response to the fluid pressure. As the drill bit 500 rotates,
the fluid channels 532 and 534 corresponding to the retractable pads 510 pass the second

circumferential region 542 of the valve 520 and a fluid communication between the fluid



8. The earth-boring tool of claim7, wherein the valve conprises a

pi ezoel ectric val ve. 9. The earth-boring tool of claim4, wherein the
cartridgewazsenilzpéi s secured to the earth-boring tool PpgTAISMERA4POXI Mat e
t he face. 10. The earth-boring tool of claim4, wherein the valve is
wired for electrical comunication with an el ectronics nodul e conprising at
| east one sensor | ocated within the earth-boring tool. 11. The
earth-boring tool of claim 10, wherein’the at |east one sensor conprises at
| east one accel eroneter. 12. The earth-boring tool of cl|aim 10,
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W thin theé st réeservolr ore a Jacent t he
pi ston; the retractable pads 510 to move inward at a location correspondmg to a first side of the

borehole and outward relative to a second side of the borehole as the drill bit 500 rotates
within the borehole. In view of this, the depth of cut for the drill bit 500 may be greater on
the second side of the borehole than the first side and the drill bit 500 may remove more
material from the second side of the borehole and directional drilling may be achieved.
Furthermore, the direction achieved (e.g., the degree of deviation from a straight path) may
be determined by the position of the valve 520 relative to the borehole and the fluid pressure
supplied to the central fluid passage 544 of the drill bit 500.

[0068] While the present invention has been described herein with respect to certain
embodiments, those of ordinary skill in the art will recognize and appreciate that it is not so
limited. Rather, many additions, deletions and modifications to the embodiments described
herein may be made without departing from the scope of the invention as hereinafter claimed.
In addition, features from one embodiment may be combined with features of another
embodiment while still being encompassed within the scope of the invention as contemplated by

the inventor.



an opening to the first reservoir; and a val ve positioned and configured to
regulate fluid flow through the opening. 16. The cartridge of claiml15,
further cwoppiei7sys anot her barrel wall defining a secomdThse@2amdohavi ng a
second reservoir therein positioned for fluid comrunication with the first
reservoir through the valve. WD 2012/174206PCT/ US2012/ 042400 20 17.
The cartridge of claim 16, further conprising: a second piston positioned
wi thin the second bore adjacent the sggond fluid reservoir. 18. The
cartridge of claim 16, further conprising: a diaphragmenclosing at |east a
portion of the second bore adjacent (Lhé&MSecond fluid reservoir

What is claimed is:
1. An earth-boring tool comprising:

at least one cavity in a face of the earth-boring tool;

a retractable pad positioned in the at least one cavity adjacent the face and coupled to a piston
located at least partially within the at least one cavity;

a substantially incompressible fluid in contact with the piston and contained within a first
reservoir; and

a valve positioned within the earth-boring tool and configured to regulate flow through an

opening of the first reservoir.

2. The earth-boring tool of claim 1, further comprising a controller positioned

within the earth-boring tool and configured to selectively open the valve.

3. The earth-boring tool of claim 2, wherein the controller is positioned within a

shank of the earth-boring tool.

4. The earth-boring tool of claim 1, further comprising a cartridge assembly

comprising the piston and the valve located in the at least one cavity.

5. The earth-boring tool of claim 4, wherein the cartridge assembly further

comprises another piston.

6. The earth-boring tool of claim 5, wherein the cartridge assembly further
comprises another reservoir containing a substantially incompressible fluid in contact with the
another piston, and the valve is positioned and configured to regulate flow of incompressible

fluid between the at least one reservoir and the another reservoir.

7. The earth-boring tool of claim 4, wherein the valve is positioned and configured
to regulate flow between the one reservoir and a drilling fluid channel within the earth-boring

tool.



19. An earth-boring drill bit, conprising: a plurality of cavities in a
face of the earth-boring drill bit; a retractable pad coupled to a first

pi ston | ovatett/@s20beast partially within each cavity of pChaSpéianaisey; a
substantially inconpressible fluid in contact with the first piston and
contained within a first reservoir; a plurality of bores in fluid

comuni cation with the plurality of cavities and in contact wth the
substantially inconpressible fluid; al®econd piston |ocated at |east
partially within each bore of the pI urallty of bores; and a swash pl ate
oper abl y coupISed t Gheeat-todopted! ofickin, whereipthe Vﬁvmmﬁm@safpl@p@@@q ng an
eart h-boring t9 the method conprising: drilling a borehole with an
eart h-boring tooF with at | east one retractable pad protruding froma face
of the earth-boring tool adjacent at |east one cutting structure; opening a

{aservoi 1 posioi ondlt BERast e (hETsielf 40 e Pl Paot W3 kB ¥ guci ng

t he anpuntartdbopgrbsibyiacveldprokiiatealic thast one retractabl e pad from the face
of the earth-boring tool while within the borehole; and resumng drilling
after reducing the amount of protrusion of the at |east one retractabl e pad
fromthe face 19f t TRe &ahtborintooNgS cla@B® U, wherein the valve is wired for electrical

communication with an electronics module comprising at least one sensor located within the

earth-boring tool.

11.  The earth-boring tool of claim 10, wherein the at least one sensor comprises at

least one accelerometer.

12.  The earth-boring tool of claim 10, wherein the at least one sensor comprises at

least one strain gage.

13.  The earth-boring tool of claim 10, wherein the valve is configured to be powered

by a power source of the electronics module.

14.  The earth-boring tool of claim 1, wherein the piston comprises a steel carrier

coupled to the retractable pad comprising a carbide, the steel carrier comprising a seal gland.

15. A cartridge for an earth-boring tool, the cartridge comprising:
a barrel wall defining a first bore;
a piston comprising at least one retractable pad positioned at least partially within the first bore;
a first reservoir within the first bore adjacent the piston;
an opening to the first reservoir; and

a valve positioned and configured to regulate fluid flow through the opening.

16.  The cartridge of claim 15, further comprising:
another barrel wall defining a second bore and having a second reservoir therein positioned for

fluid communication with the first reservoir through the valve.



21. The method of claim20, further conprising sensing at |east one change
in rotational speed of the earth-boring tool and opening the valve in
response wo 2btee17¢mased change in rotational speed of thecCeaski2oe4dng t ool .

21 22. The nmethod of claim 20, further conprising sensing at | east
one change in weight on the earth-boring tool and opening the valve in
response to the sensed change in weight on the earth-boring tool. 23.

The nethod of claim 21, further conpri¥ing, maintaining a rotational speed
of the earth-boring tool while sensing the at | east one change in weight on
the earth-boring tool. 24. The nethod of claim 23, wherein

mai nt ai ni ng trle7 ro%ﬁ&(ﬁ?gé 3"%5*“‘? 18)%&“}?00% rlI'Sllﬂﬁbori ng tool conprises
a

mai ntai ning a ot at I on: I's substahitially zero rotations per

m nut e. asecondipﬁmn'ﬁmatlmﬂhoﬁilrﬂhe :mbrmdrbpmrijaﬁaut thh esconbiipd resérngr.r el easi ng

fluid fromthe first reservoir into a drilling fluid channel of the

eart h-boring tool upon opening the valve. 26. The nethod of cl ai m 20,

further corrpri]si ng"mebamﬂ'gng“ciahmildfﬁml&mmﬁmism'g:r st reservoir into a second
e val ve. m.26, further
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to releasing the fluid fromthe first reservoir.

19.  An earth-boring drill bit, comprising:

a plurality of cavities in a face of the earth-boring drill bit;

a retractable pad coupled to a first piston located at least partially within each cavity of the
plurality;

a substantially incompressible fluid in contact with the first piston and contained within a first
reservoir;

a plurality of bores in fluid communication with the plurality of cavities and in contact with the
substantially incompressible fluid;

a second piston located at least partially within each bore of the plurality of bores; and

a swash plate operably coupled to each second piston.

20. A method of operating an earth-boring tool, the method comprising:

drilling a borehole with an earth-boring tool with at least one retractable pad protruding from a
face of the earth-boring tool adjacent at least one cutting structure;

opening a valve within the earth-boring tool to release a fluid from a first reservoir positioned
beneath the at least one retractable pad and reducing the amount of protrusion of the at
least one retractable pad from the face of the earth-boring tool while within the borehole;
and

resuming drilling after reducing the amount of protrusion of the at least one retractable pad from

the face of the earth-boring tool.

21.  The method of claim 20, further comprising sensing at least one change in
rotational speed of the earth-boring tool and opening the valve in response to the sensed change

in rotational speed of the earth-boring tool.



28. The nethod of claim 27, further conprising deflecting a di aphragm
within the earth-boring tool in response to releasing the fluid fromthe
first reswowvoiw174206 29. The nethod of claim 20, furtRer/UseMRO#BING:
pressurizing a fluid within the earth-boring tool while positioning the
earth-boring tool off bottom opening the valve; and extending the at |east
one retractable pad. 22 30.A nethod of formng a curved borehole, the

met hod conprising: extending at | east2bne retractable pad positioned within

a face of a drill bit at a first side of a borehole while drilling; and
22.  The method of claim 20, further comprising sensing at least one change in

weight on the earth-boring tool and opening the valve in response to the sensed change in weight

on the earth-boring tool.

23.  The method of claim 21, further comprising, maintaining a rotational speed of

the earth-boring tool while sensing the at least one change in weight on the earth-boring tool.

24.  The method of claim 23, wherein maintaining the rotational speed of the
earth-boring tool comprises maintaining a rotational speed that is substantially zero rotations per

minute,

25,  The method of claim 20, further comprising releasing fluid from the first

reservoir into a drilling fluid channel of the earth-boring tool upon opening the valve.

26.  The method of claim 20, further comprising releasing fluid from the first

reservoir into a second reservoir upon opening the valve.

27.  The method of claim 26, further comprising moving a second piston within the

earth-boring tool in response to releasing the fluid from the first reservoir.

28.  The method of claim 27, further comprising deflecting a diaphragm within the

earth-boring tool in response to releasing the fluid from the first reservoir.

29.  The method of claim 20, further comprising:
pressurizing a fluid within the earth-boring tool while positioning the earth-boring tool off
botton;
opening the valve; and

extending the at least one retractable pad.



retracting the at | east one retractable pad at a second side of the
borehole while drilling.
WO 2012/174206 PCT/US2012/042400
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30. A method of forming a curved borehole, the method comprising:
extending at least one retractable pad positioned within a face of a drill bit at a first side of a
borehole while drilling; and

retracting the at least one retractable pad at a second side of the borehole while drilling.



