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BACKGROUND OF THE DISCLOSURE
1. Field of the Disclosure

[0001] The disclosure relates generally to apparatus and methods for forming
boreholes and, specifically, for controlling a depth of cut when drilling.
2. Description of the Related Art

[0002] To form a wellbore or borehole in a formation, a drilling assembly (also referred
to as the "bottom hole assembly" or the "BHA") carrying a drill bit at its bottom end is conveyed
downhole. The wellbore may be used to store fluids in the formation or obtain fluids from the
formation, such as hydrocarbons. The BHA typically includes devices and sensors that provide
information relating to a variety of parameters relating to the drilling operations (“drilling
parameters”), behavior of the BHA (“BHA parameters”) and parameters relating to the
formation surrounding the wellbore (‘“formation parameters™). A drill bit is typically attached to
the bottom end of the BHA. The drill bit is rotated by rotating the drill string and/or by a drilling
motor (also referred to as a “mud motor”) in the BHA in order to disintegrate the rock
formation to drill the wellbore. As drilling progresses from a soft formation, such as shale, to a
hard formation, such as sand, the rate of penetration (ROP) of the drill bit changes, thereby
causing wear and tear on portions of the drill bit. In an example, polycrystalline diamond
compact (PDC) cutters may be subject to wear and tear when cutting hard formation regions,
thereby requiring servicing or replacement of the drill bit. Replacement of the drill bit may be

time and cost intensive, as the drill string is pulled from the borehole to remove the bit.

SUMMARY OF THE DISCLOSURE

[0003] In an aspect, drill bit for use in drilling a borehole is provided that includes a
body including a side section and a face section and a passage in the body. The drill bit further
includes a rubbing member disposed in the face section and configured to control a depth of

cut for the drill bit, wherein the rubbing member comprises a thermally responsive material in
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08] FIG. 2 is a perspective view of an embodiment of the drill bit made according
to one embodiment of the disclosure; and

[0009] FIG. 3 is a sectional side view of a portion of the drill bit from FIG. 2.

DESCRIPTION OF THE EMBODIMENTS

[0010] FIG. 1 is a schematic diagram of an exemplary drilling system 100 that may
utilize drill bits made according to the disclosure herein. FIG. 1 shows a wellbore 110 having an
upper section 111 with a casing 112 installed therein and a lower section 114 being drilled with a
drill string 118. The drill string 118 is shown to include a tubular member 116 with a BHA 130
attached at its bottom end. The tubular member 116 may be made up by joining drill pipe
sections or it may be a coiled-tubing. A drill bit 150 is shown attached to the bottom end of the
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150 is shown attached to the bottomend of the WO

2012/ 138827H097 UL oamtraqd 3pp ¢ controller) 190, which may be a computer-based unit, may be

placed at the surface 167 to receive and process data transmitted by the sensors in the drill bit
150 and the sensors in the BHA 130, and to control selected operations of the various devices
and sensors in the BHA 130. The surface controller 190, in one embodiment, may include a
processor 192, a data storage device (or a computer-readable medium) 194 for storing data,
algorithms and computer programs 196. The data storage device 194 may be any suitable
device, including, but not limited to, a read-only memory (ROM), a random-access memory
(RAM), a flash memory, a magnetic tape, a hard disk and an optical disk. During drilling, a
drilling fluid 179 from a source thereof is pumped under pressure into the tubular member 116.
The drilling fluid 179 discharges at the bottom of the drill bit 150 and returns to the surface 167
via the annular space (also referred as the “annulus”) between the drill string 118 and the inside
wall 142 of the wellbore 110.

[0012] Still referring to FIG. 1, the drill bit 150 includes a face section (or bottom
section) 151. The face section 151 or a portion thereof, faces the formation in front of the
drill bit or the wellbore bottom during drilling. The drill bit 150, in one aspect, includes one or
rubbing members 160 (also referred to as “wear blocks”) at the face section 152 that may be
adjustably (also referred to as “selectably” or “controllably’’) extended and retracted from the
face section 151 during drilling to control a depth of cut. The rubbing members 160 are also
referred to herein as the “rubbing blocks™ or “members.” A suitable actuation device (or
actuation unit) 155 in the BHA 130 and/or in the drill bit 150 may be utilized to activate the
rubbing members 160 during drilling of the wellbore 110. A suitable sensor 178 provides
signals corresponding to the downhole drilling environment that may be used to determine the
rubbing members 160 position. The BHA 130 may further include one or more downhole

sensors (collectively designated by numeral 175). The sensors 175 may include any number
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or retractlng the member with respect to a surface of the face section 151. In an aspect, the
rubbing member 160 is configured to extend and retract from the surface of the face section in

a direction that is substantially parallel to a bit axis 208. As depicted, the rubbing member 160
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[0017] In another enbodinent, the flow control device 304 directs a heating
or cooling fluid into the passage 204 to control the position of the
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cont r actiscobren ab&R), 8’ thehwy ?esﬁ@tfs%dnz&@tﬁaﬂgt)ﬂgxﬂa@iﬁp%éﬁ WaBed amdi ohtramy be the
sane or different than the first selected tenperature. In sonme enbodi nents,

the r ubfoﬁl@rmgon@dbtémrebﬁenabsn@ﬁte;ﬂoebmﬂtm fedea Picteahgeecra psitwnrod thembbigg

t f 1 d t | depth of cut
bre. t1 berngsd BBy eFRG Tefep by o Bk TR B 200 P B hnd otays
in the Rx%pRA @eqleag‘@tlﬁg ARmbENI A, R&4tin grr&mthgem/& nd ﬂﬁdtlm;vv&i o thesponsi ve

material 302 is configured to expand and contract based on the tenperature
of the pantage 264, d@pgtdm@on prypcﬂtlet ofntbs thermally rep@m$89¢ mamrasﬁfe?ctmi t he

th || | ud t I f
i 1 ot AP CEOAEE B BREE RS il PG AT B PR GOHgPatog (O |
non- | | mfid RAciPADAIAIRANS, supHR JFRORIJT e BTRYS(AG: dR5ERQihh the BIRR 130,

t hernopl astic or thernoset nmedium This medium nmay contain a nunber of
addlt|ve&xandknmnmnhebemennmbﬁbpnMxmaﬁhbmbmﬂ§Othakwakmeﬁw@DOMQﬁmh¢nmye

roperties of e resulting S sive ter|a

Y 15(@3@57!%@6’5 %@é@%ﬁ@?%’@@s 98%1"% ﬂe&éﬁ@tﬂe to pyp aq?%p%wemmsp%gln
enbodl r Rl tallic
ot or AremOSimehEs, B drffsARRP RSN RS Rle WoHRY dnfifeh U061 I 2

exanplehmnmﬁyudpmﬁnmhmnmmﬂBgzresponS|ve al | oy or netallic material, such as
copper, bronze, brass, alumnum |ead, steel allo 1 or ot her SU|tabIe
Bﬁ%t%

metal . In ot[HQB]e?PﬁdatrﬁeHrssp?%évet%?rﬁadl P%lsraéw watggplonHgured o i ncl udes
th
er mopl, ast ﬁg Oxghég{)l}e%t%%r %ﬁ%e& ﬁfspséffcgt/ést{ t)%}mg%glrgaﬁrxgggﬁ%}t R&rek tfhErQﬁQ 9r oup

consi st uret hanes nes enes, epOX| rubbers,

f 1 uor oakgwhenematerial 302 dl@sGonetattydzleme;opredp)yloenes&bemeelmabﬂeﬁipslraﬁiiE’DM ot her
pol ynmers, conbinations thereof, and the |ike. [0020] In aspects t he

t her malWhich @gpbagiovemgse érffeéﬁnt ﬁez theaﬁrst)eelf&@ctﬁmner@me Haspregerabodiesnival | y
r eSponSthVElb%}n%%en%ﬁ}/e{ 1@6 1s ’to CE' §%—: %re?rar%ﬁ é%?l{lgl? Pn I \ég t'flef ers

to the capac o be ove I'rs

t enper ajfnsd té aﬁl ehen@alquﬂmﬁ r(tamea dépth SF c@Pohé Gk chROs ithd @Brohhlya s eco nd
expanded position as it is heated. However, the same nateri al may t hen be

r est or g@spogsive elatww@(ﬁaﬁxmmdé@ed atapls §1|t121@ expfanded paskionc dnothee tabogmsntsi on, by

coolin eria nd s ted tenper ture he sec nd selected
Cenper dbt PErREh hudput S fuRCEB0S SR o R LR B it BGAIEIRE or “rmy e
anot herieihBEMREALHE mateRENFiuRgitPHf @ARY. | cation needs and the material used.
[ 0021] The foregoing description is directed to particular enbodi nents of

t he present[ﬁﬂgﬁﬂosqﬁewtdmthﬂewﬂuﬁppwen@ﬁmnmmﬂ§02amvmmhahdmempmamht|on | t
will be a howev sk|Il in the art that

modi 11 CapTLet S e n RET Rt o Res e B rrAB0E B Eossi bl e
Wt h0Utlﬂﬂﬁﬁ@é&bé&n@ﬁt@@u&l@&a&%g%a%e bldpardi %hpasﬂ'ﬂéﬁnoplgﬁ@bmermoset

medium. This medium may contain a number of additives and/or other formulation

components that alter or modify the properties of the resulting thermally responsive material

6



1. Adrill bit for use in drilling a borehole, conprising: a body including
a side portion and a face; a passage in the body; and a rubbi ng
menber diwpasexi3sse7’t he crown and configured to control &caaseér2os226ut for
the drill bit, mherein t he rubbing menber conprises a thermally responsive

mat eri al |n ther .conmuni cation with. the Raafgﬁe confi ured to c ntrol a
posi ti otf2ofof FEAY ‘bb‘il YN HRML At cbpdEsats th @M%)@n ve materigl 30ehe grij| |

bi t of ﬁh&*ﬁl&em ﬁ{c%ﬂeﬁh@%ﬂhm@m %lb it O£ n%l@%mg onY No%slﬂ%ﬁgve

mat eri al “causes the position of |ng me to change 3. The

drill Manpksﬁkhﬂﬁnlhmnﬂﬁyﬁmﬂnmheaﬂbﬁbﬂﬂkhﬂwﬁﬁﬁ@mﬂamvbaman@enahnﬂxtends or

retracts the rubbing nenber fromthe face based on a tenperature of a fluid
in the Passsalgminum, lead, sicel ﬂmd?rl qtheruitale mefahi  athergrahodimenth éhg ubbi ng

menber tﬁg‘}éﬁﬁy %ﬁ%g@nswerrﬁft&llﬁ B2 %ﬂd@p{}{eﬁh&ﬂ?& Ib?kﬂ@%o%e}? A% Shdgh %?; he drill

bit whe mal responsi ve position of the

r ubbi ngclreRBEiom a group c5n51§[ﬁl1§ dflpblyhrdﬁia&legfpogfls‘@rtfmei ,poW@ﬂiyﬁinéls tpexiesibbi ng
menber further conprises a rubbing block and wherein the thernally

r espongiberyrdlugrdelystomers yriiep cﬁﬁ@d@@@rv@é@mt&@emm@s GiPENND. @fleert he

passage, il aof.claim1l, wherein the rubbing block is
conflgd}éﬁm? gPen mﬂhme @g%%ﬂ?é%%1a surface of the face based on a state

of the thermabiy] IhaspReRsthéahdBiaBy ta@pensive material 302 may be described as having a
thermally responsive property. As used herein, the term thermally responsive refers to the
capacity of the material to be heated above the first selected temperature and to expand from a
first contracted position to a second expanded position as it is heated. However, the same
material may then be restored to its original shape and size, i.e., the contracted position, by
cooling the material, to a second selected temperature. The second selected temperature may
be less than about the first selected temperature or may be another temperature, depending on
application needs and the material used.

[0021] The foregoing description is directed to particular embodiments of the present
disclosure for the purpose of illustration and explanation. It will be apparent, however, to one
skilled in the art that many modifications and changes to the embodiment set forth above are

possible without departing from the scope of the disclosure.



7. The drill bit of claim1, wherein the thermally responsive material is
configured to expand when heated by restricting a flow of fluid through the
passage awo00onif3gared to contract when the flow of fl uipdTiusc@aybe2ehe
passage is not restricted to change the position of the rubbing nenber.

8. The drilugﬁ%@égf claim1l, wherein the thermally responsive materi al
conprises a menory material configured to expand froma first shape
to a second shape -@Hgk'- B shape nmenory materi al

9. The driIILbit’%Pﬂgpgin1 F%ﬁ %@@g%B?%%@%h%ggﬁﬁgﬁbry mat eri al expands from
the first shapelytioclidiey ssidoport®hapé adgren application of heat to a

t enperature about equal to or greater than a glass transition tenperature
of the shape* PAssAsE Y thatbedy:and 10. The drill bit of claim1, wherein

cutter on trie Pore MREBbIAEEYD BATRYTRaEYBY Bhe it i Rk BEC 2 e

f or useh¢ drildlbit,| Whargin ahaibbin® hembeooganpriseN@ themally debpongivasmesal v thawiang a

drill bit at an end thereof, the drill bit including a side portion and a
face; eopuaBugEon withibe prssge captigured to cogtiol i BPHEP @ Fubinggeenabpr ivitht he
face aq,q&gg%%gu&sg to control a depth of cut for the drill bit, wherein

the rubBI'ng menber "conprises a thermally responsive material in thermnal
communi cati gn W tihetdiBl RESRGR 1¢ AMbicgLEREng Or EsVlhg e BePRH kdspondfe t he

rubbi ng nmenber with respect to the face.
material causes the position of the rubbing member to change.

3. The drill bit of claim 1, wherein the thermally responsive material extends or
retracts the rubbing member from the face based on a temperature of a fluid in the passage.

4. The drill bit of claim 1, wherein the rubbing member moves in a direction
substantially parallel to an axis of the drill bit when the thermally responsive material changes
the position of the rubbing member.

5. The drill bit of claim 1, wherein the rubbing member further comprises a
rubbing block and wherein the thermally responsive material is positioned between the rubbing
block and the passage.

6. The drill bit of claim 1, wherein the rubbing block is configured to extend or
retract from a surface of the face based on a state of the thermally responsive material.

7. The drill bit of claim 1, wherein the thermally responsive material is configured
to expand when heated by restricting a flow of fluid through the passage and configured to
contract when the flow of fluid through the passage is not restricted to change the position of
the rubbing member.

8. The drill bit of claim 1, wherein the thermally responsive material comprises a
shape memory material configured to expand from a first shape to a second shape upon
application of heat to the shape memory material.

9. The drill bit of claim 8, wherein the shape memory material expands from the
first shape to the second shape upon application of heat to a temperature about equal to or
greater than a glass transition temperature of the shape memory material.

10.  The drill bit of claim 1, wherein the rubbing member is positioned between an

axis of the drill bit and a cutter on the face.



12. The apparatus of claim1l, wherein the thermally responsive material is
configured to expand when heated by restricting a flow of fluid through the
passage awo00onif3gared to contract when the flow of fl uipdTiusc@aybe2ehe
passage is not restricted to change the position of the rubbing nenber.

13. The apparatus, of claim1l, wherein t rubbi ng .nenber further conprises
a rubbing blldck aNyeRIIETG rpﬁénﬂﬁgpﬁéﬂVgﬁP3§ﬁ%ﬁ@gW%gnnleriaI is positioned

beteen he 4 hNGOHAGKafids KR bRAPARGR: oot teldhn FDRoABARTa us of claim

11, wherein t erma ponsive material éonprises a shdpe nmenory
mat eri al cond didsupertoi endexfiaeed from a first shape to a second shape upon
application of heat to_the shape nenory material. 15. The net hod of
claim 11, wiehassageimidebglpiad menber is positioned between an axis of the

drill bit arﬁdruﬁblﬁggﬁaeﬁgbgf;@lrséﬁ@% I ?}g faoce and corﬁ%"ure-lc-ihtg QRRST c?%bﬁa&é %ﬁ kqidn 11

further conprisin perate n response ramet er of

i nt er esdrilittat, &dBtcinihe Fhthmgorher@bdrl cohghribdaradtigimalllp ecspagshagtattal O Heradl t he
tenperature of the thermally responsive material. 17. A method of
dril | i rrgmEnyégaripevéth thopassagsicagiigured to canginl e ppsidereofdhe rytibig raeyskasivith havi ng

adrill_hbit, at nd thereof, the drill bit including a body including a
si de, ée$§§€9tg§%§§sage in the body, and a rubbing nenber in the face and

configured ti@. contheQlpparafRRiFBlagh 1¢UvhERIN thhehcghinhlly refpdnsiveei&ianist he rubbi ng
menber conprises a thermally responsive material in thermal comunication
wi t h t renpaysdirecipend har beprtedobycispiricang aflpwifflusiihwfugh e passage agd menber

ST S A g A N
r esponshy Bodid L1 tBé ri®ingdRdmRk. @ depth of cut of the drill bit.

13.  The apparatus of claim 11, wherein the rubbing member further comprises a
rubbing block and wherein the thermally responsive material is positioned between the rubbing
block and the passage.

14.  The apparatus of claim 11, wherein the thermally responsive material comprises
a shape memory material configured to expand from a first shape to a second shape upon
application of heat to the shape memory material.

15.  The method of claim 11, wherein the rubbing member is positioned between an
axis of the drill bit and a cutter on the face.

16.  The apparatus of claim 11 further comprising a control valve operated in
response to a parameter of interest to control flow of a fluid through the passage to control
the temperature of the thermally responsive material.

17. A method of drilling a wellbore, comprising:

conveying a drilling assembly having a drill bit at an end thereof, the drill bit including
a body including a side, a face, a passage in the body, and a rubbing member in the face and
configured to control a depth of cut for the drill bit, wherein the rubbing member comprises a
thermally responsive material in thermal communication with the passage configured to
control a position of the rubbing member with respect to the face;

drilling the wellbore with the drill bit; and

controlling flow of a fluid through the passage to heat the thermally responsive

material to control a depth of cut of the drill bit.



WO 2012/ 138827PCT/ US2012/ 032266 18. The nmethod of claim 17, wherein

t he rubbi ng nmenber is configured to nove in a direction substantially

paral | el wo2are/38823 of the drill bit when the thernmallypceasengiosresat eri al
changes the position of the rubbing nenber. 19. The method of claim

17, wh in th bbi r furt her I, bbi bl ock d
wher et n the Kher eI e Rl ponGmVAT. e B T BB EPS o BUNEER e  ubbi ng
bl ock (gretcﬁgn Bﬁﬁt%ﬁgﬁ%;mraﬂel t|o2a91'ax-igrbq“tﬁ@&tﬂp@h&ilef!h@'tmr&@%t g In§1v@ the

thermal |y responsive terial conprises a shape nenory configured
t 0 expandlefidl @harges theFosisibapétheauibbisemombershape upon application of heat to
the shape nenory materjal by fluid flow through the passage. 21. The

met hod of cl& m ihhe mgtbediclinel 7: uwhirely threrbing mempss frthsheamiyéenen an
axi s Ofruf)ﬁffg ng'ClL hncp{)vhet’@ﬂqh@{hehﬁﬁﬁltreﬁa%'ﬁsigy}nta?elfiaplg' pggﬁoﬁeﬁ%%tween the rubbing

block and the passage.

20.  The method of claim 17, wherein the thermally responsive material comprises a
shape memory material configured to expand from a first shape to a second shape upon
application of heat to the shape memory material by fluid flow through the passage.

21.  The method of claim 17, wherein the rubbing member is positioned between an

axis of the drill bit and at least one cutter on the face.
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