DRI LLI NG TOOL EQUI PPED W TH | MPROVED CUTTI NG ELEMENT
LAYOUT TO REDUCE CUTTER DAVAGE THROUGH FORVATI ON

W@RORbIBES41 METHODS OF DESI GN THEREOF AND DRI LLIIN&/US2006/006209

10

15

20

25

30

THEREW TH TECHNI CAL FI ELD This invention rel ates
generally to placenent of cutting elenents on a rotary
drilling tool for use in drilling subterranean

formati ons or other hard materials disposed within a
subt er rBREBRINGFROLIQUIREEDWIAH IMPEQVEgﬁ,UHQN g
conpMEMENTBhAVOETI TAORKEDUCE GHATTER DAVMAGE FEIROUGH
I nvent IFORMATION €HANGES; METHODS ORODBSIGN EHEREOF

redundant cutti ng SNPBRIELINGTHEREWITAY tool so as
to contact a change in formation characteristics

bet ween di fferent subterranean regions between a

~formation and anot her ﬁﬁr éAng.m' 5)sed therein, or
bet ween two structures F borehol e prior to

cont actrhyin@infigh réiatbs gé'iﬂrzﬁl'yQSBl'Hc&nQﬁﬁﬂ Qo &R a rotary
BACKGROUND Conventionally, "it is well-known that

c dtitlinggoell fermesstis dnbmgtseblterrmaah domhicftions enethgrdsird ingtesialsn

2 L pSedSinihy A R ernt Flin. Tt EXRET HERES YS! Eofaponents,
Chad aRlRe! i€ partiehilaRPlthe inlBRG] JBGHR 19blbBBedtQRENNEr more

and wear have Eeen acconmpdat ed i n conventional rotary
d réduhdem't cutting elcarentstupons diriblin@ #00] sogaseb eomadt agiharge in

and urat| inr Iatlonther
by Bttt ke abmh aibtefinett ety Srdirene
pIﬁﬁfﬁﬁﬂ@ﬂBn@é}l(ﬁhérgfrﬁétﬁre%éﬂogecpﬂhtereﬁf bf BetfRe B0 SARRBIrEEisposed
the effects and conditions of the cutting el enents as
wel 4 barshelh @ribotocestaaniy ¢therquitingadsneaitatisposet dresenint h
during an initial encounter of a transition during
drilling between two adjacent subterranean fornmations

having at | east one diffgkiRrghanacteristic. In
addi ti on, conventional _approaches for cutting el enent

_plac erréhnvmhioaalt}oiteis wel+kinbivnlthat chiine etemenssdecated il the different

addr.essed c | erati of transi.ti ons oc rin en

APPTORG HEOREH. BA HOTETaEtH SHeHEedaen Shcient hefig

S B&?dm&i%edi‘fﬁf%ﬂ WeRWHaRRALRG, bMoik. a’i‘rhﬁ fo&lﬂé’@ﬁ th% RdinBend
formati on therebel ow. Several approac have been

dewet lpye dbed:ma(momnnﬂm&dumcmymml tajan;hdm@l hltsrhjwtariaﬁmls in

t hat, occur in differ osifiqns on a. rot ﬁ/

dFVRg elemegtsize, ggometry, an con guration 1n relation thereto. However,
conventional approaches to cutting element placement on a rotary drill bit often do
not consider the effects and conditions of the cutting elements as well as the forces
and torques associated therewith during an initial encounter of a transition during
drilling between two adjacent subterranean formations having at least one differing
characteristic. In addition, conventional approaches for cutting element placement
on a rotary drill bit have not adequately addressed considerations of transitions
occurring when drilling through downhole equipment, such as a casing shoe, the
cement surrounding the casing shoe, and the formation therebelow.

Several approaches have been developed to accommodate varying loading

_ conditions that may occur in different positions on a-rotary-drill-bit face. For

instance, U.S. Patent Nos. 6,021,859, 5,950,747, 5,787,022, and 5,605,198 to



i nstance, U S. Patent Nos. 6,021, 859, 5, 950, 747,
5,787,022, and 5,605,198 toTibbhitts, et al.,

w0 e@ppeteivel y, each of which is assigned to theCT/US2006/006209

assi gnee of the present invention, disclose selective

pl acenent of cutting elenments of differing di anond

tabl e-to-substrate interface design at different

|l ocgtions on the bit face, to address different

pr gﬂ? ¢S 8t B respprdtvelydeach afiwhichcio nsiigried s thelassignee of the present

: i i drilling. ..
perERide BRIRPRIGAT olsfrnfif Py lsfeply offiing diomond
6, bl - BMbaride fitdfide 888urk & dvEaSAr WAL of theit ﬁagﬁgg address

-diéﬁ@ose rotary drill brts including cutting €
di

B predi teznedted logding eonditias. r adi al posi ti ons

wher ei ng.t tipnall recedi ng cutting el ement is
° or i ent et a{]a ngg%g)ﬁ)él F??RP@O%QE?(H’FH%I i illipg performgace of rotary
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r odréll biv)) & $ yP ettt INowi 61964364 mﬂ%%zﬁ% y@sgf\i/ﬁ&‘o%’t aj‘.teeach

a neqative back rake angle and 'ex ess exposu

tS h‘aﬁc P¥ecotaps duill bl;%ﬂnlclﬂtdpxgewml\b { gsﬂgf%mﬂ'ft;i di?gosf/g aﬂﬁib\%a?tial{y identical
[ . U. S Pat.en . .5, : o nsa- W | nmo

ot a%@%%#@&“@?&%@ﬂﬂ& [rpoeding cufting alemeny iserentagrat a

Ccuidsitivg batlermkehagle DML il gt of

cﬁti ng el ement sgi ncl uﬁggyggﬁ(ﬁ%ggtfmb\%%ﬁ%g%tﬁlggaleﬁle}ﬂ 15 oriented

el ®ReReaivedack wéc engldiafd extabits lobsakpesiat tiaanks Adtonkine

SaE. ic"ﬁgi osition but having differing degrees of

back T ake ei% ure. Further, U.S. Patent No.

4, 429, Rimilkfly W K| PABRN,. i 50 ) drill.bjt

i ncl udi nlgl_su_}c,:ces.si ve gg% g’%?’lgatqgP%élgéélt\@?%%tteé,al'tdhsgiosesa

C Gﬁar}h@ﬂ binineludingfseteat huttieg clomienty mihsipaishetead, vibddh cach set

r‘%‘%'cﬁf?inf re%m apsd dll aéol ??ed about  the axis of rotation

of the PSR SdPE PHesHt {(CasHWO Y HingRlementsy meounted on different

e dldiles bt denBAIIk i t iSetint goded t

R A DR lon PR Ul ML AOEES Bk rle

trace a path which overlaps wt a

- c@hd prRpseteenent s of other set or sets of cutting

el ements. . Al U S, . Pa lication 2002/ 0157869 |
A To Gy B, pateiNe et 328,255 0 Wi Bmean isalosss jalrptatyi drjll bit
Wiridhlidih® sukdERRE tsed b gj S trer. torgues. .
ar e e\;egrsllS y distri bg?glgtﬁg%ﬂeﬁgﬂgiﬁe}cpﬁ%g%re e&?&%tgeﬁgbffi being
r gisRosed it equsbradinstiram sid displated abonBthi aris.of MAHGESE the rotary

il BiRuBh R ok o gBuaaIre Brg clgment of et hersatisrptended
oo Comvent  onar u Rt gt §oE&ladt Qb EHEneyRRr pier s
bPf sets i puking dlemerge an
Also, U.S. Patent Application 2002/0157869 A1 to Glass et al. discloses a
fixed-cutter drill bit, which is purportedly optimized so that cutter torques are
evenly distributed during drilling of homogeneous rock and also in transitional
formations. Methods utilizing predictive mathematical drilling force models are also
disclosed.
Rotary drill bits, and more specifically fixed cutter or “drag” bits, have also
been conventjonally designed as so-called “anti-whirl” bits. Such bits use an

Intentionally unbalanced and oriented lateral or radial force vector, usually generated

by the bit’s cutters, to cause one side of the bit configured as an enlarged,



intentionally unbal anced and oriented | ateral or
radi al force vector, usually generated by the bit's

W@ 0609141 t 0 cause one side of the bit confi gur€USEOEING6209
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enl arged, cutter-devoi d beard ng area conpri sing one or
nore gage pads to ride continuously against the side
wall of the well bore to prevent the inception of bit
"whirl," a well-recognized phenonenon wherein the bit
pr SR iexoidibseing arprcaraprisitmoe ambragagasids thedsédinuously

{necit R SR b e SR TR rvchbiesGition phbR “whir o
boneliat@gaizee phéfoaRdon QheleiDRe gﬁ)prgée%%g ﬁllo%p%i %d\vel}]laore and

out-- of -round shape and in damage to the cutters a

bi #83inss hefsideyva] npedisetioNomintds, t6 12, A8t th WhidH thebis being
to tget i al . disclose anti-whjrl drill bits.
Furro? tg&r', “%E%.maﬁé?s fiin 9“%9_’@% ,eﬁlezge@&omﬂg@gﬁ) dimegision and

assitgiaduidstiaeaResl ARAge B b BRedt SREAL iy ent i on.
di scl'oses support structfures in a Ror mal y cutter

devoi d Pendatent No?b 1010789 ehé sgmjlsll% ? Bretf \gnn alﬁ., disu16d3@kti-whirl
t abil.i t ri its ile

3?@?1??%% , IE‘%S\%% ﬁrk’v‘%ea%%’f Noedii3.482 te-Hepsengt el antigned toon

a dseiighée/oftthé presdt ‘im{c}%%org (rgl?s?fogessstu?PJ)llt Et%ﬁcrﬁgre? ﬁ}o %ﬁ%ﬁ@lly gutter

kerfs, or ridges. S ntigurattons are

nedevaidi zoak ty stabilizoihe driflitbér al  vi brati on, assumi ng
sufficient.vertical or i.ght-on-bit force is applied

to t he PGrHHGerFPpiopclbio,stabaize misy @il its whide dpllingnecladtve

4, At nfe8fioft @t d1§He L 2 kG Lorm 2, gr 0ove
bylﬂpl acing a g%trti n% evlzdrrrleanlg)lt%ffi Igig:% ﬁfng%}’n%rF%g sigpifigpne grooves,

cuketfsny risdgesrench qpoBguratinadraintindedtCibitiaaB) GIKEH lateral
atent No. 5,607,024 to Keith et

rofil.e. Alsa US. P . ( _
ng?br&{l%% Pggung, E}ff?lelﬁat Vertigab At weighpmrgitdorce érappled to the rotary
r eilisis of abrasi on resistance. Such a configuration
is purported to laterally stabilize the rotary drill
bi t wi tHer instanee, 858 cPedéret Nocd #3384 %0 Whgred @t bl Blcloses forming a

el enents ar away, r.adially alternating grooves and

¢ RS YRS 4 i e topt Frore st atbenvting eloments positioned
alane ekl [ I S FTPr QVi.Rg ‘
dr. i s ng prg}?%?%g%(gﬂ%f Rg@‘g@g%@ﬁ?ﬁ 5’%%6%%0 fitlyet al.
disclosereutiing elpertohdviguidifoging FeiqlsaE eb@Sion 9si#aRE I8uch 2

of the ctutt.i ng el ege[}ts thereon, there remains a need

f ST SRS RS P&‘BB’&? to faterally stabtlivs dhe rogary drilllbit wighinithebaachole
I BEauye £ thé budi j L erials or .
formation r e%t?g% glke%te%ll\ﬁ %a??\&%g ﬁ%d%%%yg%{éamﬁtlgg grooves and ridges
DegbeSyREEAOF THE | NVENTI ON

However, despite the aforementioned conventional approaches to improving
drilling performance of a rotary drill bit or other drilling tool by configuring the
placement or design of the cutting elements thereon, there remains a need for

improved apparatus and methods for drilling with a rotary drill bit between differing

materials or formation regions with different properties.

DISCLOSURE OF THE INVENTION
The present invention provides a drilling tool,-such-as a rotary drill bit,

including at least two substantially redundant cutting elements that are positioned



The present invention provides a drilling tool, such
as a rotary drill bit, including at |east two

wGaaisvewsti al |y redundant cutting el ements thatPEFr/ES2006/006209

posi ti onedt hereon to encourter a change in at | east
one physical characteristic of adjacent materials
being drilled through. Mre specifically, exanples of
adj acent materials being drilled through may include a
c dbéraen tocmpondena changaiierié tasterme physien ¢haragiatstisrafadiaeent -

ARyt Beiae HRNERERERT MABaRet SRRR vl A Al ge? Materials
| ety @RAMOLEN g i ENREAKERE SbhponchlhalontEahork Mid o

_redundant cutting el ements may be sizeéd, positioned,
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arsdbtcumﬁaag domehtiopotwoeadgkciend suh@n'am;aln fomaions,or¢en regions of a

ncount er a . change in, at one, mat er.i
o PR Somebtign Daing ol 1ot on BiHfer PR chURGRHHics The at least two
e'}e&ﬂﬂﬁﬁrdu&%gstﬂélﬁentf n%%] eben OXYﬁMned h&d dnf tupbWQ drilling
redundant cutting el enents may be positioned at an
aroolcopatechntat at ermounttr 4 chasge ooattiest o maﬂaﬂalchh'atabiengtic prior
tool with . a predicted boundar Brf ac Such

c SAPHSLFUHING RlergyisicRFRUBarINg S yvaasct@a At legst gwo
Si
¢ 1Ol it GhERE ALy B8 hbiifich W%ﬁ%&%ﬂ‘t@fﬁ%‘ﬁﬁ%ﬁﬁéﬁ
t eonmact efdhnddlihing tovd avith 4 pradicted doatddre sigtact V\/Sudud tomfguration

ele lnﬂh averse subst anttl ally the sa[ne helic
drm‘TM ’é’lt mage EHBY e it 3 HUER CH ke § nggfﬁﬁrtp gacounter the

| | | cr 9
e Rl Rl T b e P ey Rk
s uhdans than drrat feastnabol cottingeldmerndy irhteesd, subgtahtiafly the same helical
antj ci pated path for drilling through the subterranean
f Shiang ‘may be selected. Further, at |east one

o be- (e Car Ty ERHERS PGBty Bl gdsliugyd delie

. elsadend srotay did hid. 8pexdficafiona d:dt&ng)eleﬁlehtq:roﬁkel wsilbmranean

| acing at | east_ two redundant cutti ment s, of _the
B| 9%4’[19091;}0 be deﬁ% i2Ae 2 patraprted Mlatfor;f{f]@l fgew dhrotnbigrganean
C f
£ ol SRR Pyl a0eBig “m%l‘?%ﬂ%%%@%%ﬂ&%‘)
baugiday of theisthatae tJhedn]rl@hmmy bé predivtddorA plurdiine of cuttmg

enconmpasses thod o op ratln adrllllngto

S RGeS Hay e ag;edqunﬁ %plio ilenoeldinenlaging  least twq fegundant

t

A0 PLUOR, Lty G L 0B LETRALS BN htucin

arefernad prodAa bt anfnbioipatdd lycation bAfist cmpadref theelilidige@ol with the
wherein the boundary surface is defined between two
alﬂ!i?‘il?tﬁ‘é bowipBhWIBES.a subt erranean formation, the two

abut ti nge present invention further encompasses a method of operating a drilling

tool, such as a rotary drill bit. Accordingly, a drilling tool including a plurality ef
cutting elements may be provided, wherein at least two of the cutting elements are
redundant. . A boundary surface may be predicted, wherein the boundary surface is -
defined between two abutting regions of a subterranean formation, the two abﬁtting

. regions having at least one different drilling characteristic. Further, a drilling path
may be determined, wherein the drilling path is oriented- for*positionjng the =~

redundant cutting elements at an anticipated location of first contact of the drilling



regions having at |east one different drilling
characteristic. Further, a drilling path may he

waledenmomed, wherein the drilling path is ori ertBUS$006/006209

positioning the redundant cutting elenments at an
anticipated location of first contact of the '
drillingtool with a predicted boundary surface upon

dril li ng generally therealong. Al so, drilling may

octoat With epredigted beuridatyeur e wmbardyiling fememllyeheedbiy Also,
al gt I tion of the anticipated drilling
peing By REL IO T eflish Wity bl Somputt slone thet

| sorfemenigniof €k dnffidipaREEURSIHNY @ change in at. | east

. one physical characteristic of adjacent materials
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bei ng dRianpiégr aspeesiof Hlemresefauilnmaml, it ig n%bf@iﬁd&ﬁﬁ%&ountering a
. the magni.t yde of lateral inbalance or = '

oAl SaP o) CBoBteniiat g semiiegchgme drilld
aftheagh b eedvhakit chttivig fmay' ‘ a&h
[ n,ventgi o% cor}t en'pCJI at %sﬁt‘?rl{ﬁegt% I?Wea%gg{l@t% ‘Snua@tﬂ gﬁdeﬁéﬁatera
| dmbplance egrtergue on et drillingjtoe],ofhiclechan davdrseby bfdob the stability
el may. be.reduced or .minimzed during drilling
béﬁ%g% Srrhé* ?\f%rﬁsthSPfﬁsﬁ‘& PR Spntpaplates dhat theaagnitude gf net
dilitte forge Gk RRGRS bishd ! SHR0d] he ‘
redundant cutti ng elfgﬁétle&ﬁltﬁgmncglyﬂ%:ely Zg%fnggggze ?qﬁﬁed
t snigepigedderingdtilling betvebrategicak of ﬂfereﬂieE &king drilled r1]1.'¢1ving
S ntially .cancel in conpination with one another.
Allﬂ?fgérrﬁ%‘ih@r@ﬁ TISHGy I 8%%‘?@%@&9@%@ the|redandent avitingiseraéntenhay be
antred and Eetfloashdt TETale [VA raj faorces .
ant te o é@&; it\Q/ églglsé?gt@ngrﬁcﬁwﬁg&gi %%(ttk%ggdr?éﬁ%% S %ﬁt%rﬁlaﬁg cancgl in
t Isemhgion with ook anaherl atlteradtivelyr edundadbetty BémehR may be
0 CUtLt] | ements di sposed upon a drilling tool. .
RS S Bt abiLdual s Hrecsshat bmvaoelrively smal
i haneanf f ' i ng elements ’

ot @ o i A biotaflal St biMaGeoaRe Sther

in the region my be w

- dFytéag elsmeots disposaltupon audrillifg toel., Indlet a Flithes bibbdifhent, a net
h

20

25

el nts) when drilling a honogeneous formation. The
p?ggcelr?fl O?fm?elm |ag'ﬂcfb1l‘)6% ‘&fglé’e EI“EP%W P @etingdements irnthagegion .
r Bfagb¥ vilthid & 700 &£ 2 hdd Sl goI hng. a ,

pl u?al ity of cutt%%%%gpghn%}%tdzre |(g{)%é§§%ﬁﬁﬁgﬂgbﬁ: all the cutting
whlements) whern duilding a hooopemousforihgomr ofil e is

struct I initial_contact between the

ed for.causin ( :
pl ur al Jﬁl?prgf"ené GHErRep &10(‘—5‘61@?1? drilngiteqlosusl as heoteyrdrilhbit,a
PineRIdG{eeOrB RN erranean L
formation. Also, n{aé aﬁg?{?g Oof}%hgglgfeg%er? & Gspseq theprpny whrein
eddeaspapsition o theheofileds sintetirad Bttching MElAld6%act between the
sell e@i n g.cu ti nq el enent profile and sel ecting a
SUBEREP: ArELH S O RERT Bestines dhegeqn ande pradigiet ibowadary surface of
anfubidrRabadfotihhdidd N9 path for drilling through ,
Also, a method of designing a drilling tool encompassed by the present

inventipn includes selecting a cutting element profile and selecting a subterranean
formation to be drilled. Additionally, an anticipated drilling path for drilling through
the subterranean formation may be selected and a boundary surface between two
regions of the subterranean formation may be prédicted, wherein the two regions‘

exhibit at least one different drilling characteristic. A plurality of cutting elemerﬁs ‘

may be placed within the region of the profile and the plurality of cutting elements



the subterranean formati on may be sel ected and a
boundary surface between two regi ons of the

w@aisbevwanean formati on may be predicted, wherBCTUS1966/006209
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two regions exhibit at |least one different drilling

characteristic. A plurality of cutting elenments may be

pl aced within the region of the profile and the

pl ur,ﬁl ity of cutting el enentswi thin the region may be

po¥iltijiothe gegien may hepostiigpetatan acaipate lgéagfoinrogfﬁrﬁQBﬁﬁéttof the

of af: Ll hhg tool wth the predicte oundary
dl?fzgl?g%c%lr&lgln%? REFIcked haupdayy s &Cresent invention, a

met hod Df areBRk aépebhrahdprcbdrt Sl S Q5 i

Partijcularly, aljd_ri 1] n% *t (1)10p'ﬂ}e%tg@ldgi@%ﬁ%ds%#o@?%‘gﬁngﬁ dgilling

cutoel KglisslashenPatioilatty,ra dailkiegioohinofudgt sifitaliey ¥ cutth elements

drﬂthﬁlndgr éool rm\[/ﬁﬁe gﬁo&\@ed. Al so, a boundary

surtade §erneLa PG ebthe didmedapkmagbe pigvisd. dsoaa boundary

s Uhirfaeé asta beRrdERLWE b i ' the  two..

abutting regions havi ng&g%{g éog{S%ghg'ﬁ%?%%eraﬁmmamn may be

dritedicied, i vasbwitinstegons Ravihper lead ofé Hiffrdid dRgy may

be.det er.m.n the drilling path oriented for

pocsl,jlgfalc %H%% el?‘ﬁglef’@dgﬂid%f’atg g1ay ibs gletermineds the dtilling path oriented

arfol 6oL | ' L t of the drilli

ool o e gy O SR Y B s AT e i

gestagt ofithe AHingltan gvithAdptieticrd dotiydar sprkaee @Ebﬁ Mriﬂi_fng generally
e regi :

| | epent s itioned within t

oith oo BB R pReaRE P rlopeni omyct pobitned within
it b Bgad: Lth t di .

PoumaEry S ot dsah Atict bty gl Bologt e iing oo

s withethe ryslintechbdundady sngfadeh Drlting M@ tHeQiebtell BSundary surface
antjcipated drilling path may be perforned. Therefore,
t g ‘ih?éﬂ%q

goeiplisdRRe thewaispiafen ipated; drilhiag fpathenmlgmparﬂmed.
f al L ttir
o et el ok ol BB L

el ements wit e region nay

_ dipteralfodee bf tha glibalityeé cutting bleRsn@fwitlhe tH@%E?Bﬁ ﬂ{agl%% i liced or

dri.l | ed vVin . ffering characteristics. Tn on

e r‘%%%l&?lﬁ%ﬂﬁ&“nﬁ%éﬂ‘m&ﬁ%wweémn%gf the myptesiad being drilled having

t BEferiag| ' . figured.to.generate L
g e TR, B SR o Bl B PG Aeents pituin
ctheipgiar o beisized endcarfiuraito gohdrte atiiMBAMatetd forces that
pé@r@lﬂgtﬁyof cl_uttl ngi elenents within the region nay be
STPEHHAY cagrelity Gombinadonywib pae angtheti Wltbuzstivelat the plurality of
f et l.af:] I nitude in

rel a??%lﬁﬁ?%m?ﬁgﬁlng%rg i 1%%2&%1]3 : %? 4 F%nqagc}“ﬁguf%rte generate

pindividuad lateralt forcep tachaveutlativgy %ﬁﬂ%&ﬁitﬁ’dcﬁﬁ?ﬁlﬁ@oﬂ%‘%ﬂe a
ool.. Further, a net direction of the

?15}.%%{1@19% 8% flerlétél' forgq@roguqydén[yithg/otfljﬁr Quting elgmedte dispdsed upon
L g o OvRler AR RGBSR illeiohed i ceinapheeliy of
ofuttittgeelements (ibithe fepion) updd dnghfndi With% R 8415 ShTce may be
within £ 70° of a net imbalance direction of the dril] bit (i.e., all the cutting elements)
when drilling a homogeneous formation.

Drilling tools such as rotary drill bits, casing bits, reamers, bi-center rotary
drill bits, reamer wings, bi-center dril] bits, or other drilling tools as known in the art
utilizing cutting elements may-benefit-from the present invention and,asused

herein, the term “rotary drill bit” encompasses any and all such apparatuses.



when drilling a honogeneous formation. Drilling tools

such as rotary drill bits, casing bits, reaners,
whpooceseer rotary drill bits, reamer w ngs, biPCBEOSMNG6/006209
drill bits, or other drillihg tools as known in the
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-illustrate varjous enbodi nents of t

art utilizing cutting elenents may benefit fromthe
present invention and, as used herein, the term
“rotary drill bit" enconpasses any and all such
appar at uses. BRI EF DESCRI PTI ON OF THE DRAW NGS The

et on w11 BeLRe SCRUAGRN G anll DRASREGs e

fol I owi Tige fhedin geehddARISG Tall ParitADRs BPhe %Eé%léﬁtqgt?‘enti\éﬁ %%F%qpe

e | nvention,

ar PR DS KigH afthesfodlamingdetai et elesonipeion and diakngs! fhich
IS ' i ve Vi of an exenpplary rotary,
dfﬁ”?f‘ﬁt)? t@arg);ﬁ% %ﬁgggf%esnganﬁﬁv%%m 1 W g:'%@re g negesgarily drawn to

paxctlieatvhatie cross-sectional view of the rotary drill
bit shown in FIG |A as if each of its cutting
el enentdGndAds p sidaperspeative vieve oyl exetiptte rotiay Qrillliet ofthe

a j X ematic top elevation cutter |ayout view
of t@%gh?lg?rgﬁi}’drill bit shown in FIG IA FIG IDis a

si de crRI6S1BecH patial siyd & ' |.0g .path :
f% | owed Eﬁ%@c ut {)_i ng Sél en&f%cﬁ%%?g{egﬁlﬂtﬁy{el&@%Tg%“ﬁh&m n
| ETPs14 ag diranief its eitties dementofvetdmetaiat atya dhklelbideet

shown i~F &S, . 1A.1.D of the present invention during
drilli rl:gG'ai %rae%%?%l S’u"ﬁ‘i“aaté? tPg Fﬁﬁﬁti%ﬁu“ﬁ leyout xigvs ofithe rotary
pariflitéd sheivleén FI@SBA;Sect i onal view of an exenplary

rotary drill bit of the present invention, as if each

of i t s eGP inp Hilemont-sectiona viavt off cliklichl (ititngSpatgfdlowed by

blcé\ﬁgl'g eF"ln%mSZC{%Picz?ﬂalB%?{% 8' schematic top elevation

cutte ayout rotary drill bit shown in

FIG 2RGHESs a26hirfatd Ha &ié@'ofﬁ&f}%l{%gﬁg b ﬁh{%&ﬁ }’%q%“g 1A-1D

caéter | ayout view of the present
t

the gmmspetanvention diring dtilimg ttereblcGntodr@agosi de

schenat artial .cross-sectional view of an exenplary
rotar yhdéf:’i%% S Rartbqﬁ 5 ‘%@rcﬁ?ég‘g’r?ﬂlali YGw et pe pxemprygetdry drill bt

wof thi pre@erﬁ@ﬂ%ﬁﬁ@ﬁ, RaBRE 0B 1O Euisg SIRleNts were rotated into a single
blade;

~ FIG. 2B is a partial schematic top elevation cutter layout view of the rotary
drill bit shown in FIG. 2A;

FIG. 2C is a partial schematic top elevation cutter layout view of the present
invention including two redundant cutting elements;

FIG. 3A is a side schematic partial cross-sectional view of an exemplary
rotary drill bit of the present invention disposed within a cemented casing shoe
assembly;

FIG. 3B is a partial schematic side cross-sectional view of the rotary drill bit
shown in FIG. 3A, as if each of cutting elements were rotated into at single blade;

FIG. 3C is another partial schematic side cross-sectional view of the rotary

drill bit shown in FIG. 3A, as if each of cutting-elements-were rotated into a- single -
blade;



FIG 3B is a partial schematic side cross-sectional
view of the rotary drill bit shown in FIG 3A, as if

weamb/ogfe4acutti ng el ements were rotated i nto a BCHYE®06/006209

bl ade; FIG 3C is another partial schematic side
cross-sectional view of the rotary drill bit shown in
FIG 3A, as if each of cutting elenents were rotated

into a single blade;FIG 3D is a further partial
schematil@. HP gea ﬁwbgtspas”@dtsphﬁmuc\si@mw -seeteonabyigwyof the rotary

bit sho each of cu

e EouE I D a T saebor Aot ERERs Rl ed o p gnele
appdei i al schematic side cross-sectional view of the
rotary drill bit shown in FIGS. 3C and 3D, as if each

of cut E‘IIGQSFeismmaé solnestic sidetceabsisattvnal Gewalf dlebbtadsedrﬂl bit

viBwrbie TR pERR s Byes oS of eSS B iR ioghsingle

Fbfade3G i s schematic cross-sectional view of a
redundant cutting el ement disposed within a rotary
drill KI@. &cm@rmrtr@ st¢hentakie s;dpeecesmseqtmdrmtwwnf thélr@arwd!mll bit

-1 t artl al side cross-sectional view of an
ORI
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OBV i 11 bit of the present invention,
as if eaghs®is gch§m§tw drbdiCkeBh SHIP P a@%rr@dﬁrmaett&@uﬂgrm&naﬁ

si ngl e bl ade; 4A-2 is a parti al
c dispesedeitliin aad)tam drill oif aceontimeto thx pmpd:mruyvmtmmr y drill

bit of e pr.esent ntion, as if. ea of it
out 1 nETG 4E & DiggalSie piaaireiapdl vievesh i xciplzg rotary dril
Fhfeof 4 Rededit RvBRdnl & if %écqleqfq{s%ﬁm% ?érhﬁﬁsa’éveﬁé'r@ﬁ@&eﬁfmﬁ a

further ‘exenplary rotary drill bit o resent
i singlethlade; as if each of its cutting elenents were

rotate n | ade; FI.G 4B is.a schemati.c
si de vgé% -Zaﬁaa%%ﬂ%g VOFSoieaPa}naé viaw ofanother exqyaplary rotary
P'&lﬁﬁ%‘i‘ﬁoﬂtﬁ@’@?&gm@gwgﬁﬁdr{‘ ds f#ehéﬂ %Ccﬁgggﬁaﬁérﬁs WaleQofted into a

formation; |sapart|a Ic sid
csipgk-abt i onal view of the rotary drill bit shown in

FIG 4 as, I f. each of .cutting. el ments r ot at

into aﬁ%‘fﬁé lﬁﬁaa@af)ﬁiﬁiw%s/«sq%go kARG A etog] RemplgyFotary
O .

ookt LA ﬂ% i b o 0 b e BA RS Mere rotatpd into a

wsinglerbladef or mat i on; . ‘
FIG. 4B is a schematic side view of an exemplary rotary drill bit of the
present invention during drilling a borehole into a formation;
FIG. 4C is a partial schematic side cross-éectional view of the rotary drill bit
shown in FIG. 4B, as if each of cutting elements were rotated into a single blade;
FIG. 5A is a schematic side view of an exemplary rotary drill bit of the
present inventibn during drilling a borehole to a first depth within a formation;
FIG. 5B is a schematic side view of an exemplary rotary drill bit of the
present invention during drilling a borehole to a second depth within the formation
shown in FIG. 5A;
FIG. 5C is a schematic side view of an exemplary rotary drill bit of the
_present invention during drilling a borehole to a third-depth within the formation

shown in FIGS. 5A and 5B;



FIG 5B is a schematic side view of an exenpl ary
rotary drill bit of the present invention during

wa@leiokiodreglt a borehole to a second depth withi n PEEUS2006/006209
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formati on shown in FIG 5A9FIG 5Cis a schematic
side view of an exenplary rotary drill bit of the
present invention during drilling a borehole to a
third depth within the formati on shown in FIGS. 5A and
5B; FI G 6 0/Asis 4 nattial seliematin enpetlévatibo putedr et viewdfiohe "

| Vi ew of di ment of tary drill bit
R BRR BBR R FRbiea wh et regtionmnis o

Bnother chbod nen o nBNPpI b} Sl BB R aftyner

t HEngdEBetiof aroterytdrdhbit BESTIIMDDELSpres@R IGARRYLNG OUT

THE | NVENTI ON The several illustrated enbodi nents. of

the invention depict various features which may be

i ncor por aBEYT KMioD i it - - f
conbi nations. As e]%g? gp?%%@ﬁ%ﬁ?@?ﬁ%ﬁﬁmﬁwo

the predemevarahibingtiated anetiodliraentt of e amiedi g dSRAWAHBI features
c%}fi&?gaehenent S whjch are posjtioned upon a drilling
tool 10 %leffﬂfpé’refte‘i)ﬂtcb? rqteyydpidl it ey vagightafiegmbinatient. sAs
diesplatrd i ReMet Naj b hbensghanges in ...

st rgct ur e t.hate i salgg‘gi@?%glg (k)éshrétqg{ﬁnlhﬁgﬂagtﬁfH’QfPVldmg ‘

t FPdugant chisigis stesnents wihibh erequisitivnt@ tbeH Sakiag & to olinter,

a i,guration.may reduce | oadi ng and damage that nm
o LRl AL QT YeheRt frgoeriamen theorndl b, changes iy

metredth@dlthAlis dQaEP t: rior. to the other |
cutting el ement s Ebo%%@ﬁar%%g%rﬁe&su%’&gl?%% enf Tagtgiials

péresgabc Bhalen vinfiguottionmagedipeasadinOdral danfik Hat Blah 0&ir when
ogsnhieqo ?serllt i nvention. Rotary drill bit 10 i.ncludes
general IS TREY CRRiAct amaterpl of wmeiomof alstrugtufd pric to the other

r agltiag bl¥mapd Cbg@gﬁﬂ%gh{%al |y extendi ng bl ades 14,
nozzle cavities 16 Tor communicating drilling fluid

- from t FE3.ildt showosra side fidnpetidieariyw @ bh Exé?ﬂlgggr%'%?ﬁﬂl &Aehit 10 of

cutting elenents_12, face. 18, and threa

cgltr? et ? ]iltdﬂv‘%gop‘o qu%ﬁp}tﬁﬁ ip¢lades@engrgllyieylindribalteutting

t ele@ett i1 D bENG ' .in the art trjin

el g[r;nt s 12 WS§$ gdg EH%IP,I agg lp %W@’( S}F}F?(ﬁ’ég B%a%%fw‘% ndzzle
ceRYHEatl6 _(f@mb)nmunitaihlg,dr'ﬂBngmlﬁMrdnﬂtHehﬁteﬁ&t of the rotary drill bit 10
A’Jottﬁé nugﬁﬁvgll %1 leé,tﬁang el enents 12 may conprise

t Ungs P e e S FBrYs £9 hYy 2afl drearded pimponshctiven2ber veekoting

| the edthh]drilhi aeasi.ng _eqyj pnent .or ot her.

st ?uctﬂl}jr gls. I{QTH %ﬁ%ﬂgﬁ%h@%{gsﬁ%emnml utting elements 12
suiseamrisaipolycpisaiiate diahbid\enspict @IFCY2AitteRSasSIHOW in the art,

Alternatively, cutting elements 12 may comprise tungsten carbide cutting elements,

which may be useful in drilling through casing equipment or other structures.
Cutting elements 12 may exhibit a substantially planar cutting surface 24, as shown
in FIG. 1A. Also, blades 14 may define fluid courses 25 between circumferentially

adjacent blades 14, extending to junk slots 22, formed between circumferential

adjacent gage pads 26. ‘

ly

FIG. 1B shows a schematic partial side cross-sectional view of rotary drill

. bit 10, as if each of cutting elements 12- disposed thereon were rotated onto asingle”

blade 14 protruding from bit body 13. Such a view is commonly termed a “cutter



in FIG |IA Also, blades 14 may define fluid courses
25 between circunferentially adjacent bl ades 14,

we@zioenghony to junk slots 22, fornmed between  PCT/US2006/006209
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15

circunferentially adjacent 1§age pads 26. FIG |B shows
a schematic partial side cross-sectional view of

rotary drill bit 10, as if each of cutting el enents

12- di gposed-thereon were rotated onto a single blade
1418¥PW¢ AT IAg OF Toyitingi elererd yayoBt” dBimvingand ey beSised to design

o | 3y: 11t "cut.ter| ayout” drawing or "cuttin
it R T G TEN T A N
r ofrasliowh id delaioh $o 1oﬂgin!fd19émxisf1 118 d?sﬁ!mci gﬂ%é}eghgcﬁ SQFesnonds to

partjcularly, each of cutting efenents
r ethgir rashalmgsition gh thedioteay duibtbit 101 Cultiey €lbmE@H T2 nfah Bpositioned

\r’\’gailg%g gg#%c%sdg Olgﬁrcéﬁg?astcgﬂec{%at elf- %%ERE glllctylgs ir;xal%r(}btég,eyadially
pagijdcentnettin! déferis ?@1&%&5@%&& Wik b ;Q/)’thaeg.js glétgﬁ%mmo}elj according

the art. As shown in radra
c U thayessntinyantion Bvoreymonestuktify ekérhénto N o BRBEHEI bit 10 may
Wo

Fyr.t di to th t o t , t
orbesS OB o S ET o ool eidpyeitndinal postiont 0 may
be _posibipnny KrikIbAN ALY AR A A 20 o cutir

| ongi t udi nal position. plai ni ng r
sHexRyt siepold, st Hamrating a votany dRIhic10 AEmaAhe Yolk&h of 8iéhole (not
t he

Vi 0,.as,if view .a rotary drill bit 10 from

boTS s i ‘é{hlﬁg el datlirhiptd whvding afsuitigetemataty/and
diédundgittcuiti | 14H i.ng._el ement.s 12 and
rédundar;[t_ucu }é?éh%&ﬁ {ejr}éeﬁi?rgt%gq%%hr@t ‘3’5&? &9 915Pased ?‘li%l,t
wieleteneg eiraiessisos d AB oS G, efspe@ives. Ehﬂpd)ﬁ%ttir%mﬁez‘i@s 12.and

and.1 respectively. Each of cutting elenents 12 an
egg i ngf%‘?@gﬁlﬁtoc& e Elfmentyl 4 g seRpnisR snpgrabmspreitatde 29

S uffRied é‘§li,16é?rafe?k7l. Fof Qxeﬁﬂﬁlk,’%‘ﬁgh {)@c@%&gj grtnr %E ﬁ2 2 Ii:%rof

exanpl e, each of cutting el’enen R 2 gpd ea

- r Exdyndrn cutting elengnisl 18Banas ek D C 00, 56 kKRRGh in the art. OF

20

25

30

cutters,. as known in the art. O course, reference
c ?‘ﬁ%r?ee Lefqighce %Cgls 15A 138 andidCeiagaserin diizmesere withwesphct to
r R9PREdindl AxtsONY WM I Bl P BbStidntor Wik, fhe. radi al
pg??t ion of ¢ u? ting é;ﬁ%gwngﬁ@tuﬁﬁacﬁgnfge%ﬂ%%ﬁ? 2 e tedppant
ef@enelsmens 1aBsigosd thireosabspetebt thdrdding accordingly, During
[ @rcmieay ng accor ciltﬁnfg)l y. Duri ng drilling, assum ng that
t he PEarymigethat the iptaty diilh pi Bgotatss about dengitudibiahastis 11 along
aditdetidd 42] QMghelIERGHL P9, 47 | ng.el goents 1g and
redundant’ cut %g:jéng grftegfen %ref%%%&%%g?m@tﬁﬂéﬁd{lﬁ mgye,
translats or ahomse alefertnarecircies e5A LS, 24385 C,alrégp%t;i%ly.
r espeg%i vel 3é As may be appreciated, the three )
r edundant?®¥ GF ePRigeiaedibn thicel Bpreduadans sittting eketheats 12B are
i A j and l.ongi tudi.nal |
gg)glﬁ{oiﬁg(?‘ hﬁ%ﬁmﬁtgh@gzc ¢ tl%eakqlh%i and longitu 1atl position with respect to
longitudinal axis 11. However, redundant cutting elements 12B are separated
circumferentially and, therefore, may be disposed on different blades 14 of rotary
drill bit 10. Redundant cutting elements 12B may be spaced circumferentially
symmetrically about longitudinal axis 11, or, alternatively, circumferentially
asymmetrically, as may be desired. Also, cutting elements 12 as well as redundant

cutting elements 12B may exhibit side rake and back rake orientations, as khown in’
the art.



| ongi tudi nal axis 11. However, redundant cutting
el ements 12B are separated circunferentially and,

wo b@sedere, may be di sposed on different bl adeBCTUSNG6/006209

rotary drill bit 10. Redund&nt cutting elenents 12B
may be spaced circunferentially symretrically about
| ongi tudinal axis 11, or, alternatively,

circunferentially asymetrically, as nay be desired.
Al so, Retludagt eltéemgelement? 138 mayl travasse selohtantially thewtune dyglling

el ements 12B, exhi bit, side ragke and ba Tak .
oPFEn CAER 1 3 Rnd P v o dtrin s anliefmegnt cuting
el 2BPBVERY if RANST B SaRH0SE ABIBEY ¥ hBR R#fFEin U.S. Patent
drilling path. As known in the art, the path I ch

c ot 534 B2 tehibbitts2asaiped tdihe dssignee of thenyesehieineertimnl More

* gBeehiary, Snog el i 10sSing B, oS CBRpISY Totting and

assy - i iy .
PERBRS A B89 080n 6 OB T, WRARLAR followed
dibiy lah imdiyidia cattendidppeebihsteyn natyddlilovy ageneraibywhelal path, as

- downward_into a formati on_as the borehole is cut, the
gﬁ}-ilﬁRjir@h
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c GPRGeREaP R B WL It dRsReE jO rcal Gyting path Epesdepy the
t . o : l-icakh: , .

c O Efinl e D8 A IR Rl bR in Pl i i o the
hedfereate citdd 1 3B)apstiolvntin@V@) BM, Huy uhsveolteddu ndantind ot showa side
elements 12B.is illustrated by solid |ine 15B, which ‘
i yiexy Ygrephand gxispdsalengthe apper sBacecotfammionHOF 1dus.1

b ¢ :

et AR loateRba UPAC RO Al etk E b IR o
Tusnwheigilicaldiathagenyral 1o iwedicanst byelige] SH8(thé patkasrestpiained above,
cutting elenents 12B follows a downward helical path .

g RBE anFSFolletRrcae BB UL Heouiss redunslaplguifingsplements 12B may

o PRSP Yfiog1Eh B, MPBRRL FEG: P el 0RAEe Pling
petpedin@t e into the formation 60, the cutting faces 24

t hereof shearing aor, cutting thereinto. Of course, at a

m ni mufAf CORRsera A BB CHOTPH RISl apentiiB may be

r ?Qdﬁﬁﬁﬁﬂtin %é?aqo%' B bhe ?rhc}tl‘?ero 'A?teﬁ&gﬁv@lgf in thi I:%: REhioféthn two
in the case of noré than two redundant cutfing

ereimadig clRidg ckachty OB eadinedmdahi aigtigd eemeiit 12BBnapye
be redundant in relation to each of the other

r ExliRdan elationig caherfabr gthgggdupﬂqg? ertdngelepentsdgBpe
cOrt ng Tebrt Phoaf Y bt Be WER LRAE Rl B M B undan

eneinp eRmeits’ 128 eMbtakediild Bi 10 $hdyahdourdér diffyrehre@lond strata, or

subterranean formation as a rotary drill bit 10 drills
t FyestH eoubisrareap dpipation as a rotary drill bit 10 drills therethrough to form

borehole 106, as depicted in FIG. 1E. More specifically, FIG. 1E shows schematic

side view of rotary drill bit 10 having cutting elements 12 disposed thereon during
drilling of formation 100. Formation 100 includes region 102 and region 104, which
are adjacent to one another along boundary 115. Region 102 and region 104 may
exhibit one or more different properties with respect to drilling thereof. Explaining
further, region 102 and region 104 of subterranean formation 100 may comprise
_different subterranean constituents. For example, region 102 may comprise shale,

while region 104 may comprise sandstone or visa-versa. Hence, the properties or



borehol e 106, as depicted in FIG |E. Mre
specifically, FIG IE shows schenmatic side view of

wo exoangiedr i [ 1 bit 10 having cutting el ements 12CT/US2006/006209

di sposed thereon during drii2ling of formation 100.
Formati on 100 includes region 102 and regi on 104,

whi ch are adjacent to one anot her al ong boundary 115.
Regi on 102 and region 104 nay exhi bit one or nore
didfiflingeoharaptetipiénstofl esgion 102 andgpgion 104 mayiexhibigliff¢reness in
Eﬂ%%aining.ﬁurtﬁer:fregion 102 and region 104 of

s (EPE AR BHHIR PSS on 100 may conprise different

subt er (RReARicHRP Shididf Mt mayLauLRIRLE to 6RArMord @RHIABY

. conprise Shale, while region 104 may conprise

10

15

20

25

30

s aledentsd agptayy drill biy exayaccuden dallingHeom nogletivalesoft formation

ordrillin aracteri.stics of.regi0Rp, 102 .and regi on

RS I Lriaia Rty SSpinar NI PR potlat
betealy to@EwhAsdd iR bodbled@lé QRenlelRtesPBYivERYUSEa material, but

t
damage to one or nore cutting elenents of a rotary
dmidylaldoirtlatea fromclower forhigheir) tespegtivalptn the elabtadifyy ehrgsisity, or

formation regipn into a.relatiyve hard formatj.an.
BB e SR materih peing e rdneeRi LBy SRt o
Lf%‘@cﬁinﬁ{édouté' cﬂﬁﬁ‘{g KRN BRS F¥R eSLJuBRAH & cohBERERL hétfgér%egion

a material, but nay also relate, from| ower

hinglyéhe, damag@blogt suchlcyntact. t(Bxplagding fiirthiet,\the adnvergtioniat sofary drill
actual hardness of the material being drille )
OB R RIS t?lmugfn sheelafivelg el fugitian Fthg oAyt ielagvely
e . r
B R ghi e S0 QU 1l G RALRSH 1 MR ey
f gendigte extdesive fmeanhérems whidt may danadel thbcdttingglement.
progre throug1 the relatively soft formati gqr%érat her,
rapi di §-OnSEIYeRS) S Rieiept AP OBICHPIYCRA) iRV ogpdupdant
C of . I . r I. V) .

%&hggleﬁ{eﬁ{é‘eﬁt}a Mhi ?eo {gml&r%g Shiatblayy v\{l}?l(‘i: glt &gg%lggnnagé%mn of

generate excessi ve ces thereon,

- t antidpdted indtid leegepntentGoitls egpexn td 3n expeetedyrmemmnted, or predicted:

i nvention contenplates that at |east two redund

nt
c GRANSAGRISSRENP Eoe1PB HrayforRationsP &s Bnaissi o d@l%’_flgl_ﬂt? the forces
digigh Ldretla'ntcoﬁlrger@% B? Hﬂllﬁlgrtﬁ&bl%@wggn. aﬂfrhﬁg alieR midd 1Edh
engagenment wt espeCt to an expected, neasured, or
pregundted witaflfe ke thegesitibnof relghdas cofing efearensst i2Bn(i.8 9 the

as tqQ mtigate or distribute the forces . th are .
eReyAR e% @gerﬁgpe&irplq liSﬁé M e SHBISIRE &R .Subﬁtﬁnﬁ%ﬁagcqa&‘émdowﬁh an

E e uneti . g

SRS HoN RV A ARttty SlfFp b on OPoPERINLRACR]

r débrefatinn @ 0€ in elaioh 5@B) tramyititrebatdpersdié@rihg repitistl@n tahd il 04

correspond wi th an expected position of initial ‘

e ﬁl&@%ﬁé’m angithes Wayy i3 grmatg aendant cyiing elesprais,| 2B may be

; : i . . ; bl , o

d%?%lg{r)laleﬁgto ﬁmgg?%% g?gé;‘& gc%gla&gﬁ EhdeBNHdr tP e DR EHling
elements 12 disposed upon the rotary drill bit 10 engaging same, depending on the

orientation of the drilling path with respect to the topography of the boundary
surface 115 shape between the regions 102 and 104 of the formation.
There may be many different configurations in which redundant cutting
elements may be employed to initially contact a change in a material being drilled.
“Generally, redundant cutting elements may be-disposed upon-a rotary drill bit in any

position that corresponds to an expected initial contact point with a change in a



t hereof. Put another way, two or nore redundant
cutting elenents 12B may be positioned to initially

wenwageiedl f or mati on change, prior to the ot herP€/U$1006006209

el enents 12 di sposed upon tihe rotary drill bit 10

engagi ng sane, depending on the orientation of the
drilling path with respect to the topography of the
bognﬁﬁry Sélr,f ace 115 shape between the regions 102 and
1091508 cARAITIgR Al stenetury heing drilled. bBuakengondigfifacing Riay reduce
Cophaarat,| [ ich.redundant cutting el enents may

be enp otia/tglc]gtg I(S)mf)% Vﬁﬂl&g}g] ei;erg%rﬁ? g‘él’osgg Ohdhfjetary, dgll bit as compared
matoethe dhming thet 1oy b iQurrd3ewyes ahdiy ﬁ'ﬁg |

el e ,nt%llmay be di sposed upon aérggz;r %%?%F{Fb)g#f(s&ilbﬁgngfomes’ '
an n%‘é’%’i Hpg damage, ehatladistvats redundantexfingtedsndni.t i al

t act ' i.th a change in adgilling condition of
2ot r uck R bl B CRATRel BnT o casing geman dar imti
r eshgegenaamBa o PR NAhay e dGdHo h %f%ét@ﬁ@‘l@éﬁ%‘é@%?)ﬁ gc?r other

on the rotary drill bit "as conpare

| neffa39es.i Aeeniaalybipe actihpsgionutf réedvgdaitenaiie didments may be
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di ] ' rces, b i stributing danage, or both,

o i ABbUd 057 cB i TneteY ofp diisnEHcemont dmgul e redundant
I ey cl@tert il HeQ¥ckd an GHitd g nts f.or.

initial engahgér}r]en?%\c/i th ﬁalbfg%lrl&rrdg ido%@ﬁ%/ﬁéggtrlgp dglt‘ta]o
nEREIgREICnE Wi alfpmiatianiacersding t6 the ppésear inv@aRANS .

Accordi he actual position of redundant cutting

el eme ntﬁs? %héésmé%cﬁwe%qﬁ rﬁg‘@bflrd(l) .%{3 of theiesepbinaentish ag depicted in

ddSGr 24, lellacRi®Mittit T ! t,.cutting.
el ement . may be pl écg;%érgt&{tgabiﬁglﬁ?’ ibggﬁgggge elgialc%odg%mh the

pé%l}glquéinaﬁy lqviﬁlzmbﬁlcuéhgt&@m p?miérhoﬁlﬁ@{g@h%b&ﬁ dc_orrésptonding
a¢cardi . present invention. In one enbodi nen

o? &gle?lgggro %H]&rclu }n%t??etm%]lt lqyRut 5 meaidls: FiGahshays aside
deisstatiohdl Vidvirof Affary A0 Rt CEL L .enent s

may Sbe_ pgsi tioned in gggor %ats'gﬂ%a#é%?(é%gl%n%m‘?ﬁéﬁgwem

| Svi@ediEe asingld gdesd ldrmatsndpgstidr dit boty 2 Ui tih RafBEeNt

COl.l di.ng,to the nadit-of the cutting el enent

| g{;lgﬁfﬁ&g@ Dot |ad a&lnépf%file ABWEIG: 2 also Shows formation 260
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Initial engagement between distinct regions of a structure while drilling may
occur with redundant cutting elements substantially concurrently in relation to one

another if the rotary drill bit on which the redundant cutting elements are placed

drills into a boundary surface that is substantially symmetric about the drilling axis

~ (i-e., the longitudinal axis). The drilling surface (not-shown)-of rotary drill bit 210

will be shaped in the form of profile 230, rotated about the longitudinal axis 211.



may be appreciated, redundant cutting elenments 212B
may engage formati on 260 havi ng upper surface 261 that

w0 goosiodsstant i al |y per pendi cul ar to | ongi t udi naPCEHKER06/006209

211 substantially concurren#¢ly and prior to any other
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more reédundant_ cutting el énents 212B. As shown in FIG

. 2 Bubsthitelyshoalgo R. faf ¢auzge, ascihewntin E1G .o, alterpatiydy, two

| a i ew.o rlllblts
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rmlmeztm afi tehpresent isdemivamayciocluinat ledse emtesupgdast cutting elements
Justr ted may be configured to rotate, during
drlﬂﬂﬁﬁ But | ongi tudinal axis 2 11 al ong reference

circle §1¥<§1 reiddBRct inlrédlintigdt cBfing elements 212B, which are positioned °
at the longitudinally lowermost cutting element position, may provide beneﬁcigl '
transition into a change in formation that is initially engaged by same. Put another
way, more than one cutting element substantially radiaily and longitﬁdinally
identically positioned to initially engage a change in formation may beneﬁcialiy
distribute forces associated with drilling into such a change in formation by

inhibiting damage to the cutting elements so positioned. - - -



Thus, the present invention contenplates that a
drilling tool, such as rotary drill bit 210, of the
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cutting el ements di sposed tthereon. Such redundancy in
redundant cutting elenments 212B, which are positioned
at the longitudinally | owernost cutting el enent
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reasons, as known in the art. Subsequently, it is
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coment 48R ECSRELM. pRSL SAHH PHE LA BRETAR. B0t ar
priafRigh tiafdaohs @hotBdar SurticePBs@eniht Rhding A6, cement 420,
section 404 for drilling through the casing shoe 406,
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formation 440 prior to drilliqapa full size borehole
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di t the end of drjlJd . string 408 encounters and
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mal | eabl e netal or alloy. Then, rotary drill bit 410
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V\'hsiugltl] ad'Bha DY ?gfc’gvgll? tasl I@rllol% ﬁlgtﬂé grrt.ni-“ltnghetr,hr%‘cal(1)'3lfJ Elrelfl bit 410 may engage
formation 440 along boundary surface 403, the topography of which may be
determined by fhe drilling tool (not shown) which was used to form borehole 402. It
may also be apparent that the geometry of the above—described transitions or
boundary surfaces may be known or to some extent, predictable, by selection of the

+ drilling tool (not shown) employed to form borehole 402, the casing shoe 406, or
both. Further, casing shoe 406, cement 420, and formation 440 may be
characterized as different regions that exhibit one or- more distinct drilling -

characteristics. Since the constituents and mechanical properties of each of casing



profile 407 of casing shoe 406. Cenent 420 may
conprise a hardened material, for instance concrete,
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aggregate, such as sand or 1gravel, as known in the
art. Further, rotary drill bit 410 may engage
for mati on 440 al ong boundary surface 403, the
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Tlustratively, FIG. 3C shows a partial schematic side cross-sectional view of

rotary drill bit 410 as if each of cutting elements 412 were rotated into a single
blade 414 along profile 430. FIG. 3C also shows casing shoe 406 having inner
profile 409 in relation to longitudinal axis 411. Clearly, it may be seen that the
redundant cutting elements 412B1 may be beneficial with respect to drilﬁng into the
inner profile 409 of casing shoe 406, since the cutting element position of redundant

cutting elements 412B1 may initially contact, prior to other cutting elements 412, the



bet ween casi ng shoe 406 and cenent 420, and between
the cenent 420 and the formation 440, depending on the
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430 shape. Therefore, the present invention
contenplates that rotary drill bit 410 may include
nore than one group or set of redundant cutting
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n relation to long1tud1nal axis 411, including both redundant

cutting elements 412B1 and 412B2. Such a cutting element configuration upon

rotary drill bit 410 may be advantageous in sequentially drilling into the casing

shoe 406 and formation 440 as respectively shown in FIGS. 3C and 3D.
Alternatively, a continuous region of proﬁle 430 may include two or more

radially adjacent redundant cutting elements. For instance, as shown in FIG. 3F, . .

which shows a partial schematic side cross-sectional view of the rotary drill bit of



el ements 412 or 412Bl, the boundary surface 403 of
formation 440 upon drilling thereinto. Thus, rotary

wa@leiokiootsist 410 may i nclude both redundant cut tPE@LUS2006/006209

el ements 412Bl and 412B2 td8avoi d damage during
drilling of casing shoe 406, cenment 420, and formation
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longitudinal translation, as known in the art, the cutting element 412B cuts into

subterranean fdrmation 440, generating particles or at least partially continuous
chips 454 sliding across the cutting face 460. As shown in FIG. 3G, cutting
element 412B is disposed at a backrake angle 0, in relation to vertical reference

line 461. Such a configuration is termed “negative backrake,” as known in the art.
The magnitude of negative backrake angle 0 of redundant cutting elements 412B
may be greater than the magnitude of negative backrake angle of other cutting - -

elements 412 of rotary drill bit 410. Such a configuration may provide greater



superabrasive table 442 sintered onto a substrate 444.
The superabrasive table 442 may include a chanfer or
w0 ade/opmmd 446, as described in nore detail PCT/US2006/006209
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formation, different subterranean formations, or other materials in the path of the

rotary drill bit and the orientation of the rotary drill bit as it engages or encounters -

the boundary. |
FIG. 4A-1 shows a partial schematic side cross-sectional view of rotary dfill

- 30 Dit310 as if each of cutting elements 312 were rotated into a-single blade 314 - - -

extending from bit body 313 along profile 330 in relation to longitudinal axis 311.
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the rake land 446 (or the éénter of the cutting face
460, if the rake | and 446 extends thereto) to the side
surface 466 of the cutting elenent 412B al ong or
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panimaﬂy cottecty picrty othei Butting elements3AR obratanpitdaill h;hB 16% the
tary drill bit Slt ar encounters the
g X‘ﬁcé%lﬁber‘io QP%%E‘F ®schenmati ¢ side
C r0Ss- S@hilb ﬁféaiboVé ﬁﬂcﬁf)ed éiﬁ%dim@ﬁﬂs Io!f tHRidousdakd s@ ficks of
each of cutting elements 3-12 were rotated into a

| tr@lsmohi; hetevedn fegions ef tidfedinn driflingrprapertidsddye Ba @Iﬂgﬂﬁﬂy
file 330
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is oriented at an angle"with respect to | ongitudinal
axinserdibh. Mare spm:iﬁcaﬂy,aaithangemdnndanmtwng elgments anay share or

d bi t drjll | | |
F itrbgis conet itk b diBin S eSS VE e Syt concurent
C %&%{ thE RSB h&’\f&nﬁa & Fred@antdiieR dif8eY lal BBo occur if initial

el ement position of redundant cutting el enents 312Bl
| Ndcniaat Withadwouaddry syfdcels sequarttiabwith mwpm:tgh@'b‘@rre nts 312

t drill bit he b d f 36
her ot Oyraﬁ%%waﬂe'ﬁw 5t EHETIRETS (U pGliE gAYy contact 2 boundary
e
prmpeoddueto hsiugle beting gbemenahi a/gidesartiiheedemsntepdsitivns bevguse

G TP e e M BF S B b oo e clement
NeEGRRAMork thdnGidle c%ﬁta?tﬁ%%?&sre&ﬁr@aﬁ%ﬁﬁ{gee‘i@rﬁéms and a formation

i nventi’on. Nore Speci al t hough redundant
C Utetziongvigtleisdnatder thay t]sdmgmndherdalxnvc n’mgttmdcto rstcmc progretsh

updary surface effectivel n .su ant
c c ReisH e Thigh mes e theapantide GhA dSIB T oyt h Sastiemppres
c{%ﬁv@&kﬁé BE ﬁo 12k SAMARE Herabit fohﬁéﬁdnaﬂnd(‘cgﬂlé?bhdmgly
ry S ace is sequential wth respec
t m&d&te{br distribute damage to the redundant cutting elements. Of course, the
circumferential position of the cutting elements may be considered, and other cutting
element positions may be made redundant so as to prevent overloading to any one
cutting element (redundant or non-redundant) of the rotary drill bit 310.
In a further aspect of the present invention, a rotary drill bit may include
redundant cutting elements in more than one position, in relation to expected
positions of initial engagement of formation changes, wherein at least one expected.

position of initial contact with formation changes may occur substantially



For instance, redundant cutting el enents that
sequentially contact a boundary surface between

wo e@boys4havi ng di fferent properties may reducCBCT/H82006/006209

total damage that may occurlto a single cutting
el enent at a given cutting el enent position, because
such anmount of danage nmay be distributed anong nore

than one cutt.ing,el enent. Fur [ Dr e tF

c SRR il s btk T PR L2 0BG may occu
f QuBRAdtRNy s&@eRaWhi ch is harder than the region

t hereabove nay tend to sl ow progress thereinto, which

may r eduesothérespeng nf thegeeseht inyrntiga s totasy dellitihayt be structured
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course, the circunferential position of the cutting
elbenpdery surface betveon siljdesnd dybtemahean fremations:. i Yigrecdeaerelly.
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furt’her aspect of the present invention, a rotary )
drpiokitiohéd thewepn iand hu eheticigdedotamtiany sutfagepfeal suhtermseanformation.
more than one position, in relation to expecte
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contact wt ormat1 on changes may occur
s Ueswentthapluyadionolieuttang ¢lymenth pbatiated tbarstn ansorasticipated
expect ed p%si tion of initial contact may occur

sd??é‘tl%ﬁs‘éq 87 Ogé&li'étﬁ’fri’%ﬂap)f‘?mialtfoﬁnot her aspect of the-
presentgd, E)(?rﬂ'gl'e,oﬂﬁ A ALOLIRIWs Hokdrl a1 bitBYBMaving a profile 330B
structure or encountering a formati on change-

Pantludink arrtgion a3 B tferdod stragfined forpontretisg badaryestirfeee 361 of
that cutting

I it i
LOPL SRS, SLETEOLS jhost LLoned on subet ot gl

adj, AeeRhemUBHEL ARG tHaPfBR BB, inlVRidhIENaFafikY Of cutting
according to the present I'nvention, at 1east a portion

of elan@rtoB 11, énichlly cdntacys otnindérylsitfaceedp 1 b &Exptainiog furter, fhe
causing initjial contact between a rality of .cuttin
CRRLI MLl contagh, belteen A Bl el Lol bhilhenty
bo r . '
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be structured for, causing substantially concurren
A o S P T (N
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B e
s hdifsreat blatiarof rélaiy drilbbit 3 B GBf baursaygorae pf thkipleal¥g@Bceutting

elements 312 within region 331B may be positioned upon one blade of rotary drill

bit 310. Further, some of the plurality of cutting elements 312 within region 331B
may be redundant; or, alternatively, none of the plurality of cutting elements within -
region 331B may be redundant.

In another example, FIG. 4A-3 shows a rotary drill bit 310C having a

30  profile 330C ‘i,ncl.udin'g aregion 331C thereof structured for contacting boundary. . -

surface 361 of formation region 360. Thus, during use, rotary drill bit 310C may



including a region 33 I B thereof structured for
contacting boundary surface 361 of formation region

wW@ads/0Ttews, during use, rotary drill bit 310B m&Us2006/006209
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into subterranean formati od2such that region 33 |IB,
including a plurality of cutting elenents 312,
initially contacts boundary surface 361. Expl aining

A o T R
3;}1;%19@33{1 CHifiABcoafbt bouRdsH sarfReFd10 Uty @alifyey cutting

ribute the forces associated with initial contact
ofeldprantsaithingegibmd el G oy e staehret fagd ppsitiensdiip redation to

cytti el ene 312 within [ B. 1t shoul.d b
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region 33 1B may, he si.tioned upon one .bl.ade, o
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redundant; or, alternatively, none of the plurality of
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tron region . Thus, during use, rotary _
drihvdntibh tis Bk @Clinmtedr Rlather,rcordinigtte thegmesnt ihyentiin; aregion of a

such the_ plurality of cutting.elenents 312 within

r é@taahdrslégﬁ@q.‘/rhets IHFWEngIBh? en%@ﬁaai%po g demgs for
T : L el it i .
O e S A
batiediar,oval) eflmead Iemisfhesivdd mundets ate. ftoundery smfB606i 0f a
a manner as_di scussed above with respect to FIG 4A-2.

 Paortion iz yupterkaRean ol y of cutting, el ements 312

W thin ' ' . : i al )k ..
cont act" Ba AL ol o IRLATG @l AAGHS 3 PPl
di sigagdmene withe: Hoondeg sadmean@t edy did to maviufacairingdimigaions or
of boundary surface 361 between the.pluyralit oy
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a adeaieantiiealshiystaltialipplasiapetbn(g an acumssproBlE).i dngordingly,

boundary surface 361 of a, portign, of subterranean
f oTHHERG deman 313 may be elased Sl}%ﬁf@g .{thyozﬁ aipositigp farynitial engagement

RS SRR SRR fficsert | v on @

car ryi notarypdrlit its deyordingautiid prgseat svemnticn hay be advantageous for
drilling into subterranean formations having different regions or properties. For
example, FIG. 4B shows a schematic side view of rotary drill bit 310 drilling
borehole 370 within formation 372. Formation 372 comprises region 374,

- region 360, and region 376, wherein region 374 and region 360 are adjacent to one
another along boundary surface 361, while region 360 and region 376 are adjacent
one another along boundary surface 375. Rotary drill bit 310 may be configured to_ -
engage each of boundary surfaces 361 and 375 with differently radially positioned



substantially concurrently contacting an arcuately
shaped (in cross-section) (e.g., circular, oval,

webkdospswisd, hem spherical, rounded, etc.) bounP@r/ys2006/006209

surface 361 of a portion of23a subterranean formation.
It shoul d be recognized that positions of cutting
el ements 312 for initial engagenent with a boundary
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bit 310 may be designed specifically to include redundant cutting elements 312B1
and 312B2 at the positions of initial engagement therewith, depending on the
orientation thereof as well as the anticipated direction of drilling thereinto.
Alternatively, rotary drill bit may be designed specifically to include cutting
elements 312 within a selected profile region (As shown in FIGS. 4A-2 and 4A-3) at

a position of initial engagement with a boundary surface, depending on the

orientation thereof as well as the anticipated direction of drilling thereinto.- More -~ - -

specifically, boundary surfaces 361 and 375 between different regions 374, 360, and .



| ongi tudinal axis 311, so initial contact therewith by

redundant cutting elements 312Bl (or a region having a
wWebwsadicty of cutting el enments as discussed i NPCEUSI000006209

to FIGS. 4A-2 and 4A-3) may4be substantially
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25  or at least limit the redundant cutting elements included by a rotary drill bit. One

reason for limiting redundancy of cutting elements upon a rotary drill bit may be
simply a consideration of space in relation to the number of blades, spacing thereof,
and the size of the rotary drill bit. Additional reasons for limiting redundant cutting
elements may be that redundant cutting elements may decrease drilling éfﬁciency or
30 decrease drilling aggressiveness. The present invention, ‘therefore,-contemplates-a--

method of drilling a subterranean formation that includes modifying a drilling



boundary surfaces in a selected structure to be
drilled. Alternatively, a plurality of cutting
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profile (not shown) of rot&y drill bit 310 may be
configured as di scussed above (e.g., inrelation to
FIGS. 4A-2 and 4A-3) for contacting boundary surface
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needed to effectively drill into a formation wth
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Regi ons 502 and 504 are adj acent one anot
bhateripusdary sedacs393. Rhither, asshpwnsn 503 43)dhS@Genadton of the

adj acent. one anpt her..al on undar urface 505,
R ir i B B PRR odf R b il S amanbaalpere o
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configured as described in
disposed thereon initially engage boundary surface 505. Changing the orientation or
drilling direction of rotary drill bit 510 may be accomplished by directional drilling
methods and apparatus as known in the art. Such a method of drilling may
advantageously protect the cutting elements 212 disposed on the rotary drill bit 510
during drilling through boundary surfaces between regions 502, 504, and 506 of

. formation 500 while also facilitating enhanced drilling performance within

regions 502, 504, and 506 of formation 500.



relation to rotary drill bit 210 as shown in FIGS. 2B
and 2C, so that redundant cutting elenents 212B may
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dug jdagdrilling through boundary surfaces between
regi ons 502, 504, and 506 of formation 500 while also
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the cutting elements so that the lateral forces generated by each of the cutting
-elements substantially cancel one another. In a further stability approach, grooves
may be formed into the formation, by selective, radially spaced placement of cutting -

elements upon the rotary drill bit. Accordingly, the grooves or kerfs may tend to

mechanically inhibit the rotary drill bit from Vibfating or oscillating during drilling.

magnltude of the net lateral force becomes large enough, or if torque ﬂuctuatlons



drilling (orientation of |ongitudinal axis 5 11) nmay
be nodified accordingly. In yet a further aspect of

W@ b@opywdent i nvention, redundant cutting el eneCE/ES2006/006209
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according to the present iBVention may be configured
So as to maintain or preserve a stability
characteristic of the rotary drill bit during the
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vibrating or oscillating dur i n drilling. O course,
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apRIEGAS ) 'r&ﬂmﬂﬁﬁ chfin gréwn;by@sobr chiting@ldn@GRonitERact §élécted
the present invention that transition into a regi on of

ditgieneht pmﬁlb mam@e shrad and egrifipuredso gagerageividpsd lateral forces
ed NMor
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drill "bit of the present invention initially engage a

r egémentnpt ¢utting elements within a region of a profile may be positioned and
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configured so as to generate a net lateral imbalance force in a given direction or
within a selected range of directions.

As known in the art, the geometry, back rake angle, side rake angle,
exposure, size, and position of a cutting element disposed on a rotary drill bit may
influence the forces and torques that are generated by drilling therewith. As further - -

known in the art, predictive models and simulations may be employed to estimate or



different drilling characteristics than the rest of
the cutting elenents thereon, the net lateral force as

wowriob/ g4t he torque may be altered, which nay PCT/US2006/006209

del eteriously influence th@stability characteristics

of the rotary drill bit, which may be typically

desi gned according to the assunption of honobgeneity of
the material to be drilled. Therefore i@e qéese@t ¢
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. elements within a selected regjon, of a profile may be .
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may be sized and configured to generate individuyal
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are,gener.at ed dri LLing. E.ewW

*rSRBSHE Sl b RRPS S Opahh 1 bR g
e R A8 Bl OthB Sk IARER FOCEI R ReGlor sddttiod of foeses afidacharfqetmdant
val ues .or “magnitudes in relation to a selected rotary

dr euttingelemdnisiSgn, Wddantai2rmay havs agelagyely pwgll magnitude or may

Ther ef o now referri ' J
B T L R
a 59t ahd 596 hal bBistzed BRY caifi@wre 10 keldigte pideeieual forces that at least
i nvention, redundant cutting el enments 522, 524, and

5 2partialy tracel wistiongyosilier onbaye adneEns@A¢ thghisagatipely small in
P 5 e SRR el B0 Al LB ol Mg
by 4dpddeli upsn b REASWrilhbit. ARlbtd spetifichlly, thymagnitude of the overall
lateral imbalance of the rotary drill bit (when drilling a homogeneous formation ’
region) may be changed by less than about 20% during initial engagement by
redundant cutting elements 522, 524, and 526 of a different region of a structure in -
relation to the magnitude of lateral imbalance exhibited when drilling a
homogeneous region. ‘
Alternatively, the magnitude of the imbalance force of the redundant. cutt‘ingA .-

elements 522, 524, and 524 may not be limited. However, as discussed hereinbelow,



initial engagenent with a region of a drilling
structure, such as different regions of a subterranean

wo oooameiean or di fferent regions of casing assepdi/Us®06/006209

In nore detail, the forces2?hat are produced by
associ ated redundant cutting elenents 522, 524, and
526 are | abeled as lateral (or radial) forces 522L,
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5264t SiEycondiuiled ak um,ﬁsssd awckweagr in Rftidh$C HRSSAA-2 and 4A-3).
herei nbel ow, i f the net inbalance force of redundant

c Jenl %gmaf@ﬁ@m @WIGIBQMS 5% $24 2a1dj 2.6 andydyet meditionedat

t ref to maintain a

TERa AP e R R R TR A RV BBy ted by the -
drl Il Hdr ekanplepdutling elements 5aBi 304! ahdt I981B8f be difed and
anot her aspect of the present i nvention, the overall

disofigyreh sothat leralrfrges 53, 5345261, $2UBAARLandS26TNg

el 4. _and w.thin. 70 w
° SEBEAN Y enceb iy 4O AN Ron Rt dop i 2nsthmgher But
bighotheewaylrthd hétm&eﬁl force, by vector addition of lateral forces 5221, 5241,

526L, 522T, 524T, and 526T may have a relatively small magnitude or may have
substantially no magnitude. Alternatively, cutting elements 522, 524, and 526 may
be sized and configured to generate individual lateral forces that at least partially
cancel with one another or have a magnitude that is relatively small in relation to the
magnitude of net lateral force produced by the other cutting elements disposed upon
a rotary drill bit. Mo,r,e,speciﬁcally,t_theamagnitude;of‘the, overall lateral imbalance of - -

the rotary drill bit may be changed by less than about 20% during initial engagement



honobgeneous regi on. Such a configuration may be
advant ageous for maintaining a desired direction of an

wo0 pdvalogwsee force exhibited by a drill bit duriPQI/us2006/006209

cu
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drilling into a subterraneah formation having
differing regions. For exanple, as shown in FIG 6A a
net |ateral inbalance force LI may be generated when
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Accordingly, in another aspect of the present
i nvention, the overall direction of the inbal ance

w0 200691 cut ting el enents 522, 524, and 526, PEHUR®06/006209

within 70 with respect to &lnet inbalance direction

exhibited by the bit when drilling a honbgeneous

regi on. Such a configuration may be advant ageous for
mai ntai ning a desired diredm i mbal ance of a
drill bit during drilling i fferent subt erranean

formati ons. For exanple, as shown in FIG 6B, a net

| ateral inbalance force LI nay be generated when the
diWhdt iddlhingbdiis:l s i nt o a honpbgeneous formation. . '
Further, a net inbalance force L2 (of cutting elenents

| 522, 524, and 526). may be generated when cutting
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descri %Sgg&\étg&tegﬁ(’%ﬂﬁer ein, the invention may be
S et hidkesst tWo vating eententi of itlﬁeaplhmﬁs/ are mduhdam iandipositioned at
and alternative forns. Therefore,
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limte

|nvent$ es a ﬁkﬁ&g&€§Cagﬂ%%ﬁﬁ&%%%ﬁgﬁfgﬁﬁgmlﬁ@ﬁ
combi n Qégl@xﬁlﬁof tﬁdﬂ shibadrtpenaformesor kdvingyg levst driendiffowent drilling
spirit and scope of the invention as defined by the ‘
f ol | owichgraelgpetitded cl ai'ms. CLAIMS What is claimed is:

1. Adrilling tool for drilling a subterranean
formation, conprising: a longitudinal axis; a body

havi ng 2a f acghel ddlintdiodDofeclfifof  iiterdia derty lastiworradurtdant

of cutting elenents disposed thereon and wherein a

p t
| eatingralgnenis are mlgspeqseér?é ﬁtbﬁclaﬁk@t Hgledraying 4 pognifude greater than a

1 PR o BB bR BPpfth, BB AZDERP G, Abments
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bQﬁﬁﬁ@&yqﬁng@ﬂﬁ%tb&e predlcted boundary surface
defined between two regi ons of the subterranean
formation having at least one different drilling

characteri sty c}nélé 81 §F il Pg El??ljl 2 FurtfibrAloMptising:

wherei 't he two Te
at least two other redundant cutting elements positioned to contact another

anticipated location of first contact of the drilling tool with another predicted
t boundary surface;
wherein the another predicted boundary surface is defined between two other regions
of the subterranean formation having at least one different drilling
characteristic; 4
wherein the at least two other redundant cutting elements are positioned at a

different radial position than the at least two redundant cutting elements.



cutting elenments are disposed at a backrake angl e

havi ng a nagni tude greater than a magnitude of a
whawkogdeel angl e of each of the remaini ng pl ur abCT/ySH6/006209

cutting elenments disposed 6a the drilling tool. 3. The

drilling tool of claim1l or claim?2, further

conprising: at |least two other redundant cutting

Cocat of of - T SRTsReloR Chil i SRR MRGeTRHeh of g o least
an ; ' |

SR auR A LEBE R R MO ddnd g o letorl force,
t wovhertefrea veotgyi somsnaion tolf éhesnignitindaoferch 1avsrabdor@rofhilyatieast two

at least one different drilling characteristic;
whi3Dpdpnt fuiting elfe@&gis 1y salise e the rathimsie sugmatippyof the

ol b Lt 5 .
5 DR OB 80 oBhe S ML b sl
The drilling tool of claim1l or claim2, wherein each

of the at least two redundant cutting elenents is
si zed and coﬁﬁ‘? gii1ng teqd of glapa A ic}@gnia Wheigigach of the at least

wh I Is | ch
e teofiae e SRR AR of (1 RARE AR 19g R hemter.
elements is snaller than the arithnetic summation of
t he magni tude, of each |ateral force of the at |east
10t wo redfindanthe diling gl o0& awnens, ofslaimp e through §righareis|the at least
of I ;] A ' | h h t leas
s S bueb o ML Rl DB Bhab BT Rk RSy contect
of the prakeaed boechdarykbugfachanfer. 6. The drilling tool of
any one of clainms 2 through 5, wherein.the at |east -
two redundant cutting elenments are positioned to
- substani al | - t redi ct.ed .
boundar )Z/ sur ?%%gﬂﬁgé Eaefﬂ‘ie)k élra ﬁ? IT1 ﬁ%&? %ic}l? lengt o oé'fl%l (lf, the profile is
15 whenetutedifor lcawsdig aitROcértan befweeha phiralfity o€ chifing elements
structured for causing initial contact between a
pl BRsitiqueg vathin theportpneat dhaprotlerndithe prsdigtodiboundary merface of the
poL fi Q1) ofile and the predicted boundary
su%%%%%mg%tﬁﬁgmgﬁbterranean formation. 8. The drilling
tool of claim7, wherein the plurality of cutting
elements within the portion of the profile are

posi ti ohed tbhadiblinainal af ¢lpine dnvhereiarihe pluebint eitquttingeelements
20 P r%ﬂhﬁ;ﬁéj?%pg ?ﬁ]ﬁ% p‘?‘%lg %?eeposﬁion%@ f s:jut :st:airlétliaggr ectrcgggll%rre%frly contact

claim7 o ereint eacn cu
the predicted boundary surface.

9. The drilling tool of claim 7 or claim 8, wherein each cutting element
of the plurality of cutting elements within the portion of the profile is disposed at a
25  backrake angle having a magnitude greater than a magnitude of a backrake angle of

each of the remaining plurality of cutting elements disposed on the drilling tool.

10.  The drilling tool of claim 1, wherein at least one of the plurality of

cutting elements comprises a polycrystalline diamond compact.

- 30



of the plurality of cutting elenments within the
portion of the profile is disposed at a backrake angl e

whawsngieal magni t ude greater than a nmagnit ude OPCHUS2006/006209

. tool; predicting a boundary surface defined .betafen
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backrake angl e of each of 8Bkhe remaining plurality of
cutting elenments disposed on the drilling tool. 10.
The drilling tool of claim1, wherein at | east one of
the plurality of cutti.ng ri.ses a

el erents co >
pol ycrydt al 14 methed of8sing é@ﬁgéﬁgtt.(’c’lz COMRISIE pt hod of

usi ng .. kb i ) . e : N o ' ;
SR Db el LT o b iin eon o
el ementysofite bhiHe diliggiooy of a profile of the drilling -

t woedigiuneta hayndegyisuiacesteliged beivvest Bt RECPON & 0 be
drilled,,.the t i ' 1Ng; : ; ‘
i 11 or SpeFrdal RoHih 8 e SEME R ORELIMinR regiERHaviHhnt east

ant i ci pabadtdsntldrillvg gratditeristie anticipated drilling
path oriented for positioning the, [

lurality of cutti
el detpsminingan @micqucdrﬂhtl&ﬂathdéﬁﬁm&igp%? qh‘.ﬂﬁlé% P@Bﬁf‘ﬁ’&*ﬁg Yor

of the drilling, tool .\ ' .
surf ac é’oﬁ‘ﬁ‘gﬁméglf‘? ﬁpﬁaé%éﬂcél trttg*% %/iér?%gg é%ﬁ'oaglg?ﬁgéwocamn of first
posi ti QRS GF tRE B Bink ol Gfiticile predirtel svumdary swifade uponldeilling

region of the profile at an anticipated | ocation of
first cgsneraly thekealang: drilling tool with the predicted

b face: . drilling i : '
oty P RS oMb el onbRbtnl AR ORI ot
the antigicRateadodiibh bt figkt Béitict of the dFiingmebhwith die medicied

11, wherein: providing a drilling tool conprises
provi di bayndargisitfadengnd ool i ncl uding at | east two

re dant cutti ement s; _an W 0 .
R B e R DY LB e Bmaion f e
anti ci pafiehatiididrlliisipdsat h oriented for positioning the
at | east two redundant cutting el enents at an

anticipated location of first contact of the drilling

tool w th redi gt bound surface upon drilling
gener al i@ thﬁl?glﬁlFrglﬂéF’?%?%m#’e‘%n%?ﬁbd of claim12, -
Vmﬁ%)@id%gdéf ihlﬂllihg dl _rabﬁpﬁm 6 ading elilheuwdbinyludingfanbast two

cohprises substantially concurrently contacting the
boundar sedsudahbcwting elgments; and

determining an anticipated drilling path comprises determining an anticipated
drilling path oriented for positioning the at least two redundant cutting

elements at an anticipated location of first contact of the drilling tool with the

predicted boundary surface upon drilling generally therealong.

13.  The method of claim 12, wherein drilling into the predicted boundéry
surface comprises substantially concurrently contacting the boundary surface with

the at least two redundant cutting elements.

14.  The method of claim 11, wherein 'drilling into the predicted boundary
“surface comprises substantially concurrently contacting the boundary.surface with - -

the plurality of cutting elements within the region of the profile.



the at |least two redundant cutting elenments. 14. The
nmet hod of claim 11, wherein drilling into the

w@e@diogteed boundary surface conpri ses subst antPEl/D§2006/006209
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concurrently contacting the4boundary surface with -

the plurality of cutting elenents within the region of
the profile.15. The nethod of any one of clains 11

t hrough 14, wherein drilling into the predicted

boundary surface changes the nagnitude of |atera

I mbal ange o | I into
16, Tha et g Hopit ofandnt PECLK LIAhRupla0, et deie
whigy @redictidibolndagy sunfaoe thengbothndaappiteder ¢fdateray enbalatoe of the
net, | ateral force associated with the drilling too

t Waiflinegogl hydpssdhan apogt %ection within 70 of a

direction of an overall inbalance force of the

drilling tool when drilling a honbgeneous formation.

17. Thaemet hd ngftha@iyf sapenebf cbimssl thﬂough r16 ughergid, drilling into

wherein drilling into the predicted boun urf.
c Srpbquadary spifpge gegeraies ¢ ngt ]g&ﬁ‘ﬁ(fa‘icﬁ assoprizd vt hgdaliing tool
g:tlf()af Esr ((ilniente\slc\i“jl it ed'nre@tn&%ng?x@%b Ef'g H ?tmoi'x%f ad] BEeri® iHOdarRE force

ereirn provi conpri ses

dQﬁﬂ&ﬂhﬂnngﬂﬁldhmiHmm@gBQQhwgwheueﬂﬁnﬂﬁemgn|ng t he
drilling tool conprises: selecting the profile;
sel ecting the subterranean formation to be drilled;

sel ecting t hﬁleg}?&hﬁ ﬁ%]pg bk !: n'i'sgl lpﬁ}chgEQ% i n'hd}ﬂhng into

t hrough 't he 'subterranea or et I on; I"ati ng

Plthe pleliicedMouR@EY bilnfire @oﬁ@hbdsﬁ@ﬂl&h@ﬂiﬁﬂi 'Bou:ndaiyl suriht‘ﬁebetween
region of the profile. 19. The method of claim 18,

wibiferent sybtetiapeantcRBStENeNtal i ty of cutting el ements
conpri ses pIaC|ng two or nore redundant cutting

' j ci | gcat i = finst. .
o “rhe B 1 1B SLRRH P 5Rab PRy Blin b A0 Bhprises
f’hLHézgl i tlgeodrlﬂ_ﬂg Bt iRdeif fde kM pitelirilMhetoR] orBgliest | Ng

ing el enent profile conprises structuring at
I esabt:tmgﬂnelpmfdﬂ, of the profile for causing initial

con e en a l.ural.it redundant cutting

eISS Q’ﬁ f%r{aﬂpﬂ)(qﬁeed:&ge:am on of the profile

?%‘?lr{cguﬁ’é ﬁl@'aﬁﬁﬁﬁa‘cg@ HABAL YathUof aGRing hBuside eubieAaRAN
format1on and

placing the plurality of positioned cutting elements within the region of the profile.

19.  The method of claim 18, wherein placing the plurality of cutting
elements comprises placing two or more redundant cutting elements at the
anticipated location of first contact of the drilling tool with the predicted boundary

surface.

20.  The method of claim 18, wherein selecting the cutting element profile
comprises structuring at least a portion of the profile for causing initial contact
between a plurality of non-redundant cuttlng elements posmoned w1th1n the port1on

~ ofthe proﬁle and a predicted boundary surface of a subterranean formatlon



