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FI ELD This invention relates generally to placenent of cutting el enents on
a rotary drilling tool for use in drilling subterranean formations or
other hard materials disposed wthi n1 a subterranean formation, such as
drill strings, casihg components., 10 and the like. Mre particularly, the
i nvention pert ai rgr“-p%-' G Q%tEMWWTHJMPRQMQ&MGi ng el enents
upon ‘a dril i nELEMENIOLAY OIS TENREDUGE CHZFFER PAMAGETHBOUGH
characteristi cs PORMATION CHANGES, MEFTHODSOF DESIGN THEREOF a

formati on and anot her str uctAND DREIONG THEREWETIPr bet ween two
structures disposed in a borehole prior to contact by other cutting

el ement s5 di sposed thereon. 15 BACKGROUND Conventionally, it is _ ,
wel | -known that cutting el enents i e different positions on a -
face of a rotary drill bit may e?%@ﬁﬁﬁg@l&%ﬁy di fferent | oading o
conditions, diffefe r I & 4 Pt &38;‘ t he

| oadi ng and 20 v\:g%ti‘rE vg\é@&tgﬂ%%@%ﬁi%ﬁ%l&%%ﬁ 8ignverﬁéﬁgﬁg@£§)§?gry drill
bits by var drlling ol ifor use id drilligg altterramiears forpatigsuiothey hardnpaterdalf | gur at i on
in relation theretq. However, conventional approaches to cutting el enent

pl acerrent o#:ﬁpsEébﬁﬁb;n #subterrapean f@rm%tipndamlhraé st?&aecr«asxnséompp and
aosoct aftba SHPEKErMon e dREL ik Al pofiied il ot QRO g o5
drilling befegRgdunt ¥@tinstiaent upsiPi BANRABEGY) sbas fPddnieea bRatiglth at | east one

differing. characteristic. In addition, conventional approaches for-
cutting el efoomatipn chamaetaristicsdretweanciiffergnichubterrapéan rhgivns bsweerdequat el y

Gomni . RPN B ek S O B e e "
oL oo N p ST o s bl rigtals appagaches ave becr
differelf positions on-a rotary-drill-bitface. For instance, U S. Patent
Nos. 6,021,859, 5,950,747, 5;787, %%\ZCK(%P{%U%OS’ 198 to
Conventionally, it is well-known that cutting elements located in the different
positions on a face of a rotary drill bit inay expgriencé vastly different Joading '
conditions, different wear chardcteristics, or both. The effects of ﬂie loading and
20 wear have been accommodated in conventional rotary drill bits by variations in
cutting element size, geometry, and configuration in relation thereto. However,
conventional approaches to cutfing element placement on a rotary drill bit often do
. not consider the effects and conditions of the cutﬁng elements as well as the forces
and torques associated therewith during an initial encounter of a transition during
25  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.
30 Several approaches have been developed to accommodate varying loading

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



WD 2006/ 091641 PCT/ US2006/ 006209 2 Tibbitts, et al., respectively, each
of which is assigned to the assignee of the present inventi 0}1(,j 294 scl ose
sel ect iwe péczoe6mnt of cutting elenents of differing BELVSHIge/006

tabl e-to-substrate interface design?at different |locations on the bit

face, to address different predicted or expected | oading conditions. 5 In
a conventional approach to inproving the drilling performance of rotary
drill bits, US. Patent Nos. 6,164,394 and 6,564,886 to Mensa-W /| not et

al . each dNibbifts.s ak.gesnegtivaly. lepchwirwhichis aseizneg tothe assignes efithepresentsposed

at substant.iall.y identical ..radial sitions.wherein.the rotationally
precedi ng c}HY?t“inﬁB’ cﬂ@échsgﬁ?le?téve(ﬂ%cgmegﬁoflac[ut@g %?52‘? 5 Q/le‘ SURe &Q{Pé’ngngl e,

whil e the rigfjalhé Qutrhé ieth@MeSign aHlifeRat BlcaliiRlon! the BY; FRB! BGddsal 2
negati ve back rake angle and exhibits | ess exposure than the rotationally

precedi ng dlifferenippredieted ot expsitei leading coudfion®at ent No. 5,549, 171 to
Mensa- Wl not et _al. discl ofaes a rotary drill b_'bt, igﬁl udi ng .sets of
cutti ng el ement SNAGARYLEHORS] SPRRGACh tRHmPEy ing:the drilling pegtormanceof PPta¥enent s

| ncl udes alipgal Uil KbOG UGBS 6 SRHRkET Bt BBRA oflBadhl ades at

generally the same'ra posftidn but Having ditfering degrées of back
rake and eafigbse Ii‘@tmg'lﬂlﬂllﬁ%rinclhﬂiﬁg chitihg eleniiats dispb2él athbstantidlly ideatiealn

discloses a rotary drill bit including successive sets of_ cutting
el enents, tradiakpasitions whewirethe sotationally preseding eitigs clemepbisotientedetal r adi us

thr ough equaPtiaf Beek B rnelt e e BratcRy L felefte oping defntighatred s
i ntendeg t%t&'h@gzﬁiv@bﬂél@ﬁk&@%l@aﬁ’é&ﬁﬁ&%eé@ek?o&%ﬂﬂﬂﬁoﬁﬁoﬁﬂi cent cutting

el enents of other set or sets of cutting elenents. Also, U S. Patent

Appl i cat i orpréedibg@iBibgekmintt 0 A ass et al. discloses a fixed-cutter
drill bit, which,.i urpqriedl y optjm zed t hat,. cutter forques are 25
evenly distri bu[gé@ﬁa&ﬁitﬂg' %‘?ﬂtﬁ%gjég:lﬁﬁ%@@ﬁ%ﬁé@%@kﬂ%ﬁﬁ%ﬁ?& in
transition s : | RWA 141G, | NeBidn
drilling f%lrﬁcagI arrlti)lggﬁtt ’slﬂgrﬁ%mgs éstggﬁé'}tg{l# %lgégﬁ'@ Ig{g{ug%lc%érr?ﬁ’ %t S, 'an§@{rmr e
speci fi cal lof chiting @leténtscinclades atl teagt ‘twhbi custinglelententd mountbd on diffepertnt i onal |y

designed as so-called "anti-whirl" bits. Such bits use an 30_ intentionally
unbal arléed thdes at geaprally thesamegndiah pasitiondt baving ditipang degreesnidaek mkper at ed

by the bit"’ S, to cause one side of the bit configured as an
enl ar ged, \%@%%1641 PCT/ US2006/ 006209

Further, U.S. Patent No. 4,429,755 to Williamson discloses a rotary drill bit

including successive sets of cutting elements, the cutting elements of each set being
disposed at equal radius from and displaced about the axis of rotation of the rotary
20  drill bit through equal arcs, so that each cutting element of a set thereof is intended
to trace a path which overlaps with the paths of adjacent cutting elements of other set
or sets of cutting elements.
Also, U.S. Patent Application 2002/0157869 A1l to Glass et al. discloses a
fixed-cutter drill bit, whichis purportedly optimized so that cutter torques are
25 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 conventionally designed as so-called “anti-whirl” bits. Such bits use an
. 30 intentionally unbalanced and oriented. lateral or radial foree vector,usually generated -

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



3 cutter-devoid bearing area conprising one or nore gage, pads to ride
continuously against the side wall of the well bore to eveﬁhﬂbﬁ

i ncept i wip 2006/091641"Whirl," a well-recognized phenorrengﬁT e bit
precesses around the mell bore and 3against the side wall in a direction
counter to the direction in which the bit is being 5 rotated. VWirl may
result in a borehole of enlarged (over gauge) dinension and out-of-round
shape and in danmage to the cutters and bit itself. U S, Patent Nos.

5,010, 789 acrrutersd@md b%mg@r@rcemnémgane or mpm:gaggﬁa@ﬁiprndmwnmnuomlm | bits.

Further ent, No. 2 to _Han Si q to the
assi gnee of gtaﬁlé %’F&dgﬁ’fﬁl lﬁﬁorea?grav @11 & in a
normal ly ¢ g{p}:{&h Ay LRDh further
approach tg‘k glg%:ro%ﬂ grrns dril Eé}el%r ts I\E\R%%%gsggﬁrgﬁlridnﬂg? bgelellbg(k:{]?lj\?e

pl acement odgamst thesgleatatiie ntdirectmrcoanteotothy ditectidn ihivhiciethe bitdsbeing

stabrlr V, kerfs rid uch figurations, are i nt ended
Lo mechahi qt%ﬂo Whirbmey respi ina borghle af ¢ wgeégoyeﬁgwe sipeaid verti cal

or weight-o r drill bit. For

I nst ance, ﬁ%kkaﬂ%g%&dﬁgﬁg%ﬁ%%%ﬁ%@%ttlts?ae&? di scl oses formng a
groove by pl aci rig,SaPatehd N 5 @4 6,789 aindb$ 04B594 toBRettieealoidieloss uhfiwigrl el enent s
positioned _along a cutti ngﬂﬂel enent rofi le. Also, U S Patent No.

5, 607, 024 tdrilkbits. HFusthen[U.S tem,N@sé.fr %422 torldansee aieals, sssigng gythei f f er i ng

regi ons of abrasi resr‘?shtgance,tl SH1 a 20 cq_ﬂfi ration is purported to
lateral |y s¥36PFS ?H’@S {EFTHA, FISFORTS SRS & gt %qrgraﬂ& ause as
the cutfg nogRLRMERAL S0 WREIlizoMaYrilIRdi al |y alternating grooves and ridges

may be formed. However, despite the aforenenti oned conventional approaches
t o .i nprovi ng drinla ﬁarther@pfoachmﬂtséaﬂ(ﬁe rataryodrill bltsjwhild: diilingpselestiver drilling

t ool by co Il guring,the 2 | acenent or (e n of the c ing el enents

t her eon, lpieghat sulting cleerts gpon 4 3@@ STEAIS SRR RORIES o
driIIi~ngw| y t formation
regi ons w t%&ﬁa? %\t Sgﬂo%g%%%%%%%%@%%o - The
present i nvebtation, assmngesﬁiaaedwdrmamgr weight-o-bitfores ivapplitdtothd tothuiybi t - "

- " including at least two substantially redundant cutting el enents that
are positi ofdlibO 2006/ 091641 PCT/ US2006/ 006209 4

For instance, U.S. Patent No. 4,932,484_to Warren et al. discloses forming a
groove be placing a cﬁtting element offset from the other cutting elements positioned
along a cutting element profile. Also; U.S. Patent No. 5,607,024 to Keith ef al. ‘
discloses cutting elements having differing regions of abrasion resistance. Such a

20  configuration is purported to laterally stabilize the rotary drill bit within the borehole
because as the cutting elements wear away, radially alternating grooves and ridges
may be formed. ' |

However, despite the aforementioned conventional approaches to improving
drilling performance of a rotary dﬁll bit or other drilling tool by configuring the

25  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
... .30 .. The present invention provides a drilling tool,-such-as arotary drill bit, = -
including at least two substantially redundant cutting elements that are positioned



thereon to encounter a change in at |east one physical characteristic of
adj acent nmaterials being drilled through. Mre specifically, exanples of
adj acent WRAZWFOH64L pbeing drilled through may include FTEI208/W6Monent ,
hardened cenment, and"a subterranean4 ormation, two adjacent subterranean
formations, or two regions of a 5 subterranean formation having at | east
one differing characteristic. The at |east two redundant cutting el enents
may be sized, positioned, and cqnfiIgured upon a drilling tool so as to
e

contact or dhlEeRIoEnceUNtesfriangein gt [eas ga¢ payficahphasagteristi oh adiaeef i st i c

prior to other. t.i ng .l n ount er i sane... Puf ..anot her .way, the
Bt east tvenaiprigit hoind Bl BRHGR  PRECHROBeall? cR8TRes bF iR, miterR”

antici pated Heﬂ%@ﬁ-ill@& ti@bug thas inkftidé QRhaAg ¢ pdRft, Hirdehdd@niefflandat h a
predi cted boundary surface. Such a configuration may inhibi't danage that
may occur i fsubtesamegh formativn tyoekiprentisubteranean fanmtions, er twheegionkafige i n t he
mat eri al _being drilled. ‘[hu;, .as _used herein, the term" [rgd.u dant" neans
that theJat SHRIgEn TER{IPN ARVIRE eng 8 eharapierisine (The pLleaR Ve ane

dost gni ng. o "ehirfifheRidg cleinebindl 665k, pYESHD oo BpoRE il o
cutting el enddliso s &f doneact & chdbitér axdhange infad leabt dnemndterid) ehatactetiid. priohd an

anticipated path for drilling through the subterranean formation may be
sel ect ed. Fu other cutting ¢lements snpounisting same. sittfanodebwandlmatileast thaxgi ons  of
the structure,t e drilled ma redicted. A plurality of ting 20
el ommnt o myedpat Sufipe defienS ey R Risftonsh 8 sniiddo oot itk . "Puo
redundanp cuitabttT o8l GNRAS fooPiithAPrédistb@bbindasf subfabd. | Sith@l PHERIGtMNat are
pl aced upon the "cutting el enent profile.at an anticipated | ocation of
first cont amaydhhibitdanegd thatmgay owhr ifiatsinglhenttipg eldinentoverd taucntanytesthef ace.
The present jnvention further enco ses a method of operating.,a drilling
25 tool ,  suchmes mthegnatpgal beingdriled. Ths, g thed GeiFin. dicferh Teqyndas

i ncluding a | ' SO gl N at
oast v of il B ableatib bhiile SR By o e SN ey
be predi ct edrillifpgradi.n t he boundary surface is defined between two
abutting _regions _of a subhterranean fornation, the two, abutfing egi ons .
havi ng gé | east Jﬁepmswtémmtw@ﬂsmrﬁgﬂﬁaam&mdeﬁ@ﬁw t,oog drilling

For- posi 11 onteipa ey BBl SRRany Aol o Brotle b breBabBB o) ocat i on

of first combrgdtionto béiérilkd, hhd ﬂgaﬂfﬁpa&@?aﬂ%_ﬁéﬁn fe/subleadean5 t ool
with a predicted boundary surface upon drilling generally thereal ong.
Al so, formation may be selected. Further, at least one boundary surface between two

regions of the structure to be drilled may be predicted. A plurality of cutting .

20  elements may be placed upon the profile including placing at least two r_edundant ‘
cutting elefnents of the plurality of cutting elements that are placed-upon the cutting
element profile at an anticipated location of first contact of the drilling tool with the
predicted boundary surface.

* The present invention further encompasses a method of operating a drilling

25  tool, such as a rotary drill bit. Accordingly, a drilling tool including a plurality pf
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, fhe two ablitting

. regions having at least one different drilling characteristic. F urther, a drilling path
; 30 . may be determined, wherein the drilling path is oriented: for positioning the "~

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



drilling may occur into the predicted boundary surface generally along the
orientation of the anticipated drilling path. In another aspect £ t he
present wionestdiesl, it is recogni zed that encounteringpgT“§2@W@ﬂﬁﬁ in at

| east one physical characteristic of adjacent materials being drilled

t hrough by redundant cutting el enents nmay change the magnitude of |atera

| mbal ance or torque on the drilling tool, which nay adversely affect the
stability thereof. Therefore, the present invention contenplates that the

magni t ude dpokwith a pegdisted boupday serfagsapop drilling generalbyithetralongc ddsa,ng

el ements may..be reduced.qr .10 m.ni m zed, duri drilling between regions  of
the materi a llﬁ‘ég W&YS?‘E‘JFF@B ﬂﬁﬁﬁﬁteghPWd@pf ;ﬁﬂ@ﬁg@g@fgﬂ?@(ﬁhg In one
enbodi rT'ent,or{elﬂg‘atibﬁgpﬂfé%{ici?%aHﬁgin@p@ﬂ@ntS may be sized and configured to
generate individual lateral forces that substantially cancel in

conbi nati on wi t Hnanethemaspéxtiof thel presentainvendioy, it iserdeopnizet that ehéougtesingment s

may be sized and configured.to generate individual |ateral forces that
have relPat i Shenge idhlepstone pRyTcal pgaGeristie of paagent pajerialsheing drilled of net

| ateral for i At ' d upon a
drilling tofouh ﬁ%"g‘@q‘%&#ﬁr@ﬁ%?feﬁﬁdﬁ%‘%\hﬁg&aﬁ%W’ﬁe&fﬁ'&gﬁfof the

i mbal ance figibaRméd orttbRuBlot i drillin@fool, Witicghap bRl Saffddt tHegtabilityon maybe
within f 70 of a net inbalance direction of the drill bit (i.e., all the

cutting eltheneof Shhersfens, teiprastmtgneentionconsemplates that thetmagnitudeoffngs pr esent

i ti i drilli t ool h tary drjll,bit, i | udi
o profile A ETEe B et J0rhys Sfspaundapt pihg Sermentemay b sduted Fer son. wher ei n
at | easfy a mBidihiALd defin m'ﬁlilﬂé 8L iween Fepicts b@%qﬁa&&iél%ingaﬂﬁkauaﬁﬁ' tial

contact between the plurality of cutting elenments positioned Thereon and
a predi ct ediifferingichayactmisfies: dn ofie embedilnert, theredimdantrauitinigeieméiis Magbe a

nmet hod of desi gni ng drjlling tqQol. encqonpassed by the present, _jnvention
i ncl udes seladEnd GonRfiged torggn @H‘B‘hf"dﬁ?ﬁﬁﬁiﬁﬁﬁ?ﬁ%@%@ ¥ caRfsl & r anean
formation t i L hti ool v el ; [k nat h for
drilling th‘?’éﬁl}g%aq“’ %ﬁgot%?g?frh%fne%ﬁé tivel) F%ﬂhér@f/ e@‘éﬁg Sfége‘%:ek’{es(fﬁ%n a

boundary suifedmad bohfigesd fo\deneraredndinklualflatetad forodst thatane estatfvelynemidlbn may be
predi cted, wherein the two regions -.30 exhibit atleast_ one different

drill-ildg chesnifvdein tslatien ta tha magpitude qfineplatesal forcp gradugedibi the othey be pl aced

2006/ 00164 £ B et ASpReBbborta Atk Sy h it i gy bl A ca o 'an
anti ci pat eciite@gér bfoe @hbdlancsforee bf te iplidhlity b€ cutihg bleirRfitstin Be rebioh t he

predicted boundary surface. -
may be within + 70° of a net imbalance direction of the drill bit (i.e., all the cutting

elements) when drilling a homogeneous formation. _

20 The present invention provides a drilling tool, such asa rot-ary drill bif, |
including a profile having a plurality of cutting elements disposed thereon, wherein
at least a portion of the profile is structured for causing initial contact between the
plurality of cuiting elements positioned thereon and a predicted boundary surface of
a subterranean formation. o |

25 Also, a method of designing a drilling tool encompassed by the present, _ '
invention 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 sm*face.beMéen two

7 regions of the subterranean formation may be prédicted, wherein the twb regions'.
.30 exhibit at least one different drilling charaeteristic:--A-plurality of cuttmg clements
may be placed within the region of the profile and the plurality of cutting elements '



I n anot her aspect of the present invention, a nethod of operating a
drilling tool is disclosed. Particularly, a drilling togllF ' (H Lhg a
g

pl ur al i o me/eub41 Nng el enents 5 within a region of aP&T he
drilling tool may be provided. Al sof a boundary surface defined between
two abutting regions of a subterranean formation may be predicted, the
two abutting regions having at |east one different drilling
characteristic, Further, a drilli ng path may be determ ned, the drilling
pat h ori ent withinfthe regies mayhe pegitioned atan antigipated docation of fisieontact of then

ticipated,.ocati Of first tact .of the drilli tool with
or cdli of od bORARLSPI QY GEBIISIE AR S 8ener al 1y thoreal ong.
Additionally, a Hiéﬂoﬁ#e!r%éeﬁeetfoﬁh@ redtt ﬁ.}va@ﬁ@t e;f,?n{&i’odbcﬁ'o%gl%ﬁhgﬁﬂﬁﬂ' thin

the region of the profi at an anticip ['ocation st corntact of
the drillinwol salisclosed.nPartieulmly @i deilibsk foolindiadingsaplamatity. oflouitingielgnénts o t he
predi cted boundary surface-_generally along the orjentation_of the

anti ci _paﬁ edWéthin 4 jegignpf emrofils obthe ;Sléiﬂlmﬂrtﬁ%'dﬂ?ﬂ@ meEided.oAdso, f@h@“&ﬂaﬁféen':]
ol ural 1y oftiE bl 0 SRR eateR o s sfibrateh BaioR RS 48 1"

mi ni i zed diekifpeedlitiltoiaButERE Yepeths haGhg BEleRd: ohb diffé diflingbei ng dri | | ed
having differing characteristics. In one enbodinent, the plurality of

cutting el ephamocterigtichFartherfrednilling pathmeay Useletarmingd athd deilirtg pyth eqent

generate individual, | ateral forces that 20 substantially.canggl in

donbi nat i ontaprtnioe Bttt R b ear ol o SRR WG BF St ut i ng

el ement gp W L 1) e : ﬁ'd?c‘i'%l {"Lﬁg‘% or ( E’tfaﬂq_f

i ndi vi‘dEDaI {:&alittée?:rtgrﬂ?ﬂe ?ﬁg‘?}ﬂﬁgge re a@ggﬁ@sm |‘&’§‘ét§%}ﬁ %gge I'n Telation
to the magtheteatbmgofAdditionbliy, arphiralityrof eutting elenmdtshyat eepositivaed eithin ng.

el enents di sposed upon a drilling toqgl. Further, a net direction of the

i nbal ance f#eaesion of the ppfile al auaptigipated locgtion aliiest eontant of thedrilling toglyi on)

! fao T "
Pbal ance aVil e brklicRa BRUARAY it DR ol il hdundlly Speclbel®
when dril | i pehetallyaitd@gane otientitioh ot theuhticipated|drillghg puth fa$ be Pedorniedt ary dril |

bits, casing bits, reaners, bi-center rotar drill bits, reaner w ngs,
bi-cent®t dril| Bhersforeitheprasent mventionsgnicmplatesthatdhomagnindeod ngi t 30

~cent | Bher veiancgnictpiale P . 0
Used per gi nir3ieR, S s sl pendal i BE FRE phERERb AR
appar at usesmidRi2A00HAY H8fi el ddS 2006 UIRRO D atefia IR AAIRIGRVRE ON OF THE

DRAW NGS The foregoi ng and ot her advantages of the present invention wll|
beconme.  apgidierng chayacienistivs.eln an etrfbediment, dhé plyraity of ¢utiihgidementpwithm and

dr awi ngs,

m@e%@gion may be sized and configured to generate individual lateral forces that
20  substantially cancel in combination with one another. Alternatively, the plurality of
cutting elements within the region may be sized and configured to generate
individual lateral forces that have relatively small magnitude in relation to the
magnitude of net lateral force produced by the other cutting elements disposed upon
a drilling tool. Further, a net direétion of the imbalance force of the plurality of
25  cutting elements (in the region) upon engagement with a boundary surface may be
within £ 70° of a net imbalance direction of the drill 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 drill bits, or other drilling tools as known in the art
~30  utilizing cutting elements may-benefit-from the present-invention and,asused ~~~ ~ 7

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



5 illustrate various enbodi nents of the invention, which are not
necessarily drawn to scale, wherein: FIG IAis a sid I¥€e View
of an exwaypmoeoytesiot ary drill bit of the present i nver %@ﬁzﬁ@ﬁ%&iﬂ Bis a
partial side cross-sectional view off the rotary drill -bit shown in 10
FIG 1 Aas if each of its cutting elenents were rotated into a single
blade; FIG 1 Cis a partial schematic top elevation cutter |ayout view of
the rotary drill bit showmm in FIG 1A, FIG IDis a side cross-sectional
view of a helical cutting path followed by cutting elenents depicted in

FIG 1 C 15 FIG IEls]?RW oMW t‘ﬁﬁl tary drill bit
showmn in FIGS. 1A-1D of the pres%ﬁ)tﬁl nvegtlonﬁgArl ngé%)rl I1ing a borehol e

into a formati onThddofegoify dnd othd? alvdntdges bEie pieReistiSREtibA M bidozye Oof an
exenplary rotary drill  bit of the present invention, as if each of its

cutting el eappatent weonereviswatfdbe following @tmlyddesduipade anddrapings, whichs a
partial sch tic top elevation ter I ew of the rotar drill
bit shovh | AR varkusemodestiStihe Hvepdit, Shikads 1ot netm L GRLE cut ter
| ayout -vi e\/\écg gﬂ present invention incl ud| ng two redundant cutting

el enent s; I's a side schematic partial cross-sectional view of an
exenpl ary 25 r oFi3. ) Adis ialsidelpetspedtivietvievp b areedeniphare ndtayrdridl ipofsthel wi t hin a
cenent ed casing shoe, assenbly; FIG 3B is a partial schematic side

cross- sect | PRSADLVENHYE the rotary drill bit shown in FIG 3A as if each

o erar I 435 P8P oSl ol Yol 8y i bt °p 1 "'
shown i 1 FI BG.3A asdfedch oF &S Butéih @Ehichﬁgﬂﬁéme&ﬁn&\ﬁrs letladeed into a
single blade; WO 2006/091641 PCT/ US2006/ 006209 é 3D is a further
partial schenat i FIGil@dsampesial schemiatinrtop elnvauomcuttem&ypumcvofcheumtarbu t shown
in FIG 3A d@bjtfheach ]%)[ Hétl ng elements were rotated into a single

bl ade;. FI G jt shovih I F1G, [ Ag chenmt i ¢ side cross-sectional view of the

rotary drill bitpie lﬁl@%lderbr&%@&uuiﬁi ABH of RheRical bﬁmﬂéﬁ&h@f)ﬂ&k@éw‘g

el ements were rotated 1nto a single
cutting elements depicted in FIG. 1C;
15 FIG. 1E is a schematic side view of the rotary drill bit showanIGS IA-ID

of the present invention during drilling a borehole into a formation;

FIG. 2A is a partial side cross-sectional view of an exemplary rdtary drill bit
of the present invention, as if each of its cutting elements were rotatéd into a single
blade; | _

20 . " FIG. 2B is a partial schematic top elevation cutter layout view of the fotary _
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 |

25  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 a. single blade;

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

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



blade; FIG 3F is a partial schematic side cross-sectional view of the

rotary drill bit of the present invention; FIG 3Gis schematic

cr oss- seMQ WeP164lew of a redundant cutting el ement 1FCHEESE6IPt hin a
rotary drill bit according to the présent invention; FIG 4A-1 is a
partial side cross-sectional view of an exenplary rotary drill bit of the

present invention, as if each of its cutting elenents were rotated into a
single blade; FIG 4A-2 is a partial side cross-sectiaonal view of another

exenpl ar yI r ot ar yFIG.51Yyisia fprth«?;tpaﬁ%al ﬁﬂ’é%%@?ﬁ?@ﬁ%%‘?ﬂ@ﬁ@eﬁgf the refaBh of it Is
e cPoss. DENbRSHEHE o 1 aR0 ol Risfofr DR et FereltbiRed ipiorh g D21 8

present invprgéon, as if each of its cutting elements were rotated into. a
single blade; 20 FIG 4B is a schematic side view of an exenplary rotary
drill bit of theFI(priFsisatpaitial sohemetic side crogs-shetibhal vipvaobibe edtaiyalrilnbid a

formation; FElI G AC.i artial .sch tic sigde cross-sectional view of the
ot ary o8 Py i 21653, Ao B b s i ehiad oping slemenls iare FoRgd SB ASTIEE war o
rotated int .single blade; FIG 5A is a schematic side view of an

exenplary rotary drill bit of the 25 present invention during drilling a

borehol e to a fi FK}. 3¥dptipattial svhematid sideverobssectiomal ievbdT the raaryalnidlibit i ¢ si de
view of an exenplary rotary drill bit of the present invention during

drilling a pbthepesentinveatis®cond depth within the formation shown in FIG

The 30 present | ERbad Brofpabiexte Koty e d b AR Rteds Ut ctipept .| '
- i t 1i 110 hedfQsRWitih o roHa9 WEIITHR dob&Bingt ¥ shodeB inVWEARRAD6/ 091641

PCT/ US2006/ 006209 9 FIG BA is a partial schematic top elevation cutter
| ayout view of oRK:. 4dwbisch pastial side cosseeetiopabyiewlof i exersplorydotagy dwll t he

present invention; and.FIG. 6B |. partial, schematic top elevation cutter
oyout  vi owbhpt B st ingeig asifeachPF S piting emenimess ORIEL GG ng t ot he
present i ”VﬁﬂélE‘B[hde,5 BEST MODE(S) FOR CARRYI NG QUT THE | NVENTI ON

. FIG. 4A-2 is a partial side cross-sectional view of another exemplary rotary
15  drill bit of the present invention, as if each of its cutting elements were rotated into a
single blade; | _

FIG. 4A-3 is a partial side cr,osé.—sectional view of a further exemplary rotary
drill bit of the present invention, as if each of its cutting elements were rotated into a '
single biade; ' ] - _

20 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 rotai‘y 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

25  present invention 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

30 _present invention during drilling a botehole to a third-depth-within the formation -
shown in FIGS. 5A and 5B;



The several illustrated enbodi nents of the invention depict various
features which may be incorporated into a rotary drill bit in0 vari ety
of combyoabismarsst A explained in further detail bel of TR Sgoé’nt
invention relates to providing 10 r®dundant cutting el enments which are .
positioned upon a drilling tool to encounter, prior to the other cutting
el ements di sposed upon the rotary drill bit, changes in structure that is
desired to be drilled into or through, regions or different naterials

t hereof . Such aFHorfiA tyurpmrtial schemetic éehuelevation diritey laymit disweaf®nthat may occur
when a si n%llbe cutting el eggﬂtb. cont&cti ebémateri,al or _rqep%: on of a
structure FMPELineEst efrofy, HACQIEINg te, g PESHERL IBVRaMG ng same. FIG 1A
shows a side pe j [ . t ' i& .10 of the
present inventi gﬁ?'eg%{s\aéfp?iﬂ cﬁ? ?{fﬂ% a??f@é&%‘g ué‘é@é}éﬁrnoétr%Wydfgg tljﬂ?llgi-l‘i cal
cutting ekmbeditenldr adotdrx dll bit aceuddiag ty thepdesearigvdéntiohnal 1 y ext endi ng

bl ades 14, nozzle cavities 16 for communicating drilling.fluid fromthe
interiof of the rotary drill bit 10 20 to the cutting elenments 12, face

18, and threaded %ﬁ@ &lf@é ' . ry drill bit 10
to adrilling strlplhgs'fﬂaﬁﬁg Iﬁ %ﬁw %FF@M@ 12 * may
conprise pol ycrysé gdvieta aludire® Bﬁb@ﬁmﬂﬁtofwmeﬂéh%ﬁﬁt vafoul Riftted Nt he
art. Alternatively, cutting elenents 12 may conprise tungsten carbide

cutting el svimnhtreay benincarporated ihte aretatyidrill bitdia a Masiety of Conobightionas Asg

equi pment or other strucfures, 25 Cutting elements 12 may exhibit a
subst ant i amqglmaﬁciwa@ﬂﬁ%rﬁfew}e&wsft‘a%r%@ SuSeTotes 1A DRVIng A so,

bl ades 44 ' | . : | £ e, t adj acent
bl ades 4, FEpREE LA tbiial iSRG Sysil o in 3 I SEPR hBier, B0 P70
adj acent gager tpahsothér cultidg elémierthdivposad apdretimrotaryadill biglchangie in
cross-sectional view of rotary drill . 30 . bit 10, as_if each_ of

cut ting- el Eesigrs that & degiredriodedirilled inte ot {hseughy mgions @t diffesent materialyl e bl ade

V0 5006/ 00 kPR kR o 0o Lepfl o R B mb RS when oy e
|l ayout” dr awingle cutthg iR comasts h ehatl@fal Breglonlofatriiétute frﬁir‘t&the%ﬂndﬁnom in

the art. More particularly, each of cutting elenents 1 are shown in
rel ati &b t outtingglemenisisantaciuigsame, t he di stance from which corresponds to

e e PRl st e it Vi oBet ol R L BERE oF (2 ey
in FIG 1Bthe'ciedd inventdl ReBHY aflt biti109nQLeRRRhGallPcyIRMrieMeLiAR W th one

anot her. Furt'hernore, according to the present 1'nvention, t or more
cutting el elements 122ffiedrto tatiallycmd|lbngitutlinally extgnding blades 14, nozzle

cavities 16 for communicating drilling fluid from the interior of the rotary drill bit 10

20 to the cutting elements 12, face 18, and threaded pin connection 20 for connecting
the rotary drill bit 10 to a drilling string, as known in the art. Cutting elements 12
may comprise polycrystalline diamond compact (PDC) cutters, as knownrin the art.
Alternatively, cutting elements 12 may comprise tungsten carbide cutting elements,
which may be useful in drilling through casing equipment or other structures.

25  Cuiting elements 12 may exhibit a substantially planar cutting surface 24, as shpvim
in FIG. 1A. Also, blades 14 may define fluid courses 25 between circumferentially
adjacent blades 14, extending to junk slots 22, foﬁned between circumferentially
adjacent gage pads 26. , _

FIG. 1B shows a schematic partial side cross-sectional view of rbtary drili
.30 _ bit 10, as if each of cutting-elements- 12 di-sposed—thereon were rotated onto 'a'sfxi‘gléﬁ T
blade 14 protruding from bit body 13. Such a view is commonly termed a “cutter



be positioned at substantially the same radial and | ongitudinal position.
Explaining further, FIG 1 C shows a top schenatic view depict] a cutter
10 | ayond 2micmmedp, as if viewing a rotary drill bit 1 ?fpgﬁmoéwgg@ottom of
a borehole (not shown) into whichotary drill bit 1.0 was drilling, of
cutting elenments 12 and redundant cutting elenents 12B of rotary drill
bit 10, which are di sposed about reference circles 15A, 15B, and 15C
respectively. Each of cutting elenments 12 and each of redundant cutting
el enents 1Xlyond\drawioger (‘euting elerpentdayoas) drawingisnd ey besised fo designt o a
substrate 27. For.exanpl e, each o ttin | ements 12 and. each

r edundant Eﬂ?‘fyicﬁ' “é‘fseg@fﬂoé‘mil?@l% I%Fﬁgparrggﬁg&:e qt'épgl,nggge in the
art. O COnf wnlift KRS I61eHGURA shi L HnRis B Sl BRREpdulls i aet er
W th respect townllongiitugi nalgliaxilﬁs 11, " With-the radial p03|t|§%n ?)?B cutting
el enent s 1#henediabpesititandn the vataryrigilldlieite nCuttin® Bleieats d 2enayt begposiioned

respecti velaélin I ncr easi ngblaccordi ngly. During 20 drilling, assum ng that
the rot ary alonga selgeied protile 3 Gas knaws in the grgiAsirwain HiG.< By radialhng

direction 42 s e | utd i . 12B may
nove, _traﬁlé a%@g?ﬁ%@gf E %\7 ar‘ggié%réﬂg%@éﬁggﬂ@l%él%@ﬂ %%‘il,rg’;%%;g amd 1 SC,
respect i veliytheAseseBdinitioR e Gr AidRe cuﬁiﬁ% clefiiefi® 102F rot@AUHIPHIt 16 Hiayi Ng

el enents 12B are positioned at substanfially the sane radial and

| ongi t udi n&k ppeitionadat swbistantiallssthe same madiad and tongitudidalpesitioni s 11. However,
redundant cutti lemepts 172 re .separated circunferentjally and,
therefore, may p@%@é@%ﬁ.ﬁ&wg}o atBPé%E?a?ﬁV&ﬁwﬂmma%Wh bit 10.

Redundapt %ﬁé@gw%e@m%%pgnl ; 'Or 1&211?%0%%*@1&1561«3@0?

symetrica about Tongit ternativel
ci r cunf er eshoved)l into velsighrradry ideil [biity1,0 was drillindgof detting eldmeatssd@,andut t i ng.

elements 12 as well as redundant 30 cutting.elenents 12B exhi bit side
rake and - d#ﬂél@BmaEiekmeaESilgﬁsqffa@w%dt\hl%il%wlﬂlﬁ’éarﬁ sposed Sheub/ 091641

Cubstant i aFTy pRecicke 330 7Bl 56, Bl BARS LRI R B SR i

cutting el esghifFedvhdamcutting efemtsits B inhy Gompli @ Estbherabedbive table2se i s
helical in nature, as described in nore detai-l in U S. Patent No.

5,314, 383 effixpdpopsebstralgsdi Foeexample vachhehugfingelernents 2 prdeashofi nvent i on.
More 5 ticularly,. si ot drill i cduring drilling., i
il ¢ ancodei o elring sRn® 12 A cdmtrnatie pofers 3¢ R Bk i B

bor ehol e i ok, refeRBcEitdldsNISADASB, 4l 150V RCreadtin Wbkt WitH ¥@dpe@ubt er

di sposed thereon may follow a generally helical path, as conceptually
shown wi t hlongitpdipal axis I, GithXD® radied positiorcaf cutting dlergerpai b and wduhdsdt by t he

cutting elements 12B disposed thereon, respectively, increasing accordingly. During

20  drilling, assuming that the rotary drill bit 10 rotates about longitudinal axis 11 along
direction 42, cutting elements 12 and redundant cutting elements 12B may move,
translate, or traverse along reference circles 15A, 15B, and 15C, respectively.

As may be appreciated, the three (3) redundant cutting elements 12B are
positioned at substantially the same radial and longitudinal position with respect to

25  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 128 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

30  cutting elements 12B may exhibit side rake and-back rake orientations, as kiiown in"
the art.



redundant cutting elenents 12B is illustrated by solid line 15B, which is
al so the 10 reference circle 15B as shown in FIG 1 C, but unscrolled or
unwound Y& 2981¢#si de vi ew thereof, and extends al on§CTHE20060820%ur f ace
of formation 60. Thus, |ongitudinallly | owernost edge 28 of redundant
cutting elenments 12B follows a downward helical path generally indicated
by line 15B (the path, as explai ned above, being unscrolled on the page),

but, of course, redundant cutting elements 12B may 15 penetrate jnto the
formation 60, tHiedupdanteyitingelements 2Bapayravemesupsiaptially the semegirillingr ei nt o.

Cedundane | i SASKM FnbHE GE uALRn Githid AnEIFTT e ol tuliEe
than two r&QgHasaMmB ebdridid heli@IBiaurd 2483 deS@ibed i€ Horsl@dail US| Patesd enment

12B may be 20 redundant in relation to each of the other redundant cutting
el ement s 1280. 5, 314033 to Tibbifts, assignet ¢o themssighestof dhe prasent inventiop. Mement s 12

G T er erx TIEGHONY: SAPRR g Ar s QUi &Ll e FrHBaFo P b G Pnds &
iffere r 7 , r s a .
rotary dril | 4l t r depi cted
in FIG | E.&R)@Jr“%dé%‘e“g?"ﬁ%%ﬁ@ﬁﬁ%*%‘%‘f{%‘?&: %?rg‘{@{g&’ﬁp%iﬂ%el@%gw of
rotary drilby dihdiliuabaitiegdispdsed dgrednenBnfoliow? génerallp helidahpath o duri ng
drilling of formation 100. Formation 100 includes region 102 and regi on

104, whi ch conpeptealyshevn with respectdn 5lGelD.ailbe heliselienttng path gavatedbythe102 and
[ 104 hi bi t . i-ffarent. ti i t,h tt
g s BB i e TR Rufbe PR R8T ShL BB R BT 1

subt er rigne aRfekicBBirtieN 5B A9 shdwn MPTDY. | SEbiR Anscrdlldd G dWousd B Sowadad
constituents. For exanple, region 1-02 may conprise shale, while region

104 may coryiew sherenfnatel extendpalong the-upperssurfaseofformation 46 GPwss i es or WO
2006/ 091641 PCT/.US2006/ 006209 rilling characterjstics..of region 102
2nd 1 ogi on 1PBEAIRAT e ETIOSCRder 2F ohtdundatt itk Skenisd 2B RIPYRE  Cher cof
One partic | ' e & ' ;S i ng

el eront s oficamviard HlicqPheh BierIpindiBua 1L AR SS il A, &Y cpRbRAMON oF)
sof t f or natbemy uriscrotigd om therpage)abutebdourse] redinadait Suntingélexmants dBamy " Sof t "

and "hard" may correl ate generally to, a | ower- and hgegh,er conpr essi ve

strengtld, rRsubiEate infe the fopmation 60 tieicyiting fees 2dherenf shearibg oF gUtHPZ om | over to

hi gher, respgetiyely to the elasticity, abrasivity, or actual hardness of
the materia gel ng drilled. Conventional rotary drill bits containing one

cutting el ement Ofi@urde] it mpRaaMDvey RdGidaGONItBEE dleibiis 2B @edy Heegi on
' redundant in relation to one another. Alternatively, in the case of more than two

redundant cutting elements 12B, each redundant cutting element 12B may be

- 20 redundant in relation to each of the other redundant cutting elements 12B.

Therefore, it may be appreciated that cﬁtting elements 12 and redundant
cutting elements 12B of rotary drill bit 10 may eﬁcounter different regions, sfrata, or
layers of a subterranean formation as a rotary drill bit 10 drills therethrough to form
borehole 106, as depicted in FIG. 1E. More specifically, FIG. 1E shows schematic

25  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

. 30.. _different subterranean constituents. For example, region 102 may comprise shale, -

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



10 may be damaged by such contact. Explaining further, the conventi onal
rotary drill bit may progress through the relatively soft formation

rat her r¥oi206/09164dd rel atively rapid isol ated engagemBT/US200&086202 i ng
element with the relatively hard regi2on may generate excessive forces

t hereon, which may danmage the cutting el enent. Consequently, the present
I nvention contenplates that at |east two redundant 15 cutting el enents
12B may be positioned on a rotary drill bit 10 within a region of

anti ci pat ed(%llhng Fharacserishigeeiragionil OB andmgias 1 (dgnayrexduliedifferencesdasur ed, or
predi cted change, between t regions of a formation so as to mtigate or
di stribute @F@“g%Pccggﬁggﬁﬁlfe\ggre encountered by drilling therebetween.

Turni ng back to 611%;&’&&1&1‘“5&9&'{6 %&msg&é Sarlidgeto be of MBreR@fdgl ON Of

redundant cutting elenents 12B (1.e.,” the 20 position of reference circle
15B) may beclemgnts bBalrdtary drill dfitanay edchyinabillingsfromd: relativelzisoft éorpmtior d
position of initial enggeaement with a region 104 of a_subterranean

formation 1M§SiopANtpE T y heyd foxmatieniregion oflnvaad “bard? ey serrelalsi ons 102
d 104 th . t ' t
108,y bensily 16 B loiR b Rl 8 Sl SR o R0 it TR S

the other cmhy hlR@relfte, SrdiBIWes tclﬁigﬁé@ﬁ@?@?velpwtﬂe%sﬁamramﬁwy,l orbi t 10
a

engagi ng sane, depencfi Egﬁon, the orien ion of the drilling path with

respect to achal handoess abthe nodteridl beingdndlad.y Cogventignal ratasy dsHbbits bet ween t he
i 102 _and .104 of the f i.qn., Th b diff t

gL One O he o R S i gt B e R LR o (o

initialjgy cQBfBEEarRageddYIficH &n&cﬂ%ﬁlﬁ%ﬂgg?@ﬂ%, e bvRftional %_Stiﬁ’fly‘?ﬂl'ler al ly,

redundant cutting el'enehts nmay be-di's d upon a rotary dri bit in any
posi ti on t Hat mapprogsgss thtsughdharelativelycsofidormationabthenmpiity, apdrakativelyt h a

change in a. \Q 2006/ 091641 PCT/ US2006/ 00620 13.drilling condition of a
structure D@pidgselate nge@%wgceﬁwsiegme&fwﬁ%vlqtaelué’@rﬂg@mg@%o one or

nore cutti . di : bl D npared to the
damage tha{]& r?gll;? ge %%%:‘%rf?%gé@gr egﬂ’s‘%lglil {éﬁ&uE tl %ﬁhglc‘é{r?r%lgte?eg@eﬁgi stributing
forces, by di stCofseqisntly,dhsrp@sent divehidconpeiplpesnthaeatleatatvio edividang

elenments. 5 It should be recognized that positions of cutting el ements for
initiallS ergydlingalements 12B may be pasitionedana sptary dall bitt 19 withinpaegion phg

Feaundant cReipRa SERChead RO i eabR ]l Bypotety MeRkalt br HRHAICT O
desired pl Wewwmfr?EMafoﬂmtwt@ﬁﬁﬁ'dﬁﬁoﬁdiﬁtﬁbﬂ&ﬂi@fbr&@ pl aced

at substantially a desired position of initial 10 engagenent with a
formation athaiarelemegunteredivy doillingtherebetween.i Barning back to FIG. 1C in

conjunction with FIG. 1E, the position of redundant cutting elements 12B (i.e., the

20  position of reference circle 15B) may be adjusted to substantially correspond with an
expected position of initial engagement with a region 104 of a subterranean
formation 100 in relation to a transition between differing regions 102 and 104
thereof. Put another way, two or more redundant cutting elements 12B may be |
positioned to initially engage a formation change, prior to the other cutting -

25  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 conﬁgmaﬁons in which redundant cutting
elements may be employed to initially contact a change in a material being drilled.
.30 _Generally, redundant cutting elements may be-dispesed upon-a rotary-drill bit in any

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



In one enbodi nent of a rotary drill bit of the present invention as
depicted in FIG 2A redundant cutting elenments 212B may be positioned in
accor d whbostobss41 | ongi tudinal Iy | owernost cutting el e?@TmS%%g&tﬁ? n or
cutting el ement corresponding to tlhe nadir of the cutting el enent |ayout
or profile. FIG 2A shows a side 15 cross-sectional view of rotary drill
bit 210 as. if each of cutting elenents 212 were rotated into a single

bl ade 214 extending frombit body 213, in relation to longitudinal axis
211 and al dniingravndition280 stririt@e beingalridled s Ruchsa ¢andiguration npgaedusavi ng upper
surface 261, which is substaptiall rpendi cyl ar .to J.angitudi nal .axis
1 Redundampes baneng ROre e Ssbes BoRa s Torerd dulH dsioripared

| ongi t udi n%hﬁé&aﬁrﬁ% g%lég{ng}’ﬁ& irfettirbd 9)9? W&u@%ﬁ%@?yﬁfsﬁ%ﬂxp froreel, t i ng

el ements 2 position © , Inre on to longitudinal
axis 211, iby distitiiedting daidage, bhbothf batwecermedurdapt hetivgglementat ed, redundant
cutting _ elenents 212B nmay engage formati on 260 havi ng upper surface 261

that i s3subst andishopid bsapnepied thahpositions of guiting elements,dps mshial

engaging 2SSERE WiE R ohaROS piooRl i CnSPE R el EordOE R =12
StUCture Wb, dséolding oot i b s Aing SbhAU R RREr L 5

substantially concurr n relation to one another if thé rotary drill
bi t on whi o¥ithithaboutd0.08h nentimeteriofig desivdiplacementthpteaf €bhusdredimdant nt o a

boundary surface,that is, supstantially. t.ri.c apout .the drilling axi s
50" (e ° EhnenE et men bF Dlaeeat sulantially R iesitr PoRRRBOt WG shown) of
rotary-q riI"%ieJ sth W ' : iofpr of i 1 e 230, rotated
abotit the €08 |'%gwﬁﬁéﬁéﬁ%%&%%i&%g%i%‘ﬁwﬁ%ﬁl?%szooal 006209 -14
Since the drill imgnsembaiimentfof mabdiatyydrill bik bf the ppre2ésft inventioe as dépdttadin al | y
symmetric abaout the longitudinal axis 211, engagenent of ‘? boundary

surface (i Y&0,2A pdedant rtmeslomentss 1 28may be posiionsd in aegord withthst antial | y
ehgagerent ity oy lbirdeh g e pidod SRS cpiltebbline .

surface (i t@the ndgidof tifelhitivgledtcht DiyohtrpeéfiloNFRE QA showsarsidy substantial ly
concurrently with respect to one another. Alternatively, initial

engagef®nt cassiseciiopaluiiers of rotary el dit(216as ifraeh pf cutting eleinenta @2 sigbst antial | y
trical t th il ling axis.or.|ongi.tydinal. axis 211 of rot

G TTT b ¢ 58 g sineld ade Al iling ok Dhape ofindletunle g el ement s

212B, whi chorpioudihal 8801 Sdaldng préfid 230 0FIGH B4 Als& ShRvAR RSNt Jber eanong.

Thus, according to the present i'nvention, rotary drill bit 210 may incl ude
t wo having upper surface 261, which is substantially perpendicular to longitudinal

axis 211. Redundant cutting elements 212B may be positioned at the longitudinally
20  lowermost cutting element position of any of cutting elements 212, the radial
position of which, in relation to longitudinal axis 211, is labeled “R.” Therefore, as
- may be appreciated, redundant cutting elements 212B ‘may engage formation 260
having upper surface 261 that is substantially- perpendicular to longitudinal axis 211
substantially concurrently and prior to any other cutting elements 212 engaging
-25  same. _
Initial engagement between distinct regions of a structure while drilling may
‘occur with redundant cutting elements substantially concirrrently 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
30 _ (i.e., the longitudinal axis). The drilling surface (not-shown)-of rotarydrill bit 210
will be shaped in the form of profile 230, rotated about the longitudinal axis 211,



or nore redundant cutting elements 212B. As shown in FIG 2B, which shows
a partial schematic top elevation cutter |ayout view of the rotary drill
bit showWQ#06/41& 2A three redundant cutting el ementPETAISZB6MARG20De
positioned to rotate, during 15 drilM ng, about |ongitudinal axis 211,

al ong reference circle 215, which has a radius substantially equal to R
O course, as shown in FIG 2C, alternatively, two redundant cutting

el ements 21282 b .tioned to rotate,. ing . drilli about

| ongi t udi nal axrg@i%mh@gwﬁéwﬁ@ma?@ibﬁj@@ It?‘?sé}{’?tﬁ‘i&?’pllgr '
alternative -t : | | hl.ustrated
may be conf F)élﬂ@g ctalga&rﬂé% git'ngﬁu%ﬁ@:é%%%%, @:é?ﬁnﬁ%é,stggg%%%ga%%gieﬁal axi s)
211 al ong r epperetdace@6l ff formbtion 860)battis substahdllysymmetticisbout ke pr esent

i nvention cont.e%t es that a drilling tool, such as rotary drill bit 210,
of the preséangitdinglaxisodl lragy aneq the inital epgagementipetveenuiedundant entting,g

3155, b ch RGP B0 o boutdhy SEfR A are i PO TP BT S, Tho S
el ement: posid bRir sUbBMnRAIBMdoAEurRANG Wit Bépect 1A ahbthE. | liRnAivelyaaHgali N

formation that is initial'ly engaged by sane. Put another way, nore than
one cutti ngergagement withs beundaryl sugfaces(dptshoyny rwhitloisgiot subistaatialy i dentical |y

0111505 pbdbia i B BB R P AR ASIBEA0 7 T o
D oo OBy S R B e agg. O

i nventi o, Bberefichily retiuck br distribofe dahegpthemaniongi nventi on may be

beneficially configured and used to drill, through downhol e ¢asi ng
assenbl i es or podBi%hAecoriag inthe pEasert inventiomrplgry drHLbit 414 max dnclydedwee nent

di sposed t . | ' : I Cr AL | .
Cross-secti gﬁé‘ﬁﬁeﬁ%!%“vﬁda%%. n@%&géﬁﬁ%ﬂﬁ 4‘85@{‘%& @%ﬁ%’ ‘g%lgﬁ r%%d‘ggn%e 406 may
be di sposedpaiihlicRetificiop Rvafh cuttt Bloutivievk ¥Pihe abthiy drill biechowh iaper at i on

of arotary drill bit (not shown) to drill into formation 440. - Casing
section 404FKmR 2da $hragredundant ostingglements 221 sy beipositionedtorretats, dudap t o

stabi li t he.fornmatjon t hereabo and for additi.o r ns s known
T the. 9. OStpRatiuhRRetuiti AR8Y1  HionasBfer8i® et b VERE BEGA e cael ng
10 shoe 406gyamRaAty dxil fo'Fer OPEh R a@ﬂﬁm%ﬂ@l@%,@lﬂefdaﬁ@ﬂﬁ%o the
formati on 440. Thus, rotar y drill bit 410 of the present invention nay.
be di sposedradunddnncuttisg nigments 3 PBH mé9 be fpositiomdd thirotgtet Gurngydriltihg abesti ng
h 406, 4 : I [ ion 440. ‘
shoe 406, Cforﬂgl%dinéoax}s elrl ea?oeng?'e ere?lgg cirélg EPS.tIgea igngtixgra at.ltlelgngﬁve,%aorethan
three redundant cutting elements (not illustrated) “may be configured to rotate, during
20 drilling, about longitudinal axis 211 along reference circle 215, without limitation.

]

Thus, the present invention contemplates that a drilling tool, such as rotary drill
 bit 210, of the present invention may include at least two redundant cutting elements
disposed thereon. |
Such redundancy in redundant cutting elements 212B, which are positioned -
25  at the longitudinally lowermost cutting element position', may provide b_eneﬁcigl '
-transition into a change in formation that is initially engaged by same.. Put another
way, more than one cutting element substantially radially and Iongitﬁdinally
identically positioned to initially engage a change in formation may beneﬁcially
distribute forces associated with drilling into such a change in formation by

30 . inhibiting damage to the cufting elerents so positioned. - - -



As may be recognized, rotary drill bit 410, as shown in FIG 3A nust

drill 15 through transitions or boundary surfaces between the casing shoe
406, cemaR4POI641 and formation 440 prior to drilling BCHUPI0&GRSEY0r ehol e
within formation 440. First, rotaryddrill bit 410 di sposed at the end of
drill string 408 encounters and drills the inner profile 409 of casing

shoe 406, which may typically conprise alum numor other relatively
mal | eabl e netal or alloy. Thepn, rotaty drill bit 410 encounters the 20
upper boundary sﬁ‘r?né’ J CE%eﬁE%Preﬁg}‘%\ﬁm‘%aﬁﬁtﬁwsqfﬁg?‘gﬂf&‘ﬁlpff?e’&tonf ormto
t he outer i | rﬁ%‘ﬂf‘e usEEIRR dhfdh A a

har dened m%@%%c}xﬁn?%?e?%nﬁgt@%ﬂggoc ncrdg#g,usl ncl UAII ng ﬂ?ﬁ@?ﬂ% cgﬁ’ggstance
such as cenrssemblich @rpodtinms dgadad, such s basg, eming shoeg and edmem dishoszdn i n t he

art. Further, rotary drill bit 410 ma ljenagage . formation 440 al ong
boundary subtEebortoF1G: Hb shayso iy agides ¢ PAUAkEFOsseopnabYiEWRPAREIE by t he

o1 50 bohppsietih W4 o SR AR 0b B P QidpiR R BB Maa i o
boundary s Ugdfeiealy RimbPbSEulicRof aGoBYilPHH Otk shdnfb aliflihte, bY

sel ection of drilling tool (not shown) ernployed'to form borehole 402,
t he casi ng $§hretid440. oCasingrebtion 404t dndrcasingshaegt0éhoay 0@ mentedeovithin 20, and

formation 440 30 characterized _.as -different, regi ons that
Lot i t ome. BorchulE 408 staies GF Fermafign tioreabut and £ Addiielal BeroBo S | cs.
Since the ¢ ' | r NS ;casi ng ‘WO
2006, 091641 Ko B RR, 88%5@5&%%& gﬁdggﬂgggﬁdgg%ﬁgﬁfu@gﬁ%ﬁ%ﬁl By mati on 440
may be 9 f f shicer06p¢entting 420nhitrebelom, hndepnvintiddrilling deth tiveafprmation?40. uni que
forces or behavior: .Therefore, as shown in FIG 3B, rotary. dri|l bit 410

my i ncl ude Thas st drill itd10 Qflgh@p@mhyeu@@marb@isweém nesprtial
of cut ti g B EREAYE R e AR R Kasity Rhod RS Lofndlaol el o, 0%

frombit bogito thkFormatiohelddt i on to longitudinal axis 411 and along profile
430. Redundant cutting el enents 412B ma%/ be positioned at the
it

| ongi t udi nal | 'y | smaydstrecognizedgotatsedrilhbit Abias showmin Hy 345 mast drilhg .
| enent s, 41 hown in FIG_ 3B.. A di ngl y. .redundant cutting

¢ erent B 1 Bim Ry i AR B et auh SRR S 8806 e
upper surf ag) RimeGsEao s 1Wahiniagd fgll’ sib?B?reﬁblE%ﬂﬂ gfﬂnlaﬁoﬁ?fﬂ.oﬁirs@,as' ng

shoe 406, and the boundary surface 403 o ormati on 440, as shown in
FI G 3A, priatarytdoillehity4 16t disposed st tthenepdeadfelnilrstring/d08 ewgadensgnd drills theSuch a

S T IR TR TR AR X T
el ement other relatively malleable metal or alloy. Then, rotary drill bit 410 encounters the
20  upper boundary surface of cement 420, which may substantially conform to the outer
profile 407 of casing shoe 406. Cement 420 may comprise a hardened material, for
instance concrete, including a binding substance éuch as cement and an aggregate,
such as sand or gravel, as knoﬁn in the art. Further, rotary drill bit 410 may engage
formation 440 along boundary surface 403, the topography of which may be
-25  determined by the drilling tool (not shown) which was used to form borehole 402. It
may also be apparent that the geometry of the above-describe& 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
_ 30 . characterized as different regions that exhibit one or more distinct drilling . .-
characteristics. Since the constituents and mechanical properties of each of casing



15 position upon rotary drill bit 410. Alternatively, it may be noted that
the cutting el enent position of initial engagenent of the rotary drill
bit 410 iWBF@I“@?l%h to each of the transitions between PCEES2006/6620 406,
cenment 420, and formation 440 may belpositioned differently. Put another
way, different cutting elenent positions may initially contact the
transitions 20 between casi ng shoe 406 and cenent 420, and between the

Cepect | vel ghoeRepemets 20,5 simapiph ARY B2y B8 oBierel or 3RS, aREENitin, esen
| nvent i on copaR AlfSit gl fRkALY bellblgr, bit 410 may include more than

one group or set "of redundant cutting elenents at different radial
posi ti ons t her eohefore,| dsshowmin Fi€l. $B, fot«@y dAIT bithk@anmay ipalutle sdduaddnt nmat i c
side cross-sectiopal viewof rotary drill bit 410 as if eachng{ cutting

el enents 418utheg elemsnisddB; FLG. B shang apastial gehamatic srdgpgossrssetional visy. Fi G

3C al so gho i ' ] ok | tnorel.ation to

| ongi tud?na\ﬁ?g)x%g dﬁ%%?p%%eaggf%a?ﬂﬁ&%té@@gﬁlg%tgﬁ?ﬁ? r"%‘}aef‘," Iislg%ed frﬁtedﬁ%{gglﬁt cutting
el ements 413Rde Weﬂémﬁﬁé‘&fﬁn%i%odgiﬂb, TheSRe6H tot18nghfdinal Bgis 4Nt and he 30
inner profile 409 of casing shoe 406, since the. cutting el enment position

of redundantlongpmfile A30.cRednadans cutting elenenys 412Bt ey be/pasitimed at ther i or to

ot her cutti el ts 412, th 2006/ 091641, PCTL US2006/ 0062 17 inner
brof 116 200 e uGERN ouicbaos SBSgRSls ure) PO HABY BF FRTGRE SFmEB AL S0yt or
profile 407sﬁﬁwr?ﬁﬁ”l@%ﬁh%gf?@gg%l‘edﬁﬁdﬁﬂ%{?ﬁgéﬁéﬁ%ﬁrﬁl glrh wently

Wth respect to Inner pr , 9, whic cause the upper -Surface of
cement 4Q@0 imebprofits 40%dfl casing shieaifbctite npperadrfactaficement 420glefhedenthe 412B1.

Alternatively, outer profile 407 5 ma e, shaped djfferent|ly than inner
profile 400 OUteR a0 @&ﬁ%lp@éh%ﬁoénaﬁ/dégam s %MPKEQM%&

el ements (n : ' ' e o]
initially c%f@%ﬁ%@%h?‘gh@@&\s{%r a%ﬂei&gcglp\[/{ge%é%% gelrdip?%?%]lnéjs%ag and
cenent 420. ShikgvordRurdtios oyl ifliibd dambgdat 108y odchaif onby siRctbuttiigg boundary

surface 403. of formation 440 may have a uni que shape that may -not be
cont act ed i alemieat 432 were pogitipred 4 thedengitadinally lewermest apitingoelsment| G 3D shows

a parti schematic side gk -,$gctional view of rotary drill bit 410 as
i f each?%)f _ e ?Ihﬁpoé'lrgﬁgﬁﬁgﬁﬁiﬁ@kre rotated into a single blade 414
al ong profile 43Qieidativallat maf b Boted bk iHebuttilg clethént pédition bf itiadD- f ur t her
shows boundary surface 403 of formation 440 in relation to. longitudinal
axis 411. Semgagemeniiodtherotaryiduill hif 440 dmeslation4q e®h ofdhe mansitions beteey 15
cont act Doungat Y b8 EmeSt al Tkl 1Bay bd pomond (BRBLES! Buf? et

another way, different cutting element positions may initially contact the transitions
20  between casing shoe 406 and cement 420, and between the c_:emenf 420 and the
formation '440, depending on the shape thereof, respectively in relation to the
 profile 430 shape. Therefore, the present invention contemplates that rotary drill
bit 410 may include more than one group or set of redundant cutting elements at
different radial positions thereon. '
25 Nlustratively, 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 6asing shoé 406 having inner
profile 409 in relation to Iongitudina] axis 411. Clearly, it may be seen that the
redundant cutting elements 412B1 may be beneficial with respect to dri]ling_into‘the
30 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



redundant cutting el enments 412B2 nmay be beneficial with respect to
drilling into the boundary surface 403 of formation 440, since the
cutting @lgewedserpAsi tion of redundant cutting el enent $CTABBIV6(GHE209
initially contact, prior to other cutting elenents 412 or 412B 1, the

boundary surface 403 of formation 440 upon drilling 20 thereinto. Thus,
rotary drill bit 410 may include both redundant cutting el enents 412B 1
and 412B2 to avoi d_damage during drilling, of casing shoe406, cenent 420,

and.  f or matinger profile 409 of casmeshead0aupniy drilling tereina: OF caprge outer

-secti ' f drikl bit.410 as. jf h of cutti -
ol oot o a1 PAaBle A0 e Breife TR Yoo S b sbhn STty SRR GRnly st et 0
relation to G bisHIO29, PMiich Aﬂylcauisé‘ﬂie%béifbuﬁﬁ&ébﬂ'c%ﬂiéﬁmto_tﬁliﬁiﬁiaﬂﬁ

el.ements 412B 1 and 412B2. Such a cutting el ement configuration upon
rotary dril |copiacted by redundie cattingrelengmmin bl 281, Sdtpueively] oytenprofilei4g. i nto t he

casi ng hoe 406 nd(L ration 440 as r SQ ctjvely sho I n. Flﬁ, 3C and

3D, Alte ngtm%beyﬁ aged. fierently than s SFpEls 109 oyt ag oRefdtitionaho or
30. . C . _ :

o Shown! . AR eh i AR Slovitlridy M8 o RERNin rolelf i BicAT6 o

cross-sect i dadially cemactithd htmdaly atifadébetweedi duted profille 209 i dSeheht 420,
PCT/ US2006/ 006209 18 the present invention, redundant cutt.i n(c);%el enent s

412B1, 412B2, 41J8Rewise.tiprierhillivgtepbthabiprined the bowedarpsirface $0%ef acent one
anot her, respect.ivel v, on profile 43 Such configyr at i.on. ma
effectively %%?@éiﬁéﬂg@?vﬁguﬂqéﬁf %ﬁ%&?ﬁ ﬁ? thﬁﬁ']ﬁ%#"m%ﬁl &n ?/egi- ons
of a maty | Gedii@hi\Giiid d&hémo4 PN PG, 3D showé B partiaPethemBi@digon my 5 be

desirable for protecting against excessive damage in response to a variety
of  boundar ycressrsectiomabyiewrf aotagyrdsiliobit 4 Brastif eavh oficirnting elements A2owerat er. ed

bet ween -differing regiqns af a nateri ing drjlled. e generally, a
ot ary 1 17ofted o o flasle Blade e Song proiie 5T refion G oraatip b AT,
regi ons, ea VR o E&ﬁﬁa 9 : ' el enent s,
w thout [i mpltlg??lgn. 1% SPét%l‘s ou al soéeb%%f?% ?ﬁg?agtr%%ﬂdtnﬁg r edundant
cutting el erfengitudiliab pasdill. Sincaredandany cwiting tletnients d0PB b mply abeihitiallyt he
present invention nmay be confjgured to exhibit enhanced durahility in

r eljat ijonlSt o ontet beundary syrfageAPE f formatipn 466; it may beappreqiged _ﬂ}%fb&nce, -
gl es ¢ han SRt Cy TR Y 4 A RP RS Behe Rl Slethgcliceto HlifiiGhuno BRE 1 21°

|11 ustrati vedounddry Gurfae 408 P Edrfation 440 Rtk thesduttihglanent pesitibeopl view of a
redundant’ cutting element 412B (FIG "3B) disposed within rotary drill bit
410 during redundant cutting elements 412B2 may initially contact, prior to other cutting

elements 412 or 412B1, the boundary surface 4037 of formation 440-upon drill_ing
20 thereinto. ' ) _
| Thus, rotary drill bit 410 may include both redundant cutting elements 412B1
" and 412B2 to avoid damage during drilling of casing shoe 406, cement 426, and.
formation 403. FIG. 3E shows a partial schematic side cross-sectional view of rotafy
drill bit 410 as if each of cutting elements 412 were rotated into a single blade 414
25 .along profile 430 in relation to longitudinal axis 411, including both redundant '
cutting elements 412B1 and 412B2. Such a cutting element configuration upon
rotary drill bit 410 may be advantageous in sequeﬁtially 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 t_wb or more
i .30 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



drilling of a subterranean formation 440. The cutting el enent 412B may
I ncl ude a superabrasive table 442 sintered onto a substratg ﬁ’é‘%" The
super abMex00e0%1841l e 442 nmay include a chanfer or r ak §GTARAO% X s
described in nore detail hereinbel o8 20 Thus, the cutting el enent 412B
may include a cutting face 460, which cuts the formation 440, contacting
it along cutting face 460, rake | and 446, and at |lower cutting edge 452.

h i1). bit. - i AQ v
the arrect | e et inPirbiof Rl Ghitd B FEIL A58, YB3, 4pARCEAL 1Y 11
| ongi t udi nal12BPmay Bé bRBed Adiall alfacdnd ohd ok, resgRetivaly, pbf Fﬁifﬂémm. 412B

cuts into 25 subterranean formation 440, generating particles or at |east
partial |y c8nehmcanfiguration pay4figctivelyprotectuegionR It frem gowhemddilingo. As

el ati onoHYeGb el o R apBrBhE g fiRerBEoPREn G gRREPB R
termed "aegfl | ¥ | | of

negat i veﬁbagigéés%gplgﬁgﬁr@% %ctg}fa}gﬁﬁﬁ%%ﬁ%sﬂe%%a%ﬁne egé;en% ?%?Aﬂﬁfg may be.
greater thaboirdarysugiacé oritniations eglatations hddirmebadigbenteret botween- cut ti ng- -
el ements 412 of rotary drill bit 410. Such a configuration may provide
greater WO $ifseing gemions abematmed being deilled Mpte grnerally) 2 rojary drilldut afdbe

bi 1 410, ) PEPRIGRIOR B SefideRnhr mte it SafT Bt Bbtles tREYF Chunaan

cutting el gigedfeduitiyt ftifl SibQERBIwitHouiliRiBgsn.cutting el ements di sposed on
the rotary drill 5 bit. For exanple, redundant cutting elenents may be

configui@d with Bisheldelsp beakted thatay of the reslondant utting elements disposetlir abi | ity
t hereof. One particuylar. confiquratign for . redyndant cutti.n L ements may
be as. di sol GRBItY LD Feerpiateg by Sheapsentiavenfionaiey & Fonigtied i to ¢ he
assi gnee of | ] : ' i ' t that

g ektfibit Qﬁ]ﬁﬁgé?f ddrEBAiEtggh Platic 18 oRE citihg gfcﬂie fs-dis Igén&}%élgﬁﬂ

redundant cutting el ement may conprise 1s disclose 10 Pat ent
No. 5, 706, 986r ihstanke; eadundanetutting elemasts nguyde dispobduat aslafivpiekighér t he present

I nvention. Accordingly, -a redundant, cutting el enment 412B nmay include a
super abr asi b@’iﬁi‘ﬁI@%&&@%Pﬂﬁbﬁmm@?lf%nﬁ@@?@éfmtb“-i n thickness,
nmeasur e al ong ' [ | ' B bet ween
a | eadi gsg portio%lnlgvJi t%é%cwa'tﬁhe a%g&% gﬁ@‘%"#&%’ﬁ%& agr%vgi%\llzé tabl e

442/ subst r atedudduht bitieg Elegent F12BL (FEG. 3B)Sidpagedowithinretayy il bifd10 during
super abrasi ve table 442, may include a rake | and 446 di sposed at a rake

| and angl e ¢riflisg of pgaltemenean foroation 4y Fhestwifing element 12Bmaxtinelnde ahe r ake

| and ang! . Gpkiifastl cb1E 447 08 r ot bibeRic2d, THE oSl abiBap ke | and

may include a chamfer or rake land 446, as described in more detail hereinbelow.
20  Thus, the cutting element 412B may include a éutting face 460, which cuts the
formation 440, contacting it along cutting face 460, rake land 446, and at lower
cutting edge 452. As the rotary drill bit 410 with cutting element 412B moves
generally in the direction indicated by arrow 448, as by mutual rotation and
longitudinal translation, as known in the art, the cutting element 412B cuts into
25  subterranean fbrmation 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 relatiox_l to vertical reference
line 461. Such a configuration is termed “negative backrake,” as known in the art.
The magnitude of negative backrake angle 8 of redundant cutting elements 412B
30  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



| east about 0.127 centineter, neasured fromthe inner radial extent of the
rake | and 446 (or the center of the cutting face 460, if the rake | and 446
ext ends WO 260609l641 20 to the side surface 466 of the cRGVYRPVWEM: 412B
along or parallel to (e.g., at the 1%ane angle) to the actual surface of
the rake land 446. It is further contenplated by the present invention
that the initial engagenent between a cutting elenent of a rotary drill
bit and a change, in sybterranean_ for .on oy .other npaterial properties
Ty be pos: QRBRL HptRAmL O Hemews B4 SR rmtias dpens M BE
boundary sug.ét%% R regions of the subterranean formation, different
subt er ranean nmat1rons, or other materials in the path of the rotary
drill bit and thalefdatinélgir afiiténalllethe obwligaration!of thY redarlant ciatigages or

encounters the boundarg/i. FIG 4A-1 shows a partial schematic sjde

cross- sect i §l¢atentsinay ks different fromother cutging elemientsaligposgsd ory the setaryakilb ut t i ng
el ements_312. re-rotated i.nto a-single blade 314- - .- .extendin rom bit
body 3135 a1 Site Tt Sramitae. s Buftnd elitberey i cbnier it LRt

2006/ 091641 26T/ Ji52ANALARBAAS th2BuBRtiTALLRDE 'O RRt RS doffighagosipwn as
havi ng a boundary surface 361 that |slgmslub§{ anti%ﬁly pl.gna?'%ﬁa?\d IS

ori ented at ratundangcetting eleneatspeat bet a3 dissioged indU 182 Patent N¥o.31881,830tosuch an

arrangenent,_ assuming rotary drill _ bit is drilling along |ongitudinal axis
311, redund&??lseﬁtﬂsﬁlig}%ﬁﬂ@l ¢rasfteneabthe present ARventon,| M‘“gﬁrrﬂ%‘f“qﬁfof mation 5

regi on 360, .Sk&: | 164 _ -1 4

cl ament s 31580 A8l Balibida GlEPALRB S bh W tonh B RAMORUI U )
rotary doil Pafeht N3.13)706,905 to Jorendkar of. £\ adsieed &bthe aksigmelof the@esedr i 1 | i ng
thereinto. While the above-descri bed enbodi nents of the boundary surfaces

of transi t inyeatiemet Arcerdipgly avedumdantiutiieg elament412Bimay ipelvgent i es have been

general ly 1Q descr.ibed a XRi.bi t] ry.about. t.he | ongitudinal- axis
general |y LGSR AR b TR Co Bl ISR ™!
necessary t giongMd 16RgiARINEA bkiS of thR chitRgRIDTANE 128 BitRRéd £ eadiM@Portion of -
specifically, although redundant cutting elenments may share or "distribute
contact wi t ithescuktingface 460sandithe sipefabrasivie vatile 442substsate dd4 interfiicey Fugherur r ent

T o A8 S e O AR PSSt B et 3Bl s Bitese R poct
ther et 0. For ShNGibte ¢ &AM £ldrfs £hbihSr Rithaisf L | Y

contact a boundary ace en regions having different properties-
may reduce fdnd ahgleahaydtsenagiee tahge of 30830 60°and thedemgth ofitheeakeainnhd mgy bk atrent. at

a given cutting_ el ement position, because. |, )
g tleast(‘:]abou’c 0.127 ce%timetcr, measured from the inner radial extent of the rake

land 446 (or the center of the cutting face 460, if the rake land 446 extends thereto)

20  to the side surface 466 of the cutting element 412B along or parallél to (e.g., at the
same angle) to the actual surface of the rake land 446. '

It is further contemplated by the present invention that the initial éngagément
between a cutting element of a rotary drill bit and a change in subterranean
formation or other material properties may be positioned depending on the -

25  orientation and shape of the boundary surface between regions of the subterranean
formation, different subterranean formations, or other materials in the path of the
rotary drill bit and the orientation of the rotary driil bit as it engages or encounters -
the boundary. | 4 |

FIG. 4A-1 shows a partial schematic side cross-sectional view of rotary drill

s
e

- bit 310 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.



such amount of damage may be di stributed anong nore than one cutting

el ement. 20 Further, nore than one contact between redundant cutting

el enent sSWEREOH S mat i on  region which is harder than PREUS2EEAE209

t her eabove may tend to sl ow progress? thereinto, which may reduce the
magni tude of the depth of cut that accumul ates. between periods of
non-contact with the harder formation and correspondingly reduce or

di stribute : Is l%ﬂl e, the 25
cirtcunfer en??%gg?%l§%§6%§%¥yégﬁ%¥%gfrllégﬁlé?aeﬁént S rrszlf/fag!es@gﬁéﬁger ed, and
ot her cutti pgbstagligiteplandOfidtis erientedat dpanpROdt RepsttiRbngitudal ks plkvent
overloading to any one cutting elenment _ér edundant or non-redundant) of
the rotary Hrsuch abasramgesent, assrfingroiay dellhétds dellingtatongrlangidinahvent i on, a

rotary drill_.bit, may i.ncl ude edun t _cuttipg el enents in.nore than one
bosi 1 on, | R &l krrdimans Hfe G bescbeigt B SR erent of
formati on CRaNGETH0, ¥ES Bk Buifihg eRARN FRRIRIREdRantRARINg Mindts 3 1PHE1 al
contact with formafion changed may occur substantially 2006/ 091641

PCT/ US2006/ ixGtallyTontait, priocioratlmerchifing elementsat1 2l of astaryatrit bie8 1 G twect ed
position of initial confact may occyr _substantially sequentially. In
anot her aspBeyadgry c“péés'gﬁleo:ﬁi?@ha‘iﬂé‘ﬁg %180ary drill bit may be
structured for ' W ' H!f?f a profile
regi on may be st?ﬁg%uﬁée@%%g%r{bgaagﬁ %ﬁ@ﬁeﬁ%%@%@eﬁ%oﬁu@é&ggy |e(%§£d t hereon .

subst ant i al trinsituis betvesth rdpieBf different deilidrbaprypatics ive beai yeerullgdj acent
subterranean fornmations. according to the present

re generally, Al
i nventi b, d@scnb%aseeshmngwmn@ﬁ&y&bpﬂbéﬁi@gﬁﬂdm&%wfdm ratarideill bilay be

ol enrent o - pRClinE SRR, BRY i Aneh H A e Stk Rty e B a2
subt er r aneagvkidRINMOR spdfi&ly! AHIBR FoduAda® battiRg elethehRRondy HERIY:

T
invention, at |least a portion'of a profile of rotary drill bit my be
structured fistritutecsintagt with stbanndagy surfaco affestivelytuponsubstantialy cowarrenthe

lurality of cutting el egent i tioped th d tici.pat '
DY il by, S Ra e Seel bR <hove
a rotarys dr‘wﬂm&ggmf%oro%cgﬁ?\ém&eqs ﬁggug’%%[agvﬁﬁq&fpg%ﬁh r@fb' uding a region 331B

t hereof structur acting ary sur 61 of formation

regi on 360. ThusFomciusthmg, redendanoéuttiyg elemiehts ithat s@fheiihllyspnthci 4 boundbry

subt erranean forpation such that region 331B, including a plurality of
cutting el @#ﬁﬂ%ggt@@zprqsiﬂwawg %ﬁ@eﬁﬁﬁﬂ&%’rrﬁg%ﬁgea@@ﬁéﬁ@?g { ai ni ng

further, t hﬁi;}y BhME 3 iltsﬁﬁgﬁ?uﬁiﬁtgteilé}ﬂen? LETBVER iy YehlBht bdsR¥hOBecatskE MY

subst anti al concurren _
such amount of damage may be distributed among more than one cutting element.

20  Further, more than one contact between redundant cutting elements and a formation
region which is harder than the region thereabove may tend to slow progress
thereinto, which may reduce the magnitude of the depth of cut that accumulates
between periods of non-contact with the harder formation and correspondingly
reduce or distribute damage to the redundant cutting elements. Of course, the

25  circumferential position of the cutting elements may be considered, and other cutting
element ﬁositions may be made redundant so as to prevent overloading to any one
cutting element (redundant or non-redundant) of the rotary dsill 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
130 positions of initial engagement of formation changes, wherein at least one expected. _

position of initial contact with formation changes may occur substantially



20 contact boundary surface 361. Such a configuration may distribute the
forces associated wth initial contact of boundary surface 361 between
the plur HQPIY6/BH641cyt t i ng el ement 312 within regi on 33PET/U00HO6A08 be

noted that at |east sone of the plutlality of cutting el ement 312 within
region 331B may be positioned upon different blades of rotary drill bit
310. O course, sone of the plurality of cutting 25 elenents 312 within

regi on 331B DR, o kit ﬁgﬁ% iRk lg]; ' L. 310.
Furt her, soPre 0 Wgﬁlﬁﬁg{%ﬁgﬁﬂ@&cu '??tg% e e@r;e%f'[s %m\?éq'{tﬁaxo?ée%i on 331B
may be redugﬂ;gmhtialeeqﬁéIﬁﬁn%ativel y, none of the plurality of cutting
elements within region 331B nay be redundant. In another exanple, FIG

4A-3 shows a r ot byanother pspepi of tha presenh inventions a zotaryrdsill bismapbestrvetingdi ng a
region 33 I C thereof. structyred,for t acti ngbouwndar rface 361 of
formati on r BYBRPUminE A faunatien,chiige, Jariplvly, PRI remrmay b staygt

2006/ 091641 PHH ééﬂ%gg&m&%dg%één gdﬁ&ﬁn&arngtc%h&ﬁmgcsﬂhw lon such

the plurality of cutting elenents W thin gion 331C initially

cont act boubdardgryssurfhecket®€dh adjdventiubteadanday. fofmations.i Nyre gdveradlyf s. wi t hi n
region 331C may_be structured and positioned in relgtiogn to undary
surface 361a¢ordingiodhe pirse WsAHeR, 2bleast@POrPIOTARA quotalryékﬂﬁ@éd above 5

with respec | Y, G leld

el enent s 31&13%%? E@mﬁé@gﬁ’o"ﬁ %@é@%ﬁ%@ﬁ%ﬂb@ ?’ger? iaﬁ@?jl%oor@{d?@gtﬁiﬁ&gso nt act
boundary supbsitiched tHeredrtfid ad anficiphted bo@idad suifaye 6f Siubtddttingar foEmAatiit es
associated with initial contact of boundary surface 361 between the

pl ural i 1§ oFusharmioreyacdoedingito the pregent iventiesiableagiportion ofpgrofilecof
appreci at ed_t hat, .al.t hou oth regions.331B and,331C (FIGS. 4A-2 and 4A-3
18par e depi ey dﬁ'@ béto‘fl?ﬁgep@ﬂﬁﬁﬁﬁfﬁﬁ CaSgL %fﬁ‘l"‘_razl;llgrl"?n%hﬁ Fontget hed (in )
Cr 0ss- sect | BébveerPhe PhRality SO EhtAAE cRBkn@positiBREE th@:{épﬁ’ hndabifticipangen

formation 360, the present invention i's not so limted. Rather, @ according
to the presboundarynsurfaceost,a subteeghean fofmationr ot ary "drill bit. may be

structured for cgrrying a_plurali of cutting.e nts for antially
concurrently con?%\rc%/"?ﬁ’%kaﬁ?étr‘@ﬁétsé%ys%Fﬂ%&’“@ﬁ?ﬂt:{:1?) -‘.’é"&ﬁ%ﬁf"%@bg., 15
circul afg o udi% ' 1391 BhGIR q’l&gl "E@Ué'l r ¥r surface
361 of 215 -pigfr%%lo Ao%ggﬁggé{aerraozggﬁé or r{gﬁ%’#&ﬂ.ﬁ?bgﬁcﬁfﬁds e rg@oég&;li zed
that positi toematibn feigidni369. dhaseintiag 8de) rétaty drith tit 310B magdditistat with a
boundary surface may_vary due, to manufacturing: limtatjions or for other:

reasons. Théibteraneamsformafionynish thas rreém BB, melpdingmalyralitpatoufdng. . within
20 regi on 331R.A09 13 3y BntlEs Yhdddbsy ARRL 3610 Ehplifil Wil Ghe OF 2 -

desi.red ,
plurality of cutting elements 312 within region 331B may, substantially concurrently

20  contact boundary surface 361. Such a configuration may distribute the forces

associated with initial contact of boundary surface 361 between the plurality of
cutting element 312 within region 331B. It should be noted that at least some of the

plurality of cutting element 312 within region 331B may be positioned upon -

‘ different blades of rotary drill bit 310. Of course, some of the plurality of cutting

25  elements 312 within region 331B may be positioned upon one blade of rotary dl_'ill
bit 310. Further, some of the plurality of cutting elements 312 within fegion 331B .
may be redundant; or, alternatively, none of the plﬁrality 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 including 2 region 331C thereof structured for contacting boundary. .

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



pl acenent (i.e., substantially planar or along an arcuate profile).
Accordingly, «cutting elenments 312 nay be placed substantially at a

posi t i onWib006/4l1641al engagenent wi th a formati on accoPdTiE2ew/ 006209 pr esent
invention. Rotary drill bits accordi?g to the present invention may be
advant ageous for 25 drilling into subterranean formati ons having
different regions or properties. For exanple, FIG 4B shows a schematic

L B o O A
wher ei n regi‘e?[bn%‘iceiﬁﬂiaﬂ?%lﬁﬁbt%ﬁﬁn sflic@ 361 Theplgntity Sttty al ong

boundary surface 361, while region 360 and region 376 "are adjacent 30 one
anot her al oelgmbnts vdthity regiomf33d € B#6be stiotuned/atidi gokitionddBibGrelatiph & :
confi gur ed.go_ engage each of boundary su,rfaﬁﬁs 361 and 375 ng%g)
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el enents 3lggiar331 OmMiy bathtantihily cortuftentty dont@debotibday! saifgce361f iSueh 330 i n

relation to longitudinal axis 311. Redundant cutting elenents 312B 1 may
be benefi ci eanfigurationaegyalistribwe thei forden gsspeisted with igitighenningt 9f e 361

9
b ' 3 d ' 60, d . I 312B2
may e beneritaea sor pRver s Alriny of Fting lsR{ S sk stEay C TR 378
between 1 eGp08boiafaiad hat Atolfh B3 redtbie TN dndSHYC (PGS, AR5 ofid ARLY ON Of

the profile (not shown) of rotary dri I't 310 may be configured as
di scussHl adwedepicted ag corréspondih@ta osubstantidliylantAskaped dindtos)sectidnr ei n a

D e e o i Bl b S 119,
region 360 SBSIANG bl It YRR dckoraliy HERGHEIPIvaRRYE s ralifip6r oundar y
y no di na chis

surface 361 nm e symetric -abou ongl axi s so Initial

cont act t hefotany dillbyt medbedaniural fot careyieg & plordlity 3 AMtidg élements fagi on havi ng
a plurality of cutting elenments as discussed in 15 relation to FIGS. 4A-2

and 4A-3) nipsgatialirengwrently contaeiingeamnarenatelyphaped (ipcrqsaisectiophieas wi t h

ongi 1 Ul napir i oel ety R AL RABARL Rl S B3 th.
subst anti al pattiog 808 sitt@fdnearformatisrse, nmany alternatives are possible,.

limted only by a drilling profile, geonetry of a rotaa: drill bit and a
di rection of driltisheidd bteacegnized thatrposiions pheutidg ¢lementd 3 12 Barinitigir f ace

geonetry intersecting,therewith. .Turning tq a design aspect. of a rotary
Qi by STSECREH OTH FORHE Sy iy o el inieond o
for other reasons. Thus, the actual position of cutting elements 312 (e.g., within
20  region 331B and 331C) may be within about +0.051 centimeter of a desired

e

placement (i.¢., substantially planar or along an arcuate profile), Accordingly,

- cutting elements 312 may be placed substantially.at a position for initial engeigement
with a formation according to .the‘present invention.

Rotary drill bits according to the present invention may be advantageous for
25  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 oomprises 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

30 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



e

I nvention, the existence and drilling characteristics of regions 374, 360,
and 376 of formation 372 may be known prior to drilling thereinto, in

whi ch cagg sb@fediedrdrill bit 310 may be designed speciPCOHEIP6/60620nc| ude
redundant cutting elements 312E 1 233and 312BZ at the positions of initial
engagenent therewith, depending on the orientation thereof as well as the
antici pated di rection of drilling thereinto. Alternatively, rotary drill
bit may be designed specifically to include cutting elenments 312 within a
sel ect ed pr gédundanteyiting eleteentsh orthisrend) IES. 4€showa agartial Shematiasidesi ti on of

initial engagenent, with a hound face, d on th
ori ent at’i og HeredionaVig P r%@?@ﬁﬁ bét';gl{)asb%qa@ %g?lﬂéﬁg Flglﬁlegtfs%l%were

et veen i | Foni i a s Bad PRGN AT S300H RIRIOh 616 AEmPEL 31 270
24 376 of f ®edadannctilz cienems 3U2B Emay be benedieidd withoggetigo dsidlirgnint the -
rreasurerrents or as _otherw se known in the art. Al so, an anticipated

drilling patbnwed@@x sufesan] hetyreerregion 374 ad region 360, whulﬁgedund@t&nwnghr ough
bound d .375 bet di f 374 360, and 376
of Tor mt 1 of BBt HIRRAR IR heneRGAtSAth bt BEflnd il BRboiden.or s hown)

Wi th 1 especisdfileersHavesn rédidd %I?a?;d?i@éioﬂﬂ% 3K§eﬁﬁfm? Mt (Habtl a8 cfién 6£91 ONS

374, 360,. and.376 of formation 372 and further in relationto a sel ected
cutting el erteprofitechot sho@8Pof notayy drildibit 3€ nwty Heeanfiguredas distussadpabele nent

b ior Lo of s BUAeHHAY (e PIHoARS? SXAA ANMR P RIS BIb ATRIAIHI | ng 10

el ement §9312 &{ga&tlﬁ y be
pl aced, qu %ean Héwé%gﬁ%ﬁe&f OI’IPI cat eégxﬂéﬂw%@ &e?%%tgn%%)y | onsmgﬂcor di ng
to pred| ct eduﬁﬂce%&mfﬁ@hnaﬁ@mf&i&fm@@mﬁﬁﬁﬂﬁhﬂy@oﬂcm&hﬂw ed structure to be

drilled. Al ternatlvel y lurality of cutti n:%rel enents positioned upon
at |east a porti d¥ dsscri éa &% Finge povwdaryiseriage Hxl maoacd by SERmetriagbou 10 nay

o 5 o0 SR BRESIS T o DO oo bl 6} E‘éffﬁﬁﬁmﬁuﬁs Ton 360
subst anti al |elénféﬁth034|2m f(bl‘ Nreggn HaOlhE 2 uralitylof gtk @eRadntdusidchged and
i ndividual cutting elenent positions nmay be nodified during the design

process 15as rdmrr@cf'IGﬂMAMﬂdg‘e&)smdseb&: sibsntidiyssequengiab véuleapigihl t o desi gn

Cement . and oPEe WL beiodm Shtess 70, WhEhSHE becnBGBRa YRR RAEL “wit hout

linitation, l&ig‘it%ﬂii'ﬁféﬂ@ib’l bj/ Ped%nﬁdiﬁ Eﬁlﬁhg a8rRRRALs 0bBY 'i'x?ayﬂfe%%ﬁﬂénﬂaﬁyent ion, a
rotary drill bit of the present invention may be diréctionally drilled

i nto a for mephamrent. t Of chivifeemeny alternatives are possible, limited only by a drilling

profile geometry of a fotary drill bit and a direction of drilling therewith, in relation

20 toa boundary surface geometry intersecting therewith. '

Turning to a design aspect of a rotary drill bit 310 according to the present

. invention, the existence and drilling characteristics of regions 374, 360, and 376 of
formation 372 may be known i)rior to drilling thereinto, in which case rotary drill
bit 310 may be designed specifically to include redundant cutting elements 312B1

25  and 312B2 at the positions of initial engagement therewith, depending on the
oxientatioh thereof as well as the anticipated direction of drilling thereinto.
Altemnatively, 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

30 orientation thereof as well as the anticipated direction of drilling thereinte.- More - - - - -

specifically, boundary surfaces 361 and 375 between different regions 374, 360, and .
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regions which are oriented differently so as to contact the formation
changes or boundary surfaces with redundant cutting elenents. It may be
desi r ablygothgeeioids ze 25 or at least limt the redundaPCTAE2006/00p2¢1 enent s

included by a rotary drill bit. Onead4reason for limting redundancy of
cutting elenments upon a rotary drill bit nmay be sinply a consideration of
space in relation to the nunber of blades, spacing thereof, and the size
of the rotary drill bit. Additional reasons for limting redundant cutting
el enent s nay7bef formatiordithnaybe detetmined, @b byrboggmgneaisnlie mneasigrementis) éri ng
efficiency or 30 decrease drilling aggressiveness.

The- pr esent #f ﬁ&’@ﬂfﬁ%ﬁ%@ﬂ ?@?-—@&%W@I@ﬁedéﬂﬁhngpath ot b be | i ng a

subt erranean | Ohn - ' L, £.yd Y 06/ 091641
511 Us2006; OB 00 or SR ie Bln drd s BT ooBidaly Sultiod 581 i 3780ReED 20
the formati @iff&entasgibss 378, 866 lahd 376 60REAatEn TRNt act a boundary with
redundant cutting. elenments. Such a nethod of drilling may. reduce the

redundanf cutti ndinalyzingtheanticipatesdrilhieepashl (nod shovwmowitlvrsspectita bdundayt o a
formati on with di re eqi ons,, Particu I FI.GS, 2A-5C.sh a
Forary ari 1 suaes a5 Bas 313 erecaitrentiveions o7 36 431G of MeBEHER #42 on 500
and form ng Em . | i r]ﬁﬂg] i 02,
504, and SOg.H&) eqgl g%sé%gﬁﬁ%%%ﬁ&gﬁﬁﬂnfgfl%gﬁﬁgﬁgBEQ’ot e?d{cg?oagg oundary
surf ace 503 onabittieg elegientysosiidvh thatdtohidéis at least dpeofibe bonsdaayaurfaees 36l ong
boundary surface 5Q05.. Rotary drjll bit 510 may i ncl udgﬂﬁutt,i ng el ements

212 10 and RBASAIERCT toether ryfting elemesnts 3122 Acperdinglys redyndamt cBHAL| gur ed  as

describ [ ' M| ' L , ' I B and
26 so 1t JeaieblligB ok 31888 B Gk kedmdlh oty SRS ey B el b7) N0
surfaces 503edpsl abfife indicitb®cutlifyelefnuti poaitionx adtokdidg fodsreditied or &sumbd Of
rotary drill bit 510 is oriented substantially erpendi cul ar thereto as
it cont act s bohedassurfacestintacelsateil sangturedo be dnlslqrd.tgltemau;‘(dx, arpduralityefenent s

12,25 R kbR et A AT ¢
Yy | A0, I
relation to btk 210 ﬁaﬁbé@aﬁ%&&rasfa%ﬁ@ea bBSycREMN dRfeatib ace 361 of

formati on regi on 360 substantia concurrently. erefore, with .-
ref erendé t FIGS.EA-2Bpd4A-Mepr bentacting botadaryt suxfaoe Bé@hofformaticnf regidg 360

| ongi tudi nal axis, 511 of rotary.drill bit 510 may be al jered, or changed
during dril |5Ph%amaﬁ¥ Bk Ry Sbcoutse, silting damrmiaRp iy o eaheheiteg 21 o6
di sposed th |k i Al N Eurther, as shown
i Fra sC, SARRRpRidE midf be3RRRE: RURAL Yot HAGRs M st AT i mal
axis 511 of analbgous dasigh brdeeds rhdyCalseapphetoalesigh efla estary drill bit for drilling

through a casing shoe, associated cement, and into a subterranean formation, as

20  described above, without limitation. ,
Alternatively, in a further aspect of the present invention, a rotary drill bit of

the present invention may be directionally drilled into a formation with different
regions which are oriented differently so as to contact the formation changes or
boundary surfaces with redundant cutting elements. It may be desirable to minimize

25  oratleast 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, sjpacing 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 éﬁiciency or

30. decrease drilling aggressiveness. The present invention;-therefore, contemplates-a--

method of drilling a subterranean formation that includes modifying a drilling



changed during drilling of borehole 512 so that redundant cutting el enents
212B 25 disposed thereon initially engage boundary surface 505. Changi ng
the ori o zusioveer drilling direction of rotary dril IPGYYS28060%3% he

acconplished by directional drillin® nethods and apparatus as known in
the art. Such a nmethod of drilling may advantageously protect the cutting
el ements 212 di sposed on the rotary drill bit 510 during drilling through

boundary surfaces between _regjons 502, 504, and 506 of 30 faorpation
500- whi | e aPiertioadp pngage phguadspsbrtweendesions phthe fommatien se as (9 Inl#LY r egi ons
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surfaces 503 an S nust be at |east partially determned. There may be
several way#te o fermatien stithshiffercatiregionslet er mi ne the orientation, position,
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nmeasur enent s, measur ement I Nng systens, as own in the art,

or by a cothoughregion©$02, 564,100 5061 RegibAcS0D aided4 afdadjskehesn anothepns of
such systens ms% be considered during the operation of drilling with

drill bit 5alonghaundeey srfaee$0% while regions:50¢ and §0¢ ave adiacant e agether

| ongi tudi nal, axis 511 | i accrdinal y.. 1 n . yvet furd,her

as pgct of tﬂ]é’n% ?’8%‘%’{9 ﬁ"%é%?‘?sd ;F(ﬂﬂéﬁﬁlobéﬁﬁﬁrclaﬁ ﬁlﬁgldg Icgy?éﬁtege%mg«%c%}?di ng to
the pres@nt apd@ithdedcfByPSemems D02 posifohedanl ConfdéPasdeaéribedsacr ve a
stability characteristic of the rotary drill bit during the initial

dri : ling eggﬁ;l%tliy_mémrottety dril l:ib@t?ﬁs.shﬁﬁn@m&?mngtm,?eﬂﬁbmd@adilﬁs ‘t? .
realizing dril.ling stabj ave, been practj ced. i stabil i
?p{)roalch_g?rb gdmﬁg9gn'{?8ﬁ%ilgg det“ﬁ%y F%ﬁaﬁﬂw ; Is'uﬁiapc an%bgéiﬁﬁt ed Y
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gener ate a gememtiadanthéretol s titsoatactsahsrewith.. Alternativelyn e phiralitg oéitutting ce bei ng
the sunmation of each qof the lateral 20 dril]jng forces generated by each

of the &uttFleBcBised prsticnedyponat ksast 4 posiomqf tae Profile @pt shomenat B3y gage pad
or bearing Bag pfNqp n?# lggcﬁgféglg@&ﬁ&?&séeﬁ%w@é {ffgg{ ipﬂgli AP 5UCh a

configuration may tén Ize a rotary as It progresses

through a auth4£r3) dnentaboigdundiry shifide 91 of foraationrégich 360subslantiadyce
desi gn concept endeavors to signifticantly reduce, if not elimnate, the
net -1 at er al consugrentener at ed by : .

_Therefore, with reference to FIG. 5B, it may be seen that the orientation of
20  longitudinal axis 511 of rotary drill bit 510 may be altered or changed during drilling

of borehole 512 so that redundant cutting elements 212B disposed thereon initially
- engage boundary surface 503. Further, as shown in FIG. 5C, the orientation of the
drilling direction or longitudinal axis 511 of rotary drill bit 510 may be altered or
changed during drilling of borehdle 512 so that redundant cﬁtting elements 212B
25  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

- 30 . formation 500 while also facilitating enhanced drilling perfermance-within
regions 502, 504, and 506 of formation 500.



25 the cutting elenents so that the | ateral forces generated by each of
the cutting elenents substantially cancel one another. In a further

st abi | i wo 2gopomacih, grooves may be forned into the fdGRES2806/006309

sel ective, radially spaced placenen® of cutting elenments upon the rotary
drill bit. Accordingly, the grooves or kerfs may tend to nechanically
inhibit the rotary drill bit fromvibrating or oscillating during

drilling. , O _course, gr kerf. ffectivel ilize.
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i nvention contenplates that the net lateral force of a group of redundant
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one anot her. Put” another way, thé vector addition of each lateral force
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forces thabelediel latra timbalhycedoik lconfiguretiont iFartidutarlyhe stredllddainti~whirlf or ce
produced by the other_ cutting el enents disposed upon a rotary drill bit.

Simlarly, ﬂw&ngh-anwm conpept typisallsensieaass to grgemfeiiftciedgiethin a
region of ala?érglf fol'c% (ﬂg}/thg %eﬂgé'raﬁ eSHEE geiﬁlg ﬂle summation of each_ of the late;al

20 drilling forces generated by each of the cutting elements disposed on a rotary drill

bit) toward a gage pad or bearing pad that slidingly engages the wall of the borehole.
Such a configuration may tend to stabilize a rotary drill bit as it progresses through a
subterranean formation. Further, a so-called low-imbalance desigh concept
endeavors to significantly reduce, if not eliminate, the net lateral force generated by
25  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 vibfaﬁng or oscillaﬁng during drilling.

.30 ~ Of course, grooves or kerfs may not effectively stabilize the rotary.dsill bit if the - - - .-

magnitude of the net lateral force becomes large enough, or if torque fluctuations



configured so as to generate a net l|lateral inbalance force in a given
direction or within a selected range of directions. As known in the art,
t he geonMQ3p06/44ed r ake angl e, side rake angle, exposRCEUSIGHI2AMd

position of a cutting elenent dispos¥d on a rotary drill bit nmay 30
I nfluence the forces and-torques that are.generated-by. drilling
therewith..As -further-- - known in the art, predictive nodels and

simul ati ons, may he enpl oyed to estimate oy WO 2006/ 091641 .
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el-ements 522, 524, and 526 may be sized and configured so that |ateral

forces 522Lthesability shgacterigsieoaf the potary daitlcbib »diich mahbe typicelly Hesignedcel (vi a
vector addition) i onbi nat.i on.wW th on t her.. Put her way, the
net |ateral acfcgf%%g, Pootﬁe 9@8’?’8&%&%‘&9’%‘%@6‘% c?fgﬁ%g)ge t@&%‘?f{ﬂﬁgﬁr edundant
cutting el enents . : oMY ' gni t ude
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cutting el egmnpsf fdindanb 2uttingeldmsHi8 nmayybelminimized onorientsinvithinaegiveno .
generate_individyal forces that,k at, | east artially cgncel with one '
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honbgeneous formation regi or&),rray be changed by | ess than about 20%
during i ni t fegthesayghsweetorgddition of each lateral torce of the at least two redundant

cutting elements or cutting elements within a selected region of a profile may be

20  smaller than the arithmetic summation of the magnitude of each of the lateral forces.
Alternatively, redundant cutting elements or cutting elements within a selected
region of a profile may be sized and configured to generate individual lateral forces
that are relatively small in relation to the net lateral force produced by the other
cutting elements disposed upon a rotary drill bit. Similarly, redundant cutting

25  elements or cutting elements within a region of a profile may be positioned and
cqnﬁguréd 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
.30 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



redundant cutting el enents 522, 524, and 526 of a different region of a
structure in relation to the magnitude of |ateral inbal ance

exhi bi t edv®f20¢6/0814411 i ng a honopgeneous regi on. 30 Alter patipssloyoocate
magni t ude of the-inbal ance force of te redundant. cutting- - . elenents
522, 524, and 524 may not be limted. However, as discussed hereinbel ow,
WD 2006/ 091641 PCT/ US2006/ 006209 29 if the net inbal ance force of
redundant cutting el ements 522, 524, and 526 is oriented in a desired
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direction ex the drill. bift r maintaining stability thereof. In
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cutting elenents 522, 524, and 52 may be generated when redundant
cutting el emmex@gemanmﬂmmgﬁn@faﬂgﬂgg mbmmdmlg@sshﬁﬁramaemns\efe&n t wo

different regions of, a subterranean for on, and
i1 oot on w DS RnA0B of BiNTE SEigHs G ot aSanplics, 36 Fapl diad) the
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526 may not be re t and ° may positione pon at | east a portion of
the profil e detibelel asdateraif(or mﬁmﬁ)yfoﬂ:ei; 5221, 15041 %hd Sdéhjnegwcmbly,swldlescussed

above (e.g., inrelation to FIGS. . 4A-2 d 4A-3 pI i ng further,
cutting el erfdpgestialforcesang labeled 3924, ] B%SE%I F?S@ﬁ“éﬂ’ %quf’ér ent

radi al posit lf-é( g:mﬂg% ﬁiﬁ] i ng
el enent s 5224118@3}3“3%&3?5@@9&& Si z dq‘g%]n t;og%:ée SO ﬁla? {eral
forces 522L la@ﬂ%ﬁmbﬁ%b foféa&‘glsmmamaﬁ%T substantially cancel (via
vector addition) in conbi nati on with one another. Put anot her way, the .

net | atddal forcelhusyredendant cuiting eleroents$23, §24rand SR marydeszed and 241, 25

v’ oona AREERES S g B A LR b SR, R O
524, and 526uBR¥ntialg cﬁﬁcéﬁgq@o&t&%amﬁy Rohifkfios Wiioneibitif Uy | at er al

forces .that at |eaSt par
another way, the net lateral force, by vector addition of forces of each of redundant

cutting'e]ements 522, 524, and 526 may have a relatively small 'rngglﬁtude or may

20 have substantially no magnitude. Alternatively, redundant cutting elements 522,
524, and 526 may be sized and configured to generate individual forces that at least
partially cancel with one another or have a magnitude that is relatively sraaﬂ in
relation to the magnitude of net lateral force produced by the other cutting elements
disposed upon a rotary drill bit. More specifically, the magnitude of the overall

25 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 drilliﬁg a
homogeneous region. ' | | o .

.30 ~ Alternatively, the magnitude of the imbalance force of the redundant. cutfing e

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



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

cut t i ngve enmeneis4di sposed upon 30 _ a rotary drill bi tPCT/US2006/006209
More. specifically, themagnitude oftBh overall |ateral inbalance of the
rotary drill bit may be changed by | ess than about 20% during initial

engagenent WO 2006/ 091641 PCT/ US2006/ 006209 30 by cutting el enents 522,
524, and 52 f a.different regipon,of Stryuctu Ln.yelatLon to the
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drill bit for maintaining stability thereof. Accordingly, in another
aspect of the prbsanether aspsat ofdhe preprnt dwvention, the qvermll direction of the i nbal ance
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mai ntaining a 10 desired direction of inbal ance a drill bit during
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15 regi ds ehetdatetdd iAbdlaive dorck DI My lerpeneratéd whemalye diél bitdrils aecti on wi't hin
700 of the direction of LI, as illustrated by reference |ines 601 and

603. Al t houlpmegraeeys formatingd iFuethers a patimbslagee (9§ redampdagt cattingpl e in
the draw d b ribed | i | in_.the i ]
e suscopt | HEEERE s20 20 Rl s B ol eendrBtef Sl rediBiai BorBS Y Er Lo Ve
forns. Ther glefefits 520, Ql?hﬂdjsﬁn@@%é%%rﬁh?mwé& o\t reft tegiong Ot
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intended to be limted to the par orns disclosed. Rather, the
i nvention i nte subterranesn fopdation; and b2 maydgve & direation withim #f0hafthens, and

oo v L L Rl R 08 65 8, (12 L venton 28
R e i et
el enent s di mapbe gositienedarpon at least a portion of the profile (not shown) of rotary drill
bit 510 configured as diséussed above (e.g., in relation to FIGS, 4A—2 and 4A-3).
Explaiﬁing further, cutting elements 522, 524, and 526 may be positioned at .
20 different radial positions R, Rl, R2 as shown in FIG. 6B, .
For example, cutting elements 522, 524, and 526 may be sized and
configured so that lateral forces 5221, 524L, 526L, 522T, 524T, and 526T
substantially cancel (via vector addition) in combination with oné another. Put
another way, the net lateral force, by vector addition of laterall forces 5221, 5241,
25  526L, 522T, 524T, and 526T may have a relatively small magnitude or may haye'
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 diéposed uﬁon
.30 arotary drill bit. More specifically, the magnitude of the overall lateral imbalance of -
the rotary drill bit may be changed by less than about 20% during initial engagement



wherein at |least two cutting elements of the plurality are redundant and
di sposed at a backrake angl e having a nmagni tude greater than a nagnitude
of a baokpahs/argle of at | east each cutting el enent BETURWOGDWGRY ity of
cutting elenments immediately adjaced® the at least two cutting el enents
in a cutting elenent profile of the plurality of cutting elenents; and

wherein the at |east two redundant cutting elenents are positioned at an
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different dri aracteristic. e drilling clarml,

wher ei n t heQdrthé¢ biheghdndoaltepntivelysif sheaiet irfbadéince ferco bf fedunddnacyttidgi | | bit, a
reamer, a reamng W n%i%a bi -center bit, and_a casing bit. 3. The drilling

tool of cl aflements\i3ds Bidnandid26s orignted in adesired diserdion, & mayibegprefewhiedps are
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5. The drilling tool of "claim4, wherein each of the at |east two

r edundant cof the mpbaleheerforce f cuttipg elements 5228 Malnd336, eay belvethime70fy a
t hi ckness of ,bet ween aboug .07Q, to, 0.150, ipnch. 6, The drjlling tool of
claim5, wh¥HiirEspesida adlsttm%@?%e wn@mgﬁgﬁbﬁh@s%twcﬁﬂbng@ ement s
i ncl udes at £ a " L b t ool
of claim®é, hé\,ﬁe é&eﬁﬁ%g On'oF ﬁ?ﬁgc zﬁﬁ‘ﬁa@gg n@x@%?&@({ﬁ%@s ﬁﬁaﬁjﬁéﬁﬁﬂ enent s
incl ude$0 a dedired ldaeeticer dfdmbsldncetofa diidikst dalig dillineinbediffeont affertaetd

relative to a side wall of the at |east two redundant cutting el ements,
respect i vel formatipgs. oy exyople) asisgewn gt Fl&t 6Beaaet latseal imbalane fpice k.l 182y The

o ements  apesteneChib e SRR BilsdfioR noaBheold T REUR FHRSEA TS, ¢ han
a nagni t Udeixﬁlf)alﬁzcelféi%mg@fc%ﬁﬂ:{g%l&ﬁexﬂﬁm, cst4,tah|a '5agm'%ﬂié@§eﬂewé@%éﬂ/ of

cutting elements disposed on the drilling tool. rilling tool of
cl ai m 1, " wheutting elementsr52a; ¥4 andoilérebgage asbmindaty surfage hetweendwoplifierent

ori ented_substanti.al | er pendi cyl ar t he | ongi tudinal, axis_qf .the
i 111 ngS T oBEiot ot AebeERbforFaaR B 2R Tve AreHian ViThy £URiot the
therew th. ﬁi%ecﬁ%ﬁ-ofﬁeascﬁlhé&a'téa%gtrefé}en% 115&@60115%3 gogerein the at |east two
redundant cutting elehents are positioned to substantially concurrently
contact the prediddtheagtspacifiakmbedinfentschave been shown by way of example in the

drawings and have been described in detail herein, the invention may be susceptible

to various modifications, combinations, and alternative forms. Therefore, it should

20 be understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention includes all modifications, equivalents,
combinations, and alternatives falling within the spirit and scope of the invention as

defined by the following appended claims.



11. The drilling tool of claim11, further conprising: at |east two other
redundant cutting el enents positione 1t 0 contact another anticipated

| ocation of first contact of the drilling tool with another predicted
boundary surface; wherein the another predicted boundary surface is

defi ne aqﬁﬁv\?lggp%%?s,ot her regions of the subterranean formation having at

| east drilling characteristic; wherein the at |east two

ot her redundant cutt | ements are positioned at a . different radial
posi tion t‘?\é’ﬁ”‘!‘ﬁéoﬁ'tflof 85@99Wm%ﬂﬁﬁ%éhfor@f’f’n@m@%ﬁﬁﬂts. 12. The
drilling tool of claim11, wherein the at | east two redundant cutting

el enenadorggitlidiried axis; | east two ot her redundant cutting el enents are
positioned radially adjacent one another. 13. The drilling tool of claim

1, whep@jodydfvthgPa fadeeingludirkpa plurafty 'oF dunmadledmiehtd digposedtitéen,are si zed
and conflgured or generating a latéeral force, wherein a vector sumation

of the
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i s | eselememsayslit 20% of a vector summation of the lateral force of each
of the plurality of cutting elenents. 15. The drilling tool of claima1,
wher ei whihsin Y16s hbleagtiWRiddundaht eatting leidrests drepositioded aitiadt Adicipdtéd t he at
east [ouati ﬁ@ﬂﬁf&@&énwa% @il niownhfy Pieldfotéd BblikgaryuritcehtHe 70 of an

Lgbnggggb teg%%u Bl eea@nn% in tt\nsrr%g.bhé oPtH Ignﬁlernrghtééﬂa ing a
conpri ?ﬁ% 10 ?ﬁ\/%l a?ﬂﬁa*?'ﬁ% B'ﬁ Oclch% tlr:i"q&'c;apl urality of cuttl ng

el enents, wherein at Ieast two cutting elenents of the plurality are
redundant orienting the at |east two redundant cutting elenents at a
backr ake2aHg @riljageadof claimn!, avheieky tirariling tecbgomprisesiat legstane af ai ng

el enentotafy drillbif laureameary agéaming wing, adiieeptardit, anddi cas#hy biddj acent t he at
| east two redundant cutting elenents in a cutting elenent profile of the
plurality, nie annmg bl f @fEt £ wihkireh thkidl Gedst BRY REAUYd 1L slefrighed

bet weegrd Y&y oSS RAR RN c%c@rreﬁﬁ&bécﬁﬂé&ﬁﬁé'bré@ibf&f bSUthddr{ SuFfle.

abutting reg| ons having at least one’different ‘dril

4. The drilling tool of claim 1, wherein at least one of the plurality of cutting
elements comprises a polycrystalline diamond compact.

5. The drilling tool of claim 4, wherein each of the at least two redundant cutting
elements comprises a superabrasive table having a thickness of between about
0.070 to 0.150 inch.

6. The drilling tool of claim 5, wherein each of the at least two redundant cutting
elements includes at least one of a rake land and a chamfer.

7. The drilling tool of claim 6, wherein each of the at least two redundant cutting
elements includes a rake land oriented at a rake land angle between 30° to 60°
relative to a side wall of the at least two redundant cutting elements, respectively,
and having a length of at least about 0.050 inch.

8. The drilling tool of claim 1, wherein the at least two redundant cutting elements
are disposed at a 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.

9. The drilling tool of claim 1, wherein the predicted boundary surface comprises a
plane, oriented substantially perpendicular to the longitudinal axis of the drilling tool
at the time of first contact of the drilling tool therewith.



characteristic; 33 determning a drilling path, the drilling path
oriented for positioning the redunda%b cutting elenents at an anti ci pated
| ocation of first contact of the dril¥ding tool with a predicted boundary
surface upon drilling generally therealong; and drilling into the
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drilling into at | east one of a casing shoe and cenment. 18. The met hod of
oper at i n§t.alkg drillingdoal ebclaim tifuither@mMpd®R@i n drilling into the

predi cted boundary surface conprises drilling into different subterranean
const i htilkasstwolSthef redurriamd duttihg Germanisnebsitiatiad tol sagtactainotiiercl ai m 16,

wher ei anﬁléupétbunscatmn%ftfnet cd?ﬂalétftﬁftb{e @lﬂnlh?%ofbrﬁth/\@ﬁ@thbhPréd’t@teHQﬁijﬂérny the
subterg ﬁ@é’\ formation with the at |east two redundant cutting el enents
ma

changes t gni tude of | ateraI | nbal ance of the dri I I I ng tool by |ess

t han ab ut .20% 20 The tln claim 16,
whor i BAIS gl ? Vel Qﬁé'ﬁ ﬁ@ et ons of  he
subterf%%%oﬁ r?éibl%fﬁawqrh al"'é'&sq dgligi ng el enent s
gener atbaragtafistic) at er al force assom ated therewith that is oriented in a
direction within 70 of a direction of an overall inbalance force of the
dril | i npetanthebbleadt iwd dingr aedordzge cetting dlemenats ane. pasltionBaeatreet hod of

oper at gifieréntdadial pogitibe tharpfhecatdeasttvo rebiengant citting elegndrg.o t he
predi cted boundary surface conprises substantially concurrently contacting

the boundary surface with the at | east two redundant cutting el enents.
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R
conprls det Il en i tion of
the drF "%g;j pajthe gt et g LA sl g ST, P 23. The
met hod" al %‘E‘?’Hd’ng PIWPPi-ng tool of claim22, further conprising:
aligning a drilling direction of the drilling tool general | al ong the
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lateral force of the at least two redundant cutting elements.

14. The drilling tool of claim 13, wherein the vector summation of each lateral
force associated with the at least two redundant cutting elements is less than about
20% of a vector summation of the lateral force of each of the plurality of cutting
elements.

15. The drilling tool of claim 1, wherein the vector summation of each lateral force
associated with the at least two redundant cutting elements exhibits a direction within
+70° of an imbalance force direction exhibited by the drill bit when drilling a
homogeneous formation.

16. A method of operating a drilling tool, comprising:

providing a drilling tool including a plurality of cutting elements, wherein at least two
cutting elements of the plurality are redundant;

orienting the at least two redundant cutting elements at a backrake angle greater
than a backrake angle of at least each cutting element of the plurality of cutting
elements immediately adjacent the at least two redundant cutting elements in a
cutting element profile of the plurality of cutting elements;

predicting a boundary surface defined between two abutting regions of a
subterranean formation, the two abutting regions having at least one different drilling
characteristic;



34 wherein at |least a portion of the face is structured for causing
initial contact between at |east t redundant cutting elenents of the
plurality of cutting el enments and avpgredi cted boundary surface of a

subt erranean formation, the at |east two redundant cutti ng el emants bei ng
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bi - centaticipated drilihgapathsi ng bit. 26. The drilling tool of claim 24,

wherein the at |east two redundant cutting elenents are positioned to
substantially concurrently cont act the predicted boundary surface.
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bet ween about 0.070 to 0.150 inch. 30. The drilling tool of claim?29,

wher ei n ¢9Chh@mdthed a¥ob@@$|hgtaf@r ol antlafntiel %eré‘{hmmgsmtd‘ﬁelldes at

Lﬁgftel BB6n& ry%é.lr k8 HetRdeR Mk of e subliralidad 1d?191ah8ﬁ'wufhf fsma301
ke | ﬂe o? n‘%u ﬂgsélelln ﬁ‘(ﬁb@@'ﬁ? %g}dltglgeo?l%g% Pb[?:l ncd ?o the
si de Efdré mg ‘P%%E!} nt ﬁdant cutting elenments, and having a
| engt h of at | east about O. 050 inch. 32. The drilling tooI of claim 24,

wher ei n 2Relhe Bteedal epenatng dilingtos! ot:@lﬁwnﬂﬁewh&r%maﬁ@lr@rmmf@d

subst akoLadary susiaserheitvaeaihe bva regionmefl thediubierrangan ormatien with theiatg

t ool . E@ast Me rethirldainh guttinglelementsagene2dtesvihreidateratfercecassnciatadnat i on of
each | gieewith thatris eriaateacinat gitestiontwithie +370° béaslirection bédnderndll cutting
el ementribalante fércé bR theBalAg tad Whtn &ilNes b NonseBRiousorhatidie | at er al

force of each of the at Ieast two redundant
21. The method of operating a drilling tool of claim 16, wherein drilling into the

predicted boundary surface comprises substantially concurrently contacting the
boundary surface with the at least two redundant cutting elements.

22. The method of operating a drilling tool of claim 16, further comprising;
determining at least one of the orientation and position of the drilling tool in relation
to the anticipated drilling path.

23. The method of operating a drilling tool of claim 22, further comprising:
aligning a drilling direction of the drilling tool generally along the orientation of the
anticipated drilling path prior to drilling into the predicted boundary surface.

24. A drilling tool for drilling a subterranean formation, comprising:

a longitudinal axis;

a body having a face including a plurality of cutting elements disposed thereon;



cutting elements on the drill bit. 34. The drilling tool of claim 24,
wherein the vector summation of each ateral force associated with the
plurality of cutting el enments exhi bi t¥ a direction within 70 of an

I mbal ance force direction exhibited by the drill bit when drilling a
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the at least two redundant cutting elenments in the cuttl ng el enent
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of the drilling tool with the predicted boundary surface. 37. The nethod
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elements comprises a superabrasive table having a thickness of between about
0.070 to 0.150 inch.

30. The drilling tool of ctaim 29, wherein each of the at least two redundant cutting
elements includes at least one of a rake land and a chamfer.

31. The drilling tool of claim 30, wherein each of the at least two redundant cutting
elements includes a rake land oriented at a rake land angle between 30° to 60°
relative to the side wall of the at least two redundant cutting elements, and having a
length of at least about 0.050 inch.

32. The drilling tool of claim 24, wherein the predicted boundary surface
comprises a plane oriented substantially perpendicular to the longitudinal axis of the
drilling tool.

33. The drilling tool of claim 24, wherein the vector summation of each lateral
force associated with the at least two redundant cutting elements is less than about
20% of a vector summation of the lateral force of each of the at least two redundant
cutting elements on the drill bit.

34. The drilling tool of claim 24, wherein the vector summation of each lateral
force associated with the plurality of cutting elements exhibits a direction within +70°
of an imbalance force direction exhibited by the drill bit when drilling a homogeneous
formation.



placing the at |east two redundant cutting elenents so that a vector
summation of |ateral forces associated with the at | east two redundant
cutting elements is oriented in a ditection that is within 70 of an

i mbal ance force direction exhibited by the drilling tool when drilling a
honbgenegus, f i A0 )k t .designing a drilling tool of
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anticiﬁﬁ@@g”gé inghelsmant pesfileont act of the drilling tool with a plane
oriented substantially perpendicular to a |ongitudinal axis of the

drilli sglecbog a stibterTarearefonvation talbeidgiedig a drilling tool of clai m40,
wherein positioning the at |east two redundant cutting el enents conprises
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37. The method of designing a drilling tool of claim 36, wherein positioning the at
least two redundant cutting elements comprises placing the at least two redundant
cutting elements at positions selected to generate lateral forces during drilling that
substantially cancel with one another.

38. The method of designing a drilling tool of claim 36, further comprising:

placing the at least two redundant cutting elements so that the vector summation of
each lateral force associated with the at least two redundant cutting elements is less
than about 20% of a vector summation of the lateral force of each of the plurality of
cutting elements.

39. The method of designing a drilling tool of claim 36, further comprising:

placing the at least two redundant cutting elements so that a vector summation of
lateral forces associated with the at least two redundant cutting elements is oriented
in a direction that is within £70° of an imbalance force direction exhibited by the
drilling tool when drilling a homogeneous formation.



47. The nethod of designing a drilling tool of claim35, wherein
positioning the at |east two redundggt cutting elenents conprises placing
the at |l east two redundant cutting enents for generating |lateral forces
during drilling that substantially cancel wth one another. 48. The

nmet hod of designing a drilling tool of cI aim 35, further conpri sing:
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be di sposed at a backr ake angl e _having a nagnitude greater than a
magni t ud¥. diheamptaid: efidesigning acﬁn"mg hoeggft cla@aéﬁ whetein gositienis theratt he
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abutting regions of a subterranean formation, the two abutting regions
having a5 hgasheftoR & ddstiiing adiriitrd 081 of claim 44, wherein positioning the at

least two redundant cutting elements comprises placing the at least two redundant

cutting elements to each comprise at least one of a rake land and a chamfer.

46. The method of designing a drilling tool of claim 45, further comprising
providing a rake land for each of the at least two redundant cutting elements,
orienting a rake land angle of each of the at least two redundant cutting elements
between 30° to 60° relative to a side wall of each of the at least two redundant
cutting elements, respectively, and sizing each rake land of the at least two
redundant cutting elements to have a length of at least about 0.050 inch.

47. The method of designing a drilling tool of claim 35, wherein positioning the at
least two redundant cutting elements comprises placing the at least two redundant
cutting elements for generating lateral forces during drilling that substantially cancel
with one another.

48. The method of designing a drilling tool of claim 35, further comprising:

positioning the at least two redundant cutting elements so that the vector summation
of each lateral force associated with the at least two redundant cutting elements is
less than about 20% of a vector summation of the lateral force of each of the at least
two redundant cutting elements.



characteristic; determining a drilling path, the drilling path oriented
for positioning at |east two redund§ t cutting elenments of the plurality
of cutting elenents at an antici pate | ocation of first contact of the
drilling tool with a predicted boundary surface upon drilling generally
therealong; and drilling into the predicted boundary surface generally
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causing the at least two redundant cutting elements to be disposed at a backrake
angle having a magnitude greater than a magnitude of a backrake angie of at least
each cutting element of the plurality of cutting elements immediately adjacent the at
least two redundant cutting elements in a cutting element profile of the plurality of
cutting elements;

predicting a boundary surface defined between two abutting regions of a
subterranean formation, the two abutting regions having at least one different drilling
characteristic;

determining a drilling path, the drilling path oriented for positioning at least two
redundant cutting elements of the plurality of cutting elements at an anticipated
location of first contact of the drilling tool with a predicted boundary surface upon
drilling generally therealong; and

drilling into the predicted boundary surface generally along the orientation of the
anticipated drilling path.

53. The method of operating a drilling tool of claim 52, wherein drilling into the
predicted boundary surface comprises drilling into at least one of a casing shoe and
cement.
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54. The method of operating a drilling tool of claim 52, wherein drilling into the
predicted boundary surface comprises drilling into different subterranean
constituents.

55. The method of operating a drilling toot of ¢claim 52, wherein drilling into the
boundary surface between the two regions of the subterranean formation with the at
least two redundant cutting elements changes a magnitude of lateral imbalance of
the drilling tool by less than about 20%.

56. The method of operating a drilling tool of claim 52, wherein drilling into the
boundary surface between the two regions of the subterranean formation with the at
least two redundant cutting elements generates a net lateral force associated
therewith that is oriented in a direction within £70° of a direction of an overall
imbalance force of the drilling tool when drilling a homogeneous formation.

57. The method of operating a drilling tool of claim 52, wherein drilling into the
predicted boundary surface comprises substantially concurrently contacting the
boundary surface with the at least two redundant cutting elements within the region
of the profile.

58. The method of operating a drilling tool of claim 52, further comprising:
determining at least one of the orientation and position of the drilling tool in relation
to the anticipated drilling path.

59. The method of operating a drilling tool of claim 58, further comprising:

aligning a drilling direction of the drilling tool generally along the orientation of the
anticipated drilling path prior to drilling into the predicted boundary surface.



