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METHODS FOR OPTI M ZI NG EFFI Cl ENCY AND DURABI LI TY OF
ROTARY DRAG BI TS AND ROTARY DRAG BI TS DESI GNED FOR

w@R BdssEFFI CI ENCY AND DURABI LI TY BACKGROUND EBT/UB#806/043728

| NVENTI ON Rel ated Application: This application clains

the benefit of U S. Provisional Application No.
6MEBAOBBIE OR QR MGG ST IGIENOYSANDHRURASILBsY) OF ROTARY
whi ¢ DRAGBIIELANINROT Ad A DRA G BIES MESIGNRER FORt OPEIMAL

by this reference EFFECIHNCAIANID ENIR ABELAYof t he

I nvention: The present invention relates to rotary

drag bits for dri] J] e |.ons and

their operati oné%k&%@héﬁmﬂq{/ﬁﬁ&é}gem _

| nvenRe@fedr 8pli@G0A:0 FhidTepplRdtiod cHhesk G BeheTW I WSt Provisional
for optinum Eerformance by eval uati ng the work-force

ABplécating Noi. B 738 Stbaliled afp%ember;aa 20081the digclopusrof diais hereby
ﬁcglk)gra Josi & i%q’]'nﬂ%ﬁﬁﬁ'-tﬁﬁ%fe%agl ements so as to
Ip al apitity an

ove e over efficiency of the
bits. State of the ArtTEE'I‘—)?\H@AﬂH i ndustry has
enpl oﬁed rotary drag bits Tor nearly a century, and )
has ukigld gbilee fvegniian: c die repenhénvention: relifen fo Tefary drag bits for
%ﬁlﬁnﬂ%ﬁbteﬁ@ﬁ_ t &Eﬁngdr%'é?éﬁé zﬁ{dﬁﬂleﬁ: dper@tion. : }‘I/Rﬁ'ée Qg&tiﬁ&llg, the present
i anbn its an | .polycrystalline di anon
R RO cureiieg o devishiag Sedh bfly oo patmiin performance by
¢vabuagigp dleedorki- foneenetelint slidingtvinear rath afitheaviting ddepaitabea bit and
Lt er ons,k . relativel I ' n .
Byl AE N PheTB R as EAOLE tis ST i BRP R eificiency

efHhebihout the face and crown of the bit. |npregnated
di anobetdafitbe pet: firemdridlisg indnstryoes empléed rofatsadig bits for nearly a

formati o abrasive.formations, and hi gh-rotary speed
T T AR i e RGP " Thih s, RS ommon
ftFG-FhaPRY aft aAREshatddBlationfl WitdBEhd Wtsaw k! ?BE}"CF istlline diamond
substrate (e.g., a cenmented tungsten carbide ( é

eqrpract F1aC) ewtéing clamipniso At ceptiess. t Hanpsegnatadadiemondbits, rather than

B, B Sl ERTA SoBR0EL L 30N, pr amont

paticles et A mngﬁergcarbidéaﬁﬁdxithtcﬁlghﬁltcm% fmcdmﬁlt Sr]?iwlil of the bit.
he bit ce and i n bl ades that exten romthe face, .
kors st QA Bis paa™ st PeaoRATBIY tkastip tfoggfiens, abrasive

BirinstiGR bYd BEnERGrE Widell fagﬂlﬁlge nﬁﬂé%ﬁﬁ%ﬁd&ﬁéﬁf@ zc%{%&g prise a

effective in-achieving highTates o netrati
dinc-didpeli digmendt ‘dabhlelih dammetoome isopyortngisbbdtiatg (¢.gw ¢ @emented

{E%gétgﬂn Car {H%r(%?éﬂ Q’u%st%atlté,eert]gf Ql%d bonded to the substrate under high pressure,
high temperature conditions. Many separate PDC cutting elements are inserted into
and secured within (e.g., brazed into, etc.) pockets in the bit face and in blades that
extend from the face, or are mounted to studs inserted into the bit body. Bits carrying
PDC cutting elements have proven very effective in achieving high rates of penetration
(ROP) in drilling subterranean formations exhibiting low to medium compressive
strengths.

The rotary drag bit is placed at the end of a long string of hollow steel tubulars,
or drill pipe, to drill a well. A single pipe, or joint, of drilling tubular is approximately
30 feet (about 10 m), and three drill pipes frequently are threaded together to form a
single, ninety foot (about 30 m) stand. Individual stands of pipe are then threaded
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The rotary drag bit is placed at the end of a |ong
string of hollow steel tubulars, or drill pipe, to

waledozloseasael | . A single pipe, or joint, of driPCT/mg006/043728

tubular is approximately 30 feet (about 10 m, and
three drill pipes frequently are threaded together to
fogethen t@ufngnean rehtiest grifl oveing élnﬁjulteaéas nfheshetion of the well, with

PR Sapd 2069, R nBREROR AP ANECIRREDR ABfh e may

felaeh wellehgthvmﬂ lﬁurﬁluélﬁ&ﬁutﬁﬁﬁsaﬁdﬁﬁﬂ&eﬁdﬂﬁdnﬁ§' aves dRcseéral miles or
e well is drilled deeper. string may reach a

k%%tWSdpn&uﬁaﬁ Slgidl gring weﬂ}sth*ﬁ ag aétﬁcheéelﬁ themyriegdy frem dhe surface
REnSEY ala}l dPivk 8fe ang Gl idsBiAde sz Qofthidole ?ﬁ#tbrn% located
wth t bit attac enturne fromthe surface

bctheratlreodrﬂt pipd rand&hﬂhrt tadd]utlemllyl tarmsoie bitnsEantr#ling a well with a

down: hol e tor s ated between the dril|l nd .
et Gy %Hawrl;h LMALT O SR in g m%ﬂprlmﬁi a bent housing
¥Edub iy Bl el RE dthie TRk KIEABRS fifile the AN reRRR TR0RhryO"

turbineé in conbination with a bent "housing or sub nmay

be us®he eewnootiacest ohdribling agyednwrongly depehds yhopdhe BORL asthe rate
st a ar cQno ost of, dri I

3 PRGN s oB0S 486 17 Rirna Bpas B kb i e gy Cor meters
%)él‘eh(hir) drligrdfere, Bubjeth®d t&/efitdoastraitks Uahdhy asrgiastsr ®da iparticular

eet per hour (or net ers, per _hour Ther ef ore, subject
falligg \rig formefinn Plaaraﬂt@ist% cdilliag (g pronesies, sw# pﬂ@m d drilling
?rfﬂt}auop geéldsgco rﬁﬁ’}glﬁﬁié fﬁ@ r\?ﬁkﬁgﬁ ﬁﬁlﬁés tﬁérdols{ gfoot (or meter)
properties, and I ng contr or
dnﬁzéchto maX|mzetheR03 V\:hICh mnlmzesthe cost

per f er), drill to the rat
e wnfosdfs ity e hisre i parigtiag s o > GOt t factor
frege %oﬁdanfcf@ﬁ@ieﬂ@om &ilfh b%&ﬁ&%h@ﬁuﬁbiﬁt& 'o'F@h@bl‘f\Edrl that rate at
is the durability "of the bit, or that rate at whi'ch

thphdtﬂ @um@ eleaentst weare afhat T it isidssirabie e hajessa bibirdl aolong as
F&s ace o%: n%usJ( laeaf'fip (gd esto Zl I blfe ortglelc org t% B][etcluﬁlélg e?ements.

eto

ak eneribsed, e Bigfid Ioﬁélted at {hb&:nb Ioff al sﬁnﬂg)@iadreld pie. t'lhﬁre@ﬁide a worn
of astrln of drill pipe. To rgp ace a worn bit,

Bt the entye rsgm T pepellpdion ‘SapRsd” opt phibe dolegitherpy thﬁémgleJomt
Bpﬂ)rgth%'s{alﬁﬁr a H}ﬁet&)ﬁsﬁﬁﬂgl FodeS ilan§ caddy nid?€sS Wﬁﬁitheastrmg extends
ti consum ng process n any case, nore so en the

svierah gnbxumm dse exthearsll talmsIu@Wardstaf atdag te aemhvea‘n“mﬂnttbé(wsll Thus,

rds [ enpv om t.he wel
HELEESRpIR o Bavicn it FESH fest Tl ien doeur 8}?mrl%ﬂnﬁed
anounhnoﬁmﬁarﬁ&ale&mﬁfdru ﬁetho&\rbfmw@nﬂge&m DXk $hat afswmates the
a nmet hod of designing il bits that associ ates the
workciores tase mad éhgm&vmar mtﬁgl theavolume end éoctahen \oé lcutting elements.
0 in t er f
P 70k bl b T A, Borg R AR R imventon

Otheg I‘ﬂabt@fs oﬂblile dedigGt@ciadiag, Biithode Sik@AtiohNbhdkdiak@,and side-rake

without limitation, back-rake and side-rake:
angles, cutter edge geometry (e.g., chamfer, etc.), bit profile, or others, may be further

individually optimized or in combination. Examining these aforementioned factors
holistically, rather than individually, provides a novel solution that increases the life of
a bit (distance drilled), aggressiveness (ROP), and efficiency (the rate or manner in

which the bit wears).



10

15

20

25

30

angl es, cutter edge geonetry (e.g., chanfer, etc.),
bit profile, or others, may be further individually

W@pio7/sesed or i n conbi nation. Exam ni ng these PCT/US2006/043728

af orementioned factors holistically, rather than
i ndi vidually, provides a novel solution that increases
the life of a bit CIPSLOSEREIOFIINYBNTIONGr eSSI veness

é??&\gg?%fesg{;tsla%%@% r@yale N{l;%t\ﬁ?c%\fa%.rﬁ ner n b1 ] ﬁxat include

evaleting arcoinbilation of fRtdIS esogtidize 8Ri dRitiog a@lﬂlefﬂim&hdysofthe bit.
that include evaluating a conmbination of factors to

opt i mFaemeHwddnsiy SSvaRbaT, flhaecordpicyt which meaythe takqthia a manner
Eﬁjé IBQ% éuﬁg ltl'x’éjﬁée(ﬁed(feﬂigl e %:praétlbﬁlgto {h%e vgﬁtlo‘ﬁh' %h %hq?yblt drills a

en I n a manner t st sul e needs
fremation, pridct imaygctthie d cmmfmermnnu]ﬁtldm |d labdatorg sk, Ic& i the field

f or mat.i on occyr in a co si nul at i
P%Bg?lﬁ g “ﬂ@%wﬁa‘r@y SIFmEs afe ey Rlas %{fu&L 13y; Refuds & work-force
1€ ad iHel SMAIBLRERNbR. a*Woﬁé‘ﬁJré@fa@éj’ is Wé 515800 bfqﬁlleLngce on the

the work-force rate and the sliding-wear rate.
copfing -dlanents and ethe | dstanesabeer] whichnthef foive isoappiedn andienay be

nt,s d the di,st ance e
iR, B A e B g e A RIS T e Sile e rOP, amone
bidesh n‘EﬂlidmgAhb&hratmeraﬁﬁtdsdﬁe duB lcangitiodrdfl d eetiag eﬁﬁf’ent which
anong ot hers. "Sli dlg‘g-v\ear rate" eval uates the dul

B8N dfil‘ﬂ\l‘iﬁwtthar%? efithe ciiting element wm @\Mamﬂgx 3 gmegdbstmp@ that the
gli{tgxté’%glfemteﬂtecr&f‘éfstdcf&s ﬁlf&%ﬁtofl\ﬁgﬁﬂ iffihe ? ek given

nce that the cutting e emen S aCross a
f or mafi ih ddsign ngayd iridotpongge tihformetion fatheded dsingndribbiylg. The bit
rat i,nf or t|on gat hered duri drilling. The

TS BEY SRS b sen O e, S oo Pufihg ey 0Bt bit, an

§dfhdtinRst & tRERIhBoPBf Enddbr moRbuddUdiABRE oRfihd B‘l@ an adjustment to
| ocation of one or nore cutting €l ements on th e bit,

e agntasomefone or minse @rlttlélgteé«tmm’as of thertst, or chapge in the number of

G 08 LS S B g S SR, o
bfdradlizsborta cahbi@atidn Oflatgf ofbﬂhé fdiligdhﬁg” iSESh cBingds may improve the

ngl natiop, of any of the_foregolng. Such changes may
dipeor rlicirmeRist the Yitor Fest $%ag1ni Cpttare elpeentstmay-be idded to,

@&th@ l®m Q)H“Iﬁda)%?r for! FI%% iond Ya ﬁ?omfj&& o$n 1?&1 da{aﬁges reduce the

from or 'nove ations Tn a pri
Buuberchfaagtsg chuhmts that enperizace af losw tiorlogoret eesiiding-wear rate,

t hat . experi rk-force or. sljding-wear r

S R TES Ry e Ao 1 BRerEL fo PRFoBF B ES b desizn where
ihecakfipnsleindn@ HPéibide gesio Woﬂt‘ S Qvdahe &gﬂlﬁl ¢ total number of
el enment's experience greater work or wear. Again, the

ewting clamenis mayt St%:Suthelswgle@B emaparsd e thesariginal fhit, samay ascrease or

T TR TS ——
patveh Cathatiorn, ok arell airo@gnbmhg b@otdfyl drhg bit to drill a given formation.

Optionally, the new bit design may be tested by drilling a formation, similar to

the test conducted on the previous bit design, or by another method. The new bit

design may be evaluated for work-force rate, sliding-wear rate, and/or other

characteristics of interest. The new bit design may be further modified to alter or

enhance desired traits, which may include the aggressiveness, the



10

15

20

25

30

a given formation, as well as optimzing a rotary drag
bit to drill a given formation. Optionally, the new

whRa7asssgn may be tested by drilling a format POIUS2006/043728

simlar to the test conducted on the previous bit

design, or by another nethod. The new bit design may
therabiliay/redtiedhntp 0f wottikg fetenoants, affcierslyj off oifjenveesits, iralivedually or in
and/ or .other characteristics of interest. The new bit

HRIEP BRIy be further nodified to alter or enhance

desi r adidir Bt fiat hattHebh dEB¥nedng hEdRadnE WAAhE BALMRRESSthe present

thedurability/redundancy of cutting elenents, _
wiveiltioreis@lso within theescope eff the présetiinvehgiahl Wudk aidrll bit may include

onbination. A.dril] bit that has been design in . .
ERRB e Y e elomithlsy G o PRrESY RS thed, b pimize the
héhi@lable ROPhivRilé hginfeoRe Ok Wba OF eRedittihg) \RMdn@by placing an
Such a drill bit may include features, such as cutting
alegnaigt sumbaraef spiEing relemepes ianosy legstiens that gpeviepsly exhibited

g&\%@qp{grg?@ggleﬁ?ﬁdﬁ%ue%m&@ m zi ng the wear of the

cutting elene 'aci ng an adequat e nunber of
cut ti Otheelfeamens snd mdviahtages ddthatprasast inhadtioprveilli tdsinyg apparent to

xhi bi t ed. adverse work-force and slidjing-wear, rates. .
fbrots Selurbahe, ol ARt cpesidgrip _ec% ﬁ_@% SHEUING v esIETRfiPD, the
YcbinpREGRRBr-ARRA! %mtheg}ofaaﬂ%@ cRimskill in the art

t hrough™ consi deration of the ensuing description, the
acconpanyi ng dRIEFIIESCRIRITTON Opidh MRAWINGSs. BRI EF

DES I TH WNGS FIG 1.is.a fl .chart . .
depi of1Gigh v BXHPE SSPIURE hSOAPRISE B b RiFoess it desien

nethvadraie ihhentioavention, FIG 2 is a flow chart

depi ct.i ng anot her enbodi nent of a bit design nethod of

the | ﬁ{ﬁég% isontloye|chart depigting gpather qmmdlmmtlogwe@t gesigromethod of
f.: vs. distance drilled for existing and newy

%‘gs‘}}lﬁggr%ggﬁ’bi ts; FIG 4 depicts an axial view and a

cut t i RHG.€ ismemaphhatfin¢ledasfa glot @RGP ivaglifthdcedizBied for existing and

FI illustrates a cutting el enent profile of
’é?]V&G'Q'HgFlgB%J@fSi’ng bit design; FIG 6 shows an axi al
view gl £ depiblsi Adaghieremt arf?.iré’fchiti%gckflerﬁerﬁ'ﬂro?ﬁ?(%feﬂﬁéxisting bit

been designed in accordance wth teachings o
fese@ent invention; FIG 7 is a graph conparing the

120 FRR SR L o TRt B s
cor r eBI®raliiogyshint ial fvidw Bad B catingtdl@fleRiprofile of a bit that has been
designed in accordance with teachings of the present invention;

FIG. 7 is a graph comparing the fraction of cutting elements removed to the
radial positions of the cutting element on their corresponding bits, for both existing bit
designs and bits that have been designed in accordance with teachings of the present
invention;

FIG. 8 includes an axial representation and a cutting element profile of another
existing bit;

FIG. 9 provides an axial view and a cutting element profile of another bit that
has been designed in accordance with teachings of the present invention;

FIG. 10 is a graph of the work rate of each cutting element on three unworn,

existing bits and one unworn bit designed by a method of the present invention plotted
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designs and bits that have been designed in accordance
Wi th teachings of the present invention; FIG 8

WO pol7oskess4 an axi al representati on and a cutti NBCEUS20861043728

profile of another existing bit; FIG 9 provides an

axial view and a cutting el ement profile of another

bgainst e rdddal fsisions of thenating elzorotsdfiomeheiakes of rotation of their
t eachin of the present invention; FIG 10 is a graph
PPEHye &g‘?k rate of each cutting el ement on three

unwor RIG X1 Siki 21 Grdpht 6 anel vl 1dfEnVer reablh teulRGl Gle@@ndYf ahe bits
met hod of the present invention plottedagainst the

FeRtrsgnted 5 FIG. er@l@ifedtalgéméUhf ra’tdga PP8ifen 08 cgohgwitingel eney;

8: agﬁkgf" ?ge wongE%]hIr Pfo eac cu(]tni SéaCﬂ:I ﬁhné %1 fn%maﬁf the bits

teptsertedrie SEGse d0 i and Al IGrenddyed| apatrsd tl&g addid t pdshinr éftlihat cutting
§g5| tion, of each cutt.i ngéel ement; FIG 12 is a graph

BeRs ofyits praraspondingit@8en cutting el enent of the bits
repr eﬁﬁf‘r‘t %ll‘u@trd%ésqﬁe whlr ARG fLudin g%‘f@ﬂ&ﬁs B9R1 16t of H&sting design

radi al position of that cutting €lenment on its

awl frespa i thet Iwstbeeadesigied byl 8 nuetthcuk thahiresrpona@esweachings of the
flat of cutting elenents froma bit of existing design
BW&eIFF%Vﬁnﬁ °%Bit that has been designed by a method t hat

I ncor por SBEST MEDEDSIEORICARRYPNESOUT THIN 8NVENTIOREST
I\/O)E9E))@ FOR CARRYI OUT THE | NVENTI ON One enbodi nment

of a MEerebodémentdifng methadhaccgrding e thepessentoivention includes a
i t I

%Jéa}ir%% I%gﬁq%tsathﬁg a{r}ﬁﬁhtgé;s%ﬁgetgs n. Q%ﬁl&mh o?de‘ij %sé:ger hl?cf"% Fﬂl}.ﬁl , Jnay be
talem e an‘n&tnetl sektiisefid ta apgorsanpiaciadhg Chengvél’[tﬂ)n At reference 11,

i nventi on. reference 11, one or re .
B PLIIPET F@??CE?SBPS of ﬁnl]' ]blfbt?@ $drillede frmptionymgy be evaluated
LR PRLERA. MrYe BEmeNRhURTIRY ﬁﬁ&‘ ih@a@¢ %dactu-gh & dll0 ranﬁBbﬁfbry test

drilled may I nclude an actual well, a |aboratory test

fikiore pieeither shtther orsumbltel drwsiobe methord;owdompater simulation, or
[ i t,i ons er_si Iat drilling" may
bk a7 bs SRRARY SShnEb Bt R on | The

char aghech&héteSstich fiat afece@Viakddad e thelol follgwig drillih@afdnclude,
dr|II|n i nclude, but are not limted to, the

Bptzae r@g @ﬁg%ledéﬁdth@rﬁl?@nﬁ]é%ﬁeo Andy prigntofier of p ateap Alabal ope or more
gl}l)t‘élﬁ% %f{éé%eh{é%iéh%lb %{I&g&g of fhla%uﬁ S rén;xém e BiP'6: cfyuhf bt@% features of

y, or 0 ures
thearbitc t earattéristicofoft hige fformaiano ndridied) |1ﬁdudmgp|\uﬂndw 11m1tat10n

V%erfagggl{eﬁs agn%tépg%l:‘p?qrs]?w% gtrrgl}sgligl?{ Sﬂezé-a]%g g@%‘;ﬁqeﬁs %Ipe\:/rgtmg parameters,
RRhHIRE SIS on-bit (WOB) or torque; or any combination of the foregoing.

An algorithmic (e.g., computer-based) model or physical model of the drill bit
may be developed, at reference 12, in a manner known in the art. As a non-limiting
example of an algorithmic model, some form of the PDCWEAR computer code or
other suitable algorithm or set of algorithms, embodied in a computer program or
otherwise, may be used. D.A. Glowka, Use of Single-Cutter Data in the Analysis of
PDC Bit Designs: Part 2 — Development and Use of the PDCWEAR Computer Code, J.
Petroleum Tech., 850, SPE Paper No. 19309 (Aug. 1989), the disclosure of which is
hereby incorporated, in it entirety, by this reference is an example of a PDCWEAR
program that may be used.
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such as weight-on-bit (WOB) or torque; or any
conbi nation of the foregoing. An algorithmc (e.qg.,

we plsess4 based) nodel or physical nodel of theCTUR1006/043728

bit may be devel oped, at reference 12, in a nmanner

known in the art. As a non-Iirriti(Fﬁi exanple of an
al gor Theymodehwae incluslraewdrisrfaresfmo @mn@@emnpdﬂl,eor any other

008 iR G b s B8l K BB, Be RG] Mol one or
ﬂﬁ)%ﬁi 1ndi3v1Aua1G:LQtM§,eleUEeﬁtsoﬂurﬁign Qhﬂm@ﬂ rae heded thdy h&®unt for the

@al ysis of PDC Bit Desjgns: 2 - Devel opnent and
%ﬁ%’r ok e Wmmh@wn&ﬁs@enm hysseliss cometirrgrrameters of

fg?é}e eP ﬁg ¢l &%{/bé W alefUS ¢ g}cggl%)e ﬁ @8 tﬂétsl‘f |c81§g15f:és to those

I ncor porate
t:lhira;:tershes mao&led sludng emhaﬁflr eheobbit dnHéDshEARTmtmgr am‘neﬁ'xlitaiel of the

B e et S Mo 30l 9 8 Lty nv

&91Bit @l@ilgﬁ’ tha9bertpehedas aéJﬁﬁi‘cHiedfanefQ%ﬁ@er M §i g, {he wear
or work one or nore individual cutting el ements

duri ngaﬁwﬂ fartors thiheifaeb Hié Iperfaymance ouayt bd modified, 1nclud1ng, but not

: on,. 0 ndi vi dual
P PLLE TClocRis B udTRRE ok RS B GOF b PR STEiDigerd to the
rma‘tldiﬁoﬂablluhfeadife@he &t moff eireRpendidg cBBinkMmérdts of a previous bit
orrelates tqQ those characteristics recorded during
egnaf%?xwe e lagation efjonery meyerruttingrelenyents mgdldle Tagved from

Pbﬁ oh Qtaﬁlt Wtletd Y%QFEJCHE%H&]QHV&?XO\Q%N g?gﬁ ?566% iding-wear

for a new or an entirefy new
@&log hotinyba locamnecm thadit thedi exqgiceidnass a sdaivelyclegh 4vopk-force or
ect Dbi r f oy mance

El 1. Variou that af t

SHAP T Lo P HGmoBa oM KGte! &, mgiiually or in

é&ﬁlﬁhh’cﬂﬁl Helud! Hlﬂ%r@ﬁotQHﬁte@rto n@HE %uﬁﬂi%lt b ¥ladts CBBiRle c8tnt;” the
ngared to the location or volume of one or nore

@ sbangi o ghebit PIQﬁée éhecmsimaudics of theprie inichuding, imtithout limitation,
ﬁ’lgsglﬁ:n loé: ?1011 o?rgﬁ I%Htl%hgf 0977 ésf glgc}n f ?12%, aliufrr%l?]er’oﬂr gatg§ of fluid

cutting e nove
vduedes; tlhh eize,eslmpé i @ Me/mbar dSinLﬁtﬁﬁg/ﬁhh‘Ieht@V\aﬂWﬂéreftﬁ GRrdMeters, such

i di rate, or both, to a location on the bit
g%‘%\?llg&%@’emﬁ?ré%@?%ati%z 5@4%%{%. gh work-force or

i di RO;

si 'Rg\al?tﬁ badiSr tPF}) %’ b0 fin §he&! on,oﬁliswg%vggiﬁg% Egmputer

adj ust e VI du R conbr nat
mDéelrtotSimillmet drillihg a fbtmatmurdner plofsidal anbds], ofdihe b mdyebe run in a

FEHiPL Ao B SoRE, R AGr AySterided el Pghieved with

thBené ZRill IbacC afayOBe c@fnp@feﬂeﬁfltﬁt ﬂﬁnoﬁbnﬁ‘lo B2l @8 reRekntbes, with
si ze, nunber, or paths of fluid courses; the size,

Sihagsento an@mmtéflteé@tmelyh @S@Her@éﬁ@@renandﬁo pématdssayy, until an
L R ARt N L Y s
fidle, foraxticl) apyliceve| @ REt: @08 UTRIS, the process may be used to select an
optimum bit design for drilling a formation, which might include using either an
existing bit design or developing a new bit design optimized for the particular
formation or field.

In another embodiment, the manner in which an existing drill bit wears while
drilling a formation is recorded, at reference 21 of FIG. 2. The formation drilled may

be from an actual well drilled, or it may be from either a computer simulation or a

6



10

15

20

25

30

nodel to sinulate drilling a formation or a physical
nodel of the bit may be run in a well or a | aboratory

W0 e®U/05is%¢ ure, as indicated at reference 15. TPET/US2006/043728

results achieved with the newdrill bit my be
conpared with the original bit, at reference 16, wth

é@%}u@tﬁlﬂe i lebespiony tosi b wéplsnpu@s medel efithe eXIstlr}g drill bit
r eac %gﬁnvﬁ]% 7m Mncﬂel,? eo? "tas(r_j éuttéH eﬁemeanr'ﬁs \t/elb r\yvuorrr% gg%}r g? Icreated at

feflerenceR2C | T]ue::rrfodell 1Giay be lcAlEdrhed to Ql&pblbs&:ﬁteldaﬂear o4t refeh@ice 23. A
neea hus th ess may be used to select an

wll Ry tEnay Sg%ﬁle gringe ipforgation Gpwedriling withitkgprevious drill
m,%EefEﬂ%ﬁéé@ﬁﬁ CRd ds ?d 5 Rk bt 'bg;q? Bid kﬁ?@ #i88ithay include
devel opi ng a new gn optTim ze
wareasiog Ik pdéroentage «:ﬁfthe rvofunmd af cuttmguehmtmts oited inmtise areas of

bR B Mk b e e 5 b it b
i d%r ikeredsi the hiBbePst ch'Etiﬂgl Qe ERY 1R8th iR MeAAvASEYMorn areas, at
well drilled, or it may be fromeither a conputer
wferencgtZdon or afornation drilled in a | aboratory test

f ' Xt uﬁge rlgg%lﬁga?@:"éned\rﬂﬁlﬁg%ﬁ(e gnogltesp 9 el)édlf\’/ﬁ%g Cél?tg)'ge ﬁlteglents, or the

gmme:tmr(@ gvechabfer¢ edt efttheitedg&f Blagrieecallied, BhecfoRA& 26, which
calJibrated to the observed wear, at reference
Y Cﬁ@ & APy enesrayity Whirbsiugh eutting sigmente attacks a formation,
t
LU S 00T 4y B9 SHBh f fomvero
Wlitlmg@emems dt phe obmbrenhyatmms l(eide radigraitions) ¢rhe bit where cutting

%]e : Cﬁ )EI%EV gfﬁ%etsgfe/e %ﬁ% r%axw q%é‘t’ fitﬁlh tﬂ? ?%ﬁ%?lengt?é{flc\%g I%tE ?n%re cutting
ﬂgﬁeﬁt@wlﬁéré@ioaﬂiaﬁgehﬂl@ a%@fé%lvé}fe@@ﬁntﬁfwﬁﬂ? i Hlt'tlng element

bit and/or increasin e nunber of cutting elenents
tiseke adformatiae M@Yﬁgela}agm raffeat baw, a awttmgf dcmn@epuzqhes drilled

%.ﬁ'tﬁ%égatg lfﬁ %ﬁg r(1) aitﬁil?%]él%gn heﬂ?l(:ﬁél%{% {the n io\ﬁl (%u afﬂalgyv Back-rake

atgbe s m}ﬁe tahgller oﬁdmfaceﬁﬁﬁ/ tllnf cattingr ﬂémeﬁ% ril\h@ﬂi‘ﬁh @dl(ae?]/&ﬁcal line
whi C an t e aggr essiveness. Wt i ch suc!

R Hg‘?d)é, R ¢ fppation bpgrdiillesh and és yawelly gxpressed in terms
Ve rn@éétlv%gﬁfg?es Sdlfﬁ%ﬂ@? éoﬁfwé BE10 ke, BY fAMGLERREH gc&tﬁﬁg element
vol uneé or number of ting el'enents at one or
oreentatioonBavedhegn prapasiédal Thyssthe icuttisy fam: oo thoe ¢utuﬂigelement is angled

{i I t hi bi t .S rse
kR TRARER Yo ST Om S SR o P s back ake
dfle HEOBWbEIIGHd{cReQhANEE chilfifg %!m&ﬁé $ vauess o%érbemlﬂa to the
that cutting el ement attacks a formation. Side-rake

fergrtian, and mey begoymedoutnenigl” Saelreake. Fhetsamller thlelb@dk-rake angle,
f

f%téﬁéa@?&é trt]@ o%ljaeorsxjegt?cap éhéc %sr a@%%gﬁegr Hl% e ot ﬁngg]xed?eéﬁ 61iﬁacks the

fohmatiac Edpk g‘ehxaewb mayaglselbensidred ei prolide desired efftfsi cal

line The back-rake and side-rake angles, and/or the edge geometry of one or more

cutting elements, may be matched to the formation drilled, with more aggressive angles
(closer to zero) suitable to softer formations and less aggressive angles suitable for
harder formations. Conventionally, more aggressive back-rake and side-rake angles

correspond to greater cutting element and bit wear rates. Thus, the durability of a bit
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per pendi cular to the face of a formation being
drilled, and is usually expressed in terns of a

woegansesss angl e, al t hough positive back-rake, BET/US2006/043728

forward-raked, cutting el enent orientations have been
proposed. Thus, the cutting face of the cutting

@h@MRIROP Soragbie theltAe KRk dSied Blay lb%%?hﬁgzeavz@meeéédod}‘ delifed for a
dlrectlon of the rotation of the back-rake
angicalapappicgliom o refraetsat2d. that the cutting el enent is

verti gal he. f or

be t e?\@ ag e%mﬁlg ggk&g%lg nelts % ELT. ?ra?dfl I;Ill%eﬁé’lt rﬂaey expense of

beec wearabmnditivgl evhith énayt be ofl Iilé&@cfulatrouséefo@ DEhMEIGHIIGR section in
e

the nore ag sively the cutting el ement attacks t
PRYIFARRICEH I BUERR bt Prgsubely s rdbasosishereodn piher situations,
BEAMilHE niSS Keeﬂarﬁﬁlt)ﬁ% gs églgﬁfg@&‘% afggllégﬂ%%sss Isggh L8KS situations

angl es, and/or the e one
wherei anlgt Eineﬁemll@patﬂhyo be quitd halng cind th tiae ﬁl@édéﬁttb @fip in and out of

r|IIed mn a reSS|v |l es (c]Joser to zero)
Hl i BRI Sltg]al e&f%ﬁ’ﬁ%ﬂ‘?m eﬁ"\?@é Iétgsqqdeaggress1veness

ﬁraglbeac}ﬁwadabl e for harder for rratl ons. Conventionally,
nor e aqgr eSS|ve back-rake and side-rake angles
cor r eOpsh glomsnigrtbettmey betatjvstyd dhadndm bubard rot {imiedrto, the profile

é\ﬁ{h%s‘ol% E}Eﬂéj glz? t ﬂl%p% é.é(? gl#epé)eﬁgg t}be a@k ﬁﬂg}tggt%a Ecﬁr@g]g%sdof the bit,

orldagy plectnfent, @icpeatioheadisizapPhosaes b flald doRfRs: eﬂ&tﬁhty, and
be

Wé :ﬁg an exanple, the aggressiveness of a bit may
G WFYEY at the expense of the wear condition, which

may b?héjfenﬁars¥a'bﬂﬂg’a5ﬁ1f9r§e[oftﬁé té?ld%ﬁkgf ¢ g“i)l tur{ gﬁpgﬁ%t t’ﬁ% bits, to

in environnents | costs part

sifeh faem ofibretion eind | whist, Hssth siegaiatdlyp ﬁﬂffectﬁhg i Huia&slhty of a bit.
such

unt, a r essi veness,
gés\%lral% ?e'fﬂggttf’o §°r\’1!7r?e?15{ ﬁlngalt glﬂﬁty g Wé‘l igcife drts gnqhading, for
idinipte,| QN0 RBgkdvER, t PR ngﬁd@}n&ﬂzck“@mm@@d gér %o. 23867
the hole is significant. An optimum bal ance bet

GQ?%)&WquTl?daﬂﬁ@hfab@PGéSﬁE/@wé@sg GanyfemacauhNeweaﬂea@shm Feb. 18-

fﬂg$§g% niqﬁ{nﬁe pr3?]? o? ?h@ %%%5%8P f@ﬁ%ﬁ@”’Bw SPE

' Bnﬂlnguﬁbgneeﬁﬁngl |i’97 c(ddd. NPoe), etenédire hMﬁ’dléBﬂﬂré Q)? ®hichPR hereby

bit, ment. orientation, and size of

IHS‘}I?P@? dﬂ&s F‘? at%}’e@issr@?re@ﬁabl lity; and ot her
fact OAﬁothéfhﬁosEi%[éTYacﬁélam lbété(fahlra?efde&s n{O(aﬁ ist 62 %‘%}a&}{mcs also

of a bit, Fartlcu ar er f
kﬂoﬁfﬂalnl thﬁ aﬁnd whiah Jusmmemgﬂﬂ ISVM K. ‘Biflec tHiph Feh&ratzon Rates

b|| er at t s tod be and
I R Sy T L RN SAVER i R
PRENRI P hﬁ It |
Soper 1o TR, DA S S 957 o

HCPlrﬁo@%rﬁﬂ%er ayclexhibitigavin Qdngem €ola.a0¢t. F&p 199_63, the disclosure

of which is hereby incorporated herein, in its entirety, by this reference.
'EXAMPLE 1
Several bits were evaluated in accordance with teachings of the present
invention.
FIG. 3 is a collective plot of data gathered both in the field with existing bit
designs from computer simulations of new bit designs. The existing drill bit drilled a

given formation and data was gathered, including the ROP and distance drilled. The Y-

8



10

15

20

25

30

21, 1992) and Thomas M Warren, et al, Devel opnent of
a Wiirl-Resistant Bit, SPE Drilling Engi neering, 297
W@ Dwae/0565800) , the entire disclosure of which i BCTEsm®0§043728
incorporated in its entirety by this reference.
Anot her possible factor to be evaluated or nodified is

aRis3 1h13e§feaeﬂts flfz avalfag@ RlOIDMebtfpdrllﬁula fhileQhe WPAXG432 %iiresents the
one exanP Tayl or, %uh Penetrati on Rates and

distinsedeldrompation ﬂ@llqdn b etk RERR Kotiin A riesiap ot Qusetcdriling, which

ABENED e Dol B B ] EOE Rl SEE T v

h'ﬁe dhﬁeck aicr@mﬂmeﬁmycm tha dightdlbhg thedd-akis 3De Mwmposed@al the graph are
199 t.he discl osur whi ch i s hereby

tWﬂ C‘B?tﬁ%? ey "ﬁ{é‘f'}bﬂﬁ’ perfprmagce of jar E’[‘)}S cgyppprsils A dashed vertical

1Rf38" RPFRent XNl Hiltar@V 85 Bdd BF 10608k 3§¥ w%ﬁgh IHs been the

accordance with teachings of the’ present ent| on.
ditace3lrilied dycotepessertativepgrotp of bitathmat g»a&vhmxsbddrhitﬁdhthe formation.

A 2 0 Db dp L 5 S03BYS Sl e

Warizbhtedlige 84 Weficdtdr IROPOSE B9 6/ qhBoudSSmaa TLrhe&rﬁgnon that may be
i ncludi ng the ROP and di stance drill ed. e Yaxis 31

qS@bFOe‘if‘é%nft Wheipetardilfupand id pet ogef tenle tqmplaee g heprn bit.
t f 11.ed
IS R SRCSERLR, SO AL 2! RTR BT 9 oo

plrﬂf@lt&mmml thindrbutnROB) it rﬂ@sbmpl’ewin&d thevtha cﬁﬂihlg&llérﬂéhts of the bit
di st nce a bit has drille

i. , th
i€ Piert Bam beyand HF iscf GvPt. oHe (5 Gl g s Bulis out of the

hbmggttg@bﬁﬂfayg;eq&ha&@e two criteria upon which the
performance of "a bit is conpared. A dashed verti cal

| i ne B® @c@pnebérﬁesgas @rctwremnmddimf@endeIMetﬁls 4] @651, while
h ha been the di . dri

tl{‘eegllrtsgééﬁﬂg l:{/egn F % o’\n aé’c?réla’???a‘f"ﬁ%? V&P h&rHrFﬁyeEgmvemmn

atdvepfaaemnred bjbfbfex’éﬁkre dharaenses] ald 6hese tests, without

limting the scope of the present invention, dashed

hor i zPeFﬁ’F%ﬁPntF“ilYf‘edaé& fioy p disteaxisgingdpt oF (HI6. 4) fand a( bt existing
bt 31 (FVIQB Sf‘ﬂ%[ gr ! %(1 A aldat dfoHHX (91 ?Ilégﬁét}tetdo ”ﬁﬁt g%%gnlnﬂﬁct:ate that the

when'to s I ng an
ﬁr&tpémstm@bmmm ibtiglly Wided at gmvever:kget ROPavenppexidely 35 fi/hr

faII / about 5 or any of he . .
(howndt Gt AELS PRSEREPAS {f{e%m@%@e@f{m{jtﬁ%ﬁtw%dnﬂed
ifedtbdsked 911@1'1 eTRAl SvepigetROP Rift saMEwhReRA MM Md Qﬁ‘é/ 8 Svas puC}ed out
their useful Iives, and the drill string may be pul

of ke beletafier rsrling @ deptit Of heprpkimaady 1060 fe(abawtet5 e The data
N N T —
REB bfagdotimaRE S0 R ¢sbot 1 D ni/BOGRH G 1R OPOf Befsitddcreased to
15 V/ﬁrn(taiagut 5 m/hr) shortly beyond a depth of 1,000 ft (about 305 m).

If a computer model of the bit is used, the computer model of the existing drill
bit and the formation that was drilled may be generated by including various
parameters, such as characteristics of the formation or formations, drilling equipment,
such as mud pump size or rotary drive torque limits, well-bore parameters, such as
casing or wellbore dimensions, or other factors. Parameters of the bit may include,

without limitation, individually or in combination, bit profile (radius and height), blade

dimensions (height, thickness, orientation, number), cutting elements (number, type
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are represented by reference characters 6 1 and 61'.
Representative data froma first existing bit 4 1
W@ BdoG0s56554 and a second existing bit 5 1 (FIG BQT/URZ6/043728
drilled an actual formation are plotted. The data
indicate that the first existing bit 4 1 initially
(’IDC) tvadstat cabidy aadge dliﬁormb loqerrake amd sidy-raée diiglds! radial and
(about 11 mhr) (FILG 3) reasi ng astEe bit run
agighposifge eégf’dngtla%st%}}@rgwalu & drtadpemsercand s ¢f hydraulic

L5 SN SRS B S,

oaptheofectioat el y 1, 000 ft (about 305 m The data from

dril di cat. t hat .t hi

Che FIShh prorddh e g o b vionol it Bfael Eitsooz

a‘f/élfane froR G ghts O]?n@fehse%r@o ?ﬁ%’ (SFTPhé:{%oﬁfanHQ erkhd, an operating
decreased to 15 ft/h éa ou shortly beyond a

unié of Bakér Huges Iﬂfcorp(abt@ Ias:smsem)f thefprase@bmgmeqn mberepxial view

of i ¥F3r's i RE0n o 1 PRI BAEoTRERS P locf bRl At bi
froaNhe at@eh, by 1éadidgusidng tiveabit U st ﬁafrﬂm%tﬁepﬁlralﬁjd ﬁhcﬁﬁng elements
characteristics of the formation or formati

44 degatadrn eglwinest | bladgiu 5 sovisihls 1Bdhe axifl, dow ol by Bif ¢#1, as are a
pﬂﬁéﬁfﬁ otf(ﬁ{)gﬂgﬁ Jlﬁt)”hf fhe Mkt oPHeDiPR %"tﬁ% %51?6 4% H&h at?the outermost

casing or ore di nensions, or ot ctor
rddausarfthe bt mﬂletgaagdadlstanm/% oc Irasthiai distariceo lA’th ddent ﬂlahkiahylew of

| n‘gli #eg é%l%%n%/atlm rga@s% ‘? hlgnc‘(qli%néﬁ r Of %{{]ﬁegg of>the bit 41,

W AHESRL R R wad B BREERial 168HHoh 08 eSSHEARIN elélﬁékﬁb@rof the bit 41 as the
type(PDC, tungsten carbide, natural di anond

bi§Hkisrratatedaghous it @xisaiaotatigh @sd the gutting @mem 4 pass through a
0Si i an mstrles dr. u t

Fmet é FO%%S ogc?sztgﬁg p?%/e aor au fé%JI()értﬂé é%ela}( ’law V&'Pgﬁ li”hes 48 and

4dy dekpectigell) mdrémb@hé &mmg)elemteﬂte 4hlthat&ﬂ§erldﬁb£d the@nost wear during
annul us of the wellbore), or other factors. FIG

ﬂpfr dllige otghe dxmatiop; @%Aﬂ%tﬁlamaecbﬁr@m pRseFyasRn ¥ %rmmgﬁly through
g@ﬂﬁfﬁg 5’%‘2331%61 “éf%'e 'cgégl)'r(lg eféi&?i‘tmgtsap%éﬂ b%tﬁé&%rt RAQY48 and

S, an operati unit of Baker
4Plungdie sis IshawnporiGed, baémagade‘eltbth 4 partipnles emmge of radial distances

i nv t| 0 V] ew of e ’

SR RoB et B Fi? orlina deticyle fnee oS g locations
althstbtid ¥1.atad NRisRhfedf BiOMIRE GHOW) c@fing @BFhdMeE 8Ddn Ghe radial
the bit 4 1 at is drills s. Aplurality of cutting

legatipe Aefined byl lineattl@@ndfd.a plurality of blades 43 is
| f C -
vi si ?lrlé I’5 ti"\ane%}(' Al éﬁlpg Gil%{g&é e}%%)ﬁﬁ:l ﬂ‘tséhélrt $12 wju?l is the

plurality Bt% nozzles a4 er o e bit

répfedeh@tion 0€ tibdradiatandt axid) @ositibe bffesh cuétitiglteradnt Shas Ihd bit 51 is
i's the gauge djstance 46, or radial distance. Adj[ acent
rotaied fpd gac ngngfelgp@nté.’Zlcqogseg asplaes that @orresponds o the page on

A0 PR B S SR R U AL O s
tufgseaahridd tinseyts€TERRNL' 48profentdde ibi the 4prbﬁm i¢ve. Region 55
corresponds to the cone of the bit and region 56 corresponds to the gauge, or radius of
the bit. In addition, two vertical lines, 58 and 59, respectively, indicate the approximate
location of the cutting elements 52 that experienced the most wear during the drilling of
the formation, as determined from observation or empirically through computer

simulation.
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bit 4 1is rotated about its axis of rotation and the
cutting elenents 42 pass through a pl ane that

wa@orresgsends to the page on which FIG 4 appeaPGT/uI2006/043728
vertical lines, 48 and 49, respectively, indicate the
cutting el ements 42 that experienced the nost wear
dur i RGcdrigaridbh ok iegprefiletvier UoroMdit Anin 6. dehe ks fedle view 57
from observation or enpirically through conpute

of bindll an iF&. 5 Yieddscsgverphepservatien regardingihe digggusien and number of
SEGERAIST 155 o, POECARAODII AR i o
tl@ﬂn&iﬁﬂtm €6rt§1—l‘s@mnt(h@ antisg eiémentts aRiasomipatelddo orty-fiir (44) cutting
within a particul ar range, of dial | ocations"” on the
clsmentpt2, pRIsithg ‘il‘g{aé&eve%irpliz'rlt? ‘hﬂ ‘ﬁg &cutting

el e"%g'hé\ffl%t idEsi%]g‘ ewhidflligretbRERtd O FIET BNRULiPY 1 | dndS8ertitied as

and a view of the cutting el enent
Hughés Chrigtenseh énbrrmdalHCWﬁZ@h ib w10t brparatqly ébestuated] bt igf features

r adi a osition of ea cutting el ement
%agmtlﬂ?lﬁlg hlxh alL“ E%tp%?rg) ANGVe éﬁ%es% ting el enent
52 CHRTFIESE, aarphﬁalevﬂewadf b<i106 I'ewhRAdS atrBodified pag@naT the Hughes
whi ch FI G g{ears Bi t 1 al so has several backu
S

Cdmstenmgl HCSREARS G avith beskem QuPons Slsgntnst BhoiHe A plirality of
Cﬁ %%r ?%%Ig%ir lrogéteg r?g%r;?ﬁ&pﬁ:&yé%hgg I§$ %){qlgfbgé & tﬂé %Wal view of the

bitggd zﬁB a@ﬁlrﬁﬂ‘l‘}lrcffgﬁt@ 6ds Al \tlklblewgeenesrof backups:uttfngteﬂmnents 62",
bit. hi addition, two ve nes, 58 and

TheapEpayVvRIne lements: & f“ﬁ’e5 gdﬁ%)@ia\’i’%ﬁ“’é’ Vs 6@? Bickppecutting
Fdt k& &€ g@ﬁ fzﬁalhaat BXPB deRIRE 66 e it moﬁl% QB&65 and at the

during the Ing of the formation, as determ ned
dutermostiradiny af terbibrs tbwgaugedadtmceﬁﬁr ougtﬁlaé dmi:am:@r Adjacent to the
r| Son of t

o] 1 o & 6T NG RS 811 87t s g} of il Rcalibd of each

prinary eubing! dém&R\62r 8ld HRREY v@tihg RFenieng 82'dis I’ﬁ@réébﬁted as it passes
di strl but ron and nunber of cutting el enents 42 and

2.
thopgle teenplpres thet eorgesponado s eagenn: Whigh &lene Apreasy T?{O vertical
lgj%t akg %H§%9b 'r%sp%gﬁveflf t&%@t@%ﬁ?&%‘ﬂ%n%‘ Eh'erk% i rggglt%gfegtf& that

npar é cutting e
dibbt‘ieﬂcb@ tl@dddlotsi oral detgetheTEIlliBE of tthea forbiatiod, ds dgermined from

| ackin A new bjt d whi ch, f dt
abRava et GRpITisaly SHIEY SHEPREG S h D e et area
&%‘ﬁhe{!é? ¢hned 6B Q6L Ko, bi® 61Aas %ﬁcp@?) aty 'C{J’Jtﬁﬂi tefcideh 6DHAd six (6)

G
Its atures are shown in F 2)&1 whi ch i Iustrates
tmckdh eutting veldmentsi 681 gBit 6111(1?'51(‘(53)63011@519(&1;@5 4b bt ely ipfall respects

bi t sam)lfl t he Hughes
%ﬁ?‘?tglﬁaéﬁ%lmﬂ( AE%E%C%){PQP mﬁne gc@hﬁﬁ%@hl ng el gmant s,

i s shgwen c&n@hﬁéﬁaxlvitﬁ )fhé)fnt csqt (tmeg spk@mmiul@d @2fdn@ﬁt&k§rednd whose
on a plurality of bl i sible axi a

oy Ve pivdton i PIGS, e O apf 61 16y o) Bradilesiaigre Satter than
t\ﬁe %rotﬁlg Na 5?, %ﬁfchqss so%ev@%‘f KSR ﬁfﬁhéd NG ELHREBS Snbhe profiles of

bits 61 and 61' between lines 68 and 69 have radii of curvature that are larger than the

radii of curvature of the corresponding features of bit 51. The overall result is that the
profiles of bits 61 and 61' have been lengthened; specifically, in this non-limiting
example, the lengths of the profiles of bits 61 and 61' have been lengthened 0.76 inches
(1.9 cm) relative to the profile of bit 51. Other changes include the locations of the

cutting elements. Each of bits 61 and 61" has five (5) cutting elements 62 located in a
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The primary cutting elenments 62 are 5/8 inch dianeter

whereas the backup cutting elenents 62' are 1/2 inch
waoelc@meses4s | n the center of the bit is the coneCBESZNE043728

at the outernost radius of the bit is the gauge

di stance 66, or radial distance. Adjacent to the axial

regiewpedxiBafe tBd ardaoftthebR60f 61' @rotin@Whd done g% cbﬁlﬁh@li té‘@gven @)

axial |ocation of each primary cutting el enent

PHEEPerBeRts ihedegivnrnt thbl’nSé pr@sn@ﬁee&l@@deaagf ihe qgas §és While

r he 0
Y R, 01" B B e R RO AR of o B BOG R B ghan it 51,
theshaet am/mlcgeasedrndjmbéra)ftdumﬂgoﬂétherﬁm 62fin e aebd thah @orrespond to

Ienent hat experienced the npst wear durin
?VWIP’HSIH&? 6% éﬁgrchmﬁe 1y+i8 theswiting plsment pipfile & thereof. For

é%%ﬁfevﬁlt theBredbeRiTn Jh@ &drleY6stAnt AR 'Eg u‘%lﬁf 61 agd 6 have fifteen

simul ati on. Di sposed betweén the area I ned
(69 enttingslemsits ©1eachass sompdré tptwahes (129 lmttlnggelements 52 at the

c(érrfespé)n 1nggpa%%%) StjclblF &g) b%ﬁ%u%)dbzﬁ lé;n%al g %%me 28 and 69, bits 61
dna@BPehéth e Q]i’ﬁ‘te&ﬂﬂ a 6)I éutﬂn% Kemleht8 422Gk Lbﬁrdt"pﬁ e"d' trégthe twelve (12)
el ements 62' of bit en conpar ed h the bit

cptting| @msgts PRan the cotrewonding amat ¢lobit Shd AAdisienallss ih tﬂ@e region

t | ' n 6
R4 5, HR Y A, o S
62h ascdfi)rmp}trexbtrr&hh sikteen IﬁBG)&hﬂﬁ@@lemdnhﬁSZ@rtﬁs c&5es@6ﬁld1h§ ®cation of

f bits 6 1 d 61 I 68
BESL' T 7 b e soon it dhe fafing FlemeaiB iz, of o k el § Edhape been

1BEveA UEHAR UM B arlkh @ 5C YhERSRE s 9/0%1{3 ﬁlfé(g (N%? gé(%ug t%) 13':'—111:&5 dfurther

The overall result 15 that the pro
f&m thﬁ&ﬁeteb e’éthel hah@l ¢ heWhils [ﬁ&tlofal cainbyy, ofi cuttity elements 62 on bit

Limtin t he, | s of t
P i b AR 2o e ikt s orlis ﬁeﬁailtIe&alé)ackup
oﬂﬂﬁlgreiﬂn@énlts\/@' h@vé henpdedd boditd1' %&reaﬁngl tib Berall ri*lﬁﬁl%@ls'of cutting
include the | ocations of the cuttin ements. Each of

efsimpentsgd2) 63 hersqn relativertp flee uaybes of wtﬁgg elementst>d @it 51.
| ocat(ﬁge e@ngﬁp &' %ﬁﬂ gpt \geltehg sfggg&‘ a £ nt ne utgel(::rL{nt%?l‘ﬂa thereof

61" aroun e cone 6 npare Sev
cedatle at Silmllhltlbh eofreagh (mzwof)lt t6h £ 6D ¢utfngl aploaMatial & tHeemodel was

dgﬁ f tq)i (ﬁge 55. V\hlfje bits 6 1 and 61" have fewer
i ?ﬁ’%gs et ddllge Wi etfasteddp @ogiputes anedsheangddhe Frgplting data
wistcoBdeted. h@ef&‘?ﬁﬁ% Mid RFERASLALPYERGS &&1&Hfa¥ehin@rﬂhng with the

elenents 62 in the areas that correspon
ngwhit dmleﬂl b‘l@SG bandrd' 68re plotipd agains the rlegultshﬁ driiling rvgjith the

SUFHERs P18 5T CtebinE Bhtorp o B et b gR G 1, bits
66 Jand ha1v gerfforhiedeigdifisant s B dite orehe Fﬁ/ﬁ% Sedf § Zﬁ’&ﬁhn %‘ﬁarameters as

npared to twelve (Iem’)k cutting elements 5
ce@par@é o RHS A and Sdt ileekiste asithe giterig af {hé&/nawpagseateddy dashed

6 n ot h.hav
hgﬁ;:eﬁﬁ:ﬁnhﬂe'( %ﬁ?ﬁ@iﬁ??? glée6 7 er?n% lféte %épe% grap %1}[,6 ¢ %%cht @1 telﬂ‘%may be
aSsmied&o CDH:E\)om ahd I1mg:nﬁive&€ﬂ@hsth52101maﬂdh%p1@6éd &8P GNAHNOG1' drilled

[ ea tll% ]hAddltloaII in the regio
51gm cantly farther than ex1st1ng its 41 and 51. In this 1nstance the bit 61 drilled
approximately 1,359 feet (414 m) and bit 61' drilled approximately 1,379 feet (420 m)
before the ROP dropped to 15 ft/hr (about 5 m/hr), as compared to the approximately
1,060 feet (323 m) of bit 51. This represents an increase of approximately 28% in the

total depth drilled. In addition, the rate of penetration averaged over the entire run for
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between |ine 69 and gauge 66, bits 6 1 and 61' both
have twenty (20) cutting elenents 62, as conpared to
wo b@785656€en (16) cutting el ements 52 in the PCT/US2006/043728
correspondi ng | ocation of bit 51. Thus, it can be seen
that the cutting elenents 62 of bits 6 1 and 61' have
jtsenl ansh@ld whs epprotignatelsié fihe tabest 1 willen) dastdrghdncthgt fordbitks1, or a
to areas further fromthe center of

a cur
ég% %ﬁ#géqﬁlgTh)eﬁﬁl ‘e the total nunber of cutting

el emeAhethé2wntddédmyhrd tHeedtd Pdatbd® HaMRerdge ROP UWRRET a certain
of cutting elenents 52 of bit 51, additional backu

dpth ith e Caseenttep dopthinf\ie0fbost €dden) thet perrespands to'the depth at
WBES RSB, BHELEH s MRl oL 18 EETBISS Mg and i

liéﬁreséntd*:d by Slhshenoeetitdb dineeds i F3G63.1 Anthisd poinyethe ROP of bit 51
si gned anpd vdel s t reof created, a

SRl e s e rged G 60 gt oe@@é.lﬂbvv@s FEPIMERLY 29.0

ft/Rr (d&%ut‘@ﬁiﬁlr) W&r&%‘é@ﬁﬁ%@ﬁe d%bﬂﬂlﬂoﬁ{ ﬁe ¥ ddd 4P chﬁ@v%d an average

effected in onput er resul ting
RRE <foB? é’tihreéaboWeﬂ%nn/{hm)g aTgm nepweﬁﬂscan Bnprpnanem:smﬂ alsout 33%

at.ed, dri. th.he.n signed bits 6 1

Blath gutlhﬁélf’%h fitied ‘a"g‘é‘ﬁé’ﬂ?&{‘g Bie i ts oo ng :
with T}tmweafleaeh agtihg bRnfend ulipoed rel&iNERNitsNadidl pbsgtidi rom the

possi bl e neasurenents fromFIG 1, bits 6 1 and 61’

Cﬁ@?er 8f tsditshgnalse bagempansd ity the Bieax crffecugtmgeﬁierg@ms af comparable
(BB Posi s GHEGSh3re T GORA" Pifbsp Suink Hélnche PO ailshoulder of
tﬁabheﬂhehtosral ol th%cm@ah%hthwgagmof &e%hemyev@g endr atpalckly than
enetration t | C t he It e assuneg
Sl SRt oot orS GHPERUTE SOk AFORETY sthe. bt Bertcularly
Uec&!ih@ Edmels | lt'tﬁéj sﬁd)lﬂﬂérf ek prediadit A8l tdhs"’t‘e[hch%rl I@g dams of

bits 4 1 and . his instance, the bit

raptionaf teg it y?ln(l tB@@fOﬂreérav@ha greajer aﬂmﬂarme,t er@dunter a lgr@der amount
X i 79 feet 42 . bef

GRBE WHIRE T nbirs ififed, 388 b Sk (0% Fefiot REQRToF orty ham the

ARpioA briterite b thd bRGRatf #elocaRd Fadihlélosr o Bk axidéfSrotation. FIG. 7

represents _an increase of approximtely 28%in the

if &t gepky &y iy the  tadial pasttiemryiof icash cythag relamengfof bits 51 and 61" is
ﬁﬁ@&f r{@I aogv@ly%ﬁa%@ Biffids, tihe }ﬁﬂﬁhs?g%gﬂ{‘,oﬁé’ rﬁttr i’sz@ $n), which

approxi nately’3 f
doarssmds hﬁﬂhe tapmt)xfmate distanbd drilied for biis ¢1 athd1. aOhGe Y-axis 71 of
re.the data rel ates

t
¢1§P hdielre @‘fi%ygeo %E%mﬁﬁ%ﬂeﬁr%%gg%% Qe PR qlemerjgmoved or
woRvayss Pt ptﬁhe@f a%ls @@Q}lét@ ﬁ%e &&gﬁpdﬁtﬂnrl%m the center of the bit

corresponds to the penetratlon ra
off cagh teyttipg 1elgmnt5 FﬂGs |7o«}vemorts6at:e5 ﬂfatt/tm cittibg elententy h2 )of bit 51

20 BRSFp, ABEAE (6, 3oy e

lecdtiohs ofl BteN". dihigetsdtapd (01, 4ia68atiohs o= theBit WhSre cuttlng elements
approxi mately 29.0 ft/hr about 9 m _hr), whereas

e subyegied '@éb% Bregsehameuns of worls e euting glementsd2:af bits 61 and 61
WE BB 33% less than the cutting elements of bit 51 located at approximately the

same radial positions.
EXAMPLE 2
In another example of the method, FIGs. 4 and 8 provide representative

examples of both an axial view and a profile view of the cutting elements of two bits
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ROP of 39 ft/hr (about 12 mihr). This represents an
i nprovenent of about 33%relative to the depths
waleiozlosessby the existing bits 4 1 and 51. The MHUSHaEOM3728
cutting el ement undergoes relative to its radi al
gositionfromthe center of the bit may al so be i
oacked cpinphter meodgbwes ofeatedt e §1@| & nepmessntgtthe profile view of a

RIS SIS iR P el AR CEIC R R Pentation

S Bagihe tORRenk&ELE MNRIcB TSI NE. g3ige1 dhs b pgurblify, off@iting elements
wear nore quick than cutting el ements at ot her

I
& Bé?ét,edd@pémhﬂiarb%’o%f bladesg@bdtible i therpxiahjview of the bit, as are a
i Ar | | .S: | .
B Rl TSR ORI TR ishho LR S A 8o Fhliniciradius of
thh &ithis theagmige tdiveanet 86 or hdial/ distaacgr Adjaeent dhestdaicaew of bit 81 is
ncounter a_greater anoynt, the formati.on bein .

&eera a,w%%l%ar e Gl e a%la%caff%f_e B RBEAEY G s igment 82 is
fepABerdtbe a§Hg}a§s@9t}§bﬁ%ﬁﬁé 51296 i @oRbdpohddo (BE Gﬁaé]eo&?&z_ 8h FIG. 8
radially closer to the axis of rotation. Fl IS a

appapl. iwonkértibaltlines B3 dndiBY puki¢até the lofatimas hf thetauiting elements 82

| enent. of .hits 51 and 61' .i .ott f.or ive )
G COGRHe Rt g Bl oS Biit S50 e teol 2 3terpined from
IeB/Li6R o @BRAEisy! throulR cBRPuLisiahlatiéh. s Dagfoeedbetwlell the area
for bits 4 1 and 51. On the ' Y-axis 7 1 of FIG 7, the

dofimed ibyrlings 88rndf%Aiti&] haguapwximeslyselofenddthewtipg eleguents 82.
SRS TR AL 1R Rl 0L LTl fpin tins

48 amhed of bitt4 Inendethe teelve () Guttihgdelomastt SAtie shd datespbreling area
cutting el nts 52 of bit 51 re.significantly re .
ihen flafe Shand oo it S erftbcolehe it Bl s ima iy roviously

dadel hasaidonke g_grf&jtﬂanéé'chaﬂa&_eﬁﬁf&e@é@%cérﬁédfsandaﬁ computer
[ ocations on the Dit where cutting el ements are

wiod¢ledeach ofghe hits 4F,6dt axt Slawaereated. work, the cutting

el enmrent s .62 .bits 6 .,1l.and 61! e, .about %1 ess .
Chan ThEdRf oBlaafout d By meBlsgy SPifng iy es"&inparca witn
@tﬁlﬂlhg dhtaedh vnbther SRIPldrndndbdipast bf B0 1, WAVR ifugrdtéd in FIG.

anot her exanpl e of the nethod, FIGs. 4 and 8 provide
9.c pPit SHnwvat idpsigasthirpresgont toths mpnliExehrinlling it dgest one type of

BESLEL S0, STy 108 STEHLS, B QoPLIGE s 52
Biprled@nstmt thaee fireofairiecconiventiontllp cohfigutedbtade8ds hnEBEshown in

FIGh oo Refhes P lopmscviat fins becrs et S o oy Aesign in
B, vheh \H%e@aﬂlﬂ}'ﬁ, gﬂllé (fjavée of et in_reglld@é ?é”g?c?{ﬁ%&%aﬂ e|9€ abpfated by

on a plurality o | ades 83, visible in e axial view
gallowe Ubishapedsinderdatzong) ar sbi-oyts H3';j thus, 8. bihi91t flees not include
center of, the.bit.is . the.cone 85 and at...th ut erynost

S ooty oEgirba bt CENE £33 ERa Fligd hofl 1 R Sfround he
it O 26 &p A jaa@eEH of the baxd Rdle VB0 DhIsHiidicldled al Slurality of nozzles

94, a cone area 95 proximate the center of the bit 91 and a gage 96.

In the cutting element profile 97 of bit 91, several modifications of the bit 91
relative to bits 41, 51, and 81 (FIGs. 4, 5, and 8, respectively), as well as to the radial
and axial locations of the cutting elements 92, relative to the radial and axial locations
of the cutting elements 42, 52, 82 on bits 41, 51, 81, are readily apparent. For example,

bit 91 is flatter in shape, whereas bits 41, 51, and 81 are more cone (or round) shaped.

14



10

15

25

30

the profile view 87. The radial and axial |ocation of

each primary cutting elenment 82 is represented as it
w@a®3msesshr ough the pl ane that corresponds to PEEUREGE043728

on which FIG 8 appears. Two vertical lines 88 and 89

indicate the | ocations of the cutting elenents 82 that

Iaxqudmcen dkel betght wpdengtie af thk prcriﬁe t%elsdmprdar;ngamomn@ed to the

8% t42>a§7 ﬁg‘? ﬁ?(‘}%gﬁ n%g%gu r Sl er 0 énr%n o deﬁnec(ljby the vertical

18Rt We end g oddteRbElRtén e cbﬁ{e 95 ﬁﬁtﬁth%%a@@d 98, 9)1t o1 haﬁm&reased the
has approxi mately el even (1 cutting el enments

momibsr ©F wpiingselemaents 82 e ﬁéo‘(dbe thurtesny(d 3 b reren r@ninﬁlm rﬁ’é nine (9)
4
?tr [ ﬁgrggrgtg ng 13{@%0H§%ﬁ‘@|&1ﬁ5 rée@rgrf‘ rroeﬁft%g %@gﬂﬁsglog/& éf? G 1
C O r Leslrfimﬁﬁwlygd@r@ad tiégt Ne eas Isub&e?uﬁﬁlgaJMuﬁ hto ftllleb compdter model,
E f he
SRR et Chet B ARF e of e 198 Wi esteglath s dading it frmation. Tn
(Effstr ﬁrstiﬁ&? rglegy ﬁ‘tngf ﬁlecﬁgﬂk%?cre fﬁ%j ﬁ{at Qheie %ﬁt‘ﬁngfelérﬁ&t underwent

d81vvas creat ed he data obt ai ned
durong the dhlhngg)f\lshd fmrmhteormrﬂszva'slpbi‘fﬂli 1nairg13181, Bs Wisstrated in FIG. 10.

red with drill.i from.a [ 2XE I
RO Rretets ot progty Pl enek S R P SoneeS TR e e ity
RiginsOdrilNas adRehainet] il whes BRNBie il few hadree Uﬁthﬁg @fements are not
drilling at |east one t ype of formation with bits 41,

wam. g Baxigl 1 of HIG. AQrepresents the wiozk raty thet caqhy hif wgdergoes and
I S
B RO P2 o SRR P 2ol 5, Rt o cch naividun
hteg1, s amQQBcutRﬁg blemenhsi4R, 2, B2h93, asmadasirad floeethe center of each
referred to as a "full-face" design in that, when
t alvedd s §J<=|9<3llly, the face of the 9 1 includes regi ons

93 t bty Arthe SRAAEA tlﬁ‘)/cu?[lﬁg él@r’ﬂenty‘eﬁmg% highest work rate in the

i ndentations, or cut-outs hus, the bit 9 1 does

aves between dpprosimaelyiZoh2 linopes Cabbug@‘/r’z sth)ind dely2 iches (About 9 cm)

93! .permt drillin urd flow round

st Bk o e P P iigh P BitpOghodfay o il tines

h@1c4gIdBs 98 AWl 39, BOPhnd192 ZtegSecBdelya 'Elﬁmplo@roéa'*‘185 11 generally
pr oxi mate the center of the bit 9 1

slisovscbathe éprthice prenitingredgmqng isghpegied Efpgﬂn@lf cegign et @F bit, the higher
bi
34!(%1{-%@‘{0& % t8 Eivhtléglethp %ttlgg %lregxgelgfel%stsl é:lk%i MR rﬂ}* Féﬂecause the

f@thé]h@ cuiaglicadlerasrd 4ax52182) 62 & panitsonefl radielly ﬁttotn thg axis of rotation
ments 92, relativ othe radi al an
ot BatiAls 207 SLr e Brthey i Aandh fedas M iganMis) o g bit1, 51, 81,

éilrot s. &ﬂtho@g'hethé %@t@ihé ¥1eﬁféﬁ@rtﬁf<ﬁtare f&'itl&féé@]ﬁé ﬁrth@dt tadPal Histance
atter in shape, Wwhereas bits 41, 51, and 8 1 are

fmmethe onis of aotatiownfl) by mqa‘evulcaﬂy érct@terir abong thi G%ie@@h@ bigy they do

ga%bpglgllfclut@ ﬁltn?%tif)l eg %;}al Il %13 %?f]]_% 85@10 egigsgnly follow

ﬁie&fbnd'df iRdPEast r%’v@ﬂk rﬁt@fWMﬁrﬂcﬂé}tseﬁh@dl‘dﬁdﬁﬂaﬁ@J frdnh mlﬁﬁayﬁé?of rotation
and 99 | ocated between the cone 95 and the Hj@uge
- pf thediti Thamyiherbseredithehdesyftisgrel apends erduag e lagheat *gork rate in

?ﬂé)arga @et{v%gﬁ p}?lfoxfnli]dtélgr 281)2 Gdohs Ee{b%m 8‘%@1‘1‘?}' M8 Ph R (about 9

cm) radial distance from the bit center, which corresponds approximately to the radial
line 48, 58, 88, and 98 and line 49, 59, 89, and 99, respectively.

The cutting elements 92 of the newly designed bit 91 endure a work rate
significantly less than the cutting elements 42, 52, 82 of the other bits 41, 51, 81, as the
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cutting elenents 42 in the correspondi ng region of the
bit 4 1 showmn in FIG 4. The newy designed bit 9 1

wor®7esdssequent |y input into the conputer nodePCT/vki0061043728

was then run for each of the four bits to sinulate a
drilling of a formation. In this instance, an output
dn‘ta trhlecaimr Io- designéng it 11 zhaumbercdf aitting elgmenhts dwatted elsewhere on

nt durln t he il t rmat i
5P SRt P e g mous i ik ditinen priieeh ghe ies 8§ Gnd 99,
WEiRh %ﬁ@d&% $hd BRateBi JorkOfoFR rﬁt@t erlfefﬁ&seﬁ@@bf DidrgNARBOBS cutting
when the bit “initially begins drilling a fornmation,
¢lements \#7ein tthie e rpéuwewganﬂorkfferq@utam ribate prsmandiidagle cutting
Y- a n
et ¥0uBpdl b s B 08 G RIARGT kb iy e cutting

sleneas Qﬂtvﬁlltlﬁt@e feGEsed durbiliagl vhich 8éuld @Rrrhil a dﬂﬂhﬁg opérator to
each |nd|V|duaI bit's 41, 51, 81, .9 1 cutting e|enent

wa thg it for logger periqfsaeffiwg andodiil ecaten distanges belere having to
}%hiové%he bﬁﬁbec@&se iP5 wdth, ™y be observed that the

cutting elenents endure the highest work rate in the

ar ea Diet dwe forapps binidietethgt viral citting elen{eatzolotatéd 4pmrnyimately

B3, TR BB 5l L35S LGSR o
thadixal of fo'ﬂﬁﬁ)n“& th5 8)1’( §Ba }f)l%%r a6 de 48bjetidd t§ Qlttl@@g n8%work. These

respectively. lot of FIG 11 %enera y shows t hat
¢uting elempels caﬂ@ﬂppnd tythe  Téfrand/orsP PG backup Chiging ehenents 52'. One
cent ef h [ t

?Oélh ﬁ'le laci:lf f \r)]vafke eﬁg 2 tcgllhtgle Slldgﬁ%% Pf)% %gcl%rug (:T‘.ltt)tsng elements

beeadiske thaetHeasrihaly duitiiy! dlementelse rmﬂtlre4921 obthe 181':111,&1 91k cutting
i s positioned radially fromthe axis of raqtation_of

ihﬁéowtﬂow e the bif 51 ganew prdl thg basigp quiting elgrapats a4 florfgt appear
t o

R (GBI bloifiac by et bt yfenedkt hOLAREROR 4 ¢ he

f ar t hBK}. IladiaadimdarsplanteF . dﬁ; oy thx data @fe tabemfrioonthefsame bits

bit are [ II.Icaedl t he_bit
Sl rameretaR kmalion d6E besn BB 1h s HRAG e aladf i bata rom
SheR ol B8 daRdlofidilifre fbeh Higd thRCAE SRkl Eedi@éalignnt! hﬁta plotted are
trend of increasi ngkvvork rate with increased radi al

ot bitscel, frlodlt wed Akiaftenther BORthasrfalien tchéS d/he, aptin g example
ﬁl%siﬁr?[ef In l'elq_‘k h %tf%aﬁl{] ?hetcﬁ Iagﬁsnlgll 6@{&\,@%&1@ %lrll% )?(at& Q.I?d he )% axis 112

ﬂabi’esbfﬁ@ tiesadiabpasitida\eT eah bla’@ @uﬂlng/eﬂeme’md‘l e'Bhe( d?d”l)@)uidlcﬁte that even
cm) radial distance fromthe bit centlg g
wer: dasertiae sisments; Feeidn Ot sndure arsigy ‘Fanrlr/ﬁ@ uegd wpgk-force rate

%ﬁaﬂv@%’ ﬁ@w%gfjfdr&@?atéfgglt g% tLﬁ@ng aeﬂhe&% 42! 88 pﬁﬁfb%;%/ @%&{I{e. Also,

e cutting ement s hew y desi gne
thiedmaph iadivatek thaaittlm sicgmdafy catting glenests $hahbitid mm béamgome of

I f .the other bits.41, 5
(i ciEes §hINnE she Forauar o TRRGUBY 09T begaystibe Prigesy cutters 52
ﬁh‘éﬂt ihBe ﬁbﬁfmﬁ@eﬁtg%tp%ﬂnﬂ k}&eéeh&{dar@auh clehiegfs ﬂr foSengage the

have been noved to the regi on defined ween the
farmetiorn 8Thusg b P 1 now has more cutting elements engagmg the formation, which

may explain why the work-force rate on each individual primary cutting element 52 has
decreased. When this occurs, the work-force rate of the primary cutting elements 52
approaches the work rate of the cutting elements 42 of bit 41. This further suggests that

by increasing the number or volume of cutting elements in the area of the bit that
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whi ch endure the greatest work-force rate. The
presence of a larger nunber of cutting elenents 92 in

wWa hiog/osisea reduces the work-force rate that anpCT/US2006/043728

i ndi vidual cutting element 92 nust undergo. A benefit

of this is that, for a given formation, the cuttin

prcwionsly snderedithd megty wotkh theewekefother ratsi o1 individaaldutting elements
should permt .a drilling. gperator to run the bit for

P30 e e BB haeRarO g B EREY T P gr et or i ot ances

bef or Beduavd i &tifieBRY®ntNe BIf tnehBE dbsignddt bit O1V&@idire a reduced
The data for bit 5 1 indicate that several cuttin

WPEToneesTafcorelative t Hsy weikniereq spteseafitbe ﬁutzng/etem%/g% 52, and 82
u C n [ 24,1 . ' .

PRI, sSR! e opimisea

Bapexample) theecustiny dements ©D nhightt Becortantatomueer dggrekhiesly vis-a-vis the

PRt ool PG SYETbrife, Gregs anoh il RBF PBles| Sl cuting
QEmBRs l92‘:’151%37"'3@rdeél‘éasteﬁ‘E‘SO-I_tﬁht ﬁ@g hQ&x RQ%HQ%P&OF@HH&&EA This

el enents 5 may be that the primary cutting elenents
Bidehs proye dhd ROP thhvea bitiachigbesmirlagethe rimg Otles factors may also be

forati on when the hit 5.1 i s new an he bagckup . .

tnfiERh AL RETh AbEaitive 5t g ebSuReier i Bk TurRBed Ryentayon of the

begadislemefey m ght not yet engage the formation. FIG

11 is_a simlar plot to FIG 10, only the data are

t akenF¥-olR #he sgankeinghichathe cdatey reletpd de dhe glidipg-wear rate of the
| S i l<heds i $5 1 -har ...

TR RedB2lBRETs S0 b2 97, 82, bt 92, BRIAIOES abthid during dhe

Sintudatedhdrilliag of awormatiGpes platied] e Yi-ipas t21 seppdsonts €k @eeof each

frombjts 41, 51, 81, .and 9.1 _aft he ROP has fallen

s Sleenf Womt Aivay QlEn e e LRE o i o SeBan RS o Even in square

PEREN THe - aX1s @D SepkdsbnisQRE LRGN HositiBE oMU dufi A&Hert € inches.
X-axis 112 represents the radial position of €ach

bhe 'detacplottedh goraesefremt the diéngl glementsddd; aiZe hat2, emdP2 after the

Wor e cutiin e s.92.0f. bi dure a

Ried NP HBRACHE RIS fr Mot P s GBOVLS effnpy, orhe da
Mdidstd @it ethodd @uttingt clehfneuld ithg RbRAENcated2a Radial adiStance of
82 endure. Also, the graph indicates that the )
YyuoHmataly 8 dnehep gaf@%%%hﬁ@) 03 143 inghes bput§\gpeliem the axis of

ﬁ)?é'{?onoéf e @éﬁe Bt Lk Wdd gm&%etgéﬁ) %E\Eﬁﬂﬁg e-lré?ﬁe?l;cég%ated at

occur because ‘the primary cutters ve WO
othef ragliad ntidtynceo fper the atibof semto af wacubiti NHhe baonddrg, backup

e QPRS0 81 B tisie PhleredoRIR B he primary
BRMng ¥RhRhi S\thutttlhﬁ HEY bcduPbEGuEdR H&Bk\gﬁ&htiﬁg‘ HieMcHida might

primary cutting el ement 52 has decreased. Wien this _
neicangage thdommationfutit ther primanyfeutting glements Y2 have wegn sufficiently
| enent.s b2 approaches the work rate of the cutting
g%‘ﬁg%et%acg?%ﬁg%%ae I.ltS'FEi‘s further suggests that by

i ncr eBfont thel difa thatrhay bezh plekdda tBé gfaphtdTTIGe 2R Sppafent that
the area of the bit thatpreviously endured the npst
thsr sutiings elgmertst Gr 08 bital le atsnnetnibidcipdato aumvchgliding-wear as the

@t!ltﬁHE Befhents 42, 52, and 82 of bits 41, 51, and 81. Indeed, the sliding-wear of the
cutting elements 92 located in the region defined by the lines 98 and 99 in the cutting
element profile 97, which correspond to a radial distance of approximately 3 inches
(about 7% cm) to 3 1/2 inches (about 9 cm) from the axis of rotation of the bit 91, wear

approximately half as much as the similarly located cutting elements 42 and 52 of bits
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may be reduced, leading to longer bit |life. Because
the cutting elenents 92 of newy designed bit 9 1

wepaaisessd r educed work-force rate rel ati ve t o PEBUS2006/043728

wor k-force rates of the cutting elenents 42, 52, and
82 on the other bits 41, 51, and 81, other features of
4henddl, @sgectivgt ankdhepprdremetsty onezthind dsanudxanthk ejmildrty located

I ht b t ed : ,
Giflbe SErbaR iR, LS s M e, AT SO inggsged. mumber of
&digndarirehBle RBAEPH MedeiticalkRoRNUEiRe®by 1iR6s 58'hd BY in FIG. 9

el ements 92 may be decreased so that they attack the
¢l drpossily dsillemyeh dasthey thanhthe bitsght, Silpprd$é, alhettROthings being
é(r a bit achieves during the run. O her factors nmay
SO be nodified, either as an alternative or in
conj uRelatedntoWFIGh thes iheliifluseetion | EMthat Ackinl Gfred Rémoved from an

cuttll@g elements. FIG 12 is a_graph in which the data

indjvidusd cutng glement lgrated agivien radi @ﬁtam@efrqm ghakbibgashown in FIG.
t SRERt , 3 9

gjéqgjlugeée%}url n 155#?1% aSI ﬁ{ﬁs%%u ndgfl f'?ﬂl e a'}ttlfzg@%or rm 22 Of bit 41,

losatpdl ot taerdtdm]’ld@taﬁca)qf saippRikimetetye 3 26t mchdse(ahm&aS 23 cﬁﬁCﬂﬂom the

B ere P vt L Tl Sl P oo o1 g Yt 434 thatvas
Wwérh 40D @Sl e ldnBlifa6H @k BRSAHoN0Rs BlevRRSH g%HﬂHeHrlH FIG. 12. In
el enent” in inches. e data plotted comes from t
this tihyienes) dhentimulpred skilligp'of g farmhtion al&fOlr@raWdrye an area of

r | i th f.each bhit
FFBRER, 05 st ?mﬁ%ﬂ@a%a%ﬁ 2 Bl ot P Sement 139
18 Ul fepegerthttviEatiassihgle thiting %gar@éht |9Q<zﬁ‘tt1@@|nawllyaiéb1@hed bit 91, located
di st apnce of 8’2 pr oxi mat el i nches (about to 3

at/radiph distegcq ghenproxgmatgly %(126 ringhes (&b@% 8 %} ﬁ@ e genter of bit
S0 T SAPSS Sk 245 RGP AL B SHLLREA cisace
fBrounghe tentartafbitor asfcuttimgleldmdnt 13411&5 loeated framythe bactkn,qf bit 41, and

tj | 2' of pbit 5.1 t d .
ith B BRI 6 ety ivencif wioh e HgmeN Hesivg bout the
28st wkr ok § iNBRYs OHEEY 7/DREAUSS 1/ ﬁléﬁ%b’&‘ﬁﬁu@&h? nQStCﬁn be seen,

el ements 52" mght not engage the formation un
tbﬁudwélnlgg elitheiforgnasion hep veors BWIaa\aeshmdwarsmflﬁf) aifghe kytting element

| epent.s .52 t he, dat a
egﬁ%%ﬁgﬁf(ﬁ%ﬂélk %QInl% sa}l%lrre)ﬁnc S ﬁb& { ng v ) 0L one- hhﬁ' the area
Eﬂmpasroemtﬁdrﬂn atttinpeclandrt 139 fol ¢l pirhe ddtake blhlle@ IThad @raphically

not subjected to as nuch slidi ng-wear as the cutting
ilustrates thay by etfber maying cuging,elements from thegepreas that undergo low

IS ey o R, B PR R38R . s e
damet withcbit t 9Inghe | shidingt-wearofdté e)fgﬂl,dmidhiad: heutrgr ekpmnd; imight be

1z]:}nplrrgldldal di stance of approxinmately 3 inches

Therefore, as the previous embodiments demonstrate, recording observed
characteristics of existing drill bits before, during, and after drilling a formation, may
be harnessed to design new drill bits. In each case, the performance (distance drilled,
rate of penetration) of existing bits and the work-force rate and the sliding-wear rate
that the cutting elements endure during the drilling of a formation has been observed.
From this, the cutting elements may be moved from those locations that endure a lower

work-force and sliding-wear rate to those areas where the cutting elements suffer higher

18



10

15

20

25

(about 7 cm to 3 1/2 inches (about 9 cm fromthe
axis of rotation of the bit 91, wear approxi mately

whaiof7/0ss54ruch as the simlarly | ocated cutti ngPEl/E8m™Ne/643728

42 and 52 of bits4 1 and 51, respectively, and
approxi mately one-third as mich as the simlarly
weorkafoses andt diding-weasraies.s Aer deingithisgthe 1ieWi kit memibs tedtert against

' ' n..1 nerea nunber of cyttin .
P efichuid qthd oBRond B30 B PRULF CoBarttl ofPreimgvoments
thay den% takeh. 9Cori xamble, tH 166dtiof, BESBED by vélihdel of Bdtihg clements
farther than the bits 41, 51, and 81, all other
DY PRPPUBETHgloertiave brieradusability mdsreduge wgar. h&his might include,
O o .
AR 0 o, FE R LTS O, o reducin o
iderseang ¢hef valmtehelnbadditias thd prafile of RFhéSbitligselfGuhy bagnodified to
el enent, 134 is a.representation of a single cutting,. i
e RERHa g ey docgon'jof cufling slemenfSoiThis wigteqisel dpcreasing,
FRRAa S B o¥etBerdBmb IR B ¥t KIBRQW o8- Rtia I Ned; i
centaergof bi ?e 4?[. Shadgd. area 134" 1 nd a?sg 't fggtzr}getge height
offthe peofidesor imaking ethermodifidatiduatto Weesbitver impmweyhydinmilivs, stability,
rillin f the formation, as previously graphed
c?rn%ﬁ?—f?&a}a .tgrfir%n?‘ﬁrilgl 'h& ance, the sinmulated drilling
of t Mawrflefmeie] ae Watlerakeeshdaht sidedale ad@les @i &Mk esdbmetries of -
0. ,03q2 qguare jnches (about 0.21 cnR) hi contrast, )
ipdivt %EC@I@&@W@% angyshempdified 4 dirgdtirespoase tg the elapnged location
t$d th desi gned, bit 91, e
AL Rt Byl DGR (BT, S0 B o s
angbh ez eflgbgenm@rids fargxamptnnidyebecantidied 66 thit ton® br more cuttings

T S 10 ST s 50, SRR i
ifi W fbRJa@ir&RRRImAndtr, | stich 8§ 8Y %dﬁoﬁx?%ﬁﬂe%gﬁ% ﬁeg:kqfak@ b4 that the

41, and both elements fall W thin the radial distance
quitingflementis otipged moreelosely éx pérpendipdert with gespogtto Weaformation

L hc . V. ¢ to 3 2 ipche about
%Wilslé(g a ﬁreeggs:}gg ﬁf}e fre esdsrq?}?qefsn § f (J)t#le tcﬂgmlgo%ﬁé?&oﬁnﬂg ghot be
possibleakialy tie Rlvatied agd e8lubdOof dlie thging Uslthads Rloe & iously been

139, ch is approxi mately 0.016 square inches gaboyt
WHIHZ DY thig rmﬁtﬁ%d-hénfthlﬁ Heanesa2 18w bifysdepien moight bevd mgreased
t . . i .
TR0 I AL 0 bbbl o pporove

agensiversss (raimaf postratiom)ds atwat nat poaigoly ahievables of

sliding-wear .to those areas ,that .receive higher rates
of slibi ﬁ%?g\%gg ,e“gtéo%%%mﬂ Ghe dsseriptipns gprely povide examples of

vatibd agb¥Eafentsati®r @karhpid] Whilsl@le GHEJdiRenS IRRRRLS nde@helate to
be i nproved. Therefore, as the previous enbodi nents

bifes P P&t @utterse thrmasthes might be edrfotmedetueltly stithdsitsdfaving natural

| St i j f . dur.i d, after drilli
3l B, TheldE BEPALEUE, Mo R e hpEor me
ihventiag or tasquivilbgs, petifloareRocanédbsllyayake dainkd. ed,
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rate of penetration) of existing bits and the
work-force rate and the sliding-wear rate that the

wa@ adovionggsel enent s endure during the drilling OPCHUS2006/043728

formati on has been observed. Fromthis, the cutting

el ements may be noved fromthose | ocations that endure

a |l ower work-force and sli@lLAagMBear rate to those

areas where the cutting el enents suffer

hi gherwor k-force and sliding-wear rates. After doing

this,1.the mRewéthod ford¥siBEng 88 bAth-Bad &l biiCcomprising:

erformance of the existing bit and the results )

Hparae fornptipn Heth | arbirs wits thehyinelndes pelirshpbmalitFoef cutting

exawghgnahge | ocati on, nunber, or volune of cutting

el ements nmey be optim zed to achieve better durability

aﬁddhgd;u dri:ﬁlsoé@ﬁrchaﬁbiesist{iﬁ gfithe %ﬁm dritl @it aa’mlb dgl1ighke formation;

t hi ngs, ho ng. the vol yme. of cutting el enents

&Hh laﬁ@,m%%ei Pfg@egvﬁgln&%lﬁ» mowigng the vol une hi

add! té\%g.latihg &t RERS bla@ o?fa \b&%—fgkte érfdsg!sfidiﬂgméﬁ? experienced by at
nodi f1ed to acconmopdate the new | ocati on of cuttPng

el ement s. Iehdtsomd cputtientelenient nefr dlesifivgt, plieelityagiony,dridling the
al toget her_renpvi ng the bl ades of an existing design,

adj usti ng P8P ght of the profile, or making ot her
dehinirgC at deebiRd @RIl BR bt idcPudeST Q¥@nAYlufilty GF. cutting clements,
stability, or other parameters known in the art.

Fur t Heelwging; the back-rake and/ or side-rake angles or

edge | L ndj vl | nts.. e .
oo ST 38] oA AP BRI TRy i o
and vol unethekewut tdritichiewhere at Rast\ne eutipgeidnhénlbof she firktedrill bit
back-rake and/ or side-rake angl es or edge geonetries,

for exanpl ¥ WE{-be nodified so that one or nore

cuttings elenents of a bit designed for increased
durability and efficiency attack the formation in a

nor e aggr el method ofielajm $ ywheram dilling thedongattduwecomprises drilling
negat j.ve. back-rake so. that..the cuttjng e|lenent is

S RPEHiGinBF Selditi e e Auingcn Bbubla o B pect o

the formation being drilled. Increasing the

aggressi veness of the cutting el enent_ m ght not be )
possi bl e hhae merthod ©dt ¢laim dndwherelindriling tee domnatigy comprises

%Hﬁﬁ?ﬁﬁhﬁmﬂaﬂﬁﬁﬂﬁ$US|y been optim zed by this nethod

n I's manner, a mew bit design m ght have increased
durability (distance drilled) and efficiency (wear
characteristics), pu |.so_i nproved aggressiveness .
(ratetof p tn;e&l@qtﬁ ﬁ% -aﬁmalwggelﬁgf pg! gplagsqtyleast one additional
aath £k indiifes’ AOERA Q%R DAdEARI HR RRENF UL deBSdPRT bit.
ne#é?y prod?de é&anples o% va??ous enbod%ﬁents.eFor !
exanpl e, while the enbodi nents disclosed herein relate

to bits w P utters,. the nethod m ght be. .

per fofmed. DRI T b0 Py ST AoTH sffegovineg the at
Tebstt HeSeutThle BRIRAE frohD @ 1664161 drefheSdclighCoOaRscdond 8kl bit that
limt the scope of the invention or its equival ents,

oitespordls do gdoeatieaidhe {irsbyiritl it wheie @ legsipengeutting element of the
first bit was substantially unworn and replacing the at least one cutting element near the

location on the design of the second drill bit where the at least one cutting element of

the first drill bit was worn.

20



10

15

20

25

30

1. A nmethod for designing an earth-boring drill bit,
conprising: drilling a formation with a first drill

wbrdo70be&Es4 | ncl udes a first plurality of cutti nBCT/US2006/043728

el enents; recording at | east one characteristic of the
first drill bit after drilling the formation;
gener @t i ngTlke metbed obtlaithd, Whersin dhsigningfntther indde ng:
eval uat | at, | east one..of wor k: f orce apd a .
sl i di ‘ﬂ‘%{-"&%ér atei?ﬁsgr?neen ‘gtHn%f?%’Peﬁt QR %o lsaton OF e design of the
el ement ofsebhiel ddill bit thdtwodkigords footwing bleR@nt 86ation of the first
formation; designing a second drill bit that includes
a second pitillbit wWhyregrubgiantialiyqosyesyevas sxpérientedi ng:
positioning at | east one additional cutting el enent
near a location on a design of the second drill bit
wher €7.at | Bastetind cfitihimdl, ebksreint desfgnidpe cdmprides diptinlizing the
%%t mgﬁ Wor n. %@%&he n%ﬁh d of claim1, wherein

180 9L ke end 1ite A BCprwt%r&elampmﬁ phigcatiang thaicogaspond to
btidd G it 851 Bitivhild i ]
b 1Geonbn B ) O SO p el S BB ook Bk force
ersdidingrwesr was exparisneges conput er-si nul ated dril ling.
4. The method of claim1l, wherein positioning at |east
one additional cutting elenment includes adding a

cuttifig elBEAéthd®of Hlgint e sfusthetdonigiRingecond drill bit.
...The nmethod of claim1l, wherein positioning

ghps p Samafianiithibe sepend drifléisto vsriéy desired nffeess &nprplacement of
fronwgﬁﬁéga%& s ferdoje design of the second drill bit

that corresponds to a location of the first drill bit
where at |east one cutting elenment of the first bit

was substanti al upwor n_and repl aci ng the at | east

one cltti gla"eép‘étlpr%‘mﬁﬁo@é‘? Siiﬂ‘ghFro‘@gtH”éngn t he design of
repéutit 8 URNEbtdI5 1 Sdneliih ihBearfl i '

e errle%t of t heé fnier slt g’\é\%ﬁlﬁ%ﬁ%l@’t ar%a%éS%rﬁ#. 12 %Fﬁééh%r%tg ﬁgﬁs do not
of cliasult fiom pleeement afeviting ehgndénis oththe secniduditidishit.

renoving at | east one cutting element froma | ocation
of the design of the second drill bit that corresponds

to a 1out t iTig medtheeot clhiae &t wikteiafdetiBRinkiifctidedr i 1 | bit

where substantially no wear was experienced. 7. The

met hd@sGeningdhentileashone epthing elampat fy redmdpncsewith another cutting
optim zi ngdhe.design of the second drill bit to

include cutting elements at |ocations that correspond

to orienting or configuring at least one of the at least one cutting element and the

another cutting element for more aggressive cutting of a formation.

11.  The method of claim 1, wherein designing further includes:

adjusting, from a corresponding characteristic of the first drill bit, at least one
of:
a blade count;
a blade cdnﬁguration,
a length;
a profile;

a hydraulic characteristic; and

21



5

10

15

20

25

30

cutting elenment |ocations on the first drill bit where
a greatest anmount wear work-force or sliding-wear was

wexpeniasnced. 8. The nethod of claim 1, furthePCT/US2006/043728

conprising: drilling a formation with the second drill
bit to verify desired effects from pl acenent of
cutting elammpetatingiperaswater 9. The net hod of claim 8,

furth athng the acts of generating,
eval ugtbﬁgm%h%tﬂ%ﬁc ‘?ﬁﬂhilbﬂ‘the desired effects do

not result from placenent of cutting elements on the
second drill bit. 10. The nethod of claim 1, wherein
desi g ng A mesthpddlor designing am pargh-boringadrill bis ompniging:

d}fjh}r‘ég% g}?nt for redundancy wi th another cutting

‘orienting or configuring at |east one of

reberdailg d Iﬁaﬁier mhmh tatfirsgirid] eiewith sofivst plbelianet dueting elements and
nore aggessive cutting of a

cutting el enent ({
f or e JUSAPIOTHY tfdladieteses Brirdiing the formyghienei n
HR81oBHg"Y opuRehatdaChisdes tha@%foﬂ%%}ioﬂgs th rtﬁgn fignner, 11% which the

correspondln characteristic o I rst
at | efaisitlngrdellldﬁtwwrblaade count a bl ade confl gur ation,

SRR BTl Fp B LS e

bit. ihéreasing el 1o ohelof d8RleAE REd 3N a SRKIHRr prﬂe%c&ﬁd blurality of
bit, conprising: drilling a formation; record

manner i n SHEIngElements cha@d.m an piea ofiatdsign pf thstsecond drill bit that

plurality ralit
bl ades meacg)grel n gé RTng r{gﬂ&?fo g?}?a rﬁ%‘?]nl%élé@é# eﬁp?ﬂf%ges greater
conput er - bmmaﬁmheboﬂmgm@mfnmmn@iﬂl bid; dlde manner |

eX|s ing drill wear s; and desj gning a

whi ch t(g?}fl {5
secorfBoYLRg ah qaswrf@hos ﬁﬂkepﬁréﬁl%l 3 F@eﬁﬁkec aRgle.ngnd an edge
el enents, aééng@fr&Sdfn& 1A&" 686 1cifin tel{ej\ﬁéﬁt oiopﬁt Qécoﬁd plurality of

vol une and of a” nunber of e se urali
cutting elements relatlve to a back-rake angle and a 51de-rake angle of at

least one of the first plurality of cutting elements.

13.  The method of claim 12, wherein drilling the formation comprises

drilling a formation in the field or at a rig or drilling a laboratory test fixture.

14.  The method of claim 12, wherein drilling the formation comprises

computer-simulated drilling.

15.  The method of claim 12, wherein increasing comprises removing at least
one cutting element from an area of the design of the second drill bit that corresponds
to the second area of the first drill bit and replacing the at least one cutting element at
the area of the design of the second drill bit that corresponds to the first area of the first
drill bit..
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cutting elenents |located in an area of a design of the

second drill bit that corresponds to a first region of
wo b@7/056584 drill bit that experiences greater MHUS100&0M3728
a second region of the first drill bit; and nodifying

at least one of a back-rake angle, a side-rake angle,
and ah0.edgdhgawthadrof claimdp, fusther comprising:t i ng el ement

Bt SRR PR oty U STER Ll B Wmento
one otutting efehieats thdresral i ty of cutting elenents. 13.

The nmethod of claim 12, wherein drilling the formation
conprises drilling a formation in the field or at a

rig of~drikdi I tQr I xture. 14. The
nethog%of g‘g?%ﬁ%gfﬂggﬁgé?hﬁﬁéﬁf%Té%ﬁ%ﬁ% formation
cpRpimigsthe actmbigeraratiigrel dtathed and dedigning . thd desirsatdifedts do not
of clai \T]é%rz ther ein h&ﬁteasi ng conprises renpving at

| east TSHE TOM PIATRPCYE ShEHHDg PlemPats onthesesend drall Bési gn

of the second drill bit that corresponds to the second

area of the first drill bit and replacing the at | east

one clit i nghemsthediof glaimia, whersinodesignngdediges: of t he

secon Fil.l bjt that cor.respond o the.first, area, of .
scconiblly B bl SR RRREE 58 R4 S 550! o

further cosemest.Nng: drilling a formation with the
second drill bit to verify desired effects from
pl acement of cutting elenments thereon. 17. The net hod

of ¢l M 16he FUH-ASF FATRD! Shildin SRARL A GRELS Of
generating, evaluating, an esi gni mg i e ‘desited
ef f ecadustmgp tbnr @ sodréspbnding ghaeewwstic of the dlrkti il bit, at least one
el ements on.the second drill bit. 18. The method of
claim 12, Gherein desi gni ng includes: positioning at

| east one gulalik Bsue! ement for redundancy with anot her
cutting elenment. 19. The nethod of claim 12, wherein
desi gni ng #bladeeonfiguedtiodes: adj usting, froma
correspondj pg gharacteristic of the first drill bit,
at | east one > a blade count; a blade configuration,
a length; aprofile;

a hydraulic characteristic; and

an operating parameter

of the design of the second drill bit.

20.  An earth-boring drill bit, comprising:

a body including at least one location where cutting elements experience wear and at
least one location where cutting elements experience little or no wear; and

a plurality of cutting elements positioned on the body at the at least one location where
cutting elements experience wear so as to optimize at least one of a life of the

earth-boring drill bit and a rate of penetration of the earth-boring drill bit.

21.  The earth-boring drill bit of claim 20, wherein the plurality of cutting
elements are positioned so as to optimize at least one of the life and the rate of

penetration of the earth-boring drill bit in a particular formation or type of formation.
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a profile; a hydraulic characteristic; and an

operating paraneter of the design of the second drill
wWh2a07/02354 An earth-boring drill bit, conprisi npCT/EHS1Y06I§43728

including at |east one | ocation where cutting el enents

experience wear and at | east one | ocation where

cutti?y el Eheptrth-boopeg delhdi dfi deile20r whereinemr cuttingl ekements are

| ural i of . cytiting elenments.positioned on the body. .
Brethon e PucyCal oo 85t 8% Biraudtophore u et el Rilistionce litte
expekégnce wear so as to optimze at | east one of a
life of the earth-boring drill bit and a rate of
penetration of the earth-boring drill bit. 21. The
eart hypori 4 D alm.20 erein the :
oruraf iy ofe dettiogfd Sl e S obet A By’ Soleay up cuting
€lpineiit a2 ¢heit 1e@sadhe tovatiaf whae duiting dadedthexpatetcdvear is oriented

enetration of the earth-boring drill bit I1n a
%’a‘?sttf’ @E@S?Sl‘f‘g}’ ﬁté%ﬁi(?ﬁ%ﬁlatt%e of formation.22. The
earth-boring drill bit of claim20, wherein no cutting
el ements are present on the body at the at | east one
| ocat2%n whke earthubdringglrd] EtehdlsineXQ)erlicesinat lehdttone ofir
no wear. 23 ghelgﬁyth-boring drill bit of claim 20,
wherei n at? P8 e cutting el ement at the at |east
one | ocat i oplavbesfignddtionNg el ements experience wear is
oriented so as to aggressively attack a formation. 24.

The earth-dlengtg drill bit of claim20, wherein at

| east one o ﬁgﬁ.blade count; a blade configuration, a
l ength; a pfo |$e; a hydraulic characteristic; and an
oper ati ng phydraslicthar&tdristit;anheéd to provide a desired

drilling characteristic.
an operating parameter

is tailored to provide a desired drilling characteristic.
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