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DRILL BITS WTH BEARI NG ELEMENTS FOR REDUCI NG EXPOSURE
OF CUTTERS PRIORITY CLAIM This application clains the

whenehidesf priority to U S. Provisional AppliBel/usmwo6/o047778

No. 60/750,647, filed Decenber 14, 2005, the
di scl osure of which is hereby incorporated herein, in
its entirety, by this reference. BACKGROUND OF THE
I NVENTI ON Fi el d of the Invention: The present
t] to _rotar earth _bori dra
PRIEE b Wi hifer i LR poR iR ceigosure o
the operation of such bits® I]I‘;fc'i\:%R§peC|f|cally, t he

present invention relates to nodifying the designs of
bits to include beari ngPRIGRENY L AMef f ectivel y

reducji,ng the exposure of cutfLing el enent cutte

on th g Rﬁ%at’d’?‘ Pl‘ém’oﬁ’l‘3 }"‘aog BEBT‘FWtOplsje%‘l Rroxisiona {Apph"a“o“
NGB 50,6457, Waldd qseéembeppm 22059 tRer disé1BRiE e oPf whichSis hereby
in the context of controllln cutter | oadi ng or

ineAsPAratRd hegein, iy ity ‘é*"é?tytll’ﬁéﬂ%’fe CIEf¢Ss t hat carry
pol ycrystal line di anond conpact (PDC) cutting

el ements, or CUtBA()KGIh@YJNIDW“PHEWEHﬁ‘ﬁ@FJ“Ve in
achieving high rates of penetration (ROP) in drillin

subt eFFirREE dayspiiopohie Bsepeiinysglongglates tagetapmearth Boring drag
BIRIYBF 8SRingSubldrRREhD &nﬁﬁﬁ&%c a Wetllez[s tb}fﬁé e.aéﬂaﬁoﬁ BE é&bﬂ%‘its More

a di_sc-shaped di anond Atabl é(r) formed on and bonded
supeiBealhy. ghe pressatiinveatien mlgqqs e ipedifiing she dadgns ohbkity ¢ include

HRafHP BRI f&%ﬁ@&lgl reéi\@&%ﬂ@%{)fﬂaﬁ urc gc?] %ﬁ% @ffnents, or cutters,

cenent ed tungsten car cuttef
anothe gawas jofribe bitg @u@s%addve?rn@tc@bleamoame akrveshhas for optimizing

e atce TSR ATPRRAATE B flnk PRndT3hRe Bl dentyofigpe

desi ¢Stateanfdhel irt: | Bitsthfit crrey ﬁaiywbtathrxermhmuad bemipam OIPDC) cutting

0 enghes ch bi t
Bt LML WP SRIL ANl B R, e bencction
(R@R)uin Idailm@ sabtemrankangfdrimatieds |eb{h1)blﬁlfg ﬂdshe ol inediveh Ido&xpresswe

Phng e PG pres Faigalt ey Fé’lsg%*?&rest Kt Bbled formed on
aﬁm@t ﬁcﬁﬁ/dedeﬁﬁ&é} H%n &gssqf@%@' 1hi Bé‘r?&ﬂéféo%ﬁ tﬁ'ﬂs b% a supporting

machi ni ng cavity in a gr aphi
suh#tdie rwlmb andyabpe Eyohe fromp Gmpmgd itvrsgstemscaalpide dE\MQ)e although other
I ntoqt QVitl 93 e I
P GnfERkons "hid | AR R AEY e hofln WICHIO  Recent
igprovements it He design ob |hb'drawhclfhow regimestabout the face of bits, cutter

G SR 00 PSS BB BRI o
Hitseto AHalllzolsly indDeasingathy vohsee tof famaatiinsphasiahdnt sndyavwecut before

been, positioned wthin the pnold o
exceeding the ability of the bit and its associated drilling fluid flow to clear the

formation cuttings from the face of the bit.

The body of a rotary, earth boring drag bit may be fabricated by machining a
mold cavity in a block of graphite or another material and introducing inserts and cutter
displacements into the machined cavities of the mold. The surfaces of the mold cavity
define regions on the surface of the drill bit, while the cutter displacements and other
inserts may define recesses on the face of the bit body and internal cavities within the
bit body. Once any inserts and displacements have been positioned within the mold
cavity, a particulate material, such as tungsten carbide, may be introduced into the

cavity of the mold. Thereafter, an infiltrant, or binder, material may be introduced into
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cavity, a particulate material, such as tungsten
carbide, may be introduced into the cavity of the

woredod/o70bler eafter, an infiltrant, or binder, neECBUSZNG6/047778

may be introduced intothe cavity to secure the

particles to one another. The cutter displacenents and

ot her inserts may be renoved fromthe bit body

following the infiltration process, after which other

tBE REBRY fo sSed tRSpdriiBles Ub topleSar@ftfbr NYEHeAtteF d fnts and oth
may b?assen‘ol ed I\7vlth and secured to the t?ltﬁgﬂ%!e nsan orer
inggristmanhremayfed ey tlee bit bbdy foltroRpg the lwﬁitgﬁ’ﬂonmfotﬁss, aﬁer which
OB b I

Yol SacfTR B B8R B0 OB fon Rl PAFLESRLAIE with and
Steoulteﬂeo&@gnblxsiyveness with which a cutter is exposed

or oriented,.relative,to the.cr f.a bit .or t.he
of the cr Sahon " fﬁbo[r{ué? gn'bl’t ?Ag@? e %hé\ﬂntl? Es(vgﬁgs may be
diaploydak as dnoindéchtor bh aghrussiaitg outdudterstliveifh abe MBOBIo-WOB ratio

t he be exposed .an aggr.es enoug h di st ance t.hat
o B T R R SomBE T o Bl e HAsoa o ofighed relative

toQHE EdoRarlb MPbit BB YheDSSHE of tBY efbwkleWiikn! RieM@Be ipPaced in cavities that

appl i ed to the drill string to which the bit is

haysnbes. Tormedo ity smdardoruiter; displasamsnliotheys mpr de exposed an

Agh !saoevanwgma{sme Gh&Se 'p}i&m%ﬁt Ris ﬂéen%r&}édoea Al the art as

the cutters. Overl oadlng particularl I gni ficant

ioyerleAding IRE SSPWe NI WHER A IWJrWQtB Srappl roetb@ drill string to which

et is Rloin@aedirnd %%w%gﬁcecgf Lnd¥i%, &lelsaﬁl&s\fﬁggﬁmm more

an ex;renepy | ow I'ng may als0"be caus

apSreSRYE @Kme@oxbgnwwcm efthp ngtttreu Ruerloadinghs particerly significant
I ys i [

B fve L bl S R RELT btdie g8fn of cur OO)

vy éa@va;ﬁuevw.tien abl estremely Tomt Wéf)ﬁ t lmterlaadmgamaj' adsdbe caused or

avi per.at ed at excess
S0 S3 1Y e rRGR RyRte SHORBRL B it 37 e P sring canses
areane] o ﬂmbhsysteﬂlte aplﬂ(ibahbﬁ eftWOBid theazil bind Moresedretihen bits with
back t he bor.e, hol e annul us via nk slots qn the
RS Y e Grricd i CAUNE FeAPTth R BiEPRYgY Bigh DOC, more
Baakiel citing ﬁlaytuéageneﬁyedo&aaﬁ s e OhsBeRl tRAfd from the bit face
Iocg\t ed on rown of a rotary, earth bori n%?drl

di digicted Rag éBP g dgrerhgleqranios it funkaslets | gnrle fipesetthe bit, which

lﬁgyﬁagrtogﬁlbgny,@ of hi gher formati on conpressive
strength to a_"softer” zone of |ower conpressive

st r enfpthemprobiem hat gay |hescw®wﬂm Hiewelocated omt thgrerown of a
ﬂoﬂir? & S {Cliril @,ﬁtr@rte'oq»@r dr Iuﬁ&ﬁa ¢ 030g W 1& RELAD gm%da zone or

WOB,” or before a dlrectlon can c ange
svmmt e highest farmagan ofompresHne sifmngér $0 amd’softeris zonkeof lower

Edshng sttréH € A8 tgg &iP dﬁ-xb(s-r%)n Ch&def %oxgxlnem?ixt into the softer
t ant aneous y and by a subst antl magni t

@ml@ﬁpmi yithowehangiog teapplied WER, or heforaa sleredamag driller can change

%Q pﬁt el éerﬁﬁq{lg ! ﬁggﬁ% p%);cu(gl.gge\% ﬁ\lécﬂ tﬁuir %ﬁé re%ﬁﬂlng torque on the bit

(d"DBa)rmateasns alimpe) 1nsﬂantaheously and by a substantial magmtude The abruptly

higher torque may, in tumn, cause damage to the cutters and/or the bit body. In

directional drilling, such a change causes the tool face orientation (TFO) of the

directional (measurement-while-drilling, or MWD, or a steering tool) assembly to

fluctuate, making it more difficult for the directional driller to follow the planned

directional path for the bit. Thus, it may be necessary for the directional driller to back

off the bit from the bottom of the borehole to reset or reorient the tool face, which may
2
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directional (neasurenent-while-drilling, or MAD, or a
steering tool) assenbly to fluctuate, making it nore

walpdof7ionosks for the directional driller to follPUT/UR06/047778

pl anned directional path for the bit. Thus, it my be
necessary for the directional driller to back off the
bit fromthe bottomof the borehole to reset or
reorient the tool face, which rrayt ake a considerabl e
te@(‘éoé' RbnQfietabfarhSurt: of Hﬂlet@ gqyre)n g&g‘) adgli 14 ffon, % downhole
downhol e notor, such as dril [ ul fiven
mﬂ!i'i)lh emght a}qoénﬂmgo flyidedriven Il\ylomnph typedmiotord | qomohoyatmployed in
t,eer a
chiidad SrREL Sherins, 1 oSO Plln & SPrRUERoRCTe assembiy,
nwdcmnpletalyq sl mmdeeasa;d@nsmrcpieymdmmg|pa:gs1b1}ed£mhgmg the motor.

L. t h bi t { th
THAE o T4 1o "Give P oieERe NEFL onmi, ok FIRRE Gheration and
nbcﬁbslbliwlkgdhlﬁﬁ thg B]Etldm Hahﬁ&acbﬁfft&’ftﬁh thﬂél%ﬂﬂb‘b@ttbﬂl t0StablabEkh drilling
In ul ow a or o
QPP"’U%‘?‘{ BIRLoT; 91tpYfe ‘F‘f}ﬁngﬁt?fﬂl%#’n “R}\équ g’&ﬁwgb%f 3 well can be time

csmuﬁg Rgd aiide aéﬂtlyeesifésiahy,m ﬁmlﬁlré &nmlﬂgfeheu@&fx&ttof e
drilling_ environnent. So-cal ‘wear knots" have been

depl Gpetrlisdniwepr ot Savn bFPFé qeal%gd drehinsk gutgers cay the faces of
rdiefy, NGl BeHkY Ufag Blt@rina&nt affethpt % %&th %nﬁﬂ&ﬂcsggoﬂlty in some

stability in some formations, notably interbedd

fargrationseRptably dnterhedded seBk megium |angikasd godki | Drigl bite Hrilling such
f&ﬁ{a@ﬁhb %Qscigﬁﬁédolrﬁ/e i&?&&x‘i‘f uh?ttd@lr AddeVroUns WAk !?‘?m&{ l{:%ngtg?tt Whiation of

w de and constant variation of resdltant Torces ac
respltantpiorcey asting oarigkiy dne te engagsment dHsweht foomatianst with hlee cutters.

t re

Vol oqHitise SRBLRLARRAG 16 bF BEbenh ok BRosL D £om the it
fz@@nv@mveonahdlgy,, wmaknmso'osatmnalay trethabiyg dfrthe lcusanmat eﬁbstannally

cutte at,. subst atio
e Sorft 0P R PP s kit Pt Bifs rm i gt Of the bit
ektleadiﬁﬂgt dewhetiri sigouddemn tbh tocationd didt, ateO ptidimbicOns thBagage. A

are proxi mat t he e. A convent. onal . knot
oo A Vet ot ahh §IP0E5% B OMECHR Ao aeah ha 88 desrouate (e
hii-lgmispghetitalh eatts glipsdiaal, . et@pnéaddld ieRdOtaltah .inCihe. alrectlon of bit
| eadi ng end, taken 1 n_the dlrectlon of bit rotation.

rofatien | Aoy e kgpkroiects Fam e b face a lessey distancerthap Me@ctmn or

ekpadird, N6t RisOhR6EaRE, c@t'tereétﬁtpsty{n%all}ofhabt§ RIAPQbAt ﬁgm that of a
cutter and typically has a wid I'ess than that of

r?takl%ﬂanlgﬁfﬂlygq auariAted adten ands erpseqiantly, thag,a groove that has been

GOREEH §8ikitn LhNBR: tiGE OOKE nbhiBle da%arREHRori Wholl
cformatl on bngln at cutter. Orr11e noet abl é devi at i gn %S?gﬁlappma‘:h 18

disglasediai BrS-aBpt eh 5:890:19% | wherging o-gakied Pawbilising projections”
rotaBShIRO%ai] WORLiR I PDE Qutild & theSbthdd de@reps[]&ldbﬁt fe?:ﬁﬁ)n to their

rotationally trail certain PDC cutters on
aggediatadecwitere o parnostedhy gy entseiand asevscalang dbe gtaayescut by the

I r I oV
AP B 0L B B3, i o
sidgtwadlsrqf dln¢ gobye.non- cutting rel ationship to the side
wal | Sl‘h%f ptr&%ncqar ooqv%'earing elements in the form of wear knots, while

well-intentioned in terms of enhancing rotary drag bit stability, often falls short in

practice due to deficiencies in the abilities of bit manufacturers to accurately position
and orient the wear knots. Notably, rather than riding completely within a groove cut
by an associated, rotationally leading cutter or portions thereof, conventional wear knot

designs and placements may contact the uncut rock at the walls of the groove in which
3
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The presence of bearing elenments in the formof wear
knots, while well-intentioned in terns of enhancing
WO exoanyeds ag bit stability, often falls short PEI/US2006/047778
practice due to deficiencies in the abilities of bit
manuf acturers to accurately position and orient the
wear knots. Notably, rather than riding conpletely
within a groove cut by an associated, rotationally
e dal8, CWhicR! nily efa&%e Ofafhck NERA OfoduEON YABL] Osnaxlau\eﬁaaf( the bit.
knot desi gns and pl acefents may contact the uncut roc
Agditignellyatheqreds oftthe hearing surfacgh of thwpat kupte (i e. whiesrface area
Vi bEat i f .
Fﬁé Eﬁﬁf $iea Ietgxlt %rgdglt{xﬂ%n agggﬁg g’%xjn?a?ﬁ)%xﬁcleenﬁeéalﬁ}ﬁngx%%tfbnally behind
a@uﬂexaai@sgmén Il‘ilC)M‘-fethe eat kndts ae gftenhdiffianit tacelcatatabedause of the
of . a wear, knot ntacts_.the f
oA PR SRR i B RERS et FlBigits, the sizes
aﬂﬁ)l ape$ of hﬁawkﬂjits klﬁ?faﬁehﬁfrmedfﬁcﬁilil |hdtd:f£d|n?gl bhd that all:le apphed by hand
cal cul ate because of the typica a nj eri
a5 POt GoRFSET o et e e pother, I A dreris Sufaces of wear
kAbtgesn apposifeagiass of aVbiarark mot $ahhbﬁt exdcBy fRé WBshel BRIt could be
ardf cing and that are applied hand are often not
FEPS fR meyeny iﬁ?‘&?ﬁet}&ﬁéa‘?‘gﬁgliﬁs“’(tdna‘ﬁbfaﬁ’@fls upgvepnwear, or, possibly,
c{m@rdrw faiihfeaces of wear knots on opposite sides of a
bit are not al nost exactly the sane, the bit could be

subj Severd! pateptidhairhavsricen aﬁﬁmeMOgﬁaqué@aghes ilpcorporated address
chth rlﬁhbéjpelaﬂéﬂ QY Q‘fb(@’e%ar Rots, RAZShE ke, CiiERBEA gfngggtthese patents,

| ure. Sever al @gai ent’s t hat ave en assi gne
ﬂBa‘ﬂ(lé@lOﬂ!Ig*] e€ eagicor whichtase harty dseorporated beeims i teirt entireties, by

i@ rQ@Enc)Q'eﬁ{E g@t at. 1D 6ldMp 4148y o %f@ﬁ%%@ﬁ%t PESCPat. No.

pat ents, isclosurés”of”’ eaéh of are nhereby
6i298 3B3Ppria.Se Pdte ™N&.6,659.4199:h&1.8. dat.i Net i €379,613;t md U. S Pat. No.
669%5% gnce, are U S Pat. No. 6,200,514; U S. Pat. No.
§1420. U S. Pat. No. 6,298 930; U S. Pat.
No. 6,Vébile 369¢ df. the fHiigoiniopaténts #8cdghive thediebirdbilifato limit cutter

V\hll sane .of, t he foregoin
PPRRUEEGH Bt (HECad: PRERTIRG JiTkib 101655 (SPEH o & Dorehole surface, the
dizelveéd approdchedlddh¥E providetd RictModCor Agpatathd fdiCon@BRieBOC in a
to a gguehole surface, the disclosed approaches do not

as retithp and rm%ﬁ:?ﬁa?lé{?lé(sa‘?a@i‘abé% AERO§3 [VRRGUDProdust dines and
apiﬁmgbng hat is easily and i nexpensively adaptabl e
across various product |ines and a Ilcatlons

DI SCLOSURE OF | NVERISGOSRRBHPEIRR Nﬁiﬁéﬂt i on includes
bear hg Iﬁkﬁﬁ? BhentiBh ihQhAEY bedR taexggﬁ %\le Rl 'boring drag

bits that include bearing elenents cuttérs on
bithebitsr hanincuserhesring slemrds behind gutiery mm@e amewns thereof, methods

[
e )38 D O B AT i, s
empiacthe ggqnyng glgmggts moetfectively reduce DOC.

A bearing element that incorporates teachings of the present invention limits the
DOC or the effective extent to which PDC cutters, or other types of cutters or cutting
elements (which are collectively referred to hereinafter as ‘‘cutters”) are exposed on the
face of a rotary, earth boring drag bit. A bearing element might be located proximate to
an associated cutter, which may, among other locations, be set in the crown, or nose,
region of the bit, including, without limitation, within the cone of the crown and on the
face of the crown. A bearing element may have a substantially uniform thickness

across substantially an entire area thereof. The thickness, or height, of the bearing
4
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A bearing el enent that incorporates teachings of the
present invention [imts the DOC or the effective
we@aentoss® whi ch PDC cutters, or other types oPCT/US1006/647778

or cutting elenents (which are collectively referred

to hereinafter as "cutters") are exposed on the face

of a rotary, earth boring drag bit. A bearing el enent

m ght be | ocated proxinate to an associ ated cutter,

&R, WRh (&R Ws@hfiethe besdild 8@151’8 pﬁroﬁ%ﬁsﬂ ﬁoxtlﬁ)efa% B¥Mke bit (e.g.,
or nose, region of the bit, 1nc ud g,

a blade aan ovhich thai beatring ‘dgmentois tdvatasl) omay ssdresportdndirectly to an

0

LB S oo R PRy b aBuSEe Bl Boeqn BIERIG of gre or more

j'acellttautterarAa’o%hﬁg etﬂmenTlrrmytHa aafiznsed wrdibeibgieta lo(aﬂ attributable

o QB AR surtBis &rtp b Biehee. BiHSs of e Bl Bl structure
coh@adén® thevurafatiohefabe ar thetbbigdIe bottofh (D€ A East®bdut 30% of the
il orhees ahe el o el Shufitube Fpetas IV O bt w exceed, or is

appFoRiieRE RIS tHé_Ht HRf ompledifial sltzréﬂg&' SBB tolmfione As a result, the bit
configured to distribute a |load attributable to

dosepotsubsiantialleindest of fle the foamation FrekpiAs \‘hﬁcféocm fRelaged by the
HRErif REmM&t! tﬁ@%mﬁig Hlehithe nFRNhARG! l'nﬂ& frlaeudiP "vﬂﬁﬁﬁé) Bf formatlon
face at the borehol € bottom (€. g. | east about
reterial (rogkd demoied Dyethe sutterscpasrensh rgtatlpheoﬂjhc )blts® plhacnt one or
e Y Stont
408 AR ST O mRLABE s 02 pREHOSAT ne cures
Iﬂ.th%blt semployehin didiredipns] dnlhngmtzmm el lykeﬂxhded]bf topd face loss
f 0 du by .t he
shabron SRR IR SR Sesftprel ol Bichl of PSR o of e
présentimiventia] betend tuttas omtheorowatod| nheibxt ( r ock) renoved

by th . each tatlon t.he bit revent,

one. of wigbed B S Rah bRi S Nitkin R skl S fevent invention.

Suzh lai mgthol endy hcco?ﬁdfdi&ﬂ@@@nbtdkshlblé sGHigtR0F a spkcilib &'(r)]ﬁhétlon to be
n a directio rilling operation, e

4%5‘1831”?%%‘89 oY FAndrineiyde :s]‘%fsfoawaﬁswg OUE L 'PHG Yeaying elements at

18¢2%iBnb that AHU HREViIBY a bt r s RERAE Wit ofe HEAbIIULsREEPRIPerties.

of the present invention behind cutters on the crown

of t hWhHp vakisty O Seehpigues mrw baapssdgiosfabricate & bgatipg element or a
b #1th 2 BAGing P&Bet] sidhe RicBRANhay Mchid ﬁﬂncﬁﬂ‘gﬂa ﬂlold for forming
met hod _may account for the conpressive strengt

thpbti {The mekhistfopred by pailling ¢ icavity that h‘éﬁl’eféPSab%Wé’n-memg region
vaﬂ? kndBert BRidQT EP'i—é&Qslethgpgr ‘Honﬁ%{needbt%qrehélge Safiii B ieforms, or

| ocati ons that W | pr0VI t or its cutters
dmnlewem?@wor Otgr cinglats mem afsookre placed within the mnoldycaeityy  The mold

cgtn& ?&Hm&#ﬁﬁ%d@y% taﬁ% Vﬁa@%l&tg.d‘rgé}qﬂ‘;&t GreProbd é]ln{] the e crown- forming

el enent or a a bearin enén SucC
ragipn | (g uite thebone dhdreaf or ﬁbbﬂhﬁ@r Witbmﬁ}rag crtolwan- ﬁmlnmg reglon in

c-gprﬁmﬂﬁ‘;éild wifl] %ghnrg V%H%LJ}J f A Ga ! c{lqu%cen}lﬁ;l{: recelvmg cavities.

crown-form ng | er caiu
These slobsmay ﬂnat/e aubstzmﬂaﬂy agmiferm tdepﬂsczemse sabsamditlg the entire areas

t p%rgcfétg dEB dhtﬁ l qu ngcisﬂ ?%Q f(?rr&tegt to be f%l'nsxgd gg the crown

of a bit and has a depth that corresponds to the distance the amount of cutter exposure

at an adjacent region of the crown is to be effectively reduced to effectively control the
DOC that each adjacent cutter may achieve. An area of the slot may be sufficient to

support the anticipated axial load, or WOB, to prevent the cutters from digging into the
formation beyond their intended DOC or so that the compressive strength of the
5
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cavity is mlled in such a way that slots, or grooves,
are fornmed in the crowmm-formng region (e.g., in the
w@o0ve/0tdses eof or el sewhere within the crown-f oP@i/ngR006/047778

region, in comunication with trailing ends of the

smal | er, displacenent-receiving cavities. These slots

may have substantially uniform depths across

substantially the entire areas thereof. Each sl ot
eg;?ézc’té?le%ﬁrﬁﬁoh ot%aBé QhIRG ﬁs Q@taé)td}gd&i e I Ylettc?, B M(m%gwty, the

on the crown of a bit and has a depth that corresponds
displacprpents.sanghery pther dnssutst wishincthe meold eapdy Wleding tthe hody of a bit.

r f RY

R oE b BT 1 B T i Bolief deBbd Mopthes, and cutter
da:p}aacmnnts cotitasyy othyr acskite\haye Anerapwticriedt theresh,oa biteyody may be

ol DI 8 PPRE! by B SRHEHPRL TR T e S e o

tlfeollhmii ci::«ﬂllityb erhs (ﬂxst;i]]zﬁdetndnfﬁ ﬁaﬁ elienD6Crepioved fidiatthé b body, leaving

ve st h of theexpected farmatio
PRr O tda SEEIYR et TS, (TR S@ﬁﬂﬁﬂﬂy assembled
v&,ﬂ@rﬂls‘ép&@gwtﬁtb@dw any other inserts W|th| n the
nol d cawty define the body of a bit. Once a

cavi t\F°R %téb%pq%?rr?éaegn@elm%aeawyem ’rnébldleé atqyw@ for drilling

s@itlrréndah Sford b CRRRAL &eﬁﬁQS QHMu@é Qx@fng' Bﬁ@ r\»&l?h I?J%Xﬁng pads that
been ?03|t|oned therein, a body may fornmed

eifpeinely Teduprtherexppeirgs of wteirwrr B sEowins @ramtthe gomseof the bits.
nat erM&ho@sn for! @és‘léﬂl %'ﬂeahﬂé %lérﬂ& ﬁ&u&@%&l&%ﬁng ghigrmatlon to be

di spl acenments nmay t ermve romt
driledi qabmtﬁmget desirpd DQE @nd dhef strpmgtiviof; the femwitipn, ambcalculatmg the

hgx { 8{: %Q)faz{ ? %ﬂ%gﬁ %ﬂl k%’at %ﬁleﬁ;% ﬁintevbblb QR@ tl%e unit force

ure ccording to anot her asp
apﬁmdﬁoéh%%manvmntl on i ncl udes methods for drilling

subt 2an for net h cl ud

o e AR L P SRR e O i3 RO Hoh B A bR apparent to
thsp @ lmlﬂhﬂax@if skilitih Gths aﬁﬂhfdi%h@oﬂ!ﬂﬂéraﬁbn iof théensuing destkiption, the
the bits n§e({\/(et hods desu&gl ré? bearing el enments

eI \?tf}%ﬁg Ad4mSe drill ed,

calculating a desired DOC and the strength of the

f or BRIEP DESiI‘RiIRTEImUtFtTHB SBVERALVIEWS OINTTHPRAWINGS

For 4 1Gp i BECTBoRIYE Yigh P ATmeld it TGt JREL bigies desg bit tht

irdhycR he@fide pAdstthet inceponite teaviginks @f&hﬂﬂr&seﬁﬁﬁ@@ﬂtmn, with the bit in
grﬁar eat to thoselﬁof or di nar Skl | | $ he _art through
PHEMHOB Felatie iy prifggiafioncyhen qrifing dnfg 2 formation;

acconmanyiifg sdhamhiid se regeatatubﬁ m&e%dfoeﬂnﬂi\%r&rfégo@% mold for
DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRA

formiag 2 rgery saeth ipsing; dae bit Hie wekhiscliding milled gpyjties, or recesses
f&akbdivingproBnss 8¢ ditferd dfahe kAol &aghing pads that

[ ncoaporat e teachings of the present invention, with
the BIE- Pris arscherpalic sepreventaiortaf dhe pemvar-farming sprface of the mold

sREWE H B ONwith PRefBirhk | drikektS! @r Buttdb fRLAIRAin the milled cavities;
FIG. 4 is a schematic representation of the crown-forming surface of the mold
with milled slots located at the trailing edges of at least some of the milled cavities for
receiving the performs or inserts;
FIG. 5 is a schematic representation of the crown-forming surface of the mold

of FIG. 4 with performus, or inserts, in the milled cavities;
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FIG 2 is a schematic representation of a
crowmn-formng surface of a nold for formng a rotary

we@20vk7dses i ng drag bit, the nold including m |PErUS2006/047778

cavities, or recesses for receiving preforns for

cutters of the earth boring drag bit; FIG 3 is a

schematic representation of the crown-form ng surface

of the mold shown in FIG 2 with preforms, or inserts,

for cpid &g algasdpRbtiRviEW dthecrBWhl BENnfR Wutfabs of £h81d dncluding the
Is a schematic representation of the crown-form ng
featnresciepistedindldoftd with nilled slots located at the

trail FI@.?GAQ g%?osgfupas;ie\%v%’ﬁﬂe & invitﬁé}%.n@x@ll%g sfAY bf ih%%ortion of
for receiving the perforns or inserts; Fl IS a

the hit iustataddpdESeht at i on of the crown-forning surface

of t d of, Fl 4 with perfarns, or_.inserts, .i . .
Che i g qshemelc fepttseiafEh sfhRawRor p J8GH Bipth Poripe drag bit
thatdilostiaesthe gel ativiishipcbadiveen DOIQ] dréveh pebifilg, dndecuttepprafes,

depi ¢ {n FI 4; FIG 7 is.a c¢lose-up view of the

i 1| I 7 eloseriin 19 Pedpediisearioy Qb bpien de bladeRs a rotary
catth Bdridgsbragtisiel thad iEl16zatél wilthin a8cdre 6f 8eN@dRini 6f the bit and that
crepresentation of a crown of_ a rqotary earth boring

iprlades Fittarh apd o peasingaflementhlocaisd adidsaahiopa teiking fdge of at least

sbile o fGhO¥itRS Bh klCoon@Poriiat bethe Bifikith Stfebtively fodule 8n exposure of
cl ose-up rear perspective view of a portion of a blade

ca¢h adjesendcytterapi boring drag bit that is |ocated
Wi thi g PR& Qlt)sé-l]g ﬁ;&ggﬂaé}'ﬁfecttiv vidht o d#bn of the rotary earth

includes cutters an i'ng el ement [ocated
baafingcleag bit shewn imF1G.1®y edge of at | east some of the
cutters on the cone portion of the blade to

ef f ect i vel §pkequenaR) RUIOPRIE bR

FNAAAGTION
cutter; and FIG 10 1S a close-up front perspec%(?ve
vi ew BIG.tlhef therdrawingsfdepfass padtary degrbih 10dhatnigclidesya plurality of

[ [ | T P HE
Rty -l st pot AE A SR b i Eing substrates
rioit tshd@ntseparaieiyc Farddariy),pdsub v brazing fintoypdckets 24(See.ajsa FIG. 2) in
P tter bonded by their supstrates (.di appnd )
s I8 by honBlf B &Y nit Seinsh R Hitafion PETe-Catied impregnated
??%RL by,)momts)sliblglyb r‘?izitﬁg,,”_ ﬂypi itp.o (Sﬁehﬂ)iﬁﬁn(:lﬁﬂe_aairr]ﬁﬁs of particulate
. i n ades as i nown in the . art t )
PRI Lo 0 2E BOMCER TS 1 REBstER BRI Irisha ogith a molten,
sibtdguéntlY hardeBdtde Siddet Ye.g!, MPddpp¥s-based R oY).t & shouldbe understood,
bits include a mass of particul at,eﬁ‘raterial (e.gj.e, a
SYFT: SO0 EAe, PrERah IMEeioRgS s Temitest tomatixYRe Bifs pnd that steel

By IbiR BB bitS BF ofeD BRGUERMrY i MRNBDE S RZURRIccORifk to the present
.copper - based alloy). It should be understood, however,

ipyetionn el edentr thipeof potiamstrigal cropyrsectign of the bit taken along the
10REiRddEnd1 MRS 40, 108 axBNF obdfonSbL6Ht 10 defines what may be termed the “bit

profile” or “crown profile.” See also FIG. 8. The end of drill bit 10 may include a
shank 14 secured to the “matrix” bit body. Shank 14 may be threaded with an API pin
connection 16, as known in the art, to facilitate the attachment of drill bit 10 to a drill

string,.

Internal fluid passages of bit 10 lead from a tubular shank at the upper, or
trailing end, of bit 10 to a plenum extending into the bit body, to nozzles orifices 38.
Nozzles 36 that are secured in nozzle orifices 38 provide fluid courses 30, which lie

between blades 18, with drilling fluid. Fluid courses 30 extend to junk slots 32, which

7
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body bits and bits of other manufacture may al so be

configured according to the present invention. The
w@zaioeniwas shape of a diametrical cross-secti onPOf/US1966/047778

bit taken along the |ongitudinal axis 40, or axis of

rotation, of bit 10 defines what nmay be terned the

"bit profile” or "crown profile." See also FIG 8. The

end of drill bit 10 may include a shank 14 secured to
eﬁtgﬁ‘d uP@tafdlgf ‘aldlgl thB s o§|%ﬂnllf) %%tv[;@éﬁ ﬁ@di SHE aﬁ&qné‘ﬂo'hrbuttmgs are
I n” connection 16, known in the art

S‘f"altl Wa)atﬁ@nn h@ﬁaltst%fblblsmdnlhog fiind | ¢xpelled by quZhasthﬁ, which moves

bj, t
ggﬁuegaqsgﬁadgﬂfﬁm)ar{ thgéy p@;ﬁ%grs;stegfgﬁ - Jug)dg?@ﬂ@{%g{‘]% slots 32
tct :m anxpilemhmm ¢reddnily) stirim drdrh eviich bhd@]ls stigpended,|and on up to the
t fgg hﬁzzles 36 that are secured in nozzle
QF?@%() E’ vide fluid courses 30, which lie
bet wee plurhiigest baring bleméhtsl 42 ngay helide ohl thie hoitionisS 86 blades 18

30, extend to junk sIo I chext end upwardly al ong
IqeRie TSGR LTEV Y F BoE. B Piickth"DPRAES 74 nPLFRERe SemplS, bearing

eleitichtsnas rrﬂtFﬁ)BSéﬂﬂBist @Mﬁiélf@ﬁ@&té&bh fﬂo‘ift:&fh Hy/bidads 18 ﬂﬁt are located
fluid expelled nozzl es 36, which noves general |

with the) spng of e oMy Fihl | Braringelement 49, whigh mymsammy size,
sﬁé?ko Hg(lﬂ’oi' liﬂllékﬁésettﬁatggestt %uﬂ@ {RORULYHFRL E)ﬁﬁﬁﬂla} rh%pﬁf:étldn may lie

from whi ch I's suspended, on up
S\!hﬁéanélaﬂr adeng dhe P@Fnet mshWelﬁrom Aax$ Lﬂ(hlaStqneof:»r tmalreu ngler bearing

RhRARYS e TUAE Scend br LBaRAhED Poifle Bhtfliy Mictace area to

at a cro nose,
witbstapdithe wgaletxalmpgleldntaé ay DBgvrehmc$d¢% maycomr@tsive strength of

t e i ons, of, bl 8. that.
e RHogEh il HrRERCRAE e Bt B s RO fpdiy 7 Tt and the
p8Bedmating of Pmmtteﬁs?M wito e noaly 1stm1befanamlyy scbrztmlleﬂh ape,

and/ qr thickness,t est suits e

et s Ao Sl ok 6t Bl 4tk € M b lrpSi 47, gf an 8.5 inch
(dg;b&t _3IiJfBBcrfl)idiahi‘,l?etéri1 lﬁl[nc%ﬂiggé@ aﬂf‘sh@ﬁ}fi iAIFImD rnemay h?fabout 12 square
. beari e e be el ement _or surfaces

inghEs (AHOT J0 S BRE) ot 167 SYAPRIE e WREORGRGH CREPANENE@rongth of a
reﬂa(ti\iﬁly @6ﬁ|f6ﬂﬁatidiﬁtd16é dﬁlﬁd ‘Uytm@l'@ 1@2%@%diﬁd§ |ib%r square inch (psi)

ressive strengt f or mat 8

(BEuF RZ3 Talamh b Jodesoh Ao AdICD. IoiqeibeubA OERP| kel WOB may be
appIRdPBNBE et n Qi de railhE OF %d')eflmhgtlp S8G WasH id ?ar in excess of

substantially controlled an exanB , the total
theeWiQB ghas sy normels bp epplissfoe Whimyuch formations §e.5., fercgxample, as

11&&%”1 ,000- éb&!i@ 453 ﬁgﬂoeﬁ 0BOlbE 0@% ? %"i%t) 5%‘%; ab{)‘&t)S ,000 Ibs.

i about 12 square | nc
(qbput fze?WOe ghpite) withoul ngenrting dbit ckmbln& giope extessivgt ROSF and the

cééhsre éHt'chﬂ dﬁ/ ssxgjll'imra QrHIBd b@&th%lrgg tﬁg b tJ eeﬁnfi%( tgll]i d}%l%c%lly clear

, poun per square i1 nch (psit) (about
ﬂtermﬁtl@gs | akarderotommatians) @ath, et exampat 2(100(999 (lagc)utvwo kg/cm)

tc{%(é@fp%ﬁ@%){)&%uéﬂ) %g@mf) S:E)ﬁ;gﬁéslglﬁe\g(rtgggtﬂg tLgl \iv@'surface area of
the bearing elements of the bit may be significantly reduced while still accommodating
substantial WOB applied to keep the bit firmly on the borehole bottom. When older,
less sophisticated, drill rigs are employed or during directional drilling, both
circumstances that render it difficult to control WOB with any substantial precision, the
ability to overload WOB without adverse consequences further distinguishes the
superior performance of a bit that includes one or more bearing elements 42 according

to the present invention. It should be noted that the use of an unconfined compressive
8
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the WOB that may normally be applied to a bit in such
formations {e.g., for exanple, as little as 1,000

W@ 209010706460 kg) to 3,000 | bs. (about 1,360 kg)PCTIPS1006/047778

about 5,000 | bs. (about 2,270 kg), etc.) wthout

incurring bit balling from excessive DOC and the

consequent cuttings vol unme which overwhelns the bit's
ability to hydraulically clear the cuttings. In harder

streh SR Ir EBEmatlél Rock REviBXARIpR: iR i i
kg[%%) to 40, 000 %é?'?gboutg%#%%g”ﬁgﬁ%ﬂq%%%ﬁ%?g%??ﬂgﬁg‘em”“ﬁ
bearing grens of braring |clament\A2 Surd dite aartbe iofsitvheobBaed, ngpmpressive

ST nin i, e PP B SR o i

debicedyiconfinedtompnessihe stoarpth vhleebof sedentedfoematboemay be employed

. hi stj.cate dril.l, rigs, are. enployed of, durin .
iRl By Flomeht it P et Bl A ot bearing
arda ofi f bit,aulyiell @ suealle odquAeB beartit Ay, butheliieh siillladvisedly provides
recision, the ahi)ity to oyerl.oad WOB wi t hout, adverse . .
f@’bﬁge 8% Parsher© dF%‘ieF%é’l‘?F‘%‘%@?%é“s{?ﬁ%ﬁ‘SPn of variations in

cBafimdNBdifpresdive shehgthfaF thd) Ebrvtheion 48 EpreE1ulB 'sGbi8R{dl NHdentation
el ements 42 according to the present invention. It

ag fyjiwre g thestopmatien dovakelgse of an unconfi ned

CONMPIIg MR tb%@ﬂiiﬂ% af abe hfRfack oK tﬁ'éﬁﬂésg&solaf\e(ijghts of bearing
significant margin for calculation of the require
elreRsnth §2a Pe dho disuei they eramsie: fram ther svafdses of dke blrdes 18, may
i r .
el SO 0F b, DOIDLE AL M SICSI Bl, pnpr f ers 24
redugkd rvis-Fhis 2 folmgdten tede drdledi nBpt waynof essinple only, each bearing
lue cte r j | .
RS8N 6 S BT OB G S B ot
assogitedasutiwr| dr @stersh24.t Ghat isbesatlienleighitest ndariaghdlémeritt2 increases

igld,a.smaller r i red,beari ar but .which still
A5 PGt Vi B RS 25 et ot nters 24
deeeniesg Far eRarnplel a@ﬁgai %4' @xﬁ@ﬂ?ua\/@ﬁh@fﬂiﬁﬂ&ii&ﬁe&f’ﬁﬂ 0.7986kh (about
C ressj] ve, stren s of t ormati.on to preci uge .
1068D o VS HEHEAPh A ARIKFia Tt IR IS I ReRSy Hlbpgnan adjacent
bdand elemient 12,386 td iinihel BEC/HNA3AS i&hbﬁaaawgw Bi).288r including
e

t he Ihggknesses or heights of bearlng ements 42, of
2 hrarige glement +hdbe PQEr Afdibe O rinchdaBenti 12 gm) sHameter PDC cutter

n?%fﬂg8§ rddhceRY a9QitRE Ak Berd (15 iBXHRN0 B). t B Dilse, B HO! may be

ctive anount the exposufe of cutters 24 is reduce

sglegted Within 2 Yasiahy of snees thet dapand) erpn thy height of bexingelement 42,
0P M/ disRACHHRE BEAE QbRERM? ﬁ%uﬁﬁé{s 16 C%E&&k%;éfﬁﬁgé &on of bit 10.

certain height related to t desire
Thysobparingl <ements 62 Jimipates e neqthao alier abe tdepth of the cutter
a3 . ar . | . .
AR RERAR e Rl R REME DL ol P e
uge of gxisting stenddetdisploeements r Thysatpd PO of auttars 224t the crown of a

1 ght, ha nQII [ el Qf 75 ingh (ahbout 1..
o S0 N 0 BB 8 0 R 08V pdain v
rq:my'rr_,enwinﬁh ofita pmiadﬁaad'gHMatMawithgutefesnnhig W2a edestera of the blade
g?%%}:ﬁg !oﬁ E%lg,f w]Qi‘cl’% %%rrlngl%p ta((gsbsqutﬁ ﬁ%at?tStin%led rBerey to achieve.

A bit of the present invention may be fabricated by any suitable, known

technique. For example, a bit may be formed through the use of a mold. The

displacements and other inserts may be placed at precise locations within a cavity of the

mold to ensure the proper placement of cutting elements, nozzles, junk slots, etc., in a

bit body formed with the mold. Therefore, the cutter displacement-receiving cavities
9
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a bearing elenment 42, the DOC of the 0.75 inch (about
1.9 cm dianeter PDC cutter m ght be reduced to as

WO paovloroeas zero (0) inches (0 cn). O course, PCEUSXDW/047778

may be selected within a variety of ranges that depend

upon the height of bearing elenent 42, or the distance

that bearing elenment 42 protrudes froma surface of

the crown of bit-10. Thus, bearing el enents 42

RAdhid¥tRo (the REWH-fbini tl%%l&nhsf ACRoNd Yhay BEVE lé{xﬁﬁﬁent depths to

di spl acenent-receiving cavities formed in a nol

supporpiand id§ disthacemenésy i positiple ag rardgulairi lsmtemgl and mﬁltrant are
aaa [ gg?{s Thus, the DOC of cutters 24 at

lﬁ e crg\?I\n/ntg(%?Mn‘zl)g(ia and, hence, the aggressiveness

of bi FIGL® isnmyerreseqgtatiokl qf bivdiold 46 frantthe peespectiamenose looking

rtlcularf t ' t resorti t .
PRy B s D eI P 5P 2o nesativ of e
bijto(rerga,l Hny 10pdsdr ﬂarrged tegawith. tmepmdnrmmndm tB@thb emswn in FIG. 2

t he presen I nvention may alric
iSRS PRI AT daeroro SBABYTHSS 22 e Sap that have
Heen ngilled do hbf@%WlEﬂlEcd@Mt@for%uHﬂq@entTﬁ €orehif P IpdERTE Mithin which

nd of her |nser | aced at precise |ocations

PHY‘WgaGIE‘QW’W‘ & atetie % Qgaied 18, becEne 108 the Betace are eventually
iRdeea Rt se@ﬁreﬁUt FIG‘QB ¢l ﬁr@ﬁ‘e%ntﬁﬂﬁzbﬁﬁmldl u@kfréxln%é 'same point of
etc., in a bit body formed with | d. Therefore,
vipnes @nlys iz thigiinganeeeisnlaceraents ¢ ﬂilQV% h‘?ﬁ?lt ingertascintnargall cavities 22",
fpr [ v
ADKRoWAS F}gﬂ;4 ErdRd"g 4164) 8P g?(%) hoﬁ? dygray, g, ! Subsequently form

sufficient ths to Support dlsplace
heeung elsments 4 (RIGe dl),aney befamnied|in amald i46f .lgt, henilbing the same into
i C L a E 2.1 ’
thE ShARUAE G Vi A ™ Kb e 4w Bl cpyition 22 may be
fonseed, (bnykwm:g oﬂnmdn’nitmgl e)damme cbay\hami midling onby d rolti-dis k.g., five-

46 nma b u hene veofth bit (e, g.,

B RV R b Brsden S CEAC BRI o F B OIS Gy, among
dtlikﬁtfattﬁr§ tmwize Bhipgeared, ifd depth 0W8adhOsiBb1E 48 L8’ ARaydbe selected to
e caw%gz hﬁ&é) Smal | caviti eﬂéé are hovvn t hat .
aﬁ 1P¥e e arSIrRd) {be-n3BEresHeEYp FTRE cegpent area for a given
@Fh&ﬁﬂiﬁaﬁtfbﬁnétwﬂﬁsl’bgom@ﬁﬁbﬁem thin which the cutting

ements that are to be located _in the cone of the bit

face Foa¥t 481 1§ hasse substpntigly dwitformgdepth @crogs jsgbsgantially an

e'hﬁ?é £8 MALAOPoAld 18RI oF tHE 4R SBe SEIELRItRin Whick igfWve 48, 48’
. in this instance, di spl acenents 44 have been

is ﬁ%rémde Each goaym s, 4%may: &y exampleyhayp @ywidin it Gsslightly greater
tRan Awldths |0‘Pts§nalp[:a\g{1950¥ Sm4 eA@old w'agla o qg}?t@ltu]l ¥omewhat

formbearing el ements 42 rmed
bebv epnusljaceng smalcawities 2Ry $1néa gmﬁgurarﬁmstrw Bmvidaacgemt&r bearing

s%gtgi?{ ié%ég érécf’ltn nggl.lgp 4’? h%\%? X@i‘leﬂl&ﬁ(ﬂ? t now?lgclng?xﬂ]lerwxse be possible

1€ sheengbilé bitbhD laakmﬂ sndh| featyres A)}}eraamtdly,| eagRigode @,,48’ may have a
jye N7 axi (B ch| der ont r

%‘gﬁ)'p% rél?:w\(l o}e%extg’%npltgé on’ldﬁg B 1h16] o‘feﬂ’é 5t %\%t o< s § Wétance about

teioztbirds (Prtheavtah widthd ofl eqnhnl caﬁtleﬁﬂh' dneddiiohd grdb&es 48, 48' may

nrcr)?)éxggdss g&t? qu between adjacent small cavities 22’. As a result, a groove 48,

48' with either of these features, or a combination thereof, would form a bearing
element 42 that has a smaller surface area and, thus, that could support a relatively
smaller applied WOB than a bearing element 42 with a greater surface area.
Mold 46 may include one groove 48, 48, or a plurality of grooves 48, 48'. If
mold 46 includes a plurality of grooves 48, 48', the individual grooves 48, 48' may have
10
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achieve a desired DOC (i.e., aggressiveness) and
bearing el enment area for a given application or
wo eoomatieas as af orementi oned. Each groove 48, BGI/URNS6/@47778
substantially uniform depth across substantially an
entire area thereof, regardl ess of the contour of the
surface within which groove 48, 48 is forned. Each
groove 48, 48 may, for exanple, have a width that is
R da8{Y divheBEiBAS & odd RIbtEdICoMNE ifldvRIvaBEBblesCAY 148 By Hve at least
in the nold 46 and, further, extend sonewhat betweén
opeldireensionsthat Hiffesy fromes comresposding diorenbignraftanother grgove 48, 48",
' g r Is f r W tenai
FOF R BIeE S Ak HAa s BRCeRoRE a0 PR 1EHBRension and
surfacerareainoted above, vhileanktwr guwivefdB@imaydsclude smaller dimensions, as
nﬂe&%ﬁ)ng% %gxisc‘bsﬁit %aﬁl %eé) Y ngi %§OV488 mq?ymggé tﬁ%émm% .ho,r differ from
one) grboe: 44 ¢d anoﬁealgﬁmvet 48! t Furtanicte 3whileemblt @b is depicted as

. W l) caV|t|e on
i o0t P Bt S i e B b i i G BlsEation, grooves
48%3'| meP Bt FhrRfedZelsewtite ifhes dldld 48 viliARY defdtting Grondithd)scope of
ei ther of these features, or a conbination thereof,
F3FOf T ear i ng el ement 42 that has a smal | er

surf 36, Qrsﬁéw@?l‘ijold%l"@f Ffd]at aﬁ&lﬂl%lﬁé@ﬂé}{té 48 have been installed in
rel ativel |l er applied WOB than a bearing el ement

smpll WPYWG%X%F @atiléhe assoriated exemples\afl groaesiigandrid .y fnce inserts 44
hVELES , ra iy 18 B
LGS it sl B2 Y 181l 90 Gl 40 by
amh sujtpblepracess kpoyoyds the, arg ginchudingh awemteochunen of a partxculate
Lk
o R 808 B0 R g ool O A BRNR G coviy
Ofnmﬁdéﬁcorrespondlng di nmensi on of anot her groove 48,

15 WIS (atBeefs, 8 Rl e ol B oad Seaask “hio L ¥eSiened in
am&mcem ecaghinbher tigs pﬂ%mtébﬁveﬁmm | Thé ettavis padfilers2 is the line

di nensi d ddltlon pt hs of
it 3008 promlg of Rlagen, B Bkl aninal S e gk apdifs 35 sriees in FIG. 1
'me Qauter pdfileosanatdethe Qaﬂg@é/Gf dters BUTaS S BRI rotieit ound axis 40
|d 46 s depjcted g ncludlng slots 48, 48' at
aﬁr"t‘?‘%‘ﬁl%rp?séé ugh dhenplaney that, porrespondict Hre page on which FIG. 8

appdapsst TAE IdMlanceHRO¥ES dwidfrofill@y2 hadfREer dratie %Wh@ rtﬁe nominal
within nmold 46wt hout departing fromthe scope of th

depthrfut (RO JaBRledrp absshlctie Rsaripe ElcaEFb (8| pwaver, the bearing
eRbdept 4di §§|f(§1%?eqeﬁ5§1 46t bAvRoReess bl l48d ak th%ﬂ?geld above, may

cavities 22", h the assSoci at ed exanples of grooves
moglifynihe 430C Qﬁ@éteran%r tIg this ingiaace dearing stempens dH2nextends beyond

cﬁﬁm brcﬁﬁ(\! '55' t%?stancg'ltl %%om@yf)éé %}P&JIFE% %t@ tﬂ@&gtaﬁ@e between

by any SUItab e process wn in the art, includi
bearing ¢lempeh A andreugier profide 54.dudigeted batlkr i al and t he

intr %L&s%noﬁgw%cﬂng {llg}laggg g:%ed rrg{ tg%gadgﬁ with one or more bearing

infiltrant
elements. For example, a bit body or a portion thereof may be machined from a solid

blank; formed by programmed material consolidation (e.g., “layered manufacturing,”
etc.) and infiltration processes, such as those disclosed in U.S. Pat. Nos. 6,581,671,
6,209,420, 6,089,123, 6,073,518, 5,957,006, 5,839,329, 5,544,550, 5,433,280, which
have each been assigned to Baker Hughes Incorporated, the disclosures of each of
which are hereby incorporated herein, in their entireties, by this reference; or by any
other suitable bit fabrication process.
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FIG 8 illustrates a profile view 56 of an exenplary
bit 10 designed in accordance with teachi ngs of the

w@e@3menie4d nventi on. The crown profile 52 is theCT/US®06/047778

that traces the profile of blades 18 fromaxis 40 to

the gage radius 12, as seen in FIG 1. The cutter

profile 54 traces the edges of cutters 24 as the bit

is rotated around axis 40 and cutters 24 pass through

the phape 1@@&1;5@%55%9&%% sLoF e &@&ﬁ 0 ICRk Ho%n ®h FIGs. 9

appears. The distan bet ween cro e 52 é’

andt 10e rFI67. Sfprowidesia close-up vikywiof albectem hleufent@a of @lm:)lo Cutters 24
t 8 V.

42 3o sifle SRR, SR Mt BEURe P pICHE Blarily Woment 42

i@f\'isitdbdrom;ldaﬁ‘erdnmgmsesiamhmvtemMy nmodi fy the DOC of

ot enatb Bt FERFETRR of 19082 1 bt o) €1 Antngtigd fppy crlling 2

snbecna@EarofformﬂtfbﬁnﬁcladesJ engtagﬁhgda $ératRnbeitNee llkaabteaﬂié Bﬁtter 24, the

el eme ut t f|Ie 54, indicated

CRGETE of SYHEH % LM QoS Tehsy OB bESuA Flgmieny 6 4viyeh may also limit
the TFOONSY &ichNgvter DEAIOAKoLhRE Bﬁﬁersrzq"h ﬁ%"@(ﬂ}s ﬁrrmea by one or
body or, a portlon t hereof may be machined froma solid
perghearingslemeny 43rayt herestipaeken & fospnden-fasing suface of at least
diR- Bortion! %Y%@@n ”EP ld{ P&dst! 'bh@goladcetlﬁ t)o %Qeﬂ Qfdulttref @4' Hacing and

Processes, such hose di scl osed

expagre @f cuttgr EU{ﬁlﬂée thag, mlgerna@iae thg mao smgeahg Scnnm@n within a
V%dgggmg?bzgf V&E%a%t}%%p éﬁxfbré]tfhr'; k/g lan{bﬁ}{?%@gépb Q%ﬁi‘at elevated

assigned t ker Fcorporat ed sures
WORsador thie inktanthRQPan vérielbyhe bit 65 porvidieg. ABxatisy as laforementloned

tfl@ ‘ﬁ% QB$ 1 %eia?édf g]% ectl 3{ ﬁtgelnéﬁ(?lg]; ggfz"gﬁg\egsxtngfg}/ %%é{d& 1?138““ g elements

Athﬁnahwmky dinuif themaom l@s epredersramihed) reddilysjredistable drhé¥nt adid, hence,

RS ot apPul Ry g iy BREeals el tEishe Yome mishe

dabézs the.dowriloleémotdrab yfaBiSorahé to6l Théd © drdebik4bly %Qange Drilling may
el enent_42 is visihle froma different angle,

b o pamarily wilyy yiicrt, Bt HACH bres SHOGS Tihitedcly ope or more

tRafng-elémerits A2} BOEhofy a delatild1Pthatd SHRARIMPRARM a selected range of
\& rrratl on i ncl udes engag |ng a formation with at_ | east

GB-cubper ongountgrng a, sfiprefosmalian cand/er ppon @pplYE ap increased
dnSifrk 0P VORLRBiNED, Bk %Mnégem%'éfangﬁﬁﬁlbéﬁe& meﬁmhié% at least

DOC of each cutter . One or nore cutters 24 havin

POE§SPGinfed éatthyZ‘bh@lté therBXQC 198 4k pgsoeiataderntior 29 wiaic Powing bit
ROR i Qgﬁngﬂh@ o dtRh (Q{]?é edht 56 zirg?ersi b? At woB being

oneggortlon regi on, east oné b

apgHeto hit thamémeus gqmratglmmmwabler hagh, cmtqneally bit damaging
B! &xeﬁ:‘\lxrﬁeﬁﬁﬁo‘f—“ Il enable the bit to engage the

formation within a wi de range of WOB w t hout
generAitheeghathe émgmg@ssmntcoufaxﬂmansemxfm and examples, these
he..bi t
sgl%)gl\&aﬁdpet V%ﬁsh}ut:@ a? El‘l’al‘gtln gllri egréeo te %fntlga presen{1 mventlon, but merely as
providing 1llustrat10ns of some of the presently preferred embodiments. Similarly, other

embodiments of the invention may be devised which do not depart from the spirit or
scope of the present invention. The scope of this invention is, therefore, indicated and
limited only by the appended claims and their legal equivalents, rather than by the
foregoing description. All additions, deletions and modifications to the invention as
disclosed herein and which fall within the meaning of the claims are to be embraced

within their scope.
12
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the torque is related directly to the WOB appl i ed.
Using a bit 10 with bearing elenents 42 that wll
wo powr 0706l DOC by a predeterm ned, readily prePCTUSIINE047778
amount and, hence, limt the torque applied to dril
bit 10, decreases the likelihood that the torque m ght
cause the downhol e nmotor to stall or the tool face to
undesirably change. Drilling nmay be conducted
primarily with cutters 24, whiglighave DOCs linmted by
one or nore bearing elenents 42, engaging a relatively
hard formation within a sel ected range of WOB. Upon
encodnt er iAgotarys aktle poxing deegibita camarsingupon appl yi ng
a%edynen&ﬁﬁgq C@WHQE?s@‘adweg%nb%QJe&f 10, at least one
beari ng el enent ocat €d proximate to at |east one
atleasi ongrcutiercatttheeropvn; andhi t s t he DOC of the associ at ed
e
o PehEE, Sl KEIinE L Aty of bRl B BRI Hon) I ppgion of a
bei ngufpd ofthet cn'oh'htanﬂ(p(mittbnwﬂ tromtibnaglgnbelahd mlge atnleast one cutter,

unac abl otentl bit.d ing TOB for

the” 6% bkl Rt ity G G B B Beure of the a
cont d¢a3s onan:yutepeemhd ashnam dt &xpogiliesed Witheat aéifitdentall9t affecting
be C%Vﬁ mting the scope of the present

i nve Ewlcﬁﬂ aﬁﬁ? ©ly as providing illustrations of

some of the presently preferred enbodi nents.

Simlarly, other enbodi nents of the invention

devi ed whiRaFoiBYrRsrthchopinerdrpg Bitof staimp, whergip t%‘?:'éﬁi’émg element
h&d a LRtREARY RhifoRAY SkkRs. The scope of this invention

is, therefore, indicated and |imted only by the

appended cl ai ms and thelr | egal equivalents, rather

t hansby thg,d I‘B'Eaﬁ'goé rer bitdf cﬁﬂn@%ﬁérélﬂ%e bearing element
del etions and no I catlo s the 1 nverition
priteeles 8 substantially m@nvwlsimqeaﬁcbmm mrfactelméthweqnwng of

the clains are to be enbraced within their

scope. CLAIM5S 1. Arotary, earth boring drag bit,

corrp|41 Si ngf‘hearcbiady dartb| brdinpgdegcbvvet aty @f Icéadisng-3enzd1erein the

{. cut t r
Al emefiiretPons hufifee0Y yRhint R Sisfrar 89

protrudlng froma portion of a surface of the cromn

and positigned rot atl al | ehi t he at ast e .
cutt B ¢ D Eih ot e GG g of sty T3 wherein the
beirfrfgcélémeht}&s ositiofedih LuRRIftRe owinie at | east one

cutter behind which it is positioned w thout

detrinentally affecting hydraulics of the bit. 2. The

rotamwy, eastmolibtabdicatindithe 9btafy, ddafihl boMRE R bithSF claim 1,

bearing el enent has a substantlally uni form t hi ckness.
comprising:

a mold body;

a cavity formed within the mold body for defining at least a shoulder and the crown;

at least one recess for receiving a standard displacement for defining a cutter pocket in
the crown for receiving the at least one cutter, the at least one recess including a
leading edge having a depth that facilitates ready placement of a standard
displacement therein and ready removal of the displacement from a crown
formed in the cavity; and

at least one shallow groove for defining the bearing surface, the at least one shallow

groove communicating with a trailing edge of the a least one recess, the shallow

13
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3. The rotary, earth boring drag bit of claim 2,

wherein the bearing el enent protrudes a substantially
waniof7orewsugli st ance fromthe surface of the crowCT/US20061e47778

rotary, earth boring drag bit of any of clains 1-3,

wherein the bearing elenment is positioned rotationally

behind a plurality of cutters. 5. The rotary, earth

boring drag bit of any of clainms 1-3, wherein the

bear ighthve! VRIY a bﬁ’bs@ﬁﬁiaﬁlgm&nrﬂe%tﬁ Q68 s butlshmtial19 WA entire area

6. Anold for Tabricating the rotary, earth boring

dr ag thgreofof claim 1, conprising: a nold body; a cavity

formed within the nold body for defining at |east a

shoul der and the crown; at |east one recess for

r ecei’vi ng Thestaldddicthioi & poapeisiigta ploralute b1 shahllgpwagrooves.

cutter pocket in the crow for receiving the at |east

one cutter, the at |east one recess including a

| eadigng edye rheldi oT@1AmoE Fivhhérdinprafd: i t at es ready

pl.acenent. of a sfandard djsplacenent therein and ready, .
ARG ObFoGeRsos a%ie&%'eh@gﬁ B i 918 PBP e et each

cavi trycesffst ddfini9Rbladed tnchilih QWILKPONE rdcRs HREdiAIfBPreceiving a
t he bearing surface, the at |east one shall ow groove

commitindard; digplagemens ferrdefimingn enitss pefkethe a | east one
recess, the shall owgroove having a substantially

uni form depth across substantially an entire area

t her &of . AheTneldmfclping 8, coaipmstig xRty phghatlow grooves.
plurality of shall ow grooves. 8. The nold of claim®6

further conprising: a plurality of recesses for

defi ADng DBihedweldadf d4im 9,0vbargin at deashompshaligwogragvdbéammunicates

ch..f.ecess far fi.ni | ades i ncl udi t ol t._on

oAl RO of = el BP0 PRI i B R B

for defining a cutter pocket. 9. The nold of claim38
conpr,i,sing.,a plurality of .sh w.graoves., 10.. The

ol 51 critahetd s Hlafs Rl RSN i Rt gPEstaiow roove
icvaedi fdees partidilyt wathid B Guefdge f dlie davatyf@ défihi®d a cone of the
recesses, f or rec%i,vi ng standard di spl acenents. 11. The
T1ATYe St BORM & Erag b s 6- 10, wherein the at |east one

shal  ow groove is | ocated at |east partially within a
surface of the cavity for defining a cone of  the

rot arlg; edh Msting for dorping thy mpldrzf.g Clam G qoEPrisHHe:

f&?fﬁ_ﬂ% Bk by WRttEn QimEIl HAKE iheGQURY bfdiingf OF M ng the

cavity within a nold blank, the cavity including:

a crown-defining region including at least one surface with:

the at least one recess for receiving a standard cutter displacement; and

the groove.

13.  The method of claim 12, wherein forming the cavity includes forming
the cavity to include a crown-defining region with a plurality of blade-defining recesses
in a surface thereof, the at least one recess for receiving a standard cutter displacement
and the at least one groove being located within a surface of at least one blade-defining

recess of the plurality of blade-defining recesses.

14.  The method of claim 12 or claim 13, further comprising:

placing a displacement within the at least one recess.

14



a crown-defining region including at | east one surface
wWith: the at |east one recess for receiving a standard
W@ eaoveroeds spl acenent; and the groove. 13. The PEL/Osm06647778
claim 12, wherein formng the cavity includes form ng
the cavity to include a crown-defining region with a
plurality of bl ade-defining recesses in a surface
thereof, the at |east one recess for receiving a
standgd cpild efetibS RIFeQsHEM2 Rt B, \Ivﬁ@x%fn ning the cavity
groove being |located within a surface of at |east oRe
chmpgises) Erming ther wewsglegining eegivrupfithiet gavity to include a cone-defining
.ade- def ini 4. T i .
G I 40O IEREORE Feoednd 4E o ReahPln byl o8 e pardatty
logated.n t he at | east one recess.15. The nmethod of claim
12 or claim 13, wherein formng the cavity conprises
form ng the crown-defining region of the cavity to
i ncl ude a Tenendisdd RfngainegiDrori clalthi 1) Where! fo@ES8E the cavity

.one.recess angd t at | east .one gr.oove are at | east
‘BQP?“T’SZE?’W“B&&P@S?Y Jerecaiies fETRRANIDE SEndFmchtendiseinggments.
13, wherein formng the cavity includes formng a
plural ity of recesses for receiving standard cutter ]
di spl Heenehismethpd ofhglaisa 1fe yhsrein Tagming ghe gawisineludes forming
thOatTeRd ohb8rdef¥hé YomBAINIRS withtFlifRe Lies ¥ al B&31ityPo¥he plurality
roove to conmunicate with trailing edges of a
Fefc8isSty of the plurality of recesses. 18. The nethod
of claim 16, wherein formng the cavity includes
formng a plurality of grooves to communicate wth
trailli®ag cbhremetbpdtafelpmitalwhereinfforminestbe savity includes forming a

plurality of grooves to communicate with trailing edges of the plurality of recesses.
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