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EARTH- BORI NGROTARY DRI LL BI' TS AND METHODS OF FORM NG
EARTH- BORI NG ROTARYDRI LL BI' TS PRIORI TY CLAM Thi s

W@ RPIiss903 on clainms priority to United States PEE/E81006/043670

application Serial No. 11/271,153, filed Novenber 10,
2005, which is related to United States patent

appl i GARTH-BORING NOTARNVZBRIFBBITS ARD METIHRODSOOF

10, 2005, gORMIGEARTH BRAUNG'REGTARY, DRIND BITS

Stevens, Ji m Duggan, N cholas J Lyons, Jimy W

Eason, Jared D. d adney, Janmes A Oxford, and Benjamn

J. Chrest, and entit| eBRIGRITHhCBAIMNG Rotary Drill

Bits And Met hqods O Manufacturing Earth-Boring Rotary .
Dri | [This eRpligatom lasmst PRy M Hnktedopplss i Ragens) application Serial

0 " 2 RASHY £Q ; ps.e

N T 2L oAt AR et Dy 2R SRERLNs SEARAPCEEM States patent
apslivatiah Byrial @t ¢L72@3eafiket ohNdvegiber 10,2005 tis tlenthnod dfRedd H.
tools that may be used to drill subterranean

Sty ol B Steyigas, tlimpfRugesds Noghotas nlu e 8s M iRgy s ffason, Jared D.
Gg?({e&e ’o%ﬂiméﬁpg (%[sﬂé@’ £ 2{1 & : ill ng Eo,?\!gaﬁg @g}égr JEV?EFI@%% Rotary
Dedll Bitsf andreVethods Cdnelabyifaetupihg r Bdrdi-Bowdhig [Rotdry tDiil Bite Having
fixed-cutter bit %ften referred to as a "(}rag" bit),. .
ParticlarMalrps campgsite it Borbies, aassignpdio theassignes pf fhepgesent application.
el enents secured to a i a bit body.

Generally, the cutti néﬁ}g@gwg%fq%@g?ﬂé fixed-cutter type

dr i | ITheipteséravieveatidingeneealYirslktes hogaethevoriag gtill bitamid chdryools that
cylindrical shape. A cutting surface conpyising )
iy e vied e rdridhysubtsrianesmh famakiens, apd Ho a%etmf{sm rrl9m%6ﬁwang such
e -Bbﬁ}ﬁ%&rﬂ?f)it&o' ycrystal l i ne di anond, may be provi ded

on a substantially circular end surface of each

cutting elenment. Such cBACKGROU&T®Ents are often

referred to_as "polycrystalline diapond conpact” (PDPC)
cut t dyodary il bify pip, Comporlytysed) &"Tefi%ﬂ’gﬁt re, gtes or Welk . carth
’i t f M ._ 139 L]
R Ce Otk SREALBlaEy Hill R OB L bo B BN (S BRENIR 0 o drog
bixndvhiclitypiesity inglutted eplualitysefchttag chmeaatizegiratto arfacenmegien of a bit
typically, apraze al|oy maybe used to secure the | )

betiv Cregeraile fhh cuiting clements ¢f pEwg-cutivs time -%g@\eﬁ cither a disk

[l | L BN ﬁﬁﬁ% ' or t

Sg%#et |l)rn§ ge erre%?? g#]e a jaiag}é%)tebt ﬁg cgglrn?h%or ﬁa‘%b?ﬁ n SEH:? 2 hard,
stperdibrdsiveanatéiial tsheh grmbtually bound panickisedpolytrgstalline diamond, may

el enents scrape acyoss and shear away. the surface of )

be et @%\ﬁ@t@%&ﬁ eyl endgirkieg o g caring e[eat%?f-yguch cutting
. Lt o Vi S, s _ ' ,

it BELAAPLIBIO ] & SO IR RRLER DO caners

Tiypicalyl the omeag icmdhor aratfilatatadgepdreter firdrh the bit body and secured

within pockets formed in the outer surface of the bit body. A bonding material such as an

adhesive or, more typically, a braze alloy maybe used to secure the cutting elements to the
bit body. The fixed-cutter drill bit may be placed in a bore hole such that the cutting
elements are adjacent the earth formation to be drilled. As the drill bit is rotated, the
cutting elements scrape across and shear away the surface of the underlying formation. |

' The bit body of a rotary drill bit typically is secured to a hardened steel shank
having an American Petroleum Institute (API) thread connection for attaching the drill bit
to a drill string. The drill string includes tubular pipe and equipment segments coupled end

to end between the drill bit and other drilling equipment at the surface. Equipment such as
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toadrill string. The drill string includes tubular
pi pe and equi pnment segnents coupled end to end between

w0 b@70s8903 bit and other drilling equi pnent atPCHES2006/043670

surface. Equi pnment such asa&rotary table or top drive
may be used for rotating the drill string and the
a:lnoitdry tdbld oo diive triag bbasel foetaatindy the drifl tstritgy and thdérill bit within

P HeleaiA et r?aﬁt GOt G DR E Aol to he drive
s:ljléﬁ gf L AolALdiE B féltl}eg'ntray b eﬁ) 'tchok‘t)aﬁg M1eoc{n1f"?1{ ot ar y
ril or nme

brt my rom-st eel ternativ

bi t bﬂc@/bm’a}d}h&“ afrotangedkil bid Mhasy l:r%fbtm&ﬂ Romateel. XAltematlvely, the bit
conposite material. Such bit bodies typically

hody ey bisyformmsieam ﬁ@ﬁlawkec@érnxrﬂomsmnateealf g bit bodies typically
| |

e?ﬁ r'f%ﬂsr{%grlﬁé m %ﬁgﬁé (as?BeYQfaHgﬁ} n?ﬁp gytart%fatt%ﬁla?eﬁaf)\f/olume such as

st ¢léscaf] tart@temaﬁthldte(\m@) andi aiﬁlmﬁrig the pmlcmlxtematbedd rﬁhtenal with a

(often referred % binder" material), such as
pypyeratenal itenrgfegedin age hlrrépr paserall erb@raamcpmqrylloy, f prov1de

{51 FF RO SRR R o . P i
hﬁ&e ta bit dodptfoixedcfromosichen patielehabtrinvyongobitdintaterial may exhibit

incr egsed erosi on and wear resistance relative to
igerepsed srasionang wegr sgsistance relathedp d&ill bits baring steelhihpodies.

drill

parti %Qgﬁvr%l??rﬁﬁ ﬁlé:llol BRS 0@11:% h%sa%@??oa yrfﬁélﬁlﬂ] %1%%%?01 - datmx composite
RhtErialls ilstraedin HIGelt eApsechhigerelin] the dhlllblt]lO indlades déﬁi b@dy 12 that

bit body 12 that is s cured to a steel shank 20.
ipSECUBSHY alsfzeeﬁ phankdds The brtORAy 12 inchiies 3 cxaveel 4, @rléﬁrsteflablank 16

| nc% gfbe&lj@aeﬂd(ﬁg Cﬁlolav o ?ﬁ@%wlf‘ﬂ iHRfdEd Q:f/grt% -malﬁm comp031te

art e-matri nposite nate suc
rthaterialxsanip lag foperraim;ﬁé E;ﬂrtﬁilestdfngtsgs&m it dﬁbﬁiﬂb&dﬂ&dopﬁbr alloy
a copper trix material. The bjt bod

R BT (11 Wt eady 12 sk sy Dagpebiha O b8 AERPE a threaded
%ﬁﬂé@ﬁh'ﬁ @rng g u%ﬂﬁ@ex‘f@ld lgf%é‘orﬁf&ttﬁé]ﬂﬂ t ﬁ? %Clexié?l%r gfrfac!a thereof
it 10 on an exterior surface thereo ng an
dlodgoart mafdwetbmentﬂn@blb ibbdyp 02 ynd Pheagieb] tshankstOe eThesdteel lshank 20
20. .The stee hank 20 i ncludes an API d . .
leslﬁﬂ%w%w @fdc?ﬁmzﬂ&t%rw%w&é fonsitaching @r:.dnﬂ%mlp to gdrill string
ﬁqloq;ngl strl ng (not shown). The bit body 12
udeS wi ngs or blades 30, which are separated
by j urikhesditthaaly3d 2 indlindes mriags dr Ibladds mm@my@aﬁecﬁxﬁjaﬂldslots 32.
ﬁetweetﬁaéhe face 18 of th(g bit body 12 and
tiHs Papsageays 48 S¥tRR he@s@@%ﬁ@% f%q%rl&reﬂtheh@t bpdy(12 and a
llﬁﬁgﬂ.{ﬂnga@?%qm chh%k‘ée}{dsttgfo%%ﬂ held e}jﬁfg}ﬂ( ?(g X %ﬁua{l}?‘ﬁtﬁ'@eﬁl the bit

nserts (not shown) ma rovi
timidy 180 tNozAI2 insietth (ot sHvev) niagrberofided o fpad 8 af thedytsbods 12 within
ﬁ Iura]h@é of PDC cutters 34 is provided on the face
g geme B PESSAEAYE 22 The PDC cutters 34 may be

pr ovVi ﬂ%?ggﬂe %%@gﬁt@%?fuﬁ% N %yblpt}f%gﬁ&el%s%f?tﬁe {)R rbHE?lZ The

in the
BlD@ pottére 84 itagite pedvided abyngiihic bladsss3@syiltan pNEkeOs*B 6feymékin the face
| ntegral ly formsg with the crowm 14 of the bit body.
f the bit body 12, and may be supported from behind by buttresses 38, which may be
integrally formed with the crown 14 of the bit body 12.
The steel blank 16 shown in FIG. 1 is generally cylindrically tubular. Alternatively,

the steel blank 16 may have a fairly complex configuration and may include external
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The steel blank 16 shown in FIG 1 is generally

cylindrically tubular. Alternatively, the steel bl ank
wdagoomegsdbmave a fairly conpl ex configurati on anPCTES2006/043670

i ncl ude external protrusions3 corresponding to bl ades 30

or other features on and extending on the face 18 of

préreusions Cbnegpoihamg Euibladeg 3010 bihienfiampsioatand 8stendii@ortihe Fce 18 of

g%l% p05|t|oned at the bottomof a well bore hole

gyt %‘iya 2d while dr|II|ng fluid is punped to the face

z}\ﬁdoIDhe | ndtﬂélfrurlé t tt%%‘??gg%&g%;s Oglgi%%;aql%neabog%% Stavell bore

boletand retated vﬁhkeainIIth ihud Bpeaneped yo the €adénderf thebitbonl 2 through the
for t| roation cutting mxes with and 1 s

lngitydig %Ofﬁn“? ﬁlilfht%@ matergal fluid pepsagarays 4hdApiie BBE quiters 3gshear or

I th
SEH?TJ g tﬁéﬁ gfl&erggnaga@%ﬂ{ Eﬁm@ﬁ@ﬂj trﬁlé rf{(él%?&@l%{lhc%h l%?%g%eg evglfh and is
stdpendal Withincherdtilling. fid avdpissen@tdugh th funRQWtER idibthe annular
le-matrix conposite material, such as

SHIF%' u?“%?%éﬁé%ll hessdolased the 4r] nE@iEl?g topthe fecetod the earth formation.
fabr 'Cﬁ)‘%lgﬁju 119 YA o rfé;?ude fb%rt?c‘?é/- ng Re material, such
y nachi ne WRR 4

graphite are conventional
af lthﬁepl&mcﬂ;lsllyaiﬁscnﬂ&dt siobodyFil Biehdve et €sbrivbRed tih 8flolds. The
ta .the ﬁawt ~of the graphite nold by hand-held tools.

CRYHPY dhasraphifmakds prefogyenigyalbemaduigd with ¢ ﬁV@rblﬂé machine tool.
P‘i&efeq{‘alﬁvﬁe% HeRTAIG & hRne %Wm%eté%{ lIltreerﬁol(af by; Ban(i3 fleld tools.

re necessary, pre S or
Aﬁdﬁ[ﬁnﬂb elap mtask @isbimdynieyreqaingl toSebt4it TRl esired pRM@R4ton of some

ShsHpniche 6 ?FBEewéersaé’ée@%a%ié&f&%‘%ﬁ%eﬁégijaéﬁlacmtwammay
cBﬁi A& b&%nﬁp%oh@t)ﬁ%rﬁél grgéﬁ ch'}ﬁ\@% néz 'or r@gﬂllc Be& ls?u% compact

kets 36 ot’s er externa
cbmpmgpnm) hinay fmpuﬂmnsdf withih ket ndoddlyand 2used® @éfitiet sheOfnternal

the graphjte rml is filled with hard particul ate
P&%P%ﬁ%%?éfga%n f(l%% Rogsts igniyak sletss prdietherexteapal topographic

R g T B e TP TR e
caﬂ)pieomteml eﬁsdoh(aatungsteﬂ oatbile] tahihi eiibidd ientsluedartiigric.). The

t t tiall b d th
ot blaoh ooy thee by basiianeen ﬁf;rﬁgﬁ,?gﬁw apPrReigt geation
ahd) %ﬁeﬁrﬁﬁoﬁ’e PEal e8! 1§ qg%gﬁf tel%asqt Qagt]ﬁég{g: %{bﬁ%%ge%din the

to decrease t e anount o ween
ppaictlatl msbidé miatesiapwithinathié aiokd. car b| de material . A

matrix material, such as a copper-based all oy,
el t dhe St thepangabe vitaos & fb%.?étﬂlelés ﬁ@@@?lﬁ@pacafa«}/ wdéecrease the

atnBrht Jfrsﬁéc%g)e’{%éeﬂ ad %erff[?)'a}t{% to C x £EL %i)iéieg]a“??rﬂq A matrix

and bit” bo 12 ar to so
nmtﬁrral )sudaa:seardopper-bﬁbﬁi dlogphaybeanklteidandthb pﬂﬁ@ﬁlaﬁe@aﬁﬂi& material

ticle-matrix conposite material formng the crown
Hblﬁtfefgg mithghemolen watrixgpatgrial ThemoldandhithagyilR ere allowed

AT e -
camnposite spitart ferntisg ﬁe ero@nisvedn toaimgbfithe Bitbo®oyani2elidification
of't gtmralflr%t( hl%?en%{ Bnce the bit body 12 has cooled, the bit body 12 is removed from
the mold and any displacements are removed from the bit body 12. Destruction of the
graphite mold typically is required to remove the bit body 12.

As previously described, destruction of the graphite mold typically is required to

remove the bit body 12. After the bit body 12 has been removed from the mold, the bit
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graphite nold typically is required to renove the bit

body 12. As previously described, destruction ofthe
w@re@plosgoes nol d typically is required to renoveP€TESIH0$/043670

body 12. After the bit body 12 has been renpved from

the nold, the bitbody 12 may be secured to the stee

IsddgriR n24y. beAscirbé tpthietsice] shantal0.i Xs therfacsdlé-tatid edrhidsite material

used to formthe crown 14 is_ relatively hard and not

wssd 19 fprmdha rrawa, 14aneelatively haffl Hhaot gasily mpchimed ghe ateglbtank 16 is

T T T T .

dfftiee stduit Bladie 16 trqpmexdb Klﬁthr%ﬁdéhleiom&moh be bbtwteeh GbybitbddaNZland the
the steel shank 20. The steel shank 20 may be scre

wed
Berl shapk@0p The B'i?l&ﬁh@zk 20 gy bp scrgpdionty thefa b@ﬁbylzaénd the weld 24

{

BERHLIBE ARG S hLRLERS BRELNRRN 1 5'2 a8 9stdef shanik 20.
bonderthetRDC kattéraGe m4 infbdnked fi the e\ 817 tigs Elebod}hEZ &tdr the bit
body 12 has been_ cast by, for exanple, brazing
Bady Hnhasapeenorast Bme far vexample; REzingn meshariealapy @@heylvetafﬁxatwn
Stihahgig ol Blugi® SAHARHe binddio BF By 1708 WPy 17 during
fatrabing of fhe bitdioide i faherfial 1y stabledi@hEvas natueal diphdpde drel eEhployed in
the cutters 34. The nolds used to cast bit bodies are
8¢ F¥%¥394 t o machine due to their size, shape, and

t . (¥
o O BT SO R, s

andInchterivd cérapdsition. (I&ji*ﬂlatmbré Qﬁiﬂﬂéﬁ@etalﬁohil%u{g Hanb-(héhd tools are often
after r$nDV|ng the bit body fromthe nold, whic

reguiradde Teranpmpldanddo fra seaipindaatresin thepitdrodyy ﬁﬁew@lpé@g the bit
%}t&g‘#‘orﬁ ﬁﬁetlﬁoldt Qfﬂfchqﬁfthgid CtOHl ilgfceg ﬁgtreczérg&flcﬂ?plt}y oftﬂ?b(pdlés These

can be cast using
faetpr mgethén Wltha‘he I“fhktttthﬁ)d @nﬂa Iohe tbixcl s/ dsaamm @asC ABiReSd §iAkle mold,
dingS|ons to these inconsistencies, the shape,

ge FEDradREIOn of waltmlajblf breligsdier e qemmisiend dimgngions. Due to these

f
g&Hs s{eﬂ eQ th@é}% e’r I'glil R,%g éf@gyhe g\@f?aﬁgmﬁ%?ﬁﬁnéénlhrﬁg of each
tdt bddly ntaytvar}ASvlﬁchlﬁskﬂsﬁt dlfﬂwltdcr adcértdih ti® life e}@pddfalnbj/ of a given drill

string are typically replaced nore often than
ks psult, fﬁi d@ﬁld@FS e1pa gril\aing R dypealbyagplaeed mom pften than is

Je@i!rzgﬂ{ ‘ﬁ?erd\@f‘ﬂo??e\yeﬁ etxgedt‘%]ihd?fﬂfﬁﬁ faﬁﬂt%g V91 §ﬁ1%’su1é§n Q&%ﬂu&%l costs.
readi I’y appreci at ed or egoi ng escr
t he phoamgseofeaditypapmatinng fonbpitlie ﬂﬁé@buﬁgﬂ déschpﬁbmdtﬁs peocess of

rticle-matrjx conposite material, i s a sonewhat
fg@‘%%aiﬁpg a@étn?ﬂdé'%hﬁﬁwﬁu dey 2 parhglsgnatiiy cepppiits wakeiakis a somewhat

%r@ggg 'u c@t SHRRL F’%? 1%9)? grltg 'egﬁgg%ss @Q%Aﬁég E{E%gdtg%aeopcatlon of an
1htedy¢d1¢tarprbdmm gdte. mivhd)elmfere, the ead t;iradhi@’b (thwobihod@Nean be cast.

any prefornms_enployed nmust be |nd|V|duaIIy desi gne

ed
Mﬁ@or%ﬂie@é@tnéﬁa mvlﬁﬁ»| aadigny prdemsempheyedmast he@ndividually designed
SR ETIICHORTERA L Akl Sy ot

dignifiemtrsadofintaggsasivan paidel @1 GsdeDrbodgsbisd dacRrmb h@f labiBion and

strength and toughness of such bit bodies prohibit
qrpqien-registanps, the lower strength and toughness of such bit bodies prohibit their use in

certain applications.
Therefore, it would be desirable to provide a method of manufacturing a bit body
that includes a particle-matrix composite material that eliminates the need of a mold, and

that provides a bit body that can be easily attached to a shank or other component of a drill
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certain applications. Therefore, it would be desirable
to provide a nmethod of manufacturing a bit body that

WO p@boss985 a particle-matrix conposite materi al PCTTEBE2006/043670
elimnates the need of a noid, and that provides a bit
body that can be easily attached to a shank or other
sirigpofeRhediord thel k@i inighodsufdrNidimBizea Bih®odnast includes a
nmet hods for formng a bit body that includes a
paﬁwq-maavwmmﬁltmﬁﬁ% tigitfhe avaibible qompositippgto those that include
oL L APRBL 23Sl ARG e AR TR il

OI‘I

t@apdrhatts die d6 astiegerdodieqiartadul s cdrExﬂEﬁfafSria[ Seel Bladk, dthermally
not degrade the particul ate carbide material, st eel

siblgndiamends sstiaagd ip thednold agsemhind Thetsharai ¥ apuld be esirable to
[ deS| [,
pg%(g? Zﬁ%ﬂ@% ?F m&ﬁﬁfa@&ﬁn fsg Ct% l}%‘%ﬂg&gﬁﬁ @ b1? IBl)gy tchat includes a
partigihanx @nipobitd@eieribh@bt does howdequire 1ﬁﬂ1t1tah@h ef patitl¥te carbide
conposite material that does not require infiltration
nartenil withea mnglien mawimetengli erial with a nolten matrix

mat eri al. DI SCL %’ﬁf‘%}'l ne aspect,

the present invention |ncﬁg§is a tﬁb form ng an

ear t Nn b aspect/ Bt @faéeﬁﬁh‘ifdntlbh inclutiee a ARIHYAGD fif6reAiHE 88 earth-boring
providing a bit body, providing a shank that is

relanf gl bitg Tlaﬁ mgthogd dhefedes mr@walnwr ¢ bit b@sim n@wdamgj a shank that is
h n

§Hg@.ﬁg ué}ﬁ%h%?lgtc% dagiélﬁlaﬁngg,ean%og%a h g nﬁ%ln& % kEhe bit body.
Phésdting aébltf Bod§tindleds Phoiéivi AGréenfpofaler éﬂiﬁ}ﬁ]’ﬂeﬁi having a first region

conposition and a second region having a second

ra @lrstclahtﬁaélu £qQTapPsithEy agl fof wcend regien hevipRrasecond material
n C on

P’&gg 11[1?)1]}a i ﬁton? g rﬁ;r-%%qqn zng ﬁﬁ&?ﬁo&sgg% gr[' é}owdser Qomponent
1$)ﬁt65é%ﬂpartlﬁll‘1/}e5ihﬂeﬁﬂ | ncI udes a nethod of form ng an

earth-boring rotary drill bit. The nethod includes _

pr ovillli agtheT pechobhp Biiseemd iaNentient aludes acgiethogu pe dorming an

| S :

ASEREFIT IR, ToF o8 e BNl A B

cbefigiredfir agtpehinient & L3k SEingg 'ﬂhb Eﬁaﬂﬁhnélﬁ@s%t(ﬁﬁerWH enclosing a
| east one feature is machined in a surface of the

-

At
lwalfu%@y orgped atdeast ev%am@ﬁthghwhwgh therutgruvalk. At Jeast one

e
U8 b RS O e LML B e v
wallsefitheshahbisalighed With dpefehturecin éid RpRENG thO bR bELY,1aAE a retaining
outer wall of the shank. Mechanical interference

npspls dninseriedshenygh tb%@@?f%@ﬁ?@gng@ﬁwh the guter pall of the shank.
l\fshg(%ltg#ﬁ; I%%rf%%ﬁf%wt%g&% gh&rﬂ(r th%' {atﬁgl%g 15(’18&:1_%1&(? %le feature in the

stk df shebithodgteeevieits @émaidmg)fahmmtﬁlly ffonx thefsBarik Athe bit body is
includes a plurality of particles and a bi nder

Prtied B Pressinecy I?ﬁ"édf‘@ F@éwr?)&ﬁa@pluémalﬁ@%ﬁy ofipartiples and a binder
th
ntuﬂ%l % ﬂ)%ﬁre e%géen S%cﬁ’}rée!r @gllnﬁgl?e!ﬁ‘? 'vgﬁic hgnestmt%{]e(a t? %rfglg} g??jlty

aspect, tI : I nventi on | es an ear
r ot afly yétfahdthettspect, the present mven’uon mcludes an earth-boring rotary drill bit

that includes a bit body and a shank attached to the bit body. The shank includes an outer
wall enclosing a longitudinal bore. A retaining member extends through at least a portion
of the outer wall of the shank and abuts against at least one surface of the bit body.
Mechanical interference between the shank, the retaining member, and the bit body at least

partially secures the shank to the bit body. The bit body includes a particle-matrix



10

15

20

25

30

that includes a bit body and a shank attached to the
bit body. The shank includes an outer wall enclosing a

wo 20vgiosaeds nal bore. A retaini ng nenber extendsPCTIDS20061043670

at | east a portion of the outer wall of the shank and
abuts against at |east one surface of the bit body.

dviagiosin aakeriat Thé paracle gk }é@ﬁgoﬁ’f&n@taﬁﬂlﬁncm@ a plurality of hard
retai ning menber, and the bit body at |east partially

Rogfialeedisnameddirgnghouba masiypateriald Lhe Jrerd poiticles ouy include a material
j . ta - £i Xconposj t terial. .The .
SRSl IRn PRS UR TEA FRTBARIE, B fbEhiridlSnd canvides o
trideabf thy geduplvandstpardfive] Bis v, SRevVs B ZrhiRah Othe rdatrix material
matrix material. The hard particles may include a

e be isglectsd |t dbe g2ragin einaivtng of irsndrsedh alboyse nickelriased alloys,

b L ' nLtride, wand .car bi des or, ,borJ des of.
SR8 T NP S, S8 B 5.1 U5 o and
dobalt-basedrations, indraicRéliaall coBt-basegaliepd ed from the group

consi sting of iron-based alloys, nickel-based alloys,
cobal Theplgauepsaadvantages; pndhaltanrativaseptcts ofghe presens invendon will be

' . . ol bal. t - d.all ) .
PSR! <CIRE U1 B, 98, Y L I BRRCFL BN BBl e
@dctmmgbﬁsid&edi irﬁ&drﬁiﬂz&tdn\/xﬁiﬂa&ié%&&nﬁ&ny{dgﬁir%&%&nt
invention will b arent to those skilled in the art

e a
from a consi dEFIEF SESFRIPAEONIPF dWEGRASVBIGR d

descrymiqi Ldered in .patjon wth e ...
accon\'bp\)/gﬁnl%/ ﬁﬁ% %ggcggm&(na&g coﬁﬁﬁué%%cﬁaﬁ’ﬁ W’&—Jﬂrﬁ]ﬁé’omtmg out and
dDRAINCRMing| teat tWicISip @€dat dedask it preSene InveSor; Wetddvantages of this
.clainms particularly pointing out and distinctly

igyeation ﬁ&\yméwmaéﬁv jssertapet e thasfollpwingrdeseiption of the invention
' ' . 1l S, nvent.i on. pay be

bR B kon S SV AR RAESp b R T

descriIf i i eitidl bss-Sactiohal@eWhan of Lasvérdtiof SRR that has
wi.th the acconpanying drawings in which: FIG 1lis a

it bady thatselydesaqariigiermatiig eorppesije shaterial;

conv I anhal.r Vo drill:bit that a bit ib hat .
ot aags 2 LPrRlrcetdll st P B2 ool 4R Bl P bmbodics
teshmgpal thegdreenigser8®al i onal side view of a rotary
drill_bit_ that enbodi es teachings of the present

i nverdtiGen3AR dbpstraig agnethpd gEforming the s bpdiofshe easthrbaring rotary
[&ﬂﬁ]- ' frthe earth-boring rotary drill bit ‘
sloﬁﬁéﬁoﬁéﬁ@@f’ FIGS. 4A-4C illustrate another nethod

of f AIIGSngA4tEillnbtiatdatyhed inciiel Edbining eHeibkdbod9 bedh¥ earth-boring
drill bit shown in FIG 2; FIG 5 is a side view of a

renhdill RS wRowmITHIIG 22 FIG 6 is a cross-sectional

Vi ew €, S ' . aken al ong section

i ne E@%%ﬁ%%ﬁgpﬁgf@%a@?@% 1{:155’171%3. g’r 0ss-secti onal

si de RIGe®i0d cragwidoonddivievbofiie ik seoRRdi ER:. saaledhl Al@Hf: section

¥

li(r)lfe 6-6 shown therein;

FIG. 71s a cross-sectional side view of another bit body that embodies teachings of
the present invention; |

FIG. 8 is a cross-sectional view of the bit body shown in FIG. 7 taken along section
line 8-8 shown thetein; and

FIG. 9is a cross-sectional side view of yet another bit body that embodies teachings

of the present invention.
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the present invention; FIG 8 is a cross-sectional
view of the bit body shown in FIG 7 taken al ong

W@ eioss03 i ne 8-8 shown therein; and FI G 9 i SPEI/US2006/043670

cross-sectional side view of yet anotherbit body that
enbodi es teachings of the present invention. BEST

MODE( S)  BERTOMIDENGFOHTCARR YINGEOUTAN EMR VENTION

illustrations presented herein, are not nmeant to be ]

act uadihellesirations praseptedtiecein, ave netimeart it be agpighyiawsief any particular
St r.meth but . ar rely dideal.i zed . .

S ompiap o naRS LBl bal B St MRl e prseonypions which are

cRiperattol deyaid 8 pradt ihv@migh! YAdRiQHER! SleMmeMERBmmon between

between figures may retain the same nuneri cal

fpmegs gt ietamn thprseme apmetiepl designaionused herei n nmeans

unsi nlth%rtgd. “Then,IaerrSn "]?%eelen ebi t bod%"edas used herein

means an unsfFitered %‘% ¢ty é&nﬁgﬁs&l 5 hg a plurality

of diTRitehe dadititdcds” Balsed hasRinhens By usikéredSifucture comprising

material , the structure having a size and shape )

azlprslitynef disesete pertislas deldgpgethesity atindersnaterial] Gefstrcturechaving a

in_anp _earth-bori drill hit.framthe.struct.ure b . .
s afiee IR AR hblop ot a8 bt S tgring arin
it ffirh 6 st@c jubbddgerd Mehnd £ifirnic HRd deSids inbARlitgS hilnot limited to,

"brown" as used herein neans partially sintered. The

mashipingal@ensificatieody” as used herein nmeans a partially
sintered structurne conprising a pluralit f
't edg ™ oL s SETElT) PAR BB et a1y

gr owtHegeth ebrdvn Bit Dvifeaflisel 4REdin Rddahk Al paP@IN ditered structure
bet ween adj acent particles, the structure having a

commpeising@ pitrably cAbabiglepgt tepgt spwe shwhish have parbplly growy together to
ui.t abl or..use i.n an, earth-borin rill .bit fromthe
AR o BB "R e dRk bRe S b Bl bR 2 and

shiysd dlidwiglg the Yrnik@ibn bt abit BstlytsQitabiTe edtubé Mhn@AAh-buFihHEl bit from
densification. Brown bit bodies may be formed by, for

ths shpetare prrsubsgaugntsmanepetwgng percseses bhelugingy butThet limited to,
erm.” si rihng'y a ed hereji.n ns._densi.ficati opn of
A0 Tof b8} SRR HSF N FR R p 2P bR ofs Bl

partROR e a bfeen BRbEGy. bet ween the starting particles
(acconpani ed by shrinkage) combined with coal escence
and bowdeny eteviegves aeddersin meansdegsifigationof ypatculate component

herein, " |]x L oy" all .
SOG40 sy G JEEE Ao RERE bR R T e

(actdhipapid by shiBihRdgeR bdadisedveth &ohlesdeaco\BAdbindpey S@Rta0Rljacent
of.ci‘getal] inthe alloy is greater than the wei ght
DeErdent age of any ot her conponent of the all oy.

As used herein, the term “[metal]-based alloy” (where [metal] is any metal) means
commercially pure [metal] in addition to metal alloys wherein the weight percentage of
[metal] in the alloy is greater than the weight percentage of any other component of the
alloy.

As used herein, the term “material composition” means the chemical composition
and microstructure of a material. In other words, materials having the same chemical
composition but a different microstructure are considered to have different material
compositions.

As used herein, the term “tungsten carbide” means any material composition that

contains chemical compounds of tungsten and carbon, such as, for example, WC, W,C,
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As used herein, the term"material conposition” neans
the chem cal conposition and mcrostructure of a

woradoessabs |1 n ot her words, materials having t hRCEHEA®06/043670

chem cal conposition but a&ifferent mcrostructure

are considered to have different materi al

andiepmbirtatiomsof VAS and 8¢ dlvaisten ¢dibide afchndes, fogedadiple, cast tungsten

C r’&ei(- de" ngans any material conposition that contains

@A ctere st sargide; andgurancriviallivg fusgsion sadidens,

for e ' ' S .

Tunger o e eroWEEalH SRR SRR Rl B spn jventon

ie shdyirdia, F1Gi Nt ‘Eliexdtdrydgh b 50 hag HbitBodyedXthat includes a particle-matrix

Macr ocr yst alf i ne tungsten carbide. An_earth-boring _

GogPaFye Aaterpl. phie dspl hihaf} mayplse includeasbaniy g attrchedio the bit body

fpresent invention is shown in FIG 2. The rotary drill

bit 50 has a bit body 52 that includes a

par t itHeshat 70 ixclodenxogenérelly@iiadfial outtheallifidvidg 49 duted Qurface and

may al so_include a shank 70 attached to the bit body

ag)innet, surfjes | They opter | wallkeof shegahakalq gnelgses pdrleashla portion of a
Lr ' r d I nne

G LR G 86 Y e R B B Al Bl ofthe outer

wabsitthastpak 70 amydk canfigured fou ditfdinddos£he hdnka 16 ¥iedudsody 52.

,Jg%[ ugh tr}e drill bit 50. At |east one surface of the
skl Hisomay fshadearalpor e APS HEpasled egniastion portion 28 for
0f.. t ; t it d Th
A0 0S80 0 ot Ut IR e P 72 ey
exhemé alivedglc trermtdrivoall pbth slmk2Z8). fies@bpertliésnge dbRriBed In greater

cgit 50 to a drill string (not shown). One or nore
f?élr Yeés 72 may extend through the outer wall of the

shanky, Z@‘gf g—lgﬁ&ﬁm%ﬁﬁ i Bﬁg%%{ 9 &?ﬁeclrokaﬁz g%ill pit%g) g@atygrﬁ substantially

det ai | ow. hi sohe e ment’s,

fotmgedr fovrarand doidplosdai of & Partivlebratsinsirpotitaidaieriabl Fethermore, the
from.and fctgngos,ed of a particle-matrix _conposite o
SREPEFIHGH O i PRREIerBRiEX compodiispeial sy beselegiyely varied within the

. ; . ol '
ol ¥ TR R M D2 B B, e ifpont, custom
taiboredplsysicebproperties dihéhardcteeistiést body t hat have

different, customtailqred physical &go erties or )
char &8t 8y exeaplegpd petfingtationdhe bik badd 2wgey inchide afirsregion 54

[ e .

OB R o] U Bl Ll 90, 88 PBURD
nerial gospesitiond, Thdi fifse repién Fhtredyi Alclude rthe Sordiwbinalli@ower and

first regiqn 54 may include the |ongitudinally |Iower
Iaferglly é’ﬂ%‘?f’éﬁﬁﬁglsﬁ% fhitte bie fréns2oPhichearscommran}y seferred to as the

1) i q y : " " t
N T T
v@fictomay becdifigutedy ca?y a pltatity ofgottives dte@néntgsneldad RDC cutters 34.

carr plyrality of cutting elenments, such as PDC
Foy, F?f%‘?@easﬁ@ffmgﬁ?y A Raksts’ 6 and hutiressas 8§ may hsperdded igor amthe face

RUWFHhESR Body 52 TBY Dfrih Xﬂdjﬁﬁj)p&qin%rthg BDC 2554, Furthermore, a
plurality of blades 30 and junk slots 32 may be provided in the first region 54 of the bit

body 52. The second region 56 may include the longitudinally upper and laterally inward
regions of the bit body 52. The longitudinal bore 66 may extend at least partially through
the second region 56 of the bit body 52.

The second region 56 may include at least one surface 58 that is configured for

attachment of the bit body 52 to the shank 70. By way of example and not limitation, at
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68 of the bit body 52 for carrying and supporting the

PDC cutters 34. Furthernore, a plurality of blades 30
w@r@7j0s89s sl ot s 32 may be provided in the firsPCT/@820061043670

54 of the bit body 52. The %econd regi on 56 may

i nclude the longitudinally upper and laterally inward

lessgomngoafe Gheayibictfotodtlin aPleast bie siafhige 5816F thakeddad eeglth 56 that is

may extend at |east parti a}ggy t hrough the second
coafedrd & aiachmeat of the bishgdys32 to firgsharle Yh Each gresive 5BY geryespond

- . | (P nf i;qur.ed . f

35 Bl PR AR LSRG ML RaP RGN ERE 0.
rethingxgmeinben B0 naytbd prowidet ivathin @hdteasdruen i Gea¥tk 60 and each
maybe forned in at | east one surface 58 of the second

greQyiedn- Sbechaiealjinterferencefptweer ibe shankJOnthe setaiping memben80, and
(RO oy ik el i MhafSainkn e R GPYATEK 85 57 RO tp} fhank 70,

and neny préleht rofatibh of b ditodP 52 dbdue b BnpitadinRRFREY 5) 8OthRYtary drill

be_ provided within each aperture in the shank 70 and
bé'aﬁ;qgregl‘léiﬁ%thééhanﬂ&g@hani cal interference between the

shan - Al 3 hi t;. bo 52.. .
oy S SRR LA, PRI bohlege o FGuiin
rii¢robiars 8@, Brawky 60 exanplersny ot SvetitionOtahireRimhe ittt 80 may
.bady 52 about a_| ongitudinal axis L50 of the rotary
inlpdq anglqnestsd, qlingdnicabraddhptetegrnthkoush an pperfurein the shiank 70 and a
FIRRUTBAL AN AL, 58 GFnépirhfysorary drill bit S0

i ncl udes two retalning nenbers . By way of exanple

and nidie rhéchadied] itterfereAct et the SinRTOPRE réfinfRymember 80, and

i ncl yde an elongated, cylindrical rod that extends
ﬂ'mf,]é @Qﬁy 2R TBHeEe PEovide 7 yebsiantially roifara cleagneewe 2ap between a

i ' ceal .

SR S AR 2 ofs SO LocBRE eahip st et boay 2. By
wayt ali exanplerembest Bflitatterd a fibstahtialboayifddh @y ofb&Ween about 50
nﬁéOVi e a supstantially uniformclearance or gap

Fs 0% T6h) andcanont | HLmidramid 206 k) ohay b P aiced beyeen the

i i .hi . . of... .

S TP AR AR ORY, S wdh Bo el s B or bR Within he
agepured intth¢ ek 78khod thed@ooves 60ms tHebiDBtlyi 32ch) and about

150 microns (0.006 inch) may be provided between the
shani Yezagaateral 52 suefhasy foyexgmels: o dverdaggdernyckel-based metal

/ ' W i .0 S, e
TR o 0E 1 SROSB0MAD i ABESHGAF Y 0 wa e
sturfaces 6§ inrth sedoall régors HE bf ths bitfbody 86X aABbe alté@mnative to brazing, or in
aai lver-based or nickel -based netal allo

. may be ,
fi0n trRrarine-ereeld dbheeyhe pravided graund e rgbisy drall W &0 on preexterior
. A e
R T e e D R ST
vieihd 24l aid the brazimghnatziial @2 mayied whed o filthbesept@\vthel€ink 70 to the bit
arognd the rotary.dril] bit 50 on an_exterior surface

bpgereokn this sapfiEmation dithelrazinempiuicl 8 i the subsirayiabpuaiferm gap
i TR
wtebd 24¢hohld fail while the drill bit 50 is located at the bottom of a well bore-hole during
a drilling operation, the retaining members 80 may prevent longitudinal separation of the
bit body 52 from the shank 70, thereby preventing loss of the bit body 52 in the well
bore-hole.

As previously stated, the first region 54 of the bit body 52 may have a first material

composition and the second region 56 of the bit body 52 may have a second, different
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body 52. hi this configuration, if the brazing
material 82 in the substantially uniform gap between

wo b@7oksank 70 and the surfaces 58 in the seconPCT/E§10061043670
56 of the bit body 52 and tihe wel d 24 should fai
while the drill bit 50 is |ocated at the bottomof a
mvetériial bnmmpobn)iloﬁ dliié figst aegibh |34 RGyoREnAs laOparti¢lBenatrix composite
retaining me prevent | ongitudi nal

el al hepecgnd f%@nbﬁQOfﬁ%%‘W Body Y29Rex Weludp ametatg metal alloy, or a
shAFAER R YRS 008P BL 03 U 361 By U i

cofnpbiidohidf thedirsbZegimy SHamay cbef kdledtedT®d @ikhidit higher erosion and
conp05|t|on and the second region 56 of the bit body

vepar-FRstanes dhan the aperial ropmesidionrit the jsegond grgies S oThe materjal

ol IR R 6 DR RISl gf e scond
réxgioty 562 Tiveymimedr il evhdchiicaphysizalnBrloptrtiaé hdy,beOthiléred to fa0111tate
particle-matrix _conposite material. By way of exanp

mgvéindeg of theisecond spgion e mpytherat éﬁasmm@bﬁ deeprieat of the method of
rﬁa{cﬁﬁﬁ%%ﬁgf 18 Ebv\%g}sg?)e%?gf‘%ﬁéﬁci? ﬁ a%hrng Ifb %é%hnlpa tﬁg §dcond region 56

uemgmﬁvérmeﬁalaﬁmtﬂgenﬁlﬁﬁgﬁ&dﬁﬁ’ﬂh@@t&ﬁnqﬁ’d@&hﬁ%z@éﬂa& komposition of
onposi tion of the second regi on 56 naﬁbe selected to

heaRicPPe ACROME R by sdectedio selibiidoveghasdngs and fégher ductility.
PfrPerFh%ir\/ei 1#1\“% ‘c‘lgsnlteﬁ %o ?H&ﬁhg e s%o%?ﬁl{aéltoﬁ§6 S[LTlgﬁé% ﬁgras%mc 81ach1n1ng

ore acilirtate nmachinin

téehinigays, vehiclt mbheastudp dicisa |ofyltﬂ§¢1ﬁétdﬁjﬁhd®%d tvfb@atﬂiﬁts H@l(ﬂvered toa
of machining that is to be used. For exanp i f

tepd the gempesitignaiithesceond region 24 maéqueéﬁlegtgd (gqxhg)lt a hlgher hardness
afi@h Ko%s%r 'dggtﬂ U{sBing gmb@}ﬂrﬁén%gthe ?{h%rgﬁ &41’!1}% Wion of the econd region
I a Ion O (%e sec a

t echni ques, he mat er CONPOSI

Soegiydie sebectadyto behibie hiztitefladtoreaxiihbcts thavee n’ﬁﬁd‘rdlm e&fiposition of
and hi gher ductilit Alternatively, if it is desired
Uiy TR ERe SEh 6 YR bRY enhpdgpes the muerisl compesitien of the second

S0, IR T TS g
wehding oﬁ]dnsset:omhragfont 5% Beomydoff @@hple Ml ﬂ@t}’lhﬁltﬁﬁiﬂ? tHeadaterial

to exhlblé a higher hardness and a | ower ductility hi
COBREsIHh S Thﬁéﬁ‘i%l Tegien 4@ feay;bel selesied 6o fatonléﬁteoveldlné of the second

%&watc{ H95 &a%rs?(ﬁ(ldetﬁgtqﬂe L Rides gé %rgsio? Iﬁ%ﬁﬁ% t%ody 52 may

acture toug ness an t mat er

hatxembierial conggisiionShat hie sgkictedton edllcﬁmcﬁxhﬂﬂﬁ dhy deblﬁed particular
terial conposition of the second region 56 nay

Phgieal PEAPerty ok rastarish ey aad dhg Prﬁmf) @W@%@ if Rat hravc%i © selectlng or
t%gﬁé f%{? %g%[é/rfb(l) F&gé(%shﬁ 56¢ ﬁ‘%lr%){ﬁgﬁ t8% 1’9? %%8[&&1& @%{sgrnll pg?pemes

ocdmpmsmmﬁmmda&nbakmﬁaﬁond regi on 56 may be selected to
facilitate wel ding of the second region 56 to the

shanl-eyigin physical RIHH%F%% guhchapagteristies 0h# composiegnepdal dsuch as

5 RS SO S SRR OB o n o

Qirtphgsicalrprafeytidsaal chiarageristics of a @bmpaﬂte&ﬁatéﬁal @nayad'b(ﬂetermmed
the present invention is not |limted to sel ect

withop e8Pt WéhW@flwt%mh physigal properties ey mglhgi%t fgr example,
fSnlnly w&E R LEY! ar physical properties

The particle-matrix composite material of the first region 54 may include a plurality

of hard particles dispersed randomly throughout a matrix material. The hard particles may

comprise diamond or ceramic materials such as carbides, nitrides, oxides, and borides
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or characteristics described herein. Certain physical
properties and characteristics of a conposite materi al

W@ swcissass har dness) nmay be defined using an appCDpg10aé/e43670

rule of mxtures, as is kndtwn in the art. O her

physical properties and characteristics of a conposite
(imehudirigaboroB caltedd €8.,€))1 Maste bhédiReHIly! EfeOkdrd tpartidk® may Bomprise
of m xtures. Such physical properties may include, for
casbiges|apd berides mad w@ments&mﬁaa%en Wipe Nb, V, Hf, Ta, Cr, Zr, Al,

' - ' I b€ |al he first region
oBE SRRl fB PR GBI, pfss o med B by hare
paafis holuddruapghotdrbide (WC, iwza(}pﬁ&hi@h carbfiR (Tar)dtantalum carbide
articles may conprise dianmond or ceramc naterials
(Exfon timnin dparits, (1o shamiun girdislss, agium nifride (TIN), vanadium

oA P R AR OSE PRl Bk db AT Beropgiesay, ana
sfliedn bablddESiCyPRE tHefrBdRe SdoRiBiidtons BEdi flefentMard partidlBs mNbe used to

vV, H, Ta, C, Zr, A, and Si. q)I?éway of exanple and '
tatlor theinkiypisalinseperiigstand Pharacterisies ofthe partigsauatris compesite material.

: | nel . ten carbid W, W —_
RS A A LRSS R ey s
attl Masd suitalsle bokdrides Oihded particles SRictinterdi Rl Silablé Ardihd f6tmation
nitride (TiN, vanadium carbide (VC), alum nium oxide

of mezempindgy igyirin fembility eleonemfigrdinpryrskill imithe ptie (BN) ,

and sili L de i . JFurthernmore,. conbi.nati ons
o ait el SRUPHDIN St HyBE TR SRR ] ftude, for
cRiyipleC @bbdi-bpedt ires-bakd, aldkeRbised,] fbh Candohickélebased, cobalt and
particle-matrix com%osi te material. The hard particles
nigkgl-based.grareand eabal bassd nalpejiraun-kpssdncanper-hessd, magnesium-based,
' bl b e art. St SUi | e rhials for .
of8 FUBR bR ol MBI i 8 s R o SomiRercianty
pherel@héransuch at bebalteifaitder, copperhiadghesitrhitatinh] itdn, #d nickel. By
one of ordinary skill in the art. The matrix materi al
Vs of (g amgplerand| ot higiterion, dberpubint matraiabnay|inglede ¢ateonsiesl, alloy
I c b [ - hase ni.ckel - ba
st SFATR el cROP ket PAER A bR Fse W G WP R pperatioy

nedtétiat, ol Ibwithemthl efpansion ddnb as gidkeliREEaHBA%EEh as INVAR®. As
magnesi um based, and titani umbased alloys. The matrix

Upgsk Berpiny theaterm) supaselloyd|relersele 3w Bans evigksh-c rrd rebajichased alloys

. . . Jal um. coppe magnesi u
HFUARILS PR SR M) cEORRGE oS A s
maitrit bretdriah indude duBtehitis stoalsehicRél-Bmyd kupekdlidgs S@hRRMNCONEL®

steel, alloy steel, stainless steel, tool steel,

6peMrar Bicae fgd IV AR® wae alloys breing 8 coefisient ofsugpmekaxpansion that
ool e 20 of VARG Ao EAPRRRLE Pyl ol pompose

niadtgial eMore slopety alatobitig thebeflicit@ ofthermalexpandiGk6f matridAflaterial
cobal t - based. al | oys having at |east 12% chrom umb

. y
Wi thatof thedard pastieles effesyasivantpsasisrelyas redraingpigblems essociated with

e et —
alieaetiO mangatbsé MYAREe witty apreditmayedy 1294 WE v weght dndl 1% C by

of thermal expansion that
weight).

The material composition of the second region 56 of the bit body may include, for
example, any of the previously described matrix materials of the particle-matrix composite
material used for the first region 54 of the bit body 52. Alternatively, the material

composition of the second region 56 of the bit body 52 may include a particle-matrix
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cl osely matches that of the hard particles used in the
particular particle-matrix conposite material. Mire

w@b@3mhsposrat chi ng the coefficient of thermal eRQEENS1006/043670

of matrix material wth thae of the hard particles

of fers advantages such as reduci ng probl ens associ at ed
Yérhposite siatiill it vhihIesd paticleh efevahddmlly dsprrseAibligiout a matrix
exenpl atg}é matrix material is a Hadfield austenitic

maieriah e Jdie hasd |particdespprdh theppatiy mataials 1R, bonsgigeted from those
' 1. 1% [ terd al. i td on .
BBy 30 T B by e TRSR0h b SRR b i
tanpr A fahe 383ondfregibe 58rc\the b&IBodgesC hbwedkr/Riay ib¥ selected to
materials of the particle-matrix conposite materi al )
fasdiate srachining ofrthe seaoyi segion Seusingeopyentisaalymachining techniques.
e Lvely e ter Lhtion he second;.

SR TR e SRRl SR,
dallihj CdcBnigBés; Wik iRgYetued@icenfi@lre tHe sédbindRediéi 56 of the bit body 52
Egrtlcles are randonl y di spersed throughout a matrix

tagipghapent fhtherhapk F8r ok pramplpdieptyeesiach iax theagrepyes| 6) may be
. : by d . .
BB BEDR b fofd SALESS B QRIS B boay 52 1
ddiffi iRy tBé beton€ 85FaSH4 bHhe 6ft bbb 53 aaamdciBgit dotiRGhalk 70.

the bit body 52, however, may be selected to .

f aci | Inapeenibadineit a§thsipreseet inwensiod. the irsmegien & pHle bit body 52
i L REDN hni S. hi;conventi onal .

T e AL L ]

The¢ peirfigle-nitik toifposatdthaidrial tna ehhiRiRRPhEHES oM MO ECASTRY(American

be used to configure the second region 56 of the bit

Persty gor qufm&ﬂmbg@nmﬂlﬂ feesh fengstearsribide partieles x Appad herein, the

ur o Tg . L ned i
o0 AT ARt Ao hieRs B P R BROGR (S Bt 400
hreslyschezntad defellig AISTM heecHRABMIE T BOH 6itithd SvindafESpecification for
body 52 for_ attachnment to the shank 70. hi_ one

ofed Beves i TrstisgRerrpssse Sptlotngstpe carbids partislys sppy have a
' S nt4. al .
b Plogh Sl 1K B8 TR SRR R ThE ol BLfRRR b Thetuce o
ddaltpacdd tleed mEby i onpoRing SirtReibardbalit 058 dobalt ¥ewsight. The
g%;ralitg,of -400 ASTM (Anmerican Society for Testing
stimeaspidg parficles srycomgEsebrtysehibgut ¢iorang pant 93 by weight of

in: "4 icles .
Ay Lol it 00 APATEBA  fe vever
stsue s, asd aledut MO, by wATHYoF PRE particktrhatfix ompodie material. More

entitled Standard Specification for Wre Coth and

mrtigdarly, dhe tragstem garpidepaticdes ngucepmeRifg Pebrecaabpride % and about
t] - ' [ . of | t .

S8 TR BT Bk a5 it my

cahpride-totaet abeiital5%a hhdybot DI by wiield o eegiartidlemagDostmposite
95% cobalt by wei ght. The tungsten carbi de particles
ﬁﬁyx@bnpriSe bet ween about 60% and about 95% by wei ght

a1 S0 SEbhE LRSS of yE PRS2 MR B sBhyardflyKfoed from and
akippised 0Pth\aine nghiérid fuséd® hafikintdteridlad tHopatPasir-ecomposite
gg%e?i;ll c?fl the 2‘1/?55: ?egion 54.

In another embodiment of the present invention, both the first region 54 and the
second region 56 of the bit body 52 may be substantially formed from and composed of a

particle-matrix composite material.
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particularly, the tungsten carbide particles may
conpri se between about 75% and about 85% by wei ght of

W0 b@7/058903F cl e-matri x conposite material, and tPET/IB1006/843670

mat eri al nmay conpri se betwd&n about 15% and about 25%
by wei ght of the particle-matrix conposite material.
The Byowydfeegisie adbnafiniiteioh)the Reylc-bRtiBoon®site material of the

substantjally fornmed from and conposed of the sane
B resiond4 mavgchide aphuwality g5 AS TVimesh&ungsten carbide particles. As

L ~ . ol first. redion
B Ll S OTROT Bl e Rlok L Ry 900t on
AT Nioh 63 F inesit screzgiiao deBdedindAS T spediAcdtioh ail 0% &fitled Standard
the_bit bod@SZ ma]i)l/be substantially formed from and

Seeffiertien oy WirgGloth and Sigves for Testipd Purosemt Svghatungsten carbide
; [, 0 [ ¢l esmatrix

P b YRIP) BRI a0 L Wl 5 LG b, e

partiplecrnatii ymbsi GIRat Tl Mf theSiisitre] 96 S £MagRiide e plurality of tungsten

C%EH"I cl giﬂ' As used herein, the phrase "-635 ASTM nesh

iPETtEsos bpgaa e dipmetricinagangraxtondsn fram @b@ﬁfoasmnm to about
Do A RCRORNAT, A0 A8t RARELLP ST AR Ay o

campriShguiesit 0% nielsd by gvdiilit @08 ebout S0%Hcdbdn G tvidigi arTibe @ghgsten
a'E‘rggrti cl esI may have a maxi mum di aneter of |ess than
carbulst pasterlen way semPHS besvgsp ahout 4% gad mbewte?sda by weight of the
j it | - [ [ i.nel ude a
PERSRAFLL BBl UFld A5 ol o0 i (P Y05 Wy
catiprizt ietwedn abotiafigend xbemdi09g bl ezt o te fhrticl&intat@d Somposite
to aEO}Jt éf@ mcrons, The matrix material may include a
mateaigb Pf Hediisbrrgian bhs doteagiicularye yhe: Bingstes icpyidenpasticles may
0% Ni i t 0 t i ght . .
R e 0 A R comporic
mabapiat ofiB&/fiesh cbgidinist, aBd thehiatyiR ingitdriad naly R@mprise between about 15%
rticlgjseo%)natrix conposite material of the first region

aboghd> o 19¥ Virigt Pk thewaislemathsy commnsite Betapet okibn fizh ergion 54.
5% aFgrﬂ?é?l‘ﬁUfe #2% Ycléf/lﬁ‘{a%lgz ?clgfrl%c%sﬂ@ i at éﬁ&ﬁa E%:ﬁo[relld)l(egion 56 may

conposite material o regl on

inphudeiapitralitl pf —G35eA $ TMgAsshugRtddi cdebidrapaiticdése SuBRiungsten carbide
cr%glori se_between about 75% and about 85% by wei ght of

parfigley may hrYeR MU eigmsiss of leshiliap aboyt 2@ migneas.tigrgrample, the

GlcQhatnd; it | | y G i

PSR RO R LSS ARG  puty of

tyngsten cdrbidopantiches hawipgs diametenines aade eafentling filohd out @8 @dtons to
54. Furthermpre, the particle-matrix conposite

abaut dPimierage. (e maEgHgatersl dhnthsserriyl eRoR @emay be substantially

. J - . r .

oy e T s LR

54li afetratively, the sisattik anaterixd wif tROparticleandrix kkompexamh®Rrial of the
the particle-matrix cogﬁosi te material of the second

Sqoapt &ieye> By idiéerarm dhpmatat melerigk ok tis gettiche-malrhy epsposite
mggegtd% &%ﬁ%ﬁ%ﬁ’r}?&%ﬁ SSQ.t g h@RG&En bdtbide bARDRs i) S&beqs% BelvdTh about
65% and about 70% by weight of the particle-matrix composite material of the second
region 56, and the matrix material may comprise between about 30% and about 35% by
weight of the particle-matrix composite material of the second region 56.

FIGS. 3A-3] illustrate a method of forming the bit body 52. Generally, the bit
body 52 of the rotary drill bit 50 may be formed by separately forming the first region 54

and the second region 56 as brown structures, assembling the brown structures together to
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about 10 microns. The matrix material of the second
region 56 may be substantially identical to the matrix
woraioe/5sabs of the particle-matri x conposite matRCT/EE2006/043670

the first region 54. Alterndtively, the matrix

material of the particle-matrix conposite material of

privedsgatitity bhiegindsit Yody,amg sthitérigy thé bty Brewibitbbdy to a desired final

terl al of the particle-matrix conposite material of

R¥% i rst region 54. The tungsten carbide particles

may cC . .

or "t HRERESRIFIACEE T der B A LB Ehdtor de 56

usinganmbo vab it pistodér, pladpdr 8 §\eThpfinst powdek ﬁﬁXtafe 8%aiayGiadndé sglurality
bet ween about 30% and about 35% by wei ght of the

Fpaerd epdiclenrnd e Rlgrabios Pt gatvgles roriprismetheagecemtprial. The hard

e
rélatiod yo ®id) 2 o gtichflly ke Pewter fitulys8Ss apgriatthdryinclude additives

formng the first region 54 and the second regi on 56
cqEmpbiriised Men (RressinZaBawdes T ukeR SuBl @wniogt exagple; dynders for

p&&gﬁﬁgqﬁ%ﬁ%%ﬁéﬁ ﬁ%ﬁﬂ@?y%@%ﬁdﬁp{’ﬁ%%;@% sttrLQRﬁjM 'str e%h Fo the Ipressed

sinte O a desir

pdedst tympdhiehe rplistigizte bt Gakdr the bindes ingpepHshle,Mndt lubBcants or

89 maybe pressed in anold or die 86 using a novable
Cﬁﬁ@ﬁﬁwn&ldﬁoﬁ Ryuping gnterppsticlefgetigfowder m xt ure 89 nay

i ncl i

of pglﬁi}%i d?? g(g H{: gllﬂcthYde% 1&?&%31?%; ﬂz{v‘l"n,agtessurﬁggs sﬂﬁlﬁédﬁgﬁ caﬁﬂgured to
forai bi lehst Soraa duﬁfat¢es ofthe fixst fegien 5abf M pitbeds 6. e@“heplluﬁg@rss may

t hgse pr eV| ously described in rel atl on to FIG
abyothaym apTigces corfigwsdiorformor shapegd loaslsanig ote svnf@qea @&the first

g%g’tﬁ tjg éleﬁjfs g?@ggg%l ﬁéi’sc‘e?gi ﬁg%p?@%ﬁéﬁk Q’nggﬂgg(gslt%ﬁéh WiftEn the die

rovi

gouhnd usal to defiskihe igerpal€Rsd papsapedalo42. pftd&iﬁltﬁhall@lsplacements 87 (not
structural strength to the pressed powder conpone

SHPWE} Py 2oy Wsergp “deier ﬁgltttqgeelﬁmﬂ"epo%'?sé%u}l@b Plots %dand other

?5@%% ng

d)é:(%&é}&?@aﬁeﬁuc et ct%llg%{bn%dgf&ﬂ@&éégﬁ% i ncl ude an

i nne rTthxhuﬁgytr ﬁ&maylbe aduahecBistosthaprdcankigh dnkte gﬁﬁgﬂleblmmcal or
format | east sone surfaces of the first region

hydeulie eqpagntoy maghigesip Gagpactdiae frgipoyydepnyistiee @wlfma 6@ die 86
LS LR B A SN RLGLB6 s 5, and

tha1Bmst pewddr mixapé 8¢ epiviialy Brayrtryhched poghg tlmrbemp%tidﬂ process.
the die 86 and used to define the internal fluid
pass a8 éliepativemethads afipsessing dhesprvades minige ¥z thepevder mixture 89

U0 0 k9 S5 S0 B PR oo g
nhdsthodsl knstvnrte ghage obdrdirfary el b thebmtdy 52 The pl unger 88.

maybe _advanced into the die 86 at hllgh force using
mec hakhedHpt gfenipHidsi fomepongt oA it ¢ 8P msginglde a plurality of

TR S L oA B B el
pE(I)\EEde(Bﬁ thd pe@wdbi @mﬁtﬁre §9 (FIGE3 A R8s priidusly described. Certain structural
features may be machined in the green powder component 90 using conventional
machining techniques including, for example, turning techniques, milling techniques, and
drilling techniques. Hand held tools also may be used to manually form or shape features

in or on the green powder component 90. By way of example and not limitation, junk slots

32 (FIG. 2) may be machined or otherwise formed in the green powder component 90.
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the first powder mixture 89 optionally may be heated
during the conpaction process. hi alternative nethods

w@Roopssess ng t he powder mixture 89, the powderP@T/KB200€043670

89 may be pressed with subdfantially isostatic

pressures inside a pressure chanber using nethods
knowThedirstharee mfwder domponens90 khovwmintH16. aBtmay et ﬂéa@?ﬁartially
ree gpwder conmponent 90 shown in FIG 3B may include

sitered;r AOF ©yargplep Hiet Sepre ROV ety spmponenicP @ mayrhe pratiallycsiatered to
: kX1 <y I ¢ ' I terial
PR B AR 0P M FRPARE RS (U £k v

dpnstyi oRsiby tolesmerityg dhe Geednapowddr esrhpinht Deahty &8 dBjected to
be ma hi]ged in the greenaé(gpv\der conponent 90 usi ng
MOSSTALY Flsvated trmmsratiteytoraid mrthetrseoviahed anglfigytive asiditives that were
SRR lif ¢ I&Uvﬁi i fé%{_ﬂl Ly ' S nd
1dri [ ilnghe{ ec r? Pgﬂ%@ @:gé ‘rs?e‘?)[ﬂna% %Pg)ugo\]&gd Ica)yér?g))%k&bguu agere the
gtesnpawdet ¢ompoment 9 mayibpenbladdis @Sultibl @ htntiiphdie taloe&No aid in
owder cgn&m nth, 90. By way of exanple and not
tq rpmexglio H,C%jaé? 1ives. grush gomgspheres myy melusle, lenexammde hydrogen gas
(o) R T=TY] f bfect he green powder conponent 90. The
afi rstﬁé%%grgr??%o gpacéo'nponent 90 shown in FIG 3B may
be aCettemstruptardlifedtings siapbe hredhinkdin e dFRItLowh BRu@ie®N using

owder conponent 90 may be partially sintered to o
Cgﬁ“’ figpal qeInaRE tsFlpiAeS iReledingeloo exAmplsviriing Faclniqee, milling

S8 e HB O8RS AR o

slsapioj feattued it or om derladbwhstrattead e dBY enpefakanple 4nd ndt Hmitation,

in th re%al of %y fugitive additives that were
cwrf‘erpag‘@as fbe Bacikiesd afoleny e fyniedintherywn gicture 91 to form
agﬁ \éa%wlysm@g%ﬂow.gmﬁgw e, the green powder

onponent 90 may be subjected to a suitable atnobsphere

t ai | BedufritgtoaF iy i3E, tecond powdkr piixtarecd® addbé pmesed iB4Ghold or

at pospher es .nclude, for exanple, hydrogen gas at
dig éﬁ%&%ﬁ*ﬁ‘fﬁ%ﬁflst%mmm&& Tt o8 RoPdgEKae 99 may include a
T8t bESarliB I%Ws‘ﬁﬁ P ' f] - ture, ..
p9 1 %gl ng cg%%n 10 a{‘%rgr%fc):(hq}l%tlgﬁ%h %@#ﬁﬁ%@%@%@#ﬁlg?ﬁ 8 ,lurahty
of ard gradicfrse The vratiin mateeiahav dyphe Siardpartidlegmb e 86l €p@Strom those

and d](ryi [ 1] ng tec[m,i ques. Hand hel d tools may al so be
PrrYysly slesraingd i selatigp fR G- 2h Qptionallys the@ewlgr ixtusg 99 may further
iR i i
RIS e Bl YOI SNk . o v,
bintlbrs v 1yrevilongrbebiri¢atioh derity pressisg andfou peovading Stridbirdd @rength to

shaped bro structure 92 shown in FIG 3D. Referrin
thegpreysed P der canapesiet: bawie e Sor making theaRindss peresplishle, and,
dbRcaBY Sractb® 236 fofShlfisd iR Lakgn or pl unger

98.c The sélglf)aﬁgggal g?&?né(ﬁ%b elﬁgg%rgr}éﬁlﬁqylulge a

pl ur &h¢ dip Bfmgaintiudé esinnengavitg having suidel ¥hapsd &id @nfigured to
fand f)epti onalﬂll% may.i nclude a plurality of hard

Pyt {eastagme fyrdaces pfths sseandragian S thafut basly§2 pBhe plunges 98 may
1 MY ' ihed in
RS e P B RpE M BT i CEGE Wfite] Br g sccond
regiop. Jourftthebit body 52. One or more inserts or displacements 97 may be positioned

within the die 96 and used to define the internal fluid passageways 42. Additional
displacements 97 (not shown) may be used to define other topographic features of the
second region 56 of the bit body 52 as necessary.

The plunger 98 may be advanced into the die 96 at high force using mechanical or

hydraulic equipment or machines to compact the second powder mixture 99 within the die
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i ncl ude additives conmmonly used when pressing powder
m xtures such as, for exanple, binders for providing

wO adwr7iossads on during pressing and for provi di ngPCT/US2006/043670
structural strength to thelpressed powder conponent,
pl asticizers for making the binder nore pliable, and ,
9aLb forgpddctoid greaip@acddrobmpontat {00, si@auigiFIg. 3F. The die 96, plunger
inter-particle friction. The die 96 may include an _
9% aed theppeand neswdon gisiwe 32 entionally mpyhedreated [dugng dip qosnpaction
éﬁg at |l east sone surfaces of the second region 56 of

e bit body 52. The plunger 98 may al so have surfaces
conf ilgultedatie hethodo6f BaRR: thé pbwdE misane99fthé hp&wder mixture 99
surfaces of the second region 56 of the bit body 52. _
1gpe be prasedewith substantially dsasiatigqunisites insideraypressure chamber using
Lt L4 hin et 1.6.-96 d psed to define the

RELMGHER ies Br bR kS dn Btk one
di splHeaBtHderéh pfoRaler Sdiaydtkeni Y shewniEUG! 3F giaf indRide a plurality

ot her topographic features of the second region 56 of

efipartisias (prsbiglesof matrixgpateialrand opHengllyyhayd paiglaghijid together by a
. hnto .t he. di Al ' . :

DRI WS R B R 56 8 Wity descrve

ceatmactudthal $eea8s nRgVsemathikéd i ROtk Pbwdtheodp@R6t 100 as
to forma second green powder conponent 100, shown in

IEcessaryFusing gogyeational waelhigag todmiquey inpladiasc fdeysudie rtuming

LXEUr 9. ional |y . h [
e LRl I RN B, MM BB lsoguayoused
foliganpelyd RirmirshifiecfeMrestinor PO MRl polatdet cSpdrRyit 1.

pressed with substantially isostatic pressures inside
a pr eBpusesord grase rpayiden gompenrad < OR Nt i KlfoSE wey be at least

T S T -
©fpreadd a €dcesd bivan stfuchse 01 dhdtvhiix FIGL3RE ivillich Aixdess than a desired

optionally, hard particles) held together by a binder
feal densifly. Firioy itel sidrtarings He SEeRcRaWAer RemPpenayd 1%@11@ bgpsybjected to

T e R R

inemdsbartie powig migRie P (I B ENaS previdiglt dstibegues
i ncluding, for exanple, turning techniques, mlling

t ec hrFeptass strugharakiiepturgsmaastbegnaabineddn thaseepnddirewa sigpaure 101 as

. Iy f . e i .
T i e T
fechwi@ies aniipaitechini s, sldeillingtettnigues FHamYhdd@toals th@asdo be used

artirally sintered, For exanple, the green powder
%dnwléh ooy sheRe featuprsrn paen hedrowe pevrtes 18 ovi de a
t . i . i .
P SCOn YR R SIS A ity

foBedsiRped ProwasstrucpPoNsHdvnliA FIGEID bepiidcaain@dryt®own bit body
noderately el evated tenperatures to burn off or renpve

Hifyshowgiip e Hddilhe vaganyaewinbitdoiyd Podhen may pailly sintered to a
@e%ﬂgg finamd)éltléf{ﬁo 890&(@ tﬁ‘e pl%g}dusﬁsdep&%\éh gﬂ%loxy gf ﬁ?o%rpi%%‘IG. 2. As

sintering involves densification and removal of porosity within a structure, the structure

being sintered will shrink during the sintering process. A structure may experience linear
shrinkage of between 10% and 20% during sintering. As a result, dimensional shrinkage
must be considered and accounted for when designing tooling (molds, dies, etc.) or

machining features in structures that are less than fully sintered.



10

15

20

25

30

Certain structural features may be machined in the
second brown structure 10 1 as necessary using

wa@orvesdddnal machi ni ng techni ques incl udi ng, POF/US2006/043670

exanpl e, turning techniqued7 mlling techni ques, and
drilling techniques. Hand held tools may al so be used

t 0 mdnaabkhgmnitbremehod hiapgreérepdwided Sompornt D0 $Hae/nkih BYG. 3F may
struct re 101. ngpbrown structure 101 shown in FIG

becpseEied il ob &5speled e thﬁtgéemwewﬁﬁémww $4Qshewe in FIG. 3B to
v R T R

tonidesired fimabdensivy. tTlhmd;erfheﬁl fureesthdgeéiibdwded campb@sht 90 and
Eo a desired final denS|ty to rovide the previous|y
® SE°N RO ST copeRens 2 QHBW] priugercer bonded tegothesrdueige sintering
e
AL SRR 5 2 R ol R La BRI Ui v
Shapinggnd hmc}smmtgeprwegsqs mm;ﬂﬁq;erfﬁnﬁéd oiCiht beowkalit body as necessary,
perie P ﬁg) sh |nkage of between 10% and 20%

a&ﬁ TS iﬂ%& Yahensmgy pe S@rqﬁ%@ua&mre@,ﬁmhd@ag@/

t
Tool i e AR B A AN A6 ARt A (AR 6%} BcBhposition of
th¢ finsCpawdes ntittate Srshotvass FIG 3@ ) and thy nidtéﬁa@ t&@dpdsitidiof the second

altern tive nethod, the rgreen powder conponent 100
regighaC (and fieestorsrthegompasifing af the second owderaisarieP@ehown in FIG.

t 0
i, B BLERT, By SHHRANADY SiA" Bkl dhifhg Mg ofhiering
preaehiened as necessary and sintered to a deS| red f| nal
densi ty. The interfacjal surfaces of the green powder
conparEsintmednacessis dspaihed hetmemay siehsiscanvengionalentering in a
Lsgd 0
ARG e h 202 AR HE S S LD R Rot isostatic
psésningpemtedsoaral sintenitg imrhediadly. folkvagal H}gs@wlc@%inglaﬂ@mperatures
pro esses may be performed on the brown bit body

gdBeunieyng %?Hwefa%re (fen refergd i wtﬁrﬂmaoayﬂh%@ﬁrw sintering

PE%S%%SP?%"%%@% e p QAR HEfhd B Bk i AL B R yogas, he

sterp@siredesses afay bh eofducsid ap&'ﬂ&jﬁfaﬁlﬁ%%ﬁfdkﬁnﬁ&toﬁiwwobvﬂhe liquidus
conmposition of the second

1FIC—l 3%@ gthe }elrlal

ing Of Sap TRG AT RIS cxaapleothe shuering processes
|

T T T

Oddlnarygkﬂlhletlﬁ iarttsech asgh@Rapnds{Bmaduérdmensll Cungpactign (ROC) process, the

c:@e:; egpes descri bed herein rmﬁ) i ncl ude convent.i onal

0By | HGCsSS hot isostatirPrasing Sid1P) sorradaptptiensiaf suchprogesses.

furn I

pr cacr o anBE e br G BIY Bl BNBin ke B0t s figpacs wsing he
ROC i mossatinw] yasepiekinterin ﬂlen@eérﬁtpUWGSr B@lﬁpadthft a relatively low

S|nter| temperature (often referred to as _ )
fg?l?ﬁf pyly arﬁﬁﬁfﬂf@f ﬁ?ﬁree tordewelgp ﬁﬁfﬁﬁﬁewtrsnﬁb éapesmit handling of
_ ﬁ&&ﬂ&%ﬂfﬁ&@m q@%lﬁﬁ’%tfb%ﬁﬁ%h ger | népp% % material §/uch as

tering, e Si processes

gba@hlten oiliod echl dlte brerpestaicure ST axipped &rdvon biricthel i@Wlaced in a

the liq
container, wauch is filled with particles of a ceramic, polymer, or glass material having a

substantially lower melting point than that of the matrix material in the brown structure.
The container is heated to the desired sintering temperature, which is above the melting
temperature of the particles of a ceramic, polymer, or glass material, but below the liduidus

temperature of the matrix material in the brown structure. The heated container with the
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line of the phase diagramfor the matrix material. For
exanpl e, the sintering processes described herein may
wheoocossttt ed usi ng a nunber of different net hBABEURI00&043670
to one of ordinary skill in8the art such as the Rapid
Omi di rectional Conpaction (ROC) process, the
n@datmm@rr(mitr,)poﬂ)ymﬁef &ﬁglasb oiatériad Mﬁ@bl?iﬁ@%&h&gregiﬂn?érse&?erein) is
aptations aof su processes. Broadly, an way o
Pi%?&ﬁr&l é %%ﬂ%y}w@i% franlic pregy, sueh ﬁwﬁggmgmwﬁaw jusegl to apply
p}&gm‘g@tﬁyﬂﬁf‘eﬁ%&am{@ Lﬁ’@ﬁy&éﬁﬁh@ﬁﬁr 'Is'tz)gta{ip ?re%u?%%ﬁﬁﬂ‘&%r molten
conpact at a relative ow tenmperature to onl'y a
csuafific,cpadyrherd og piwes imatetial ecilftateuWohsalidanidn ahd singkingtod the brown
ermt handling of the powder conpact. The resulting
SE’P?}WP alt ?‘@Ff% teraperatypsatithin the ceptemer. dhesnplign ggramic, polymer,
ogrg"f’agg I} el 'alctsttg.tﬁﬁ%itttﬂg ppJSQLWQ a8 G id"iffe \Rﬁ)@%ﬁ Wr%d In this
rown structure is placed”in a contalner, Ich™i's
nfidninke dheninblterp a¢rtinéd, @slyafer,corGetiBmct, aspOdrydsare trafsnidsdiSmedium

materi al. _having a subpstantially |lower nelting point
tRrREh i BFStffeisipphed tontie stvgiirg duringesinfenng Subsequent to the
i per.: : I, .

O SH P 084 E IR, B Gl SAAT Lo RS g he coramic,

pobymee) @tglass noftertahed pokd dethibsl Xplaaatar ithe ROTOPrvOBRS an@Euitable
gl ass te{li al, but below the |iduidus tenperature of

cHimameat Frhopagtisetherent isHaopdshiy 3P ulatules. 47904, Hi0att 43,720,

tgxn ' { t i I r

T R PR B PR ATEL QPR 4 1000
apd 4284d.520. a nmechani cal or hydraulic press, such as a
forging pressy,that is used to apply pressure to the
mol t e eé%r%?ﬁ?f:M PSS Whieh issipridarita the afosemenioned ROC process, may

e 4 . .

R TS Haeg Mt b b0 Brdan Py SEh BTy Al Fin st ida fna

dengitynIisthe Wrranos aprocks, tledwawe driqnfRds daiéd®itihialddiamic coating

ﬁ@f cqntainer. The nplten ceram ¢, polyner, or glass
SHeh ¥rd HPige tIECnETR PSRt Chigree pridedother smian datd, gencrally inert,

pmt MeS tnal eCeoatifles! 1]ﬂh§ al B Y sed! 'Ifﬁe LB oGi @cture is fully
pol ymer, or glass atts as a pressure transm sSion

coexdlidated by otagimintiigcdt 1gase sshistaatinldy Bpghticetetsdrd faehe coated brown
structure during sjnterig%. Subsequent to the rel ease

SBPCtprea UL raaria Pevisies mptoadiod adjuid eiediy as i thetRP(e pragess. A more

B 1 3]

B BT n LF O P oo PR (BTG 1y O 5 2 . 499,08
pr oc éspreviousbyiddsedibed, the maperiahtorhmositioh@f he 8€dohd fegion 56 of the bit
theégof IS provi d%efg H/ U.S. Pat. Nos. 4,094, 709,

bady asmpy ge saleead tossilitate thegnaphmingropsrations perfornuazonty, second

: : 7 , 43 . .

5036 vy Ry Rcd A BR2 n A BBy oy 1o

shawi ineF16E 3H ¢oréhie dedred dinRAEnpity cessn famputeahtbdigachip irede fully
for use in the presentia'égéfenti on to fully sinter brown

OISR PTHaEEe (QPR viderhg b % Which isiBoge pepaetg fragn the shank 70
(PP O PRFIG % Fof %ﬁé, %écstuyfages'5%.0%%%@90&1‘3"&%0@5%&‘ Alitbody 52
coating such as al dm’na, zirconi um oxi de, ©or chrone

nayibe enactiineé to b vide alemeh@iod feageasfonittahing 8id shank 70 (FIG. 2) to the
rotective, renovable coatings may al so be used. The
b@&g{lgglb% Wiy 8f exgmnlg andinot hmlqag;on, two grooves 60 may be machined in a

surface 58 of the second region 56 of the bit body 52, as shown in FIG. 31. Each groove 60
may have, for example, a semi-circular cross section. Furthermore, each groove 60 may
extend radially around a portion of the second region 56 of the bit body 52, as illustrated in
FIG. 3J. In this configuration, the surface of the second region 56 of the bit body 52 within
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consolidated by transmtting at |east substantially
i sostatic pressure to the coated brown structure using
wa@ esoanssooparticl es instead of a fluid nedi a asPCTUB1YE6/043670
RCOC process. A nore detail @8 expl anati on of the
Ceracon(tm process is provided by U S Pat. No.
eaclngl@oméo Ry heve v sbeps! spmteising dpethgutah eeqmnerﬂaqjartlal tor01d As

t f th d 56 t b
RTREE, IR iePln i TEPRP bl ehasTrtng AY AP as o
dRele) estafiKatdt, e nSERRAL RO nBbhinE @ hxidHikiiRed HJ 4 %lane that

sintered state. After sintering the unitary brown
lmiu@es tlreelesedwrirven Alfteatigelytthe surfaceefthe satofid region 56 ofthe bitbody

LIRIP e SR QST PR Do By msspaiacalider. The
v gBdReN 66 BRI HRTSatddyn shbﬁarﬁﬁﬂg lépﬂ&lt@ Kld&s ofthelsBeoill %%on 56 of

31. For exanple, the surfaces he second regio
thebipbodsh, lab shayenlin BIE. Ahybe machl ned to provide

el emepts or, f tur at t the shank FIG.. ..
2 °t R s T, ol hss Bl hand et afigm S0t fhe deil it 52
thdyhd %'aﬁtﬂaly tf(‘!ﬁédﬁﬁ(iﬂ@ﬁro% ¥ ahE aﬁgéﬁml&ﬁé LthePro form 3 unitary
surface 58 t he second region 56 of the %It body 52,
baewis lHgugiuten V@ﬂ@; C@ltheEéJ@ fsingered e a6desired/ ﬁlnalvé&;nsftxar In altematlve
a_.se r gross sect i on. rt hernore
SRR oF Bt e e il e r‘ﬁa Feding >4 R e R g @ s
pobResABANE i £8ieab & Ofirst hdwd® dY¥mpénen®Sdding a second powder
illustrated in FIG 3J . I's configuration, the
neig e teethe fsamp diesansiom dSSm@gh@SﬁCEEd ptbwdttremizﬂture wodhn &2 die together

BRG0S0 SR P RS GO TR A G it o

Flehela6:1) a st ?b@deﬁﬁﬁ@&e andH Eéd’é‘ﬁ@ pEHA& Iﬁfx%‘iire BYaye provided in a
cl osed curve (such as a circle) rotating about, lf

sigle dipand simvithnagusly prassrddd firmgp memolibic gregi bip bsdgd Tiha nnolithic

B P SR P g
M/tdrﬁlaitlﬁel@'a@l@ nnefifc HlelHY b&BMBa y%e?;ﬁ?{ﬁ}cﬁlytsnﬁéred to toa brown bit body.

substanti al | y forms a partial cylinder.
Sheping eed BoChinipgOroesss othy ba psﬁbwsm@mn the bgovaplpobodysas necessary,

I B S BT G L B ey
ni@@lithic %e@ﬁ@b&&ﬁné}eﬁ%ﬂné@iﬂ'a@.fhgﬁ@dl@ﬁsﬁ%‘ﬁvdj&ﬁefenpﬁ)lhn&%s such

may be separately forned in the brown state and

ag Hreakiyiasy 38 sy FiGo 3Aqndhtize plningea9§ showmin EIG. GEt Fuethermore,
then.be sin eredt adeS|r d fi nsi )

o B R ety BB P it eSS Empvitaay €5 ednbiber of

rédisBtwitlad iebiblodipy? Bfidgld MBdrikycobiR8fiong a first

powder mixture in a die to forma first green powder
conp&ifeht4A-46dlIngrate awthenthefodoé forming trebittbody b2 Seameeally, the

e a8 B SR e oA P il serve
Hrgtlpswéﬁﬁixaﬁe 84 gm; B Ay MALEPRMJubFdesHbes SecBhd pRAELY mixture 99
Furthernore, a first powder  m xture and a seco‘%

(WE) tOl’mel & genarally dybingniealingaolithic greaihiiody dil @ ostlet, as shown
nolith

Y AT N a R gpt nl Bl e arohagThaieal monoliic
ghRE Bit rbe@iy 880 MBFBSRRfYd BPHosthtitaRy BiésdiRg e $est pbRferthiRfike 89 and

vden5|2¥
the second powder mixture 99 together in a pressure chamber.

By way of example and not limitation, the first powder mixture 89 and the second

powder mixture 99 may be provided within a container. The container may include a
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Alternatively, the nonolithic green bit body may be
partially sintered to a brown bit body. Shapi ng and
wOor@iossongy processes may be performed on the bPOMISIING/043670

body as necessary, and the2fesulting brown bit body

then may be sintered to a desired final density. The

fimdrtiight Béformyatde mdmberposth asaforbexdngplered substamtiaily @hkndrical bag

die using two djfferent plungers, such as_the plunger

WOFPERIHGR qefprmabie Polymasranaterzal plheetaing (Shb ke first ppwaler mixture

| . L 4.

S R e AR b B R e B T i rossure

dhegben sA Mluid)isoch b b éxdngy, vaderlail) d10zad (§Rh K] R example, air or

conposition. FIGS, 4A-4Cillustrate another nethod o

HEPSFNEAY Re PBmPed Y9 thepressuigchamper, usinge mgp. hbleg/high prsssure of
[ i ess. th

(P BGRB8 bllts Y HeBRXAC AP S, 0Pl 0 e Heebdf may be

teamsimitted spiiseatitiallg uyifor@sio o the dirs powdeaintiat 8oiand tHede@hd powder

(FIG 3E) to forma generally cylindrical nonolithic

BixgER 9B (The geRpsure gvidyn Hhe rrr@%szlrea%la@h@rmma ipsgticqmessmyg may be

S A el T Oy ST S . vor
Haatioubglybthel fgestint within! thie preesige Karhhe dukihg i feutie fpressing may be

m xture 89 and the second powder m xture 99 together _
grepter tham 8BoHt ol BnmsERascaly (%égpooww@ﬂ%\@sw squgrRlingd). In alternative
i fal] . . . . h 0
BT a5 00 BN, R AR s SR o
Orhmegapatai (doutispounds pdteq@dre ihichl), triag bt apifedriorttel Rterior surfaces
c{IPsrrber .such as, for_exanple, a substantially _
W16 Gontaines (byn gy exemple; @wggn%ph@ﬁﬁp wampacttes ivepowder mixture 89
i IR j fi i xt U
PRV kP p LA AR bl b ig S b B R fand e
seeotidepoprdey indbettreviit thay famithe gaerdlycdytinihesal ndnblithi dgreen bit body
as, for exanple, water, oil, or gas (such as, for

135%% W In BiG- 48y Whigh epdieyremayedsieonp igiagssurr hamber after pressing.

res - r £
Phe g e S LAt hoRtIPercl iy AN IRLRISHLTER]. 4pgnay be
migchareth or Tshepqar & sedessaiy Byewhy af eRarhple chnsluks tlaniatiinl Yhe outer
dgni formy to th%?fi rst _powder mixture 89 and the
%’é?i?ffdo%@lm ohingrgenerally cylmpiical megekithic green hitthedy 110 may be
. I .
SAERRU B IR Gl L) Ao ISR 0GR B, Feramoe
thegeneiligreglindrida) mobvblithidgaredn sitib@lyl W0 rhdyebediuafedWnea lathe to form
ithin_ the pressure chanber duri i sostatic pressing

tﬁm%\%f;a@edg? ighic wrean Biboedy 138 m\;@g ienad anachpmng goghaping of the
BRUIRS RELRRARNAE o i LIy RIS sy o

desiesis ukRergatealyg thd parerdowlindridal Megahdse glee dtMBHdy 130 may be
pounds p?r square inch), maybe applied to the exterior :
tarned o8 lathe fo ensyg thatthe maypolithis reresta b hodyt H@ is substantially
. . o nd.
B AREANGl o RS btk b bl B ARl o R lling he
shiye dfithsmopaittiergresnditb&ly8d 0and t he second powder
m xture 99 mayfi),rmthe eneral ly cylindrical )
rmnolﬁh@ﬁh"ﬂ’eefré@f’? 1fl1i¢ gueepybit body 112°shown in FIG. 4B then may be partially

sintered to provide a brown bit body 114 shown in FIG. 4C. The brown bit body 114 then
may be machined as necessary to form a structure substantially identical to the previously
described shaped unitary brown bit body 106 shown in FIG. 3H. By way of example and
not limitation, the longitudinal bore 66 and internal fluid passageways 42 (FIG. 3H) may be
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110 shown in FIG 4A, which can be renoved fromthe

pressure chanber after pressing. The generally
waydoziskoTal nonolithic green bit body 110 ShoORIT/UR2006/043670

FIG 4A may be nachi ned or 2¢8haped as necessary. By way

of exanple and not limtation, the outer dianmeter of

farin&hig thd broha lﬂtﬂfb@llyalllﬁlﬁl? 131400 8] foaex e lusinlgiaan gihéeg process.

bit body 110 may be reduced to formthe shaped
Hphelity Rf pocsete 36 for RDgsuifers 2 als svay Yermachinied apthebegwn bit body

e h | 1 d e
ﬁ)éi ifgl(i) 4C)§_ 18(11%%:3&%126 taﬁ }e%ée(é d&rﬂz gdr égglg?} ‘41‘}(&} tha ?{] c%rﬁﬁgured for
asth&pﬁéht obthe bitthod ¢ tcgthe €Ranki rha}hsuinacllh?ed iRd@itrd WA dlt body 114 (FIG.
machi ni ng or shaping of the generally cylindrica

nolithic green bit body 110 may be perfornmed as
necessary. I : e .
DoF AL o8 Sy b A0 I 4 s SEDER R 0 o

structosd sub3tatibliyt fdentical e0StE hbfedl udita ?, BEVAl bittbddydr®Eshown in
bit body 110 is substantially cylindrical w thout
K3 Hiy strstusemedy be dpehes sinjered fo endesigé fingl depsity and certain

SRR 55, E0AI0RIR, LGSR, ARBTBRRL I 3Ry provic

tb&bmbodmsz:laﬁpre@&uhmsﬁﬂgeae partially sintered to
provi de a brown bit bod 14 shown in FIG 4C.
Dt owrikSGring gagn 1o 416h dntbabel A EWD e H4shadeiowtss Aybady 52 by

I &n
PR SRR RS TAL B ke D58t b i s
aﬂbpmhb galﬂbﬁvee&i'ﬂhe Sankdy aﬂd tIﬁ&ﬁﬂﬁﬁe@S aficth&&dcond reglon 56 of the bit
limtation, the |ongitudinal bore 66 and internal

bodyisd paasdtpemiys tbragingmr llgqlqidltm;y@ Sragingpd wield 247aay be provided
F
aﬁ%@\ﬁﬁlﬁ?fr%arg ?g(}:{ b%tJSZb 0& An]%xteﬁ(d‘} ?19‘¥30Fft OE ’éfbﬂg &g ‘u%tgfﬂc%%&%veen the

bﬂ:uhddg?rsa and ﬂ&l sl mamk kie mhe htatzﬁ@ ma‘teﬂiatl 82 hd e viadld 2 ady be used
114 (FI G Furthernore, at | east one surface 58

t‘?F?CGTe@PI)Sh%qka%OtP§h‘?:‘é‘ﬁPP@U$jed for attachment of the bit

pody 11T PR & R e M RSl fpperence

nhdy Helused ﬂl@dﬁﬁﬁ)nl‘h@@lﬂ in¥eeat bf) €tk Hr@zﬁg)mmeaalsszaxﬂtwm@ 24 to secure the
substantlaII¥ i dentical to the shaped unitar
9

ank Hhgythe bis badiodh A exaneple gfsuchiganethed ok At 1%? sk 70 to the
it 8h iSRRI Ry i G3tet il [ M8 HRARIAY PR cferming to FIG.

certaln a ures may e machi ned i

5 v )&péﬂhﬁbﬁﬂ@ thaytreumbuided al&oﬁgc arSshnyk T@ d@rp@w\hdlﬁlji éscribed in
bit bod as_previously described. Refer rcwélg e%al n
287

relgtien &g Iﬁ 2t HEack [raepikure d2rm@y e sizecmdshers ¢ to receive a

Iy S
e T -
7alrhophaive a kulstagepllyoelivedeal ches %&&mkaﬂd}n@ﬁﬁ(téﬂaﬁhﬁmgﬁ deshank 70
58 in the second region 56 of the bit body 52, an
ajgneen s lve ap shayymin g, 6.01he locating and exienigtion a&wﬂg apggture 72 in
M a7 TRB o s 3'1# deg é%%ﬁ’ Ua@(gsf ihehéso tlr?raypﬂ?é t atbis SL%Qtantlally
Oh "an ext error. surface thereo ong an erface
pesiendenlat Rethe longitudinal axis Lsy of the drill bit 50, but does not intersect the

longitudinal axis Lsq of the drill bit 50.

When aretaining member 80 is inserted through an aperture 72 of the shank 70 and
a groove 60, the retaining member 80 may abut against a surface of the second region 56 of
the bit body 52 within the groove 60 along a line of contact if the groove 60 has a shape

comprising an angular section of a partial toroid, as shown in FIGS. 31 and 3J. If the
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bit body 52 and the steel shank 70. The brazing
material 82 and the weld 24 may be used to secure the

W@ b@nkssp0sto the bit body 52. In alternative neCTOSR06/043670

structures or features that2provi de nechanica
interference may be used in addition to, or instead
godovetGiichas mashapgthatedubstaatial B 2Xoansa yeiti] (|2y41nt1f6r &ewwa theeetaining
shank 70 to,the bit body 52. An exanpl e of such
atr?séaa%aywaa@mnﬁfganaarw é 345thcs Of e Sp0d s Sipofthe bit body
5@@@3{1;1@@%{ QY with reference to FIG 2 and FIGS.
. Refefring to FIG 5, two apertures 72 may be

pr ovildeeine bmbodjmentsgeash estdinit@ measbep Bewiayllﬁlsy%lﬂa’ﬁmrth@ﬂﬁnk 70.
nrelation to .. Each aperture 72_may have
é@' Qafa&agﬁlﬁﬁ‘@d eeffﬁm%w&oﬂfﬁeﬁhrré@w%nsmb@t%a ipglgdes an elongated,

RRRES) 8. S0 B D20y B BRI P20 B PRicec
thoey$hiankl 70 cddngcthe siterfmetticomecartte eﬂy o EAchnetaitifi®tghmbleh 80 and the

he
SHORA-off Al0Er ST PUHARS o e SOUPSEIPECT (Rht $H08m) may be
M@ﬁ Hdtw thQ &n aElhf’ettalﬁiﬂ e? 8tb Zm}ti 'tlgesshaﬂk 8o.P kﬁaﬁﬁl other

that IS substanti a perpeng ar

elmbodintants, ttatadaxiay bk 5ﬁ>vmdedtdnem(émehbr firfacd6K ea&uhéndgﬂ @&ch retaining

not. intersect the |ongitudinal axis L_O0 of the

nigpbes gnd vgnacraging durgadii WAeboR REFCASeF the ghani T9ugHhin the
pefgure 72 of the shank 70 and a groove 60, the

retainlng menber 80 may abut against a surface of the

secoRefersgg mgainbtooFIG.NE thietbriazidy rhatemalt i Budthes,gfod @kemple, a

Sy SR o e g ek BE PRSI the bsfamielly uniform gap
bEWe@h ¢he s"i’ﬁnlg‘l? Mu ﬂh@ b3S 5 é?)fhl tAY ?ecgﬂd régfont ﬁ&ﬁ?@?{l‘?bg& 52. The

has a shape that su bstanti a
weld 24ubey be proweded around therretasy dnlhlgt feotbar ex&ﬁidi‘aurfﬂbuhereof along
agai nst .an area on the surface of the second region 56
o ApERes e G W00 37 e Sb T80 The ﬁveéfb%(‘gand the brazing

nRGedigrent beeﬁ&i‘ t& Bl R isBrORRP 8l a é& %H@f‘bt % this

t he shank y way of exanple an
camguratﬁnalfmheigamgmmtenﬂ)& in diasdbﬁarﬂfallﬁhmﬁgﬁi@.ﬁ ,between the shank
the ends of ea

e R Do e BB it by AN v aideghould
faﬁf‘ﬁlhﬂ@ HR! 828 BitDRN W86t ddNg tﬁ@ Hotd %g %hwélfsB@r'e rﬂogeg dﬁ%g Qrilling
er e&%o razi

and the shank 70. hi i ment
opqsra’s@i dhear retagningtnembeds 8() oty psé»remﬂ)mg[&yinﬁésepmumdeﬁhe bit body 52

£ S T CRToHD DTGRP b OERDIEO R e aliorogole.
pr Ovmﬁﬂeﬁ&l@@m@?ﬁb% bPLusMiAHE B ?62 my@@oﬂ?%ﬁ, only one

retalnlng menber and cooper Ing t
rqjalnmgdndnbﬂ&r uorfraaeshaof twtohetasdiag knerfbevs 8(inAy bl @sed to attach the
the brazin

stk oty g Scpi s3I i o Briphatimants; 4 (radid Seaheshon may be
pRividedl bé@@é&pth@%@éfndallméﬁ)ﬂ SERYr 08 HAY BYdyI8H add tehank 70. As the

substantially uni
material composition of the second region 56 of the bit body 52 may be selected to

facilitate machining thereof even in the fully sintered state, threads having precise
dimensions may be machined on the second region 56 of the bit body 52. In additional
embodiments, the interface between the shank 70 and the bit body 52 may be substantially
tapered. Furthermore, a shrink fit or a press fit may be provided between the shank 70 and
the bit body 52.
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bet ween the shank 70 and the surfaces 58 in the second
region 56 of the bit body 52. The weld 24 nmay be

w@e@viosssas around the rotary drill bit 50 on anPERUSI0€043670

surface thereof along an ind8erface between the bit

body 52 and the steel shank 70. The weld 24 and the

br azilm therrmbediratnt8Rowmjn HE. Asthd bitdotiy 52 Meludes 646 8isti® regions
shanlé}ago.aio the bit bg]d?%_gez_ In this configuration, if
hpYiae pialeriah GorResions wilkaniidentifiable oyrdary prinfeyfane therchetween. In

: A . f 58,in the .

s o o L B RSB Spub s ptimuonsty
vetiesubetwean Iregibnd withivethd rtiid bodyi 52 50cH that @6 REdBtest FSnterfaces
bbottomof a well. bore-hole during a drilling _
BSEPAGesmS o preadily léﬁwfwgl%%@@o% eppdisrenise e bit body 52 may
i | nal t,, O ' fro e ..
P AR d 20 a0 Bl ldostRY, R e BT oGason oine
vamousiregioed havineg matedhleconiposisibhewithin the bif®bbp8s nl be varied.

atta ﬂjl} the shank 70 to the bit body 52, only one

r et afe i -%HH%%% d’é‘tonﬁg’ﬂté’otih 490 thaberpleqdiesitarhings nfibe present
i the.bit b
B R R POTURS 518 SRR TRl B Bl s s

saeayn the cprsevedmuabdtwetthe bt Bode T Mhovegh BIG. 36t1Rfintbifce between
the shank 70. As the materi al

tbi bodg iﬁz an
h&f‘ﬁ%&%%‘ R &r? #1d the second ggieny ladineny sseesily foltovbibe tapoggapsy of the
STBY oty ish i Lni-ng & her eof even .
oTlor AR fanSiint RSP, P SallBIQHY b EPinfUE R proraiey
otlongihslimatly enepding ridgesdiiSo@dd depredstons @68 B6kréspahdRe RGhflades 30
t he bilt 2%3%/ 52. hi additional enbodiments, the
and jnk slotscyrdalandy pewrovidadn 2ed inrfhe exterien surfserigf thobit body 150,
ISRYPE coRs A PREMRERt 1 1.8 Shri i
or a Sr ess ?ﬁﬂ’ 211519¥sb§e pr ogﬁgé’&aﬁ?@eﬁ%ﬁﬁ’? I%eessgﬁgwm%{o fracture
wherd attbrgubiis applibd ®2a Krilltbiecenbodhgrenst bis bow 150 dotife aZdrilling
thet. bit body 52 includes two distinct regions having
BHY®P al conpositions with an identifiable boundary or
I nt epfpog WeRin. Al [ odi ent s.. .t he ,
_material ggﬁﬁ%%ﬁﬁ on of %%tr?g’h%?wg{%éﬁ?gﬁn%%ﬁgﬁngs of the present
ingemionn lbabit podwnt 6eadsdiat e firsgieging 162 bhd sdcbfd Risfon 164. The

body. 52 such that no, boundarjies or interfaces between
Ei3E iSR! S1E9Y ey IopGHHAI P 1eEiCadeh thr itdody 160, and the

oy oAt A eude 2P heneatly uBEe BRI RE AORR ) 160

Furtheemorenthefinteface/betiveersthe dgstangioh 462 ngd MR &bid re&ion 164 may

. CO osi t ilons W%gﬁag n the bit body 52 may be varied.
mﬂg-‘P a plyrglity of ¢ XiFodigiidesnand denressioay (1@ Ghewa) which may
m dib [ : I i tion. The bit .
ORI R 1o Sukepliie o8 LSS qlof AN ihined W o' rorque is
appb@} tora driilbit Aemprsihg thedyit hadytll6e doting 8 dsiflig speadtion] ew
of the bih (E)odfy 150 shovwg in FIG 8, the interface
bet weSRetHds ot fofming gardybaring retruy drll bits deseribedbgrein maumllow

teRYmABBRORd b bAhAS: in@fugh BRI EEE composi
surface of the first e %1‘39%%5?&%%1?8@9%%%?1@ Pafgx composite
materials thatexhititsupaddnetdaion apd weatdetiytande, SteMgfht i fARhdtoughness
ext engnn ri dges 156 and depressi ons 158 correspondi ng
relftﬁvqtﬂ 8%3 gggl%gq)matnx composite drill bits. Furthermore, the methods described
herein allow for the attachment of a shank to a bit body that is substantially composed of a
particle-matrix composite material and formed by methods other than liquid matrix
infiltration. The methods allow for attachment of the shank to the bit body with proper

alignment and concentricity provided therebetween. The methods described herein allow
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and junk slots 32 that may be provided on and in the
exterior surface of the bit body 150. hi such a

wa@omvi7ioggenat i on, bl ades 30 on the bit body 150 PEI/D82006/043670

| ess susceptible to fracturé when a torque is applied
toadrill bit conprising the bit body 150 during a

for ithpriomed afpahatenonf afshfak ® a bltusidy daemgyeileaahatdi@in Bidion that
body 160 t?at enbodi es teachings of the present

1pﬁ19§ IC erﬁ@%’i orBRRRjte IEderiR gbpﬁeﬁlémd@%chalmg pidgast a surface of

t
t[l@ Eit gggl);l fo c@béﬁg so] %ug?infg)?] F&%ﬁ‘]ﬁme;];pgfr tie}a :B?:trl]mg? a} ‘%18 shank.
b| t kWﬁ;le ﬂﬁi)preamﬂ ihhentiog dap beee @es&ﬁb&ﬁﬁeﬂéﬁy whthClebstet & certain

%gg_i 11y u per ion of the bit body 160.
Fefr 59 imeptget P?ﬁ(@”rorcge'@y pletlir the aftwllﬁeqogmm@gd @ppremate that
1@?%0@5@11{11?% SR&MRd rﬂa?@'aﬁ@tlgsgs d%ﬁ dﬁ?a%du d§d1%cﬁltolil1r8 bie hexf)referred

ext endi ng ges "a epressi ons

wfwdnrhcntmayhbaayadéamhblﬁtedépaﬂnigoﬂ%nﬂ% b&$® of the invention as
susc le to fracture along the interface when a

HefFaRATIeT FLRimagsh Tt thpnafaghires frgmiong smberisrany ntabréaets:pmbmed with
f? s b AndtHE &Eb@dn%reh ﬁ‘egstﬁpﬁ&ﬁé g&{ Sp-%ggeéigf t 1g§ﬁe scope of the

orm ng earth-boring ro ary dr

itreanéibn asregnt@hplawdtbiyehd o embiso FugtherNeehvedfioh hadatiify in drill bits
f@§V|ng1blt bodj es that include particle-matrix

its dayige differprt and yerieyahibprofilas ga wellras shtber tupesand
wear - resi stance, strength, and fracture toughness
relative to known particle-matrix conposite dril
bits. Furthernore, the nethods described herein allow
for the attachment of a shank to a bit body that is
substantially conposed of a particle-matrix conposite
material and fornmed by nethods other than |iquid
matrix infiltration. The nethods allow for attachnent
of the shank to the bit body with proper alignnment and
concentricity provided therebetween. The nethods
descri bed herein allowfor inproved attachnent of a
shank to a bit body having at |east a crown region
that includes a particle-matrix conposite material by
preci sion machining at |east a surface of the bit
body, the surface being configured for attachnent of
the bit body to the shank. Wile the present invention
has been described herein with respect to certain
preferred enbodi nents, those of ordinary skill in the
art wll recognize and appreciate that it is not so
limted. Rather, many additions, deletions and
nodi fications to the preferred enbodi nents may be nade
wi t hout departing fromthe scope of the invention as
hereinafter clained. In addition, features from one
enbodi ment may be conbined with features of another
enbodi ment while still being enconpassed within the
scope of the invention as contenplated by the
inventors. Further, the invention has utility in dril
bits and core bits having different and various bit
profiles as well as cutter types.CLAIMS 1. A nethod of
form ng an earth-boring rotary drill bit, the nethod
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conprising: providing a bit body conprising: providing
a first powder m xture having a first conposition

WO p@bos8ongy a plurality of particles and a bi ndBCT/US2006/043670

material; pressing the firgf powder m xture to forma
first green powder conponent; and sintering the first
green powder conponent to @LAIMEl density; providing a
shank that is configured for attachnment to a drill
string; and attaching the shank to the bit body after
si nt ari ng A hettoloF forHife in BAWHBSripQBRENEANl bitOthe nidtha
density. 2. The method of claim1, wherein providing a
coinprigwgly furt her conprises: providing at |east a
second powder,.m xture having a second conposition
diffé??ﬁ§m59§Wﬂ%ﬁ¥c?&?gﬁngbnposition, t he second
conposi ti gRoviging atest depfiitthieta@ingRCivsNEdgpRitich including a
region of the bit body formed fromthe second powder

m xture; pressiphyalittior padisted apdadigrdepinategiek to form a

it or eSTNBA: EbRRBRE A b AR SOt

powder conponeRrbmipndhtaidde a unitary green structure.
3. The nethod of claim1, wherein providing a bit body
further comperingdbe figit graedipayder comppoentdo gdnwhdenstvider

R AR RS IR 0 i

powd ejitadhixg theShaikcto thehis BEMNsttdd @M@ IngThe Fittk Breen powder
substantially simultaneously to formthe first green

powder corppowenent ta y&ingli dessitiyr een powder conponent
having a first region conprising the first materi al
conposition and a second region conprising the second

mat erd.al  CiHERAGhdd Sblfim T Rehetdh Ebﬁﬁ{/idliﬁ%_@'bﬂ Hoa¢ f@kher comprises:
clains 1 through 3, wherein the plurality of particles

of t meotiflingtat leastpaseandae wdsnixtyeeshavings seeend egmpsfsition

particles risin trix tepial, the matr.ix
et er i al  SHERES A Rt B e Fmgpsiton selected to
cobal t - bageélittd ¥chinihg 6Na Pasrofahé Bl Bodyfoied fldas@d second
al | oys, cobalt and nickel -based alloys, iron and
powder mixture;
pressing the second powder mixture to form a second | green powder component;
and

assembling the first green powder component with the second green powder

component to provide a unitary green structure.

3. The method of claim 1, wherein providing a bit body further comprises:

providing at least a second powder mixture having a second material
composition differing from the first composition; and

pressing the first powder mixture and the second powder mixture substantially
simultaneously to form the first green powder component, the first green
powder component having a first region comprising the first material
composition and a second region comprising the second material

composition.
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ni ckel - based all oys, iron and cobalt-based all oys,
al um num based al | oys, copper-based all oys,

woragnesionim based al | oys, and titani um based al POYES20861043670

a plurality of hard particl2és conprising a materi al

sel ected from di anond, boron carbide, boron nitride,

al umsium riThermetbod afahycmeloif dasmol tirouglddswitdreih e gloRlpy of
con istfjgé; of W Ti, M, No, V, H, Zr, and C. 5. The
REHDSPLGRS R COPROSHIONGOMMASESt ¢ hr ough 3, wherein the

| ur al i - el f . | it :
Compr o Gl oA B sk Apo o GHIDRS B il setected
mat ri x matfeor dlhe grotyecomisting offedtaititaked gl s tiash-basedmidie,
group consisti n%saf ni ckel - based al | oys, _cobalt-base

al | oys, arfcksl-brser allpv, eohsd andimidkeilbaged g{leys, (s and

plurality ar Ll § S106h ' I a
Compr i 51 ng BsTaued aER: SRR SUNA B BRUILYS, BB fbosgy
the first atloppesphcr-basedalidyq ngaesilintbasal allod®bndStdium-based

mesh tungsten carbide particles, the plurality of
tungst en (f’é]to%%&@dparti cl es conprising between about

75% % ' . ' ition.

6. TR REP e TRV e § o] Rod R el boron
second comadsdd, boronairide, Sesimmphitidd, bhd cabidpast bozides of the
conprising a material selected fromthe grou

consi st i ngBro¥P sareiREng ofWedL. ANo.dY&, V.ddb4riand 4ded

al l oys, and ni ckel and cobalt-based alloys. 7. The

met hod of claim2 or claim3, wherein the second

conpdsi t i GPheanethod sfemy oae pF tlakhd 1 Yhrodghos licgdie $he plurality of

conprising.a matrix material, the matrix materi al
P&E{ngétozahqﬁﬁfamwsbﬁwaﬁem@aﬁ%% sting of nickel -based

al | oﬁﬁjluﬁgggdf;pl'aﬁm%o?.hggﬁé? o) rﬁ:{lﬂx 0 Gxeh tﬁ? %ﬁnexs material selected

cobal t*- ba oys, urality of par

conpr i si ndramtergroupaneisiiag ool ibaketonllogt, web4lt-Bied lloys,
30% and aboyt . 35% by wei ght of the second conposition;
and a pl ura&Hint e‘o%ndﬁ&b@t-g@?maﬂe‘é% the plyehibreipartislegeomprising a

particles, ih WA ¢/bj de g :

conpri si nén betﬁv\ng‘%é#agt%%mg%%% %fﬁrgégg%b&? 751%%%‘&@)1/) Bﬁtr/eilslgﬁ% $§Velgh t

of the seadiit firsngagiokition; addl. The net hod of any one of
wherein sintering the first green

clainms .1 throu 7 | ! ¢
powd é‘rpl\&f&hﬁ’d#é%o £8TY meshuungrensparhidg gassiclesetbe plurality of
tungsten carbide particles comprising between about 75% and about

95% by weight of the first composition.

6. The method of claim 2 or claim 3, wherein the second composition
comprises a plurality of particles comprising a material selected from the group
consisting of nickel-based alloys, cobalt-based alloys, and nickel and cobalt-based

alloys.

7. The method of claim 2 or claim 3, wherein the second composition
comprises:
a plurality of particles comprising a matrix material, the matrix material selected
from the group consisting of nickel-based alloys, cobalt-based alloys,

and nickel and cobalt-based alloys, the plurality of particles comprising a
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partially sintering the first green powder conponent
to forma brown structure; machining at |east one
w0 e@rss0s n t he brown structure; and sinteri ngPChES2006/043670

brown structure to a final 2density. 9. The nethod of

any one of clainms 1 through 8, further conprising

machi ni ng ndtex hiateial goraprisippbeleeerc TR0 BEVH andlaboiit 359 by
sintering the first green powder conponent. 10. The

met hod of VEaight@f $he sppRdiompesiiioarandy the first green

powder. : ' Ly | ses; .
part AT B n 0 ASTR bR GEHPLIHIE BRI STl it of
form a br cungstshroarhide itislecdviniprizéh g etived@sdboanessh aad Wsdut
in the brown structure; and sintering the brown

struct ur e 700 &y Yeight Ofdh‘h%fict)?d cqmposTiHRN. net hod of claim
2 or claim10, further conprising nmachining the

unitary green structure prior to sintering the first

gr eeR. powdée nostiabsteny ond 8f cldings Mird\ath Qiwlarsn SRenak the first
clains 1 through 11, wherein providing a shank that is

SESAPPYdpieepmnonent tp adinzbdensitycempiises] string conpri ses

pr ovi,gli : ' ' Q r Ll cenclosing,a )
ongPri, e dnd Bt HEL o B Uk opd o) GG AR ot
t hr ougkhinie ab lkast onsalehturednthaiewaistuatitaahd ng t he
shank to. the bit body further conprises: aligning at
| eas PR ipProdmsEuEiafinal Hewsilgh t he outer wall of
the shank with the at |east one feature in the surface
of the bit body; providing a retaining nenber;
andi Aser t Thg nicieodr @ftaal bhOG cTBIRBE thidleh 8y furte c@hplig@st
one aperture extending through the outer wall of the

RKkg th%gﬁéﬁ&”ee’éwo}”ﬁ?fé%omé @rigetawintering thedfiratrgreen pravder
C&ﬁé&ﬁeﬂ{_ng menber, and the at |east one feature in the
surface of the bit body preventing separation of the
bit body fromthe shank. 13. The nethod of claim12,
wherein atfaching the shank to the bit body further
conp ﬁ)s es IFLF ﬁ’reﬁé’%t‘ﬁ ﬁ\l@tQaWhP‘ﬁtP veiepag the firskegreen powder

c®Bpddedt dova Mmsln%é@fﬁglg?ﬁ%&one portion of the at |east

one aperture, eln inserting the retaining
menbpartielbyrpintesiag thprunifatli grgerpstaichnt ol d BrowRistrastiegap
of between about 50 m crons (tg 002 inch) and about 150
i cr BREMPHEEH Eastrug)feiwedr e brewn siustushand ur f ace of

t he ghanke athatn! of the bit body.
14. The net ho&psﬁrﬁéﬁﬁ%@%@%ﬁ fixing the
retaining nenber at | east

11. The method of claim 2 or claim 10, further comprising machining the

unitary green structure prior to sintering the first green powder component.

12. The method of any one of claims 1 through 11, wherein providing a
shank that is configured for attachment to a drill string comprises providing a shank
including an outer wall enclosing a longitudinal bore, at least one aperture extending
through the outer wall, and wherein attaching the shank to the bit body further
comprises:

aligning at least one aperture extending through the outer wall of the shank with

the at least one feature in the surface of the bit body;

providing a retaining member; and
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partially within at |east one portion of the at |east
one aperture further conprises fixing the retaining

woreibessdsuibst antially within at | east one portPONUSI006/043670

the at | east one aperture B§ a nethod conprising at

| east one of: providing a brazing alloy in the
substiasdriiag thy retainingy megba theugk dik 4t feiseénd HattiredRending
surface of the shank and the at | east one surface of

the bit bdbipush e ereigvaibolthe shank maehanisal inéesferense between the
shank and j t I N ar

drill bit S?:%ﬁ% ?‘%‘%ﬁeﬁ%@‘%"Ee?%be%aﬁ%#%?a?{s%%feéﬁe fnthe surface of
parti cl e- nh¢ bit bodppreositing sepdratidrpdf, thé bR body from the shank.
particle-matrix conposite material conprising a

plurality of hard particles dispersed throughout a

mat ripg Matgy / (] .0f 4 r{icle .
corprt 51 g s repad BECREZ ok s ARl BB R pit ocy
fosthdyi cdenpribesr fining tHerrb@dnin gdnemibeten] ¢ist pardally RiBincRIddRe

or .borti 1(;Iles of the group consisting of W Ti, M, Nb, V,
RartionAt the pfdeast ong pRerig, pnd WhekeEy ngerting fhegetaining membee
QR CABSIISH! A RN I lckel.nbased
e e 4 S AR R o BB TR 3P R8RS c0.002
inch) and nlbout i1 6@ ediedoas €H0GH incly)betwéearat sask (ﬁiéts@ffbcélﬁ&h Eﬁ shank and
al 1 oys, and ni ckel. and cobalt-based alloys; a shan
aéhelagl%qu&u{r%%cetq{éh%lqu%@y, t he shank including an outer

wal I encl osing a |ongitudinal bore; and a retaining

menber extending through at least a portion of the

out erl4wal IThefmdthebbfdikinalt] vilerdih fiRthgaBéiddshingimdn@Rs bt least
one.surface of the bit bqd mechani cal interference

. Y, d .
maEfallx SYithimat legsh Ane pertign petligiahleast onespeiture Awéher wempises fixing
ROfNaiihe hRfHe | o - fas, Bl g

bodya%1 16. Ther ?‘%{S%lﬁigmr}v 'Iﬁ]b%;l&gtf&%ﬁ)& rlﬁa}{}gf,thgﬁtelF %Slt e
apbwturb by almoatlyocanprisiiesat 1east oriesdf: r egi on having a first
mat eri al. ,comli)osi_ti 0{1 that exhibits a first hardness, a
sur f FEVidipe pideazing dloyip greonbgantipilycuiiory gep dctpser dreray least
a plurali tye ofirrsdtol! e ' art h
formati on; gndf a tsotgct}%%ggélggl on§ﬁg@%%g)ﬂggggé%ﬁg%eebl{mdy’ and
mat erelding empoeifice batvdea theeshhhbbidthe bitwdpd har dness
that is less than the first hardness, the shank being
attached to the second region. 17. The rotary drill
bit qf cl ajjq kﬁaboﬁrﬁﬁ% Lslng..an identifiable
interface betaween t g%ﬁ%@@égcﬁ%ﬁ&én@ t he second
regi @rbit thdly c¥tmprisiop arpartible-mhatrix dongfosité aiateribl] thohefieleMatrix
the interface hetween the first . )

composite material comprising a plurality of hard particles dispersed

throughout a matrix material, the plurality of hard particles comprising a
material selected from diamond, boron carbide, boron nitride, aluminum
nitride, and carbides or borides of the group consisting of W, Ti, Mo,
Nb, V, Hf, Zr, and Cr, the matrix material selected from the group
corisisting of iron-based alloys, nickel-based alloys, cobalt-based alloys,
titantum-based alloys; iron and nickel-based alloys, iron and
cobalt-based alloys, and nickel and cobalt-based alloys;

a shank attached to the bit body, the shank including an outer wall enclosing a
longitudinal bore; and

a retaining member extending through at least a portion of the outer wall of the
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region and the second region is substantially planar
and oriented substantially perpendicular relative to a

wo ovgiosseod nal axis of the rotary drill bit. 19PCT82006/043670

rotary drill bit of any on@%of clains 15 through 18,
wherein the bit body further conprises: a face region;
and a pl urshpilk andgbuitingtagaigsedtdenshons selpor efithe bittdy,

f [ . ' cuttin n_earth.
for nat 1 on esghicfdt A RAcERatnE eyl sieliiingmenber, and
clai ms 15 thébioyedy dJeastb@tiefPsdcifinPie HADY10REBI b3y

plurality of regions, each region conprising a .
particle-matrix conposite nmaterial having a nateri al

ggg’; Ol%' ti oﬁle%{a;yeérhp Bit fo% 81?1]118 t1 g ’e vrvherrg | tﬁg git %fod}g Qoemy?rllstes:
a first region having a first material composition that exhibits a first hardness, a
surface of the first region being configured to carry a plurality of cutting

elements for engaging an earth formation; and
a second region having a second material composition that exhibits a second

hardness that is less than the first hardness, the shank being attached to

the second region.

17.  The rotary drill bit of claim 16, further comprising an identifiable

interface between the first region and the second region.

18.  The rotary drill bit of claim 17, wherein the interface between the first
region and the second region is substantially planar and oriented substantially

perpendicular relative to a longitudinal axis of the rotary drill bit.

19.  The rotary drill bit of any one of claims 15 through 18, wherein the bit
body further comprises:

a face region; and
a plurality of cutting elements secured to the face region for engaging and

cutting an earth formation.

20.  The rotary drill bit of any one of claims 15 through 19, wherein the bit
body comprises a plurality of regions, each region comprising a particle-matrix
composite material having a material composition differing from other regions of the
bit body.



