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turbine is employed with the bit assembly for rotating the drag bit while the drill string
remains stationary.

Hardfacing or Wear—resistant materials are typically connected to the outer
surfaces of drill bits to help reduce wear and maintain the efficiency of the drill bit.
Commonly used hardfacing includes tungsten carbide particles that are welded in place
on the outer surface of the drill bit. U.S. Reissue Patent Number RE 37,127 provides
an in depth discussion of hardfacings, and is incorporated herein by reference in its
entirety. Even with skilled welders, imperfections can be present due to varying
thicknesses of the weld, shape of the drill bit the hardfacing is being welded upon, and
the beads associated with welding processes. Machining can be time-consuming and
expensive. Moreover, hardfacing was not welded to inner parts due to narrow

clearances and expense.
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upon, and the beads associated with wel di ng processes.
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previously selected as either the first or second elements. The third element is selected
from a group consisting of spherical sintered tungsten carbide, spherical cast tungsten
carbide, metallic glass, microcrystalline tungsten carbide and macrocrystalline tungsten
carbide.

A method of increasing the durability of a drag bit type of drill bit, when the
drag bit has a plurality of blades and a slot formed between each pair of adjacent
blades. Each of the blades has a cutting region with cutting elements and a gage
surface free of cutting elements. The method includes the step of providing a sheet of a
hardfacing matrix material comprising a nickel and chromium matrix combined with a

first element selected from a group consisting of spherical sintered tungsten carbide,

2



previously selected as either the first or second
el ements. The third elenent is selected froma group

weengioseng of spherical sintered tungsten carbCTES2006/044467

10

15

20

25

30

‘bet ween each pair o

spherical cast tungsten carbide, metallic glass, _
m sheriqal sastitimgstent earjde, emd onethilideglassd Tiwcsheer yli Abddiftgng matrix

BB S B R e M nas it

drpagerdi i ddberea tp!iHe ?késél)éct‘éﬁ stHfagtest afadide Hiot Tﬁg AR %bit, with the
adj acent bl ades. Ea%h of the

bIPaHEs adbered thagete inleatadgn ordepia bonduthe pattere tethendrag ind
el ettt S Gk e SRR St Sioprgos oan be
nahe gagenvatiadd ald thosipt.i si ng a ni ckel and chro(rjri ;Jm
[ ined with first el t selecte roma
T Rl o e S B0 oo, i v
bER; j c i.de. .and tallic
o SE DRRIRRREA SR G UEREhEA. CThY sPibndalepPT) €sglefted from a
c @rovipriopsiatiggof sphiari cab singepd tustigsten tarbidep Eﬁ?ﬁibﬂ@gﬁ?un%sﬁen carbide,
f f the drag . bit. The pattern is adhered to the )
pPatlfic el miGreREE e fnes'eh GEPifF £d mRerogrysIa g Engsten carbide.
WThB Haberadiag tresthx adhefifde N RHEEC iddudiea ity 'ee g%élge\khitcﬂ was not

bond the pattern to the drag bit. The presel
s PFevislycsgiectsd asteitherathe fissiof agrond Eleenepise SBiesthird dlement is selected

s n_be. the gage surface.and the sl.qt. The

Ao S8 st R RERPEH e el crethide opbtioh gost tngsten
elcaxbiie] metalllicCElaywn fiE0tryRaBine Qutistn T8IRES & Alcrb8stalline tungsten
first element. The second elenment is selected froma
gF?ﬁ?]kfleconsi sting of spherical sintered tungsteln

carbid SRR 58! 1 rbi de, netal.]ic

gl ass, %rrll cr os(?d%}%a}flr ?%ieud:eg ﬁg)?{ g%hygg}tgiadgﬁ b %AS lower end and a
maczzbe oyl toi the Hitufags fendichntpingedrilling fhad doachmehterior of the bit

T, 502 5 Lt B TR ety
0bf BIaGANS IS ARAN P outhAgd frﬁfnréjceflkrgfﬁ(mioﬁ f !0l d e area at
of spherical si

a group consi sti ngb intered tungsten
c themegipherysighe bitlbodis tEatiy blyde earrizarabpldmlityref aittercthereon. Each

Lerocrystalline . tungsten carpi de and o1s .
ShAPSeBUELAR Sy DS VIERR S 85 Bt i i an
| oattinghe sAdajertofttoddfating Mdlerbl is basRdab d §ifkOVEtheERBbody. The

to the bit face for dischargin

and nozzl e .openi n% 0 _ . _ _ é;, ¢

aRaafacing gl FrBhsiaHiAl iR i thickessbiand fedyf weldbeads. The

PhataAkinsYmferil %%ft}e@raelnfc?&% ProA P LA LS mb i with a first
br t ~f e plurality ‘

t he ace. T
clement selected from a group consisting of spherical sintered tungsten carbide,

spherical cast tungsten carbide, and metallic glass. A bond region is located between
the layer of hardfacing material and the surface of the bit body to which the layer of
hardfacing material is bonded.

The bond region can include nickel and chromium from the layer of hardfacing
and iron from the bit body, and the bond region can be formed when the layer of
hardfacing is bonded to the surface of the bit body with heat. The surface of the bit
body to which the layer of hardfacing is bonded can be the gage surface. The surface
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assenbIFEWF thagt scherpaiia prispective gieves of iverieusy armis o] spherical cast
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t he_har df aci material matrix sheet of Figure 3 aft
f J&ilme Huidg cuttings. Each blade 17 contains a row of conventlonal cutters
typically polycrystalline diamond (PCD). Nozzles 23 discharge drilling ﬂuid, which
flows through juﬁk slots 19 and back up the borehole along with the cuttings. While bit
assembly 11 is illustrated as a "drag bit" or steel-bodied bit, it should be readily
apparent to those skilled in the art that the teachings herein are also applicable to tri-
cone bits, or cast bits, such as those illustrated in Figure 1 of U.S. Reissue Patent
Number RE 37,127.
A set of primary gage pads 25 is integrally formed on the sides of bit body 13.
Each primary gage pad 25 is contiguous with and, in the embodiment shown, extends

longitudinally from one of the blades 17. Alternately, primary gage pads 25 could be

inclined relative to the axis or curved in a spiral. Each primary gage pad 25 protrudes
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Figure 7 are schematic perspective views of various
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The hardfacing on outer surfaces and leading and trailing edges typically

comprises a tungsten carbide material that is welded into place. Depending on the skill
of the welder, welding such hardfacing can create imperfections and high stress zones
along the weld bead lines or in the hardfacing deposit that can lead to the hardfacing
chipping off or disengaging from the surface it is meant to protect with its wear-
resistant properties. Even for skilled welders, the process of welding hardfacing can be
time consuming, difficult, and tedious due to the geometry of the surfaces to which the
hardfacing material is being applied. Some surfaces, like internal surfaces that engage

each other, are simply not available for welded hardfacing.
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will be substantially shaped like a sphere or spherical-shaped 117a. However, spherical
cast tungsten carbide 117, but it can also be shaped like a sphere that has been stretched
from its upper and lower surfaces, or prolate-shaped 117b. Alternatively, spherical cast
tungsten carbide 117 can be shaped like a sphere that has been compressed from its
upper and lower surfaces, or oblate-shaped 117c. Spherical-, prolate-, and oblate-
shaped 117a,117b,117c shapes of spherical cast tungsten carbide 117 are due to the
manufacturing methods of spherical cast tungsten carbide 117 and are useful to

illustrate that the name spherical cast tungsten carbide should not limit matrix 103 to
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AP ST bR JS ity SRS, s na T the desired

Cruigired of dsitasketibIst BN &3 Risdlabignd GAmshedesirad gﬁ@&ns 107a, 107b
tungsten carbide may al so be added to matrix

h amdi@d srrde iscrlnces intoes Bunacan @rsth@rpr@farrbd dmbo@pimt ibitaissembly 11

n%ll na%§ 467 CI?ZE rléljﬁl’ac% 1n'|:_[ﬁé %Jrrlgellc% fgrs%s] é.ll‘t If?/gl egstplnupes at about

t@h@hﬂ@neasa?aﬂzreiﬁeﬁla fesion bertpihe SRrdTadiRS eid%riss bA ﬁerns 107a, 107b
Pr ef eh spheric cast tungsten carbide 117 fo

ugRto;t 1’iﬁf1>9ui%§ Fffs Hedisysenblytlal A§ v} &Geraadlbk@paemated by
SEGE QkiMed SRhGE! £ §hék|%§tdle%%gl of HANEYR exg‘g é’h’&% ure can vary

cast tungsten car b| e 117 't can
I dm@némg plh:en ¢het ¢raipdsit®nbedardfading ﬁiamihaf mamid 163 inpgreordance with

r rf prol at
A iR oA R JBred ARl A PO e 10T AO7b into
bplaSé‘J &&&ﬁaélhg n@chflNAbRIx Ned cﬁ@%e%@&uﬁéﬁ”ﬁbﬁﬁﬁ%u%ﬁ Qiface to a
its upper and | ower surfaces, or oblate-shaped 11
SpReet @épffacep?sdiealf@l and obl at eshaped 117a,| 17b,
gj-l]jzct 2ﬁ?¢%§ﬁlg(){° %&t&% I6,C alm&?ossgoﬁicl:’l r}%)srteseerﬁta 3h bc|>fd fhe ]il:litZ:r ace between
hardfacing material matrix 103 on patterns 107a, 107b and the desired outer surfaces bit

assembly 11 following fusion bonding is shown. Cladding region 109 comprises
hardfacing material matrix 103 with the hardfacing material being densely packed
substantially uniformly throughout. As discussed above herein, the particular
hardfacing material can be in a nickel and chromium matrix including spherical
sintered tungsten carbide, spherical cast tungsten carbide, or metallic glass individually,
in combination with each other, or in combination with microcrystalline or
macrocrystalline tungsten carbide. Bond region 111 is a true metallurgical bond region

located between hardfacing material matrix 103 and the desired outer surfaces of bit



manuf act uri ng net hods of spherical cast tungsten
carbide 117 and are useful to illustrate that the nane
wa@pivenseat cast tungsten carbide shoul d not | iPET/US2006/044467
matri x 103 toonly spherical -shaped 117a rather than
i ressanelilyng 1 grekathe-fusion boiding prosksap dwnd 1ol 17t has high interparticle
tri;xes of ¢ tungsten,carbide.. Referring to Figure .
2 Do ¥ nelh i Fites 703 iE Rt HiiiomandpHG g dDithen zone region
101 3tresulRr e the Risiddb SHIMRE professS MEOMA deBiokil OU' &mibrises nickel and
pattern 107 preferab[y corresponds to a surface on bit
BO

ascheppivn from padternsr 0780 108h endh ition frong dhe substrate or bit assembly 11.

s ur f 7. H . hown .j :
5 ErEERRgAS 8Bt S bPUa T iR ke S O hpechanica
haoffeatidsn gHat thdaxabdd egpionl Q15 tigeledys rtes pangin®érd b @RSIubGhte of bit

surfaces gn bit assenbly. For exan?le, pattern 107a .
C&F%‘(&i’gﬁﬁ s Rfeton Wt @n baheep eatod 1T apresssay:tte mesta@ iy mechanical

c - : . r epver.
AT AR A SISO RY e g niEE B AR e AR B Rling process

pat t ﬁ{) :Whiﬂ@tmom' versjpanithst lobehnmewigdh omlly F@ﬁe?f afs brh?hs’ it should be

asse 1. Patterng 107a, 1Q7b are, pl ac on the )
10 GaBFHER e e SEUCREN Bieart Bt Yot Tptegipat 8 suscaptible o various

| Ichatsdes afi@sutod rdth . i '

beiﬁgkplacedhg%?%ﬁéarioﬂg;%g§$ngﬁgﬁ%ﬁgggs%gigﬁgéﬁégnta“ambhf

1@8n plse be alti-gorehitiossasiditt er ns 107a, 107b to the

desired surfaces of bit assenbly 11. Bit assenbly 11

with the secured patterns 107a, 107b attached thereto

is placed into a furnace. In the preferred enbodi nent,

bit assenbly 11 with patterns 107a, 107b is placed in

the furnace for about five to ten mnutes at about

2100 degrees Fahrenheit to fusion bond the hardfacing

matrix on patterns 107a, 107b onto the desired outer

surfaces of bit assenbly 11. As will be readily

appreci ated by those skilled in the art, the exact

l ength of tinme and exact tenperature can vary

dependi ng upon the conposition of hardfacing materi al

matrix 103 in accordance with the variations described

above herein. After fusion bonding patterns 107a, 107b

into place, hardfacing material matrix 103 can be

machi ned froma rough surface to a snoother surface as

desired. Referring to Figure 6, a m croscopic

representation of the interface between hardfacing

material matrix 103 on patterns 107a, 107b and the

desired outer surfaces bit assenbly 1 1 foll ow ng

fusi on bonding is shown. C adding region 109 conprises



hardf acing material matrix 103 with the hardfacing
mat eri al bei ng densely packed substantially uniformy

wa booonghzout . As di scussed above herein, the parCi/Us1086/044467
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hardf aci ng material can be in a nickel and chrom um
matri x including spherical sChA&vSd tungsten carbide,
spherical cast tungsten carbide, or netallic glass
individually, in conbination with each other, or in
canbi nak inRhod dffﬂndirédéﬁlg%yaﬁ@iﬂnw&f DrilTBR! Qedprtdy: | | ne
tungsten carbide. Bond region 111 i1s a true

net al | u(ﬁ)gi cdiroviding ar plifibdm shest af e habifhcieg matrix dfaderiah@omprising a
mat eri al mat [ i,x and. t he desired opt r.f aces of

bi t assenbl y “ri‘lf‘e&%hgis‘ih&“f%“ PR PO SPBiaRe Wgﬁ 6%@&@@%&?@“& from
region 11 1 dh@suh b@ﬁis{tiﬁk@if??héﬂcﬁi SinRASWaESRED 84rBidRNShherical cast

hel ps to reduce chi ppi ng, aki ng and cracki ng.
Di ffusi on zdpeesteagridide; and metallie glags; om t he fusi on

bondi n ro ' 1 ompri ses nickel and
chr oni Sbnf fr %?na%%% ttﬁg rﬂggﬁﬁ%%ﬁla%%la%ﬁl gP THegho% ¢ BREE ir‘?gteg surface of
subst rat e orthddsdll bis;s@dbl y 11. Typically, the substrate

or bit assenbl. 1 uniformy retains nost of its o
mechani@a - rgeRE thepadiiciismaBiansegal ghect kgthe drll bit

i ncl udes the remai nder of the substrate of bit

assenbly 11. Region 115 can be heat treated, if

necess athy métiod &F%lAnel, FNrei S8 d) GeberRirRREbY hesiY thlidkill bi
ag;enb[y 11 that may have deté?pgrakgd to the fﬂ%%onhhubﬁand
b &R MakEixgBateng sheet ima furngasrat Aloont BAG0 BegreesHabrumhein

only sone of its forns, it should be apparent to those
skilled in the art that it is not so limted, but is
sygsceptinBhfida HRAUS whia | J;Igp LAghd OBl bi
the scope of the inveraltioﬁ'l.ﬁ9 %?“%i aﬁﬁgﬁgﬁyhgﬁg%ﬂégghnbﬂand
chprdfoing tetrix meferiglosteebint a famaceastt aboist 2 MONIddBeds. Fahrenheit for a

X e

hardfacing matrix material conprising a nickel and
chromummatri x conbined with a first elenment sel ected

f #om aThe methodlaofiAini I gvirteis POSED CBY S hdteei e dodatliosit £Burface of
c rb@ﬁg spheri.cal cast tungsten carbide, and metallic _
gfigsardiaging gnafrix patepal sheptafesuies ghenkeidfacingmatrixmaterial sheet in
shret ; : Ll hits and

(?;) 7 redtive ip i i‘lﬁ%&{cﬁeg Sﬁgéé f aclllérignltrlrgﬁpﬁé{ &Jrrastt 1o

sheet to the drill bit. 2. The nethod of claim1,

wherein ste? (c). is perfornmed by heating the drill bit

anhd The method of claim 1, wherein the preselected surface comprises an outer gage
surface.
6. The method of claim 1, wherein the preselected surface comprises a slot surface

between a pair of bit blades.

7. The method of claim 1, wherein the hardfacing matrix material further
comprises a second element, which was not previously selected as the first element,
selected from a group consisting of spherical sintered tungsten carbide, spherical cast

tungsten carbide, metallic glass, microcrystalline tungsten carbide and macrocrystalline

tungsten carbide.



hardfacing matri x material sheet in a furnace at about
2100 degrees Fahrenheit. 3. The nethod of claiml1,

wob@resnestep (c) is perfornmed by heating the BET/UE2006/044467
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and hardfacing matrix material sheet in a furnace at
about g0 mdlgpdeed dlaint €hhwherefrortha Idhudfating nmatiix material further
bet ween about ,five rp nijt s and about ten m nutes.

»1?"%ﬁ

TrSQmpLises 4 third glemen V& ot Hregrtoélﬁly( ﬂ?Cte&]naS eitlfre'r the first or
adbesidv elehRafy! adleted ar&H! 4 a%@uﬁ)fcohﬁ?cil{éaF)Flfs?ﬁ&i,rﬂzgl 'gﬁft(grie&( tungsten

mat eri al sheet secures the hardfacing matrix materi
stregiide, nsphiesied gast dungstent garbitle, pnetslticeglnen) miordaystallifie tungsten

' ' ,Of . . Th hod of
or S ool o BB BR Bl e face comri ses an

outer gage surface. 6. The nethod of claim1l, wherein
the presel ected surface conprises a slot surface
bét weerTle method of claiint 1,bilatkes the/drillbie iseddgditof cl ai m
1, wherein the hardfacing matrix material further
conpri ses a second el enent, which was not previously

sel.ect as th i,r.st. el.enmen cted froma group

cgﬁ)si st d“%#“"g%’{%?lp’caw@rﬂ? ee‘i}'ﬁlﬁ’ﬁgsac@ﬁ"o@ﬁlbﬁi de,

spherical cast tungsten carbide, netallic glass,

m crocrystalline tungsten carbi de and macrocrystalline

t ungst ennmthidd afénéeashipethodulubilitpfof @l @agbif typehideillnoit, ke drag bit
iardfaci ng matrix material further conprises a third

|
e:hé‘ﬁé‘ﬁta, PRl ofibladgs endyp slqt Jamed betmeen eachapaie pf pdjacent blades,

t . ro

R S BL bRlIeS REREs SURHE Reton 36h EGEH ol Rl Bl surfuce frec
s ph entting kleomsts, themgabehconaprisinge, netal I i ¢ gl ass,

m crocrystalline tungsten,.carbjde and nacrocrystall.ine .

t ungst & carPB?Vd@ng? FeOhs agpg Magrmatengh cprprsing a nickel

the drill bighdichrémithfhalix codiBined RGB! AR eRinef! 818ted from a
1, wherein the drill bit is a tri-cone bit. 11. A

met hod of i EYWasnsiting of gpherisial isinjered tungstengeattiide, tspperical cast

of drill bi it _having a plurality of
bl ades and ?@%ﬁ%@%&é%‘t@?&é&&?ﬁch pai r of adjacent
bl ades (beacleuningt i shates havbiifacing UhitHiROnaR@iaPinto a pattern

with cutting el enments and a _gage surface free of
cutting el efBREPONYIRG ihpresdeeiehiifase agthe(dame Bikovi di ng
ﬁi iEglet(c)Of %dﬁ@fr%ftﬂ@bﬂ%nmttﬁé PredBL&El A8 P iedriPoi? and
(d heating the drill bit, with the pattern adhered thereto, in order to bond

the pattern to the drag bit.

12. The method of claim 11, wherein the preselected surface comprises the gage

surface.

13.  The method of claim 11, wherein the preselected surface comprises the gage

surface and the slot.

14.  The method of claim 11, wherein the hardfacing matrix material further
comprises a second element, which was not previously selected as the first element,

selected from a group consisting of spherical sintered tungsten carbide, spherical cast
10



and chromummatrix conbined with a first el enent
sel ected froma group consisting of spherical sintered

W vgeses? car bi de, spherical cast tungsten carbCOES20861044467
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metallic glass; (b) cutting the sheet of a hardfacing
ménirgsten waitbéde, aletalli¢ glass, pattoerystalmertesgsesndtanigidé endmacrocrystalline
presel ec?rg) surface of the drag bit; (c) adhering the

ehe presel ected surface of the drag bit;
and (d) heating the drill bit, with the pattern
adhered thereto, in order to bond t he pattern to the

dnag biThe théthodhef RRfiMOU4,Ofvhedet Ahel hardﬁ’ﬂaﬁﬁg'lﬂa&ﬁematenal further
presel ected surface conprlses t he gage surface

TRt ird leian, TWhiChesenat RTRBOpTE Seleeistioas Giher the first or

SHEIAEIGHORE) 39309y M ORI PSR b cmstn

meabidealspheridah evasic oupsies esarbids,e antadlie| @aBN tmickf@hINGS tungsten
not eV|ousI sel ected as the first el ement, selected

f FeRids 2gH SasT E??H@g%ﬁl§$WéFlcal si nter ed tungst en

car bi de, spheri caI casttungsten carbide, netallic

gl ass, mcrocrystalline tungsten carbi de and

nagrocpuﬁaﬁﬂﬂﬁoﬁg gbiN@sipeRingar bi de. 15. The method of
cl ai m 14, vvhereln the hardracing matrix materi al

f ur t he bithedyiheringa hihface atitslowar endumidohnewzde opsing to the bit face

prev elth L th fir. second

D& g S FUREL A Rofah Bkt e hEbodly of
s pher i aallualint &f Blddésufgste dn Caaﬂ qudteudlﬁ@ e €& bi€ #de that extends
tungsten carbide, netallic gl ass n1crocrystalllne

t i beptw bR aratraiRoriay §ishabitifece to @rigge avea at the periphery of

bocftH ﬁg\ﬂyﬁ ga"éﬁga&@@%’&%g bp?%lﬁ tg\%@?@%ﬁ d]%ﬂ'l‘&gl afri'd Qécth pa1r of blades

0 Fiefflmng aslot txtending teachetWezn foki the passgganaf di—rlhhg ﬂmg afnki mutﬂlngs

from an.i nteri.or f t he bi lurali

bl Saea ik St 1B lint vchal bR bordel the Brins 368 isbods, the
exhr@fdg dkeAhl %11%’§db@faﬁt1§lfﬁfﬁ1ﬁ)nﬁelﬁttl'h@hé@@ hid ﬁ@e Qf wléllaﬁeads the
bit face to a gage area at peri phery of the

bbafacigcmatsrial éorgnmswg ﬁgm@keblaud ghronyiwef metrixt @qmbmed with a first
t hl%{n%gtn sel%@cgd ei%&m P aglr[)uﬁ) fCOlblélgltlng of spherical sintered tungsten carbide,

spherical cast tungsten carbide, and metallic glass; and
a bond region located between the layer of hardfacing material and the surface

of the bit body to which the layer of hardfacing material is bonded.

17.  The earth-boring bit of claim 16, wherein the bond region comprises nickel and
chromium from the layer of hardfacing and iron from the bit body, the bond region
being formed when the layer of hardfacing is bonded to the surface of the bit body with
heat.

18.  The earth-boring bit of claim 16, wherein the surface of the bit body to which
the layer of hardfacing is bonded is the gage surface.

11



defining a slot extending therebetween for the passage

of drilling fluid and cuttings; a |ayer of hardfacing
woreaoenseb7 bei ng bonded to a surface of the bitP@DUF2006/044467

t he hardfacing material being substantially uniformin

t & kneBle emid-tarimg tof ofielaiib éddwhertinethb andiccoffie bit body to which

I.al .S ' I d ch ' tri
Care bt P adal Bi8reBle) ot ea froma o oup

consi sting of spherical sintered tungsten car bide,
spherical cast tungsten carbide, and nmetallic glass;
aritd. a bHrdeatthdioping| icat eeinbeb WeBdeinnte kdyfle &ifthe bit body to which
aﬁ{d%90|n terial and the surface of the bit body to
1§ e aging s wihiathgnorglenat erial i s bonded. 17.
The earth-boring bit of claim 16, wherein the bond
regi on conprises nickel and chromumfromthe | ayer of
hardf acing and iron fromthe bit body, the bond region
bei ng fornmed when the |ayer of hardfacing is bonded to
the surface of the bit body with heat. 18. The
earth-boring bit of claim 16, wherein the surface of
the bit body to which the |ayer of hardfacing is
bonded is the gage surface.19. The earth-boring bit of
claim 16, wherein the surface of the bit body to which
the layer of hardfacing is bonded is the slot. 20. The
earth-boring bit of claim16, wherein the surface of
the bit body to which the |layer of hardfacing is
wi thin the nozzle.
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