| MPROVED SHI RTTAI LS FOR REDUCI NG DAMAG NG EFFECTS OF CUTTI NGS BACKGROUND OF
THE I NVENTION 1. FIELD OF THE INVENTION This invention relates generally to
earth-boring drill bits and particularly to inproved head sections for such
bits. 2. BACKGROUND OF THE ART In drilling bore holes in earthen formations
by the rotary nethod, rock bits fitted wth one, twd, or three rolling
cutters are erdMPROVEINSHIBITAH.SEORRADUSCINGE DIAMAGINGESFECTSIOR | string
that is.rotated fromthe surface, or the bit is rotated by downhol e notors
or turbines. The cutters or cones npytE&@y the bit roll and slide upon
the bottomof the bore hole as the Bit 1S rotated, thereby engagi ng and

di sengaging the formation material to be renoved. The rolling cutters are
provided with cutting ele [T trate and gouge the
bottom of the borehol e by%@ﬁﬁuﬁﬁ?ﬁx gﬁ@%ﬂgﬁue cuttings fromthe
bottom si dewal | s of the borehole are washed away by drilling fluid that is

punped do f t ugh the hollow drillstring. Before the
cuttings are @ggheﬂfgm&ﬂﬁﬁtl ngs slide over portions of the drill bit
while the bit ig rotating. The cuttipgs are_ abrasive and can cays ar on
the surfaces of TMSHEVERGN rees SaPIY dancayebpig AL Bkt 260 ALY, nen
faced with wear problens, especially in the art of the cutting el enents on
t he cutt er spprovedlamdisedions fonsooh bats.t he arts since at |east the 1930s to
provi de a | ayer of wear-resistance netallurgical nmaterial called

"har df aci ng" over those portions of the teeth exposed to the nost severe
wear. The hardfacing typically consists of extrenely hard particles, such

as sintered, ERSKGROUND ORILPCARSt al | i ne tungsten carbi de, dispersed in a
tal matrix. Such hardfacing materials are applied by welding a netallic

tix to the sy bitfe WordRoRanALARGH RIAAY B S PSR Mol 1Bc bhd e

accunul ate and get cofpresse et ween

with one, two, or three rolling cutters are employed. The bit is secured to the lower end of
a drillstring that is rotated from the surface, or the bit is rotated by downhole motors or
turbines, The cutters or cones mounted on the bit roll and slide upon the bottom of the
bore hole as the bit is rotated, thereby engaging and disengaging the formation material to
be removed. The rolling cutters are provided with cutting elements that are forced to
penetrate and gouge the bottom of the borehole by weight of the drillstring. The cuttings
from the bottom sidewalls of the borehole are washed away by drilling fluid that is

_ C} pumped down from the surface through the hollow drillstring.

Before the cuttings are washed away, the cuttings slide over portions of the drill bit
while the bit is rotating. The cuttings are abrasive and can cause wear on the surfaces of
the drill bit, which can eventually lead to failure. When faced with wear problems,
especially in the art of the cutting elements on the cutters, it has been common in the arts
since at least the 1930s to provide a layer of wear-resistance métallurgical material called
“hardfacing” over those portions of the teeth exposed to the most severe wear. The
hardfacing typically consists of extremely hard particles, such as sintered, cast, or
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cutters and the bit | egs that support the cutters or cones. In these
situations, the abrasive cuttings can danage the seals that are positioned
between the cutters and the bearings that hold the cutters relative to the
bit legs of the drill bit. A rounded end of the bit leg that corresponds
with the cutter is coomonly referred to as a shirttail. Various attenpts

have beemame@ydtillifé fhesteRgarbiiR, SIRETERI M adthethh@asiX. rSuchitard ficify Sieferibly
reduce the abi I|ty of cutti ngs to accumnul ate between the cutter and the bit

| eg. For to slightly

over hang te‘ﬁ@g@l m‘gﬁ ﬁn grﬁﬁgﬁgﬁfﬂnfag@ sl%yﬁa&&ﬁ‘:-é)wever as the

i fespan of the cutters conti nues to grow, cuttings continue to accumul at e,
becom ng | odged with tine, .and,eventually da i ng and causi failure of
Che beari ng. sddieovasrsReidinh At e e RO FE 2R PR R b I s a
bit body and a cantil evered bearing shaft depending therefrom The bit body
i ncl udes #vppisraaithe bisfegshet syppart gwu&ersmrtconeﬁ r sthopsl degtionsgtherpbrasivegach
bead section includes a depending bit leg with a circunferentially extending
outer surdugtogs can Hemasiente stalethatind pasitivadd batgesi the cottert laad dichenrisgsdkatof t he
bit leg. The cantilevered bearing shaft has an axis and depends inwardly

from each pd ieeculptets ﬂeﬁaﬁ% @ theMH ok BY 113 dxﬂPBiterA rdfHac@and br BIﬂgnghﬁt al so
i ncl udes a nmachi ned bevel ed surface formed at a junction of the |eading

side and t r h chi ned
bevel od sucE’ s AL TG hEET R sttty 5B eo 38R SRERE, MERbL NenREpS L
axis of t canti| evered bearing shaft. The angle of the machined. bevel ed
surface i 65‘? madssin digtering (he gerRetrs ol tE%ISWEBbFIi t%deﬁltf’ rdnceaths Aylify ofa
liayer of hardfacing on the leading, trailing and shirttail surfaces of the
it | eg f ontthngs po agountulate dhetwecencthe cottert dnd thedit lsectHoorexafiple, desigrerdbbavieng bi t
can al so have a bead of a hardfacing conposition of carbide particles

di sper sed dxtendedrgicabhitteilnet ElightllOsviethng the gjirﬁrﬁeﬁﬁ&noﬂlet hrtePond thesditilep. The
har df aci ng bead is for diverting cuttings. e bead of hardfacing has a

| eadi ng Sliiiéwﬂe%r %qulle l?feéﬂaﬁ' dff'ﬂ%gclﬁf& J @fnuckS gRHACufiths ATl i fad! N9

surface to t'ra

becoming lodged with time, and eventually damaging and causing failure of the bearing

seals.

BRIEF SUMMARY OF THE INVENTION

An earth-boring bit has a bit body and a cantilevered bearing shaft depending

C therefrom. The bit body includes a plurality of head sections or bit thirds welded together.
-. Each head section includes a depending bit leg with a circumferentially extending outer
surface, a leading side, and a trailing side on the other side of the bit leg. The cantilevered

bearing shaft has an axis and depends inwardly from each of the bit legs for mounting a

cutter. The earth-boring bit also includes a machined beveled surface formed at a junction

of the leading side and the outer surface of the bit leg of each head section. The machined

beveled surface is angled relative to a line perpendicular or radial to an axis of the

cantilevered bearing shaft. The angle of the machined beveled surface is at least 20



thereby defining a diversion surface that engages and guides the cuttings
when the earth- boring bit is rotating. Such a diversion surface can help
gui de cuttings around structures t on the head section, or act as a barrier
to cutting accunul ating on structures. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a perspective view of an earth-boring bit constructed in,

accor dancedsgress. Thei earthrhpsingibfcanmlspupaye 2 lpyer ot hardiprng py dhe,/leadingftraling i or
art head section of an earth-drilling bit simlar to that shown in Figure
1. } Fi gur endBshirtad senfoss of thethitdeafor bickping to akthie ateangn thedehd seeti®a.3 of t he
prior art head t J section shown in Figure 2. Figure 4 is a perspective
view of a head section of the earth-drilling bit showmn in Figure 1 and

constructed i n FEeesrtabebit RaBlse Maeslh st 0P hhtdfgindyEitdsadn dfl Gdige 5 i s
a cross sectional view, taken along the Iine 5-5 of the head section shown

0 Fioure fafloWibelol 3u 3 REGARCALINCIMENHR's SuRACLEREOH sBludiieTne

earth-drilfing own in constructed in accordance wth

anot her enpodinent. of . this. i nventjon. Figure,7 i.s.a cross sectional vyiew,
Fhken: al onBuEHETE e 19t St s Bos b o bhelitri s e B mRd. & s
a side perspective view of a head section of the earth-drilling bit shown

in Figure a teatlingceaceuctleal bpad gxtendsdinmethgi leeding sutfase nwdirarng suffageni s
invention. Figure 9 is a side perspective view of a head section of the
eart h-dri | therahy iefinmlyendivemioni syt thab@itgagensidr gidd@dhé buitingowtiem ces ssrthh

anot her enbodi ment of this invention. Figure 10 is a side perspective view
of a head g&&dd BiPiotdiing. &Rich i Hbrkibh BerfRlc can RAYBuILE chiidBs BrotndSfuctures
constructed i n accordanCe wi th anot her enbodi nent“of this™ i1nvention. Figure

S s :7331 : zna COPMR n2&d Eécﬁgfil orattava l%a%tl(eer 0 "&'n%ﬂg aclscluilqneulzlltiﬂgp(‘inlstrlué‘ru?és. the head

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of an earth-boring bit constructed in accordance with

this invention.

Figure 2 is a perspective view of a prior art head section of an earth-drilling bit

similar to that shown in Figure 1.

D Figure 3 is a cross sectional view, taken along the line 3-3 of the prior art head

section shown in Figure 2.

Figure 4 is a perspective view of a head section of the earth-drilling bit shown in

Figure 1 and constructed in accordance with an embodiment of this invention.

Figure 5 is a cross sectional view, taken along the line 5-5 of the head section

shown in Figure 4,

Figure 6 is a perspective view of a head section of the earth-drilling bit shown in

Figure 1 and constructed in accordance with another embodiment of this invention.
3



of the earth-drilling bit shown in Figure 10. Figure 11B is a cross
sectional view, taken along |ine 11B-11B of the head section of the
earth-drilling bit shown in Figure 12. Figure 12 is a side perspective view
of a head section of the earth-drilling bit shown in Figure 1 and
constructed in accordance with anot her enbodi nent of this invention. Figure
13 is a side peFigpectiive arpevwsestionsl icyd telea ilong dfe lihe 7eapf thedh¢ad| sepfipmbi t
shown in Figure 1 and constructed in accordance with anot her enbodi nent of
this i nvestowanin FgipEGAl LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT
Referring to Figure 1, an earth-boring bit 11 according to the present
invention is illustrated. Bit 11 includes a bit body 13 having threads 15 at

its upper extengj fﬁfb’SlS@Pﬂﬂ'@ﬁér ntaé {*1eav]oﬂarﬁeﬁd§ec‘i’16h|oEﬂ%tédrﬂh§HrﬁH$b
i At Ieast

Each leg of bit S provi de a |ubricant conpensator

one nozz! e ifels LAV fStcld B actc:]cro?cﬁ%fe Hinlabind! LR f‘?%@?fﬁ"éf

drllllngf romvm the string o c00 rica it 11
during drllllng operatlon A plurality of cones or cutters 21 are rotatably

secured to resp ctiv s of bi.t bod Typi cal | it.11 s, three
cutters 1, andriBHle Sis 4RO bRt Teual a e Sgunl o B st drtkne PR S o 1
Each cutter 21 has a shell surface including a gage surface 23 and a heel
regi on i ndindaged 199élﬂe§|09$mg¢t€dtln ageordasee Withmnefher grahodientritlis inveaidon 27 and
forma heel row 29 of teeth 25. Typically each earth-boring bit 11 includes
three bit thirds, or head sections 31 as represented by dotted lines on
Figure 1, that Bigererdlded didgetispectica rvigvy odsskeddl sectidmfahe chhie-dhilingt it r ds
or head sections 31 are visible fromthe perspective shown in Figure 1, and

f . the pugpese 1IPfF1§R@VI3@1h§ NGRsiitide ng%ﬁﬁﬁicegwﬁﬁcihome} bt breads
ction 31, a single head section 31 is shown in Figures 2-13. As shown in

pr| or art flvgﬁ{{o% 2, each head section 31 includes a head section body

Figure 11A is a cross sectional view, taken along line 11A-11A of the head section

of the earth-drilling bit shown in Figure 10.

Figure 11B is a cross sectional view, taken along line 11B-11B of the head section

of the earth-drilling bit shown in Figure 12.

Figure 12 is a side perspective view of a head section of the earth-drilling bit
(:.: shown in Figure 1 and constructed in accordance with another embodiment of this

invention.

Figure 13 is a side perspective view of a head section of the earth-drilling bit
shown in Figure 1 and constructed in accordance with another embodiment of this

mvention.



33 and a bit leg 35. Head section body 33 is typically nearest threads 15

used for connection to drilling pipe. During operation, bit leg 35
typically extends axially downward from head section body 33 in order to
support one of the cutter 21 during drilling operations. A bearing pin 37

is cantilevered froman interior surface of bi t Ieo 35 axi al | domnmard and
radially inward ¥ ALEED DESCRIPTION QF THE PREW ENTBOD N Beari ng
pin 37 is shown in prior art Figure 2 mnthln cutter 21 that is represented
by dotted I|ines, and bearing pin 37 is not visible in Figure 1 because
cutters 21 are dhﬂeﬁthOEhaneﬂoanEaﬁnunﬁmeﬁebyawnvéngngﬂheawﬁmghphnﬁ@ﬂmin
the perspective view. As shown in Figure 1, bit leg 35 is rounded so as not

to extend HgyantedcuBiens iddluddsa HOWedy N3 MHavidg eiréadsi TUGE itd, uppbexieki ened
frontthe outer side, bit leg 35 appears to be U shaped at the juncture with

cutter 2L coftts ShAPLthGAIBP Ll nb el ARGERGE B 6111 Bhdvidbh 0fy G20

bit |eg 35 associ eac sectr re erably

i ncl udes a | eadi side 43 trailin de 45. dln srd

goner al Ty dHETGBGEPEReg L B it Btk dore 40 BEPARY R LR IG n dieldie: ne
direction of rotation of each boring bit 11. Each bit |eg 35 al so includes a
fini shed suresgeiazedsdrilling i framoyihiaathn dsifli steingite caal anriylpbeertr Yithdadprigct i on
31, including bit leg 35, is a forged piece of netal that can have

i mper f ect i chdliandperatitgh Adglesality of bards Ry chas @dgae rtatabiyngceifed rtd tresplectihi.
Finished surface 47 is created after touching up shirttail 41 with

grinding, fibdd d¥hit lSde 1clauygeaclt BRIeDYs 1REOMIREs AINYind BREHT B th@P SuitdEafh
head section 31 preférably includes an outer surface 49 that defines part of

20, 0Uter_CHLGHIT SERGRS U] ERUPSINIEEAr Lo A P Ly MRENoBbbink Y B2

sections 31 are ned of m ea oring ypica

surface 49 is hi ned. t . relatively spooth f] nrsh so } hat oute surface
29 does notsUERECALEI h%q?risl%mslmtqdrﬁen% 2ot of Tordh hopee erl?rbmdque fe&iPhy
cutters 21. The portions of head sections 31 that are radially inward of
outer surf afeanddomyphedirhy 28rof teeth 2hvachi ned, but are rather left in their
manuf actured or forged state. As shown in Figures 1 and prior art Figure 2,
each head

Typically each earth-boring bit 11 includes three bit thirds, or head sections 31 as

represented by dotted lines on Figure 1, that are welded together during assembly. Two of
the bit thirds or head sections 31 are visible from the perspective shown in Figure 1, and
for the purpose of convenience while describing each bit third or head section 31, a single

head section 31 is shown in Figures 2-13.

As shown in prior art Figure 2, each head section 31 includes a head section body
33 and a bit leg 35. Head section body 33 is typically nearest threads 15 used for
connection to drilling pipe. During operation, bit leg 35 typically extends axially
downward from head section body 33 in order to support one of the cutter 21 during
drilling operations. A bearing pin 37 is cantilevered from an interior surface of bit leg 33 |
axially downward and radially inward from bit leg 35 in order to support each cutfer 21.
Bearing pin 37 is shown in prior art Figure 2 within cutter 21 that is represented by dotted

lines, and bearing pin 37 is not visible in Figure 1 because cutters 21 are attached thereto
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section 31 typically includes a pair of flanks extending radially outward
toward outer surface 49. Each head section 31 typically includes a | eading
flank 51 and a trailing flank 53. Leading flank 51 joins |eading side 43
and trailing flank 53 joins trailing side 45. Leading and trailing flanks
51 and 53 are primarily | ocated on head section body 33 with_a portion

ext endi ng aBCﬁﬂwEﬁbV CPEYINEPeANPE RIS dB thERFTSACERY o ViaW s e ShQwiR am Elgurer!, by leg
Referring to Figures 2 and 3, each bit I eg 35 preferably includes an inner
surface 585 isvmundesd Joosatotth oppukhdyendotttrs 3ur Aacmwdin prinrert Kguk 2cwhsd
preferably includes a |last machined surface that is typically machined flat

SO as to coipeddten td dutedids st g 315m§peaa§ & b€ ONgRBEEsE the jlaeirt RdtPéutteBd7 for
each head section 31. Inner surface 55 also includes a portion axially

upward frosyt [y i £.1 ar Viede i : in
P ransverob e BshaEBEakOSF LRUEL 35 AckiAls WM MO0E LR ICRE BANEL
surface of t‘g\e? I?%%ﬁr Qit 1egs 35 to forma dome above cutters 21. As

di scussed 3DBGVE® er'r¥ace 49 is nmachined so that head section 31 does
not extend radially beyond the bore drilled by cutters 21. Therefore, outer
surface 49 typical does not extend perfectly parallel with _inner surface

|
55, but rather E%C}hﬁgu]&gémﬁefﬁ@é’p’é‘é des) aj lepdipg sifer 42 endsa tilHigs Fde Sur f ace

47 is angled relative to a radial line extending frominner surface 55 that
i s coi nci démading sitle 48 hegaialydhic edgedhat@ncaintdri thelliole being driflehfst daclioahe y
outward. The radial line RL generally represents lines along a radius of

bit |eg 35diradtidniot réBEYMNoDYch Betif@bRMN 1! Fagh Bt eI inkiudes a Bhishad afrfaset
from and extends substantially parallel to the axis of rotation of cutter 21

aﬁg e, CRMIShldN B8] RRAUAGIIN", Pioicdy Sl Abin $AGhaabE NS B Brienas

subst anti al per pe ular Trom i ntrer ace bet ween
radial Rl and finished rface 47 is s by angle 01. Typically angle 01
|2 bet woen KBohBISiS Of ARl BtaneliiveRmeLStnas el oty Sdismal iy e the e
conprises the remainder of the degrees between radial |line RL and an_ inner

surface 55forpées siuetagingl.c Fimshed supfice 41711y drsiedeafierdtonching op dingpid 42vithr t he
angl e between inner surface 55 and the | eading portion of finished surface
47, or | eagdtimdjng, filing, or machining, thereby removing any imperfections.

Each head section 31 preferably includes an outer surface 49 that defines part of an
outer circumference surrounding earth-boring bit 11 when all three head sections 31 are
combined to form earth-boring bit 11. Typically outer surface 49 is machined to a
relatively smooth finish so that outer surface 49 does not extend radially beyond the bore
of the hole being drilled by cutters 21. The portions of head sections 31 that are radially
inward of outer surface 49 typically are not machined, but are rather left in their
manufellctured or forged state. As shown in Figures 1 ‘and prior art Figure 2, each head
section 31 typically includes a pair of flanks extending radially outward toward outer
surface 49. Each head section 31 typically includes a leading flank 51 and a frailing flank
53. Leading flank S1 joins leading side 43 and trailing flank 53 joins trailiﬁg side 45.
Leading and trailing flanks 51 and 53 are primarily located on head section body 33 with a

portion extending down bit leg 35 and connecting with finished surface 47.



flank 51, is typically between 80 and 90. Simlarly, the angle between outer
surface 49 and leading flank 51, or the |eading portion of finished surface
47, is represented by angle 03 and is typically between about 90 and about

100. Angle 03 can, but does not always, correspond directly to angle 02 due

to the arcuate shape of outer surface 49, 7 For the trai]ling portion
relative to fi n%&%éﬂ“%tﬂ?%sﬁ?nq ?sa‘?alch %& leg dnwpreforaply plydesan peeLsYt{iget o a
radial line R2 extending frominner surface 55. As best shown on Figure 3,
trailing flSartkat5s lesatednetyposite antcnsgifase GW. f noen swticalS5|preferably swbhdes arast nner
surface 55. Angle 04 is also typically between 0 and 10. It is inportant to

note that amghi@sd Gdrf:sdhdd4s typically vipichiabd Yatodl a6 thebymente vianaitibf. 21Tihet 489l e
frominner surface 55 to trailing flank 53 is shown by angle 05, which is

the correspggding t@%&gn%“?gnhhsﬁ@&' RheaPeLBYT 81" aﬂ%bélj srfa08 Srsldpﬁsoof meMabRer

surface 55 extends at t angle wth inner surface 55 a 4 1s between
0 and 10, angle 05 is typi.cal bet ween 80 and 90.. The angl e between outer
ur f ace 40 PAFER Al i F k42 B ReE Swlite R o afiGed Toa SoRfi oM<
angle 06 will be about 90 to about 100. Due to the possible arcuate_ shape
of outer siit paEBsvEpe ditgglien gl dlse cyres uRwarg He where it o inBercuFpespotidi ng
angle would be if outer surface 49 were exactly parallel wth inner surface
55. Ref err iotigr b l¢dgsGane fekm adomniabokenmitttrsdXl. aApdisdussaal abbve ppldr carfadest? is
invention is shown. Head section 31' preferably includes a head section

body 33" amnghchinbd tsoltB& BRad sebd BY RcPRSE bEnPiriiALy be&onandl Hard afiled by
inward and axially dowward therefrom for supporting a cutter 21'. Bit |eg

35’ f hacl ' ' ' ' i d
o1 Pon of R Pl HERIaR, St Shilee, & ypREh DL S0 iteafy sl SRAT™!
Head [ 31 bly includes g |eadi i de 43 L id
45 that  STISEPUREP 3P| P CUFPLE BERTACT Tt WEDISL BUPRG PSS | PRGLPREESHa. 4

di scussed above for the prior art. In the enbodi nent shown on Figure 4, a
fini shed sif fngled wiativeste errddiahlinn gxtandipg fiomomner suice 5o ahat is poingidenewibl y
froma |lower portion of the shirttail 41' along trailing side 45'. On head
secti on 31l'the &xinbbhestionustl e ditdatid éxsendr eidinibdotovant. oThel eadtdnme RN egenerdiver age

represents lines along a radius of bit leg 35, and is shown by indicator line R;. Radial line
R, is offset from and extends substantially parallel to the axis of rotation of cutter 21 and
the centerline of bearing pin 37. Preferably, radial line R; extends substantially
perpendicular from inner surface 55 and the angle between radial R; and finished surface
47 is shown by angle 0;. Typically angle 0, 1s between 0 and 10°. Angle 8, represents the
corresponding angle that comprises the remainder of the degrees between radial line R,
and an inner surface 55. Because angle 0; is typically between 0 and 10°, angle 6, or the
angle between inner surface 55 and the leading portion of finished surface 47, or leading
flank 51, is typically between 80 and 90°. Similarly, the angle between outer surface 49
and leading flank 51, or the leading portion of finished surface 47, is represented by angle
03 and is typically between about 90° and about 100°. Angle 65 can, but does not always,

correspond directly to angle 0, due to the arcuate shape of outer surface 49.



of the cone backface, or the surface of the cone adjacent inner surface 55.
8 Head section 31' preferably includes an outer surface 49' that is rounded
off in a substantially simlar fashion as outer surface 49 in the prior art
Figure 2. Quter surface 49° should not extend radially outward beyond the
outernost portions of cutter 21'. Head section 31' preferably also includes
a | eadi ng f| ankFenthe teaikirgporting reletivek tosBniskadosuatace Aetrailing flenk 8355 angledit ar e
in substantially the sane | ocations as leading and trailing flanks and

i nner surf sedstbreSh,a @dial Hind RS extendingi foom ddirter Sudaveess. 2Aabdst3howa adiHigurt [3ank

51' includes to a machined bevel ed | eading surface 101. In the enbodi nent

shown in Fhﬁﬂiﬁlﬁ bk BRCBHBRH atb‘ﬁlVé{gifféj 0} SR Pl UTreaR L add Froh indee bERB! 36,
created by machining beyond typical finishing and touch-up procedures

associ at ed f: ce 101
i ntersects %ehkb c%%] fﬁ%ﬁ&f@ Bﬁ%&l (ﬂgm} Ldr\fgtclmsgﬁ%(ggg%ﬁﬁ%%dé @%p&gn éj?ween
machi ned bevel ed surfac ronlflnlshed S 47, of pr.i art
Fi gures 2 aw&mcall i BRERD et 08 JS}F Snaje RETAT 107 e B Lo F%ﬂlgaémg
extending substantially parallel to the centerline of bearing pin 37 and
subst ant i ald showpdrypagl Guvhichfis dra ¢omeepondingfangls wah angdle 6i.t Beeaysgadial Tine
angl e between leading flank 101 and radial R1' is represented by angle 01',
whi | e the npdglom atrweficd ndkpads dtankehl Bdglanith ihmyrenrfader Foa@ B3S bétseen 0
represented by angle 2. Leading flank 51' conprises machi ned beveled
| eading sugiaee, Mide of 9 Eﬁfﬁo&ﬂ@éneéﬁog&ld 98, 'THEPn%J@'bQﬁFeeﬁ dafer Lactlsgngat he
Cross- section |nte ect’s the centerline o earlng p|n shown in Figure
5 angle O bet en 2 ~ but_.can h i an

o1 it n. 5otk R 553 horaried DR pER s TG Mg Sulb BE B ol o Rou
sectlons both closer to and farther away fromthe tip of shirttail 41
angl e 01' &8¥- aPap o s persdle arC#at@rﬁhﬁpmgf peehsitige 49, pagla ds camygneslighily s a
correspondi ng adj acent angle to angle 01', angle 02' can have a range of
30- 70, andfroanwhatoneirraspendieg beglovsauldbe im)mm sasfasthéhwars exdcty peraiebwgbit  60.
The angl e between outer surface 49' and |eading flank 51' at nmachi ned

bevel ed | eafhepgirgdé f8ce 101 is represented by angle 03', which is an obtuse
angle that is directly proportional to 02'.

Referring to Figure 4, an embodiment of a portion of applicant's invention is

shown. Head section 31' preferably includes a head section body 33' and a bit leg 35'

having a bearing pin 37" extending radially inward and axially downward therefrom, for

supporting a cutter 21'. Bit leg 35' preferably includes a shirttail 41' extending along an

C}}. axially downward portion of bit leg 35' similar to the prior art as described for Figure 2.
Head section 31' preferably includes a leading side 43' and a trailing side 45' that
substantially correspond to the leading and trailing sides 43, 45 discussed above for the

prior art. In the embodiment shown on Figure 4, a finished surface 47" extends along a

portion of shirttail 41' preferably from a lower portion of‘ the shirttail 41' along trailing side

45'. On head section 31', finished surface 47' is machined to provide consistent coverage

of the cone backface, or the surface of the cone adjacent inner surface 55.



9 Angle 03" can range between 110-150, 120-140 or as shown in Figure 5 at
around 120. Simlar to angle 03 and prior art Figures 2 and 3, angle 03
can also vary slightly due to the arcuate shape of outer surface 49
relative to inner surface 55'. As shown in Figure 5, angle 03" is
substantial |y neasured about juncture 103 between machi ned bevel ed | eading
surface 101 andlesdtseetigudt guelembly invhides aedulseveiiasd 49 dutlintpusded off én 201
provi des an angle along flank 51' (Figure 4) that is advantageously nore
conduci ve substadtlabiyisiagildrl faskicf ascatitdrisaeficendOminble Pridr drePigdfe 2.dOufengurfa0t a9 on of
earth- boring bit 11'. Having such a |l eading flank as nmachi ned bevel ed

| eadi ng sLyhsﬂaenol%tena%giarlﬁ%%{i»be9&91191f%|soﬁtaﬂlo§$5&%@5&%@4‘ zﬁ.}[ !}Iiéaidﬂg

cuttings that can accumul ate on eadl ng ank Si' “when nerely a finished

nead sect 14T By eGRLTHES R dhy BHHif oRu 3R, &AL fRUL TR iher”) 2

head sections 31_and 31', also.conprise a head sectjon body 33", bit |leg
35" and a WHA fy WAt ArS R Sﬁ@?angeﬂab JeR lqcations as leading and tehiling flapks and s
al so located along the | owernost edges of bit leg 35" simlar to shirttai
41 and 4Zhndrutfhess Sith b3 amd didsin girior e Feghredhd wed 3 Bileading f13sk Spria¢ledesibyn
includes in this enbodi nent an outernost surface 49" that is machined to a

desired fimichinedbeasled Mading suefsteneh . BoihaldmbolRy@in dhdwe id Btbued 4,0MhcHingdDSt
portion of cutters 21". Bit leg 35" preferably also includes |eading and

trailing fﬂeﬁa&% lexdin ﬁﬂ%cé?ml i?ﬁfeéégél%lxg:?ea%ﬁ ﬁ%&hiﬁ%%?e?@n@%ica%%eisn%l

substantially correspond to the trailing, nner - sur

53, 55 for__.the.enbodi npents di scusse bove. Ip t di nent .in
thures 6 BT BRGNS 1 asE S faitioyetint 4o AR 6B nea
bevel ed | eading surface 101 that intersects outer surface 49" like the
enbodi mentsusResP 1 intepsegis vath opterryrigee 4hehivpdrenddel ed | eadi ng surface 101
preferably is angled as descri bed above. In the enbodi nrent shown in Figures
6 and 7, 10 trailing flank 53" (Figure 6) preferably al so conprises a
machi ned bevel éthet diffekdnngs botwfean emachined beveled leading surface 101 from finished

surface 47 of prior art Figures 2 and 3, is best shown in Figure 5. Radial line Ry’ is shown
extending substantially parallel to the centerline of bearing pin 37" and substantially
perpendicular from inner surface 55' of bit leg 35'. The angle between leading ﬂank‘ 101
and radial R;' is represented by angle 8;', while the angle between leading flank 101 and
inner surface 55' is represented by angle 6,". Leading flank 51' comprises machined
Q beveled leading surface 101, therefore angle 6;' is much larger than 10°. Along the cross-
section that intersects the centerline of bearing pin shown in Figure 5, angle 6;' is typically
between 20°-60°, but can have various ranges including 20°-50° and 4s shown in Figure 5
being about 30°. Along cross sections both closer to and farther away from the tip of
shirttail 41', angle 6;' can also vary due to machining techniques. Because angle 0,' is a
corresponding adjacent angle to angle 6,', angle 6,' can have a range of 30°-70°, and can
sometimes be between 40°-70° or as shown in Figure 5 about 60°. The angle between

outer surface 49' and leading flank 51' at machined beveled leading surface 101 is

represented by angle 05, which is an obtuse angle that is directly proportional to 0,
9



105 |l ocated along trailing side 45". Machi ned beveled trailing surface 105
preferably extends froma |owernost portion of shirttail 41!'! toward an
upper portion of trailing flank 53". Machined beveled trailing surface 105
intersects outer surface 49" at a juncture 107 defining an outer edge of
machi ned beveled trailing surface 105. As best shown in Figure 7, machined
bevel ed tr &nglenty' s Fange egf L A07.nk20s1148° onzs Sh%“”&ﬁ@ll‘g@fl? mndl #oERbm

i nner surface 55" along shirttail 41" toward outer surface 49". Machined
bevel ed tr &20°% rgmdar focanglel®5nd prian gt Eigurenibard! 3,rapghebadiznlalsbivary fightledeendi ng
frominner surface 55". The angle fromradial [ine R2" to machi ned bevel ed

surface 10 1hs arcamglsBageb outdr k@ faagbereiive tdlinhérur@se g6'and 5, 04" is between
20- 60, but can have various ranges including 20-50, and as shown in Figure
7 being about 30. An angle 05" conplinments angle 04" and defines the

angul ar _freasur eae hobOf PRGR Bednfie Sl ROSHHRARE kISl ahRCunetlfd 263 55

Angl e 05" is between 30-70,” and can sonetl nes tween 40-70, or as shown

in Figure about 60 endj .on the | e .of .04".. Angl,e, 06" fines the
obt uss. angPeaet adhine PG FuBE IR ot bl catithiner sy e
surface 105. Because of the arcuate shape of outer surface 49", angle 06" is
bet ween abbating syfacest0l prayidesgn angleaalong Siapk 54" dhigiue &) thatris EBUNECRPEY The
enbodi ment shown in Figures 6 and 7 provides nachi ned bevel ed surfaces 101
and 105, whiothcdrslupivprieadntinghBow e wattings iacoundfbiclegtish dsrinirdtatgpnopiesanathi ons
by creating a | ess aggressive outer surface, i.e. one that is tapered or

bevel ed frpsiidgebding Thiviles d&h 4 RaditicefladkUid ARehiddd bavited lAfingWuefacs 10T ace
49" to trailing flank 53". Lessening the accunul ation of cuttings can help

r@ce t heamatggﬁmgég??d%éseEhepgecun%moﬁf o R IRELAIiAG ot ‘oot Lol bn s

hel'p prevent cu rom bei ng conpresse ween Shirttall

cutter 21" by. diyecti,ng cuttings re eagsily fromleading side 43". 11
Ref erri ng lea&lggé{?&é%g,vgq?@dﬂe@&g‘t%nﬁ’egfufﬁ?ﬂ%d@&lsga‘har dfacing ill applied to
an outer portion of head section 31. Hardfacing 111 can be applied to any

of the enbodi nents described above, accordingly for sinplici tg/ nunbers w | |
not differenti aRaferring to Figures 6 and 7, another embodiment of a head section 31" for earth-

boring bit 11 as shown. Head section 31", like head sections 31 and 31', also comprise a
head section body 33", bit leg 35" and a bearing pin 37" for supporting a cutter 21". A
shirttail 41" is also located along the lowermost edges of bit leg 35" similar to shiritail 41
and 41' in the embodiments discussed above. Bit leg 35" preferably includes in this
embodiment an outermost surface 49" that is machined to a desired finish so as not to
extend radially beyond the radial outer most portion of cutters 21", Bit leg 35" preferably
also includes leading and trailing flanks 51", and 53", as well as an inner surface 55"
which substantially correspond to the leading, trailing, and inner surfaces 51, 53, 55 for

the embodiments discussed above.

In the embodiment shown in Figures 6 and 7, leading flank 51" (Figure 6)
preferably includes machined beveled leading surface 101 that intersects outer surface 49"
like the embodiment shown in Figures 4 and 5. Machined beveled leading surface 101

preferably is angled as described above. In the embodiment shown in Figures 6 and 7,

10



between prinme and double prinme notation unless necessary. in the enbodi nent
shown in Figure 8, hardfacing 111 is |located on sone of the radially outer
surfaces of the head section 31 to forma pattern or |ayer of hardfacing
111. Hardfacing 111 includes a |leading portion 1lla that begins at | eading
side 43 along shirttail 41. Leading hardfacing 11la extends

ci r cunf er eHeilag flank pEHigueongrefsralely 4B0 comprises pamachionl bivelsdtailing fuffaee 49,
toward c trailing side 45. Leading hardfacing 11la al so extends generally
axi al |y upi@f dbchredrmlomghimilingi dided45". HMathmwed rigvdled trailidgh euréaeb ddb npeaferablyown i n
Figure 8 includes a tip portion hardfacing 111b |ocated along shirttail 41
bet ween | eagim fFdntlg 1¢Werditfdt pérfibh oNchiftiaflel 14 Jowartiab dfper Etida 4f @difRg FiRgE udes
a trailing hardfacing 111c located on trailing side 45 along shirttail 41.
Pr ef er abl y<4eagh i rti: tpak |l i J. , and
I I le ar 5eé éggfﬁgg?ee%ﬂ)%c?&? oﬁr‘a{rh% f@?"g‘ﬁ lgiaﬁgrrg%ftggﬁﬁt%ﬁg?ggﬁg %T! %Ju?%%&%%égl ong
shirttail .whi ch ca be achi eved by known ocC res in the art |ike
over | appi né%%%‘é}“ﬁe%@go P’@ﬁ}illﬁ?%ge@gétqagﬁlgt%})é%ﬁ%gxt . \Wen machi ned

bevel ed surfaces 101 and/or 105 are present, hardfacing 111 hel ps to reduce
the wear due to the cuttings passing over shirttail 41, |eading side 43,
and trailing sidebas shpwafiadagirg 7, maekined bewsleitailing pedaeet N8 of dredlong gde
created by beveling the surfaces so that the angles with hardfacing remain
subst ant i att$'yistangled Sawardafformiihdes wtirfiar 5 adonposhirdthil 410 tddgerd endeo durfestt 4E'hown
in Figures 8, hardfacing 111 preferably also includes an upper | eading

surface hamfcﬁiﬁéd‘%\]elédjtr@ﬁﬁl%%@}ﬂagc HOSRY G P BEvAr& 3 FaBhldBAR, " bRBRling
| eadi ng surface hardfacing I1 Id is preferably extending along | eadi ng side

adi ng surf ac ) €rably extending
b i O ST S R
can’be t noule BY oI KUMSPe 1 FUERA Hch Ui eRE B2 K BER BpveRsions |

Har df aci ng 111 al so includes an upper transverse finger 111 e extendi ng
ci rcunf er erfnied ingludingo g0 ah0u mndr asepltbvof i fipwre [7Tebelnagboulr Bt e Ammpdiladishg
111d. Finger 11le extends generally horizontally about 1/3-1/2 the distance
to trailingomplirerdd anfleh@Adarsledéfires tBd .angular measurement from machined beveled
surface 105 to inner surface 55". Angle 05" is between 30°-70°, and can sometimes be
between 40-70°, or as shown in Figure 7 about 60°, depending on the angle of 8,". Angle
86" defines the obtuse angle between outer surface 49" and machined beveled trailing

surface 105. Because of the arcuate shape of outer surface 49", angle 04" is between about

(: 110°-150°, 120°-140°, or as shown in Figure 7 at around 120°.

The embodiment shown in Figures 6 and 7 provides machined beveled surfaces
101 and 105, which help prevent the accumulation of cuttings during operations by
creating a less aggressive outer surface, i.e. one that is tapered or beveled from leading
side 43" to outer surface 49" and from outer surface 49" to trailing flank 53". Lessening
the accumulation of cuttings can help reduce the wear on the outer portions of earth-boring
bit 11, as well as help prevent cuttings from being compressed between shirttail 41" and

cutter 21" by directing cuttings more easily from leading side 43".

11



Upper transverse finger 111 e helps to reduce wear on a portion of head
section 31 below Ilubricant conpensator 17, as well as acting as a barrier
to prevent cuttings from accunulating in lubricant conpensator 17 by
diverting cuttings frombit leg 35 to trailing portions of head section 31.
In the enbodi nent shown _in Figure 9, a head section 31 includes a |ayer of
har df aci ng 121 Refrmeg) te Figwe Bahead sechiag dhincludes p hendfagipg dil 4 appkied b an
conprises leading, tip, and trailing hardfacings 121a, 121b, and 121c

| ocat ed i nusr mdraen pdshdadosstias 3 t Herdfaiyodil brecuin  He sappdisé doi myFiofjuhe 8.
Leadi ng hardfacing 121 a however, does not extending circunferentially

around oukfhogidichRCEeséIbed! ﬂ@h@,agbcof@%ﬂy ek mlrﬁ]aﬁti@@ higbER Wil ndtQlifTereBtiate
shirttail 41 along the | eading side 43. In the enbodi mrent shown in Figure

10, a hea i i Ci i: m .
hardfacingc$ﬁ%ﬁgﬂﬂﬁﬁé&f%ﬁbgq§g¥%?§%%ﬁgmﬁé¥I?ﬁ%g%gégﬂ%g%%%%%#gh%?%?agﬁﬁ
trailing hardfacin 131 131b, and 131lc, _.as J |, as upper | eading surface
har df aci n lgﬂf‘lg’ h?ﬂ%(?ﬂge?“t Fsaﬂ?é’@t@&soé‘ 390y ef a?lrf .alllﬁd?}v}ée(feﬁg‘ftrafﬁe&g%%ﬁf‘ nt of
hardf aci ng 131 shown in Figure 10 includes a gap 133 fornmed between | eading
har df aci ngecties B4 tedermup patiern enHiyeeihardfageg hht. dlawifasing Bildincledes alzadiag | ows
for easy flow of cuttings between |eading hardfacing 131a and upper | eading

surface hpodioacilng thadegind dt Newdineeside 43 falorgeshitiail f41t hBéading Rardficingarinar dl y
and upwardly from | eadi ng side 43 about half the distance to trailing side

45. The Wegehd OfirduhABSNSAIRLHéh N18Ringldae h§,_cﬁ@P&'Eoﬁi&ﬁ oTYRer A8r e, towpRE L1 ONS
131a, 131b, and 131c. The bead of hardfacing i n finger 131f preferably

defi ; .rai,ght, di ' Si . ' i1 h
Pl do- al ol RS i#hg e RasBRoiecftn] s, chtifder e R it b R” 10
verting side 139 defines a flow thraough assage. 140 on the side of

har df aci nghitttl 1 Bagtiacipg Ehl sutheismpodihen shown it Figare & ipduioreriip BHERR i n
~ Figure 10, gap 133 is the opening leading to flow through passage 140, and

t he | ower handdhcofg Uppelociteddlang shirtthidcld teawednaleadipg kR4 Medd tredingrsidepffer
portion of flow through passage 140. However, flow through passage 140 can
al so easi lBardfudifig 111 also includes a trailing hardfacing 111c located on trailing side 45 along
shirttail 41. Preferably leading, tip portion, and trailing hardfacings 111a, 111b, and 111c
are connected to form a layer of hardfacing around bit leg 35 along shirttail 41, which can
be achieved by known procedures in the art like overlapping welding beads from one
section to the next. When machined beveled surfaces 101 and/or 105 are present,
hardfacing 111 helps to reduce the wear due to the cuftings passing over shirttail 41,
leading side 43, and trailing side 45. Preferably, hardfacing 111 follows the contours

created by beveling the surfaces so that the angles with hardfacing remain substantially the

same as without hardfacing 111.

In the embodiment shown in Figures 8, hardfacing 111 preferably also includes an
upper leading surface hardfacing 111d extending upward along leading side 43. Upper
leading surface hardfacing 111d is preferably extending along leading side 43 just below
outer surface 49. Hardfacing along this region helps to reduce wear along leading side 43

at a transition with outer surface 49. This transition can be part of juncture 103 created by
12



when there is no gap forned between | eadi ng hardfacing 131a and upper

| eadi ng surface hardfacing 131d, but rather nerely an absence adj acent
diverting side 139 of hardfacing that is the same thickness as the

har df aci ng of diverting side 139. Referring to Figures 11A and 11B for
exanpl e, gap 133 can conprise a |ayer of wear-resistant nmaterial 141 on
head secti Bfvelingaay dcest beithernaipy Bingwre soatsl wrandfaigingef hepdagechieni3dt ant
material 141 is thinner than diverting side 139 of hardfacing, so diverting
si de hel ps Haoifwedng i 1 hbleo dchalles entuppert thdnsgssd fingortinée ektendihg shturhfesdntialit as
the cutting travel fromleading side 43 to the trailing side 45.

\ar - r esi Staff afBippEl hd W lusRP 10RIMRsEERS REAfEREt 1113, aPRldeed 1TOT&tdnbl Nl Y

t han hardfacing form ng diverting side 139, or any other wear resistant

material k i t e Lihe.outer . of,,head
section 3?%1%%1@2& r?ﬁ’gﬁr g%faﬂg? te%a?%%ﬁ%? gogEr e ?ﬁé’ f%g ggcglfjﬁr%r ity
of transverse fi n%ers 131f Eoz\i ti ongﬁ%gon t he outer, surface of, heag1 section
31. The pl YPRFL F3Sirse fingridl e Belps dpyisduce Wearorba partipaad hepd ssctiphg L elRys 139
for diverting cuttings through gaps 133. The hardfaci ng enbodi nents

descri bed &tbogantacamponsstpt dify asf wellr dsoastingarsifadiaripr {9aptavenis cuttings deom be
used on earth-boring bit 11. These specific hardfacing patterns are

consi der edatdagnuligiag iPdilirRaniScongiensast 17 Bpdiveingi dustinkd fim bitileg 39 fetrailing
Variations can easily be nmade to the hardfacing patterns di scussed above to
protect vap} \ olhr@m wear or 14 to divert cuttings frombit leg 35
so t hat thgblgigtﬁ%?%%&g%%r?gtﬁaccuwl ate beneath shirttail 41 between the
cutter 21 and danmge bearing seals. In the enbodi nent shown in Figure 13, a

bégad of hardf aci 171, i h .head ti 31 t endi t d

i ﬁf%er Oporf1 |r onagblnﬁ’gaﬁmgécﬁm%ﬁ\é\gﬂv%I%ﬁﬁ%fﬁisgﬁ;a !f%d Sg%ﬁl)ér? Qé‘lécrl]'gdersgaa ryﬁb%gdge
and a trailing edge with a diverting side extending therebetween. D verting
har df aci ng Tﬂ%cﬁlénlzﬂeﬁoﬁmﬁ% cgfiepleslty 2oy stageiliHt o i Thegnpases deadings i ng

bit 11 and reduce the anmount of cuttings that nmay accunul ate between the
under si de tp, did tréibyg Bbrdfamsclilael2h] and 121c located in similar positions as in the

embodiment discussed in Figure 8. Leading hardfacing 121a however, does not extending
circumferentially around outer surface 49. Instead, leading hardfacing merely follows

shirttail 41 along the leading side 43.

In the embodiment shown in Figure 10, a head section 31 includes a layer of
hardfacing 131 similar to hardfacing 111 of Figure 8. Hardfacing 131 includes leading,
tip, and trailing hardfacings 131a, 131b, and 131c, as well as upper leading surface
hardfacing 111d and upper transverse finger 11le. However, the embodiment of
hardfacing 131 shown in Figure 10 includes a gap 133 formed between leading hardfacing
131a and upper leading surface hardfacing 131d. Gap 133 allows for easy flow of cuttings
between leading hardfacing 131a and upper leading surface hardfacing 131d. A transverse
finger 131f that extends rearwardly and upwardly from leading side 43 about half the
distance to trailing side 45. The width of transverse finger 135 is about the same as other

portions 131a, 131b, and 131c. The bead of hardfacing in finger 131f preferably defines a

13



C Wiile the invention has been shown in sonme of its fornms, it should be
apparent to those skilled in the art that it is not so limted, but is
susceptible to various changes wthout departing fromthe scope of the

i nvention. Moreover, diverting hardfacings could be created where the flow
t hrough channel includes hardfacing that covers the surface of the head
section, but .i.s pot as thick t.he diverting side, 15, IMS 1. An.
earth-bori ﬁ@al%‘}tﬁ‘é%ﬂw Fide Aé?- iflmnegs&?ayns Pl igpRy 133 5114% leg §ivSTingede
sections, each head section having a depending bit leg with a

ci rcunf er ehd akially aspvardlifiogn dhe shirtiadir 4 he Divening render 139 wlefinesen flow dadigly si de
and a trailing side; a cutter rotatably nmounted on a cantil evered bearing

shaft depepstsfi@g l1#0aindkhe sideost dadlachig t1Re thidugh e@bich andtiges aadilngIisitike
machi ned bevel ed surface formed at a junction of the |eading side and the

outer _sur 8o phchoRit o 28,011 0288H HERINE SRLAANInNE ) £RY Augh de.atme i ned

bevel ed surface being an angle re ive to ara e emana om an

car thebor i BT s optennt 5! ekt Rt e SR BTG i 5k My e

3. The earth-boring bit of claim1l, wherein the angle is between 20 and 50
degrees. 49f fipw through passagn d49i dayrever, dlow throughepasrage MO gl pasilyexiskast
30 degrees and no nore than 45 degrees. 5. The earth-boring bit of claima1,
further cowpen siengisana gayi formed betecmhaidingddrdfeciag dd1a snd fipmee 1€adingeshrate a
juncture of the trailing side and the outer surface of the bit leg, the

trailing shaefmghinadbReneicr thepsly faaCdsRE ragjaeéhtaﬁi,@érﬁn% gldatizveftHardradiadi al
pl ane emanating froman axis of rotation of the bit, the angle being at

least 20 dgarg e%aﬁaegtﬂ&né‘s@ra&hfe*}ﬁfdfgangiafdi%mﬁg@id%%9. further conprising a

I@kr of a hardfacin

Referring to Figures 11A and 11B for example, gap 133 can comprise a layer of
wear-resistant material 141 on head section 31 adjacent diverting side 139 of hardfacing.
Wear-resistant material 141 is thinner than diverting side 139 of hardfacing, so diverting
side helps to ventilate or divert cuttings from the tip of shirttail 41 as the cutting travel
from leading side 43 to the trailing side 45. Wear-resistant material 141 can be hardfacing
that is applied more thinly than hardfacing forming diverting side 139, or any other wear

resistant material known in the art that can be applied to the outer surface of head section
Y 31.

As shown in Figure 12, hardfacing 131 can include a plurality of transverse fingers
131f positioned on the outer surface of head section 31. The plurality of transverse fingers

131f each have diverting sides 139 for diverting cuttings through gaps 133.

The hardfacing embodiments described above are exemplary of various hardfacing
patterns that can be used on earth-boring bit 11. These specific hardfacing patterns are
considered the best patierns for earth-boring bits 11 at this time. Variations can easily be

made to the hardfacing patterns discussed above to protect various surfaces from wear or

14



conposition of carbide particles dispersed in a netallic matrix forned on
the | eading side machined bevel ed surface. 7. The earth-boring bit of claim
1, further conprising a | eading edge | ayer of hardfacing on the |eading
machi ned bevel ed surface; and a transverse finger of hardfacing extending
circunferentially fromthe | eading edge |ayer on the outer surface of the
bit |eg. 8todikat estings fbemibitdedd? sothatihgickitings fonetascumslvis henpath shigtdibdler

| eadi ng edge | ayer of hardfacing on the | eading side nmachi ned bevel ed
surface; abetwppethelceadiXignddigmagaperingkediar df aci ng on a | eading surface of
each head section; and a gap between the upper and | ower | eadi ng edge

| ayers. 16 9. The earth-boring bit of claiml, further conprising: |ower

| eadi ng edge | apethe embbainttheshoveh AIFikEe 18 eABEdID HaflFadiRE 17 NRAhSSH 0h ¢dad
surface, the | ower |eading edge |ayer haV|ng a transverse finger; an upper

| eadi ng ed%% 151‘?y3€ir bndlt %%%}d‘ﬁromr Sadh NG ﬁ ‘?ioﬁfsjleavﬁaﬂa@a%ﬂlg feLion;

and a gap meen € up er and eadl ng e ayers erern e gap
ext ends circunfer tla ng t.he transyerse f|n er of Ieadlng
edge | ayer “YPPISEA ge i‘@‘? l%aﬁd{%?nw A HyerHng ’G‘F eéﬁeaélﬁg 1hef‘?
conprising: a | ower Ieadln %E |l ayer of hardfacing on the |eading S|de
machi ned bPixerté: h%’dﬂ?dﬁlagé7 pvierdiverbelittiggsadpethe gyaieh pgdridgbaringdiet 1

transverse finger; an upper |eading edge |ayer of hardfacing on a | eading

surface of amheludeabe amsesitdf@attinkh thatimpe bcduaadite gewadgr theaydersid\afivit lan3fipper
transverse finger; and a gap between the upper and | ower | eading edge

| ayers, whg{Eifhet BE 9ap extends

pu
-
(_,/'

While the invention has been shown in some of its forms, it should be apparent to
those skilled in the art that it is not so limited, but is susceptible to various changes
without departing from the scope of the invention. Moreover, diverting hardfacings could
be created where the flow through channel includes hardfacing that covers the surface of

the head section, but is not as thick as the diverting side.

{
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circunferentially along the transverse finger of the | ower |eading edge
| ayer of hardfacing. 11. An earth-boring bit conprising: a bit body
conprising a plurality of head sections, each head section further
conprises a depending bit |leg having an outer surface, a |eading edge, and
trailing edge, the bit leg conprising a nmachined bevel ed surface fornmed at
a junction of a |eading side and an outer surface of the bit |eg of each
head section; a cutter rotatably nounted to cantil evered bearing shaft
dependinq:i dly from each of the head sections for nmounting a cutter,
t he machi veled surface is angled relative to a line parallel to an
axis of the,canti]evered bearing shaft, the angle being at |east 20
degrees: la fB&gIHEO L gampsingt har fagin formed on a | eading side of each
of the head <$ddognsomprigng aalyralisy peclians, gachadisestipmbayiag dn a portion
of the nachi ndarengingdiiidas withpaseupferentiallpextending eftersiefateeamiingect i onal ; and a
finger of a handicgct legdibpsidedndatraiingsiter surface of the head section spaced
above a |l ower end of the head section, the finger of hardfacing extending
fromthe | eadicogeradgeblyayeuntef ohacaifiboveied beanarstafa dépeading hgvadlge of each
head section deh eddh\of 1@ bivlegipp®d edge that defines a diversion surface that
engages and guides the cuttings when the earth-boring bit is rotating. 12.
The bit of claiBaid sidd1Bsdidbdiegeltd HOBEe REmBRL BridA EXlapdtnagneral |y
upwar d from & tﬂe%%@.‘r RS FRAYE thebft 1dSof éﬁ@ﬁh@édtsea{qn%h@'légdﬂnjg’ sid@‘}ﬁf{cﬁiﬂédt he '
finger of har Lo\ éiﬁé] Eapulliy vOH! LladPhlhOnarlint BEmIMLE]s ur face of
<

the bit |eg. I I r_conprising”an inner strip of
el e

e . C
har df aci ng exf%%%ﬁ%% afoﬁg 2™ fifier surface of the bit | eq.

15. The bjt_of claiml in:
i The earth?ll)orr?ng JBit O%Fagrgll, wherein the angle is between 20 and 60 degrees.

3. The earth-boring bit of claim 1, wherein the angle is between 20 and 50 degrees.

4. Tﬁe e’arth-Bon'ng bit of claim 1, wherein the angle is at least 30 degrees and no more
than 45 degrees.

5. The earth-boring bit of claim 1, further comprising a trailing side machined beveled
surface formed at a juncture of the trailing side and the outer surface of the bit leg, the
trailing side machined beveled surface being an angle relative to a radial plane
emanating from an axis of rotation of the bit, the angle being at least 20 degrees.

6. The carth-boring bit of claim 1, further comprising a layer of a hardfacing
composition of carbide particles dispersed in a metallic matrix formed on the leading
side machined beveled surface.

7. The earth-boring bit of claim I, further comprising a leading edge layer of hardfacing
on the leading machined beveled surface; and
a transverse finger of hardfacing extending circumferentially from the leading edge
layer on the outer surface of the bit leg.

8. The earth-boring bit of claim 1, further comprising:
a lower leading edge layer of hardfacing on the leading side machined beveled
surface;
an upper leading edge layer of hardfacing on a leading surface of each head
section; and
a gap between the upper and lower leading edge layers.
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t he head section further conprises a head section body and the depending bit
|l eg extends fromthe head section body; and the finger of hardfacing
extends circunferentially along a portion of head section body al ong the
bit leg. 16. The earth-boring bit of claim11l, further conprising: |ower

| eadi ng edge | ayer of hardfacing on the |eading side of the head section; an
upper | eading edge | ayer of hardfacing on the | eading side of the head
section; and a gap between the upper and | ower |eading edge |ayers. 17. An

eart h- bor j, ng. bi t .c ri,s .a bi.t bod co rlsing a plurality of head
sections: ) q@ Ig}ggﬁggy lﬁB% ‘%m%gﬁf | ever.ed beari ﬁq?ft dependi ng
i nwar dl y fron1£§%ﬁ ayps ¢ figgen $ g“ q%@?e a leading -
si de machi ned & levipy g " AAYCHPAVING g RISV erRe @lﬁge& | eadi ng si de of

each of the head sections and the outer surface of each head section, the

| eadi ng si de sveupenlealipgeddedaes of haadfecibg pm g leadingsytieceradleaghiheadt 0 a r adi al

pl ane emanat i ngctidm;end an axis of rotation of the bit, the angle being at

| east 20 degrees; |eading edge | ayer of hardfacing formed on the | eading

si de machi ned bgipBeteenshy dppetandioetlcidingetoe Myess, Waedinate pgp damded on an

outer a surfacgre@fférb@iallgatbng €l tr MRV ERAGRLr ofthO1veR Idadi@led &y &@foft he head
section, the fﬁﬁ@@&n f hardfacing extending fromthe |eading edge of

hardfaC|ng toward a ralllng side of a each head section and having an

upper edg ﬁ%@%1ﬂ?£6 EDH&MEJShgﬂl &ﬁ%@&géthat engages and gui des the
?.I‘

cuttings The .ear t.h- bit of
C:Jallm% furtahg elf: 1pgg g2 ro aﬁ s ?‘}g%mﬁ%lv%efdbﬁvqoﬁijlrpgcel °
formed at a j ufh ?ﬁ= o WEHEA P s S ‘H’én%%]&“ieh 5PTEF "B F ace of the head
section, the trailing side nachlned bevel ed surface being an angle relative

to a radial pinHReRlkading rdes laves pl bandiasing o e Igadingspefacest cetdioBdt | the angl e
bei ng at | eastsegidon, the upper leading edge layer having an upper transverse finger; and

a gap between the upper and lower leading edge layers, wherein the gap extends
circumferentially along the transverse finger of the lower leading edge layer of
hardfacing.

11. An earth-boring bit comprising:
a bit body comprising a plurality of head sections, each head section further
comprises a depending bit leg having an outer surface, a leading edge, and trailing
edge, the bit leg comprising a machined beveled surface formed at a junction of a
leading side and an outer surface of the bit leg of each head section;

a cutter rotatably mounted to cantilevered bearing shaft depending inwardly from
each of the head sections for mounting a cutter, the machined beveled surface is
angled relative to a line parallel to an axis of the cantilevered bearing shaft, the
angle being at least 20 degrees;

a leading edge layer of hardfacing formed on a leading side of each of the head
sections, the leading edge layer of hardfacing is on a portion of the machined
beveled surface of the bit leg of the head sectional; and

a finger of a hardfacing formed on an outer surface of the head section spaced
above a lower end of the head section, the finger of hardfacing extending from the
leading edge layer of hardfacing toward a trailing side of each head section and
having an upper edge that defines a diversion surface that engages and guides the
cuttings when the earth-boring bit is rotating.

12. The bit of claim 11, wherein the finger of hardfacing extends generally upward from
the leading edge.
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degrees. 18 19. The earth-boring bit of claim17, wherein the bit |l eg has a
shirttail formed al ong an edge that corresponds with the cutter; and the
finger of a hardfacing extends fromthe | eading side machi ned bevel ed
surface circunferentially around at |east part of the bit leg and away from
the shirttail. 20. The earth-boring bit of claim17, wherein the |eading
edge | ayer of hardfacing formed on the |eading side nachi ned bevel ed
surface defines a | ower |eading edge |ayer of hardfacing; and further
conpri si ng;: u . .| eadi ng edge .| ayer, of hardfacing on a | eadi ng surface
of each hggd?ﬂ-ﬁggﬁﬂﬂFl & “gh?e@@géé@hm?ﬁ@“ﬁﬁﬁgpd%%ﬂngﬂhﬁﬁmﬂﬁﬁﬁﬁhg edge
| ayers. 21. © QUet #1365 PiHYe Bit{e8of claim 17, wherein the | eadi ng edge | ayer
of hardfacing fornmed on the |eading side machined bevel ed surface defines a
| over | ead]i“ngh‘e‘éfg@f qlaigel], rthen eqraprisen vy, inees gtripu harifacinamytindingglongra upper
| eadi ng edgeptttigreet be imgr sirface pithohitded eadi ng surface of each head section
t he upper |eading edge | ayer of hardfacing having an upper transverse
finger of Ihathd icofjaiextlemdierein:ci rcunferentially around at | east a portion
of the head seigdlicad sedbiod Gurthebtdmprir@s a Bead sBEicRHIN ahdihcigpdiiding®MTBE | Si Ng: a
bit body conpricgichds fRor e dal bdt1ioh bb@Adngect i ons, each head section having a
depending bit |iRoaNe} Br Rar@ihabiny ehEARM b RbteYer®Xl QIGh%‘QpQHiBﬁ lof ﬁsgardfs@&ﬁm an inner
surface, a Iea@bgga@hgﬁwqmqgg trailing side, a cutter rotatably nounted on a
cantil evered bearing aft déepending inwardly fromeach of the bit |egs;
and 16. The earth-boring bit of claim 11, further comprising:

lower leading edge layer of hardfacing on the leading side of the head section; an

upper leading edge layer of hardfacing on the leading side of the head section; and

a gap between the upper and lower leading edge layers.

17. An earth-boring bit comprising:
a bit body comprising a plurality of head sections;

a cutter rotatably mounted to cantilevered bearing shaft depending inwardly from
each of the head sections for mounting a cutter;

a leading side machined beveled surface formed at a junction of a Ieading side of
each of the head sections and the outer surface of each head section, the leading
side machined beveled surface being an angle relative to a radial plane emanating
from an axis of rotation of the bit, the angle being at least 20 degrees;

leading edge layer of hardfacing formed on the leading side machined beveled
surface; and -

a finger of a hardfacing formed on an outer a surface of the head section spaced
above a lower end of the head section, the finger of hardfacing extending from the
leading edge of hardfacing toward a trailing side of a each head section and
having an upper edge that defines a diversion surface that engages and guides the
cuitings when the earth-boring bit is rotating.

18. The earth-boring bit of claim 17, further comprising a trailing side machined beveled
surface formed at a juncture of the trailing side and the outer surface of the head
section, the trailing side machined beveled surface being an angle relative to a radial
plane emanating from an axis of rotation of the bit, the angle being at least 20
degrees.
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a trailing side machi ned bevel ed surface formed at a junction of the
trailing side and the outer surface of the bit |eg of each head section,
the trailing side machined beveled surface being an angle relative to a
radi al plane emanating froman axis of rotation of the bit, the angle being
at | east 20 degrees. 23. The earth-boring bit of claim22, wherein the angle
I s between 20 and 60 degrees. 24. The earth-boring bit of claim22, wherein
the angle is between 20 and 50 degrees 25. The earth-boring bit of claim
22, mherel le is Iea nd no, nor t han 45 degrees.
26. The edf- ;ﬁ‘el‘} ﬁ ‘Plt?#c %‘f“a QTBIW‘gPEﬁi?gaf@éﬁﬁPlﬂ'%ﬁ}l $§9‘é&%f a

har df aci ng Eﬁqqqmv § Wil ths e and j ¢ es dispersed in a metallic matrix

formed on the tedingennya h@rtii@c%@%mdé dopthe leading gide sraghingdbeveled surface
circumferentially around at least part of the bit leg and away from the shirttail.

20. The earth-boring bit of claim 17, wherein the leading edge layer of hardfacing formed
on the leading side machined beveled surface defines a lower leading edge layer of
hardfacing;

and further comprising:

an upper leading edge layer of hardfacing on a leading surface of each head
section; and

a gap between the upper and lower leading edge layers.

21. The earth-boring bit of claim 17, wherein the leading edge layer of hardfacing formed
on the leading side machined beveled surface defines a lower leading edge layer of
hardfacing;

and further comprising:

an upper leading edge layer of hardfacing on a leading surface of each head
section, the upper leading edge layer of hardfacing having an upper transverse
finger of hardfacing extending circumferentially around at least a portion of the
head section above a bit leg.

22. An earth-boring bit comprising:
a bit body comprising a plurality of head sections, each head section having a
depending bit leg with a circumferentially extending outer surface, an inner
surface, a leading side and a trailing side;

a cutter rotatably mounted on a cantilevered bearing shaft depending inwardly
from each of the bit legs; and

a trailing side machined beveled surface formed at a junction of the trailing side
and the outer surface of the bit leg of each head section, the trailing side machined
beveled surface being an angle relative to a radial plane emanating from an axis of
rotation of the bit, the angle being at least 20 degrees.

23. The earth-boring bit of claim 22, wherein the angle is between 20 and 60 degrees.

24, The earth-boring bit of claim 22, wherein the angle is between 20 and 50 degrees.

25. The earth-boring bit of claim 22, wherein the angle is at least 30 degrees and no more
than 45 degrees.

26. The earth-boring bit of claim 22, further comprising a layer of a hardfacing

composition of carbide particles dispersed in a metallic matrix formed on the trailing
side machined beveled surface.
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