| MPROVED SHI RTTAI LS FOR REDUCI NG DAMAG NG EFFECTS OF CUTTI NGS BACKGROUND OF
THE INVENTION 1. FIELD OF THE I NVENTION 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 dVPPROVED SPHRITAILS FORRED UCINGHOAMATINGEFRFECES OF | | string
that is rotated fromthe surface, or the bit Is rotated by downhole notors
or turbines. The cutters or cones EEFFREGEN the bit roll and slide upon
the bottomof the bore hole as the™drt rs rotated, thereby engagi ng and

di sengaging the formation material to be renoved. The rolling cutters are
provided with cutting ele R NP GF h§i§¥iﬁﬁgﬂigetrate and gouge the
bott om of the borehol e by —he cuttings fromthe
bottom sidewal I s of the borehole are washed away by drilling fluid that is
punped do [ rough the hollow drillstring. Before the
cuttings Q?gﬁ%§§k§€?§ﬁ§@$3§ﬁ${ ttings slide over portions of the drill bit
while the bit iﬁ_rotat[ng. The cuttings are abrasive and can cause wear on
the surfaces offhist prepfiqn relgfes seppial CaprrvRefingadriyl pusndoparfirelary to\wen
faced with wear problens, especially in the art of the cutting el enents on
t he cut t emsproved Inerd sbetmms forsuolmbitn t he arts since at | east the 1930s to
provi de a | ayer of wear-resistance netallurgical material 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 BLGRIGROUND OF THE ART

In drilling bore holes in earthen formations by the rotary method, rock bits fitted
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

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 metallurgical 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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| macrocrystalline tungsten carbide, dispersed in a netal matrix. Such
hardf acing materials are applied by welding a netallic matrix to the
surface to be hardfaced. Moreover, sonetines the cuttings accumul ate and get
conpressed between the cutters and the bit | egs that support the cutters or
cones. In these situations, the abrasive cuttings can damage the seals that

are posi t mageeryhialine eindshd arlill® dsspaRed ihe nkeamdtas. Shat harldflcthgthifefall t er s
relative to the bit legs of the drill bit. A rounded end of the bit |eg that

correspon it ]%h,g t LB: I r shirttail. Various
attenpts %S\?ﬁbﬁ%le n er)%ggl aﬁ{ﬁe‘ﬁ;ﬁﬁ@%gﬂ %ﬁgﬁéfg‘%égﬁfbg% the shirttail in order

to reduce the ability of cuttings to accunul ate between the cutter and the

bit |eg. For | e, desi.gners haye extended the shirttail.to slightly
over hang t he gg%?%’élﬂl\esé)ﬁwf' £s ctﬁ? tchtmgﬁ&c‘f%‘ﬂ?)tletarﬂge%e.s[ COnIRTESES fbe‘%ee{l% ©
|ifespan of the cutters continues to grow, cuttings continue to accunul ate,
beconi ng $WHedndihe b1t egbthah suppeitdhe Gaiters onsenssi AY thase sikuationpdhe abragive of
the bearing seals. BRIEF SUMWARY OF THE | NVENTI ON An earth-boring bit has a
bit body euttings caniainagy treesdals dlzat iangpasitained defweaul ithregeuttetseanslf the bearifige thait t  body
includes a plurality of head sections or bit thirds wel ded together. Each

head secthéla thoehtgie sel@ivdapandbiidedy 4f thedriNitihh A ouhdadndiRr SMiht diitl ¥ eaat endi ng
outer surface, a leading side, and a trailing side on the other side of the

bit |eg. ggg&s}?ﬁ@g&ﬁv?\rgﬁﬁ pfgagohﬂgolﬁggéfgnélﬂ% AN &ﬁ#ﬁﬂ?%ﬁﬁ@%ﬂ%ﬁgﬂg@dl y

C

from each bit or nounti cutter. e earth-bori al so
i ncl udes machi ned bevel ed surface fornmed.at.a junction . of the |l eadi.ng
e and DB DAL So e s, B o e dal SHERLS eter ohe ST REChi ned
bevel ed surface is angled relative to a |ine perpendicular or radial to an
axi s of teutings to accumulate between the cutter and the bit leg. For example, designers have
extended the shirttail to slightly overhang the gap between the cutter and the bit leg.
However, as the lifespan of the cutters continues to grow, cuttings continue to accumulate,

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
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



cantil evered bearing shaft. The angle of the machi ned bevel ed surface is at
| east 20 2 degrees. The earth-boring bit can al so have a | ayer of

hardf acing on the leading, trailing and shirttail surfaces of the bit |eg
for helping to reduce wear on the head section. The earth-boring bit can

al so have a bead of a hardfacing conposition of carbide particles dispersed
inanmtallic matrix formed on a surface of the head section. The

har df aci néegsessd The qasth-boiripgrbif eag alsn haviegslayarrd Haedfaciog ondhelicadinggtriilisg a

| eadi ng surface and a trailing surface. The bead extends fromthe | eading
surface t and dhértthil audfadeg of thefhdicleg forthieligdty rddfce meagom tich head seadionsur f ace t hat
engages and gui des the cuttings when the earth- boring bit is rotating. Such
a diversion surface can help guide cuttings around structures on the head

section, or actTh@garth-bévind Bit ch® akbtHaved b@ﬁ@BﬂU'h@idfﬁtﬁng)Borﬁf)dSsﬂﬁélﬂf)ﬁ@arbﬁB' EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a perspective view of an

earth- bor{nﬂﬂcl‘éé tdls&%?& i Gl bl b fiafd! BAhied off 4 5&' 8t {Hav ﬁ&g o e ° 2 1s

a perspective vie a prior section O an eart |ng

simlar t a 0 n.,Figure 1. Fi 3 iS5 a, cross sect onal Vi ew t aken
21 ong. t hefpiEng bsag s ﬁOHQWﬁﬂ}n&cu&mgshgﬁage@@aﬁﬂ%ﬂ%ﬁﬁ aging augics b gor o
4 is a perspective view of a head section of the earth-drilling bit shown in
Fi gure 1 areiloensurfagset elihe head estendn femnihehleading mptid¢ain theotraling ssurfagent i on.
Figure 5 is a cross sectional view, taken along the Iine 5-5 of the head
section #ikmby definggudieedionFsugiacethat eisgagepardspadés the cuitdigs afhea theedthsect i on
of the earth-drilling bit shown in

boring bit is rotating. Such a diversion surface can help guide cuttings around structures

on the head section, or act as a barrier to cutting accumulating on structures.

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.

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



Figure 1 and constructed in accordance with anot her enbodi nent of this
invention. 3 Figure 7 is a cross sectional view, taken along the line 7-7 of
the head section shown in Figure 6. Figure 8 is a side perspective view of
a head section of the earth-drilling bit showmm in Figure 1 and constructed
in accordance wi th another enbodi ment of this invention. Figure 9 is a side
perspective view of a head section of the earth-drilling bit shown in Figure
1 and const r uckigdre # inecopshasectondl tvievaniakére rloagiibelilime -7 off thdrihsad sacEnti on.
Figure 10 is a side perspective view of a head section of the earth-drilling
bit showshown ihiRygire61 and constructed in accordance wi th anot her enbodi nent
of this invention. Figure 11A is a cross sectional view, taken along |ine
11A- 11A of the head section of the earth-drilling bit shown in Figure 10.

Figure 11B i s RioGfOSh 5884 P&@ﬁ’éctl\léz Sl dakRRd ALARS dfitheedRarikiBe 8t shéven head
section of the earth-drilling bit shown in Figure 12. Figure %2 is a side

per spect | 15 gur%\lf a?ld c%{lgﬁﬂged 18%&’:0%5&[1% w1ttf'1.e éllélr’ Q‘Pﬁ rd1 e%cgf Otgfs 1n\{enﬂg in

Figure 1 and=donstr e I'n ‘accor dance w this
invention. Figure 13 is a side perspective VI ew of a head section of the

earth-drilling_bit shown in Figure 1 nstructed in rd nc W th
anot her - embod FBHIE B & HHSPAPRRTENE Fish, CL4 RoBdARIER ChmRsarioTae e
PREFERRED ENBCDI MENT

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

Figure 10 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 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

invention.



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 extent for connecting bit 11 into a drill string (not shown).
Each leg of bit 11 is provided with a |ubricant conpensator 17. At | east
one nozzle 19 is provided in bit body 13 for directing pressurized drilling
fluid fromw t DETAHERDDESCRIPTION (OF T8l PREFHRREDIEMBODIMENTIuUr i ng
drilling operation. A plurality of cones or cutters 21 are rotatably secured
to respective |legs of bit body. Typically, each bit 11 has three cutters
21, and one of RéReriddtockigaret 1, @hseatthi-boBRS Gt Bdadcb g ticetie gﬁ‘edéhgimli/@ntﬂon iFach
cutter 21 has a shell surface including a gage surface 23 and a heel region

| ndi cat edygenaed! | ol fbidledt Bt AR’ s AUIE dnidial eS| of ROYBPer 2@ f o a

heel row t eet ypi cally each eart oring bit 1 s three

bit thirds, or.h ections,.3l.as, represente tted.lines qn .Figure 1
Chat ar e GIPGEIE BHATHER SORFES GohRov DT sy PE b it pEFHed Grthag
sections 31 are visible fromthe perspective shown in Figure 1, and  for the
pur pose olubEEHY CAMPRRLINHI7H At deast PRenerglee kX 5 mpYidedin bit odyd3dosdisectisa 31, a
single head section 31 is shown in Figures 2-13. As shown in prior art

Fi gure 2, pessihzédddlsgcluidr@i withoh didedrilh shiegdtos@ol iand litotbate Bi8 1arbiriagbi t

| eg 35. Head section body 33 is typically nearest threads 15 used for

connect i ogrilliag Gpetatibhg AipREalithfi ddePPCE Rk PP ak fotdt@ly Iecdr¥dP i Adspactivyt ends
axially downward from head section body 33 in order to support one of the

cutter 21 } i A s 4 oN i pi 7 j red from
an interi %eg’s'éﬁr 88@' O’H%?Zgly?g%h?) {ﬂag?séﬁeg%g%%%’r %‘maoﬁl(f drfggé:g‘?%éyéu?t\r%ﬁsalrgd from
bit leg 35 in qrder t.o support ea utter . Bearin in 37.is shown in

ot or o+ Stel e yifw Batieef. " Fhof kS 2f hap acKbh Sl Tudfding « sefos.

and bearing pin 37 is not visible in Fiqure 1 because cutters 21 are

att ached sécef2d and a heel region indicated generally at 27. Teeth 25 are formed in heel region

27 and form a 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 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 35
axially downward and radially inward from bit leg 35 in order to support each cutter 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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5 and thereby covering bearing pin 37 in the perspective view. As shown in
Figure 1, bit leg 35 is rounded so as not to extend beyond cutters 21. As
shown in prior art Figure 2, when viewed fromthe outer side, bit leg 35
appears to be U shaped at the juncture with cutter 21. The U shaped edge of
bit leg 35 defines a shirttail 41 of each bit |leg 35 associated w th each
head sect amhth8reby c&eringlbichrihgepin3s iptlef mrspetyvd viewu dashawhdadignge §,tdeled3 and
atrailing side 45. Leading side 43 is generally the edge that encounters

the hol e beigvguddd doafd not toséxtehiEndyBnd B&tersld 1.€Ak kRGO tn 5183t PR, aeh
boring bit 11. Each bit leg 35 also includes a finished surface 47 |ocated

al ong each;.ghy rﬁtotn?itﬂe Ster s}%@o ib?@l'e%%ﬁ}?@@z}rﬁgcg% g&lfﬁéed Bpﬁ%"jgﬁ&lgre%irgb!gg%r35’ I's

a forged piece of neta at ca ns and-rough e

i or {002k RGCODSLHER CREF PR 168 R GRS NGk T PRGPPONT bk REAGIEE hor by

removi ng any inperfections. Each head section 31 preferably includes an

out er sur Wibeadoheadsectwafilnes part of an outer circunference surrounding
earth-boring bit 11 when all three head sections 31 are conbined to form
earth-boring bit 11. Typically outer surface 49 is machined to a relatively
snmoot h fini sh Each bit leguife prefemblycmcldesiaelsadiog sidd dchmdadlitadiling bielgodtd t he
bore of the hole being drilled by cutters 21. The portions of head sections

31 that apeadidgdéiaé 4y is gnerullg tRS edbitiRst eﬁwdrﬁ&gﬂfe%oqwéiﬁ?hhne@ﬁ&t ags towe hi ned,
but are rather left in their manufactured or forged state. As shown in

Figures 1 L nr i . h . 1100 i I udes a
par of 1P anpoR et Pl of it i3, FABR A 1PSS AR bt RS hed gl O}
head section 31 typical i.ncludes,_a .l ing flank 51 and. a.trailjng flank
55 Lead ) kgl BaE Past i oflno Tl Babead sseduita i induring el Bs J5oTne
trailing ?(;rggd giiée of metal that can have imperfections and rough edges, including the edge

forming shirttail 41. Finished surface 47 is created after touching up shirttail 41 with

grinding, filing, or machining, thereby removing any imperfections.

Fach 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
manufactured 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 trailing flank
53. Leading flank 51 joins leading side 43 and trailing flank 53 joins trailing 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.



Leading and trailing flanks 51 and 53 are primarily | ocated on head section
body 33 with a portion extending down bit |leg 35 and connecting with
finished surface 47. 6 Referring to Figures 2 and 3, each bit leg 35
preferably includes an inner surface 55 that is |ocated opposite outer
surface 49. Inner surface 55 preferably includes a |l ast nmachined surface
that is typi caRbfgernmectoi Figdrek 12ainds?) eash b legdp erefembly inbluded areirmeRdurfacat ar e
connected to bearing pin 37 for each head section 31. Inner surface 55 al so

includes g5 (RPN iRAtedXdppbsite SR¥EEETACE AN tTAGer ABtaceBS HirBRELbSHcARIes bhadt 1S
curved in a convex manner in a transverse direction and also curves upward

in where b .40l [ AE f : t bt a done
above cut %Iltg?lgﬁédiglr%éggg}agcuégggﬁ%%\%gg%ﬂ%f) 2{sg’l}tr}fe“ g%lgér%ftg “??Cénégign%g{%% t hat
head section 31 does not . d radial eyqnd t he bore drilled cutters
o1 Ther b oected it BRacl piiet S BEfbead forRi el eeRPbre Shetsctelendr ol 1 el
with inner surface 55, but rather is arcuate with respect to inner surface
55. Fi ni shetion axraly aipward fremathe lasy mashiged yerfacs thatria greyied |in gecoByexemamie§ f rom

inner surface 55 that is coincident with the axis of rotation of the bit
and ext entsa trahivatsk Wiroctiompardl. aliheunveduatarll iimevhRre it ¢oias dlel iynerrsaphesefiths | i nes

along a radius of bit leg 35 and is shown by indicator line R . Radial |ine
R is of f §@br hik 23k 3540 BrheNESmE bttty 2Adisdus&d d8vé it shFaf49rigt at i on
of cutter 21 and the centerline of bearing pin 37. Preferably, radial |ine

pot veen  TATATRED AR ebd BRAAC 3L ik Bor SO IRAT, SRinETGe BardNLLE D ©
00l 0L e o R0 L 0B LR SSE0AS A SO AL 0
i nner surface 55. Because angle 01 is typically between 0 and 10, angle 02,
or the ahgkesus@ea@arbut nather is archaleavidbreaprgt torian¢reytfeeryS porinisbed srface 27 shed
surface 47, or |eading

is angled relative to a radial line extending from inner surface 55 that is coincident with

the axis of rotation of the bit and extends radially outward. The radial line R; generally

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, is between 0 and 10°, Angle 0, 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 0,, 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

05 and is typically between about 90° and about 100°. Angle 85 can, but does not always,

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



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 trailing portion

relative to fiRbrSthedraslitig ?@rﬁoﬂ?@laﬁ‘l’eﬁfd fimighdd supkac®37] saitinglfRek 53ekahpéé to a
radial line R2 extending frominner surface 55. As best shown on Figure 3,

trailing fhARK 93 ﬁ@h?ﬂﬂégﬁkx%ﬂdﬁg%&n of SATRAEY. Al bl &nBanRdribfem, | nner

surface 55. Angle 04 1s so typircally between 0 and 10. It is inportant to

not e that, anal and 0 are_typicall nly. between .0 and 10. .The.angl e
from i nnelabfs ek Se%iend i’ aigld e fomt s fing R REE sonfiine? Jurtdctia i <
the corresponding angle with angle 04, Because radial line R2 from.inner
surface 5508%t5%Azialsatymcallyistweend) andd @°h Tt idewodant tgdwisthagarglesdijand fat ween

0 and 10, angle 05 is typically between 80 and 90. The angl e between outer
surface 4@edyplcaltyraily betyveth Graind38°.i $he epgle front mdetspriang b8 t@Bailing plaskbB y
angle 06 will be about 90 to about 100. Due to the possible arcuate shape

of outer BUhbaedYHAgleddigivlidBbs GRitoviREpondingtiileywith \BhaBeeaus®fddis pi@adi ng
angle would be if outer surface 49 were exactly parallel wth inner surface

55. Referpi ﬁgﬁiﬁggﬂqﬂ%g%% eﬁ@ncﬁr’g‘?gg{gﬂ?gﬁglw?tvitﬂ iﬁ%r}sirllc 5?5 AR, i€ Béttvedn 0

invention is s section preferably es a head section

body 33' an bi eq ,35' avin b LN in .37 extending.radially
v @ andhal Rt BohavRir by e S "o i briren Sl e g | o
35" preferably includes a shirttail 41' extending along an axially downward
porti on ofraihing flagk 534s rapresentgd by gngledspfiypically angle edé@]g P BbeMtfAF terpbrite 2.
Head section 31' preferably includes a |leading side 43" and a trailing side
45' that 100°. Due to the possible arcuate shape of outer surface 49, angle 6¢ can vary slightly

from what a corresponding angle would be if outer surface 49 were exactly parallel with

inner surface 55.

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
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.



substantially correspond to the |leading and trailing sides 43, 45 di scussed
above for the prior art. In the enbodi nent shown on Figure 4, a finished
surface 47" extends along a portion of shirttail 41' preferably froma

| ower 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 backf ace, Heid tdecios Bif Fx@ﬁ:rﬁﬁlytlﬁtﬂud‘e@mﬁ af¢rasuefite 4on@nt subfatkd &bin 8 Head
section 31' preferably includes an outer surface 49' that is rounded off in

g subst aélIUst?hhé’llysélﬁ'ilhxa aslfuég DS BfkePSurPE 89 irf HeT P aft Fif t2h O ds%&tﬁ@é igFigure

Quter surface "49 not extend radlall out beyon

out er nost ,portions .of " 1 ect | refe |l sQ; i ncl udes
a | eadi ng }gﬂ L%Ro%ixtendara;éﬂ%{& ?lﬁgaﬂ g‘%[?ngéﬁe QH HERS |Ih° pns 2 ‘?[Ll%eﬁ 558{eﬁ%at are
in substantially same_| ocations as leading and trailing flanks and

i nner sur fogkieR 3 lere?gablmbfossclpﬁew {egeingy fank; «‘g'uraegralimar%ﬁné 53 andipR dnier ank
51' includes to a nachined bevel ed | eading surface 101. In the enbodi nent
shown i n firfge &54thanarehinrsebistaiselly| thel sareathcagorsuast lreding @ad itsilpigeflakalang
created by machi ning beyond typical finishing and touch-up procedures

associ at egnéd §ufabed $Higasdis$ acpridk/art Fivashined Heveldat laxds Nencledes iqge 101
intersects with outer surface 49' at juncture 103. The differences between

machi ned 1 fnR 7, .Qr art
Fgur os. 20 @h%f’b SR B AR IR L BEhbUERA o it Racld

ext endi ng, s t iall ] el he centerl i of ,bearin

subst ant  BAFS BadibEstul Y srisrlcfaphorredd picnbdiite popd ﬁyﬂﬁ‘a’%@mghl?ﬁe
angl e between | eading flank 101 and radial Rl' is represented angle 01',
whi | e t heanthigueh-BppicsAutcs agsopigted) vaifk finishing sarfagerter h&shmaé @e\sfée egdmg
represented by angle 02'. Leading flank 51' conprises machi ned beveled

| eadi ng ssurfaae @01 Giters¢dteeweth onter surgdee 404t juretureid63.1 ar ger than 10. Al ong the
Cross-

The differences between machined beveled leading surface 101 from finished
surface 47 of prior art Figures 2 and 3, is best shown in Figure 5. Radial line R’ 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 0,', while the angle between leading flank 101 and
inner surface 55' is represented by angle 0,'. Leading flank 51' comprises machined
beveled leading surface 101, therefore angle 8;' is much larger than 10°. Along the cross-
section that intersects the centerline of bearing pin shown in Figure 5, angle 8,' is typically
between 20°-60°, but can have various ranges including 20°-50° and as shown in Figure 5
being about 30°. Along cross sections both closer to and farther away from the tip of
shirttail 41', angle 0;' can also vary due to machining techniques. Because angle 0,' is a
corresponding adjacent angle to angle 0,', 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 65'.
9



section that intersects the centerline of bearing pin shown in Figure 5,
angle 01' is typically between 20-60, but can have various ranges i ncl uding
20-50 and as shown in Figure 5 being about 30. Al ong cross sections both
closer to and farther away fromthe tip of shirttail 41', angle 01" can

al so vary due to machining techni ques. Because angle 02' is a corresponding
adj acent angle to angle 01', angle 02' can have a range of 30-70, and can
sonet | mesAbgletfat vaserange beovesn BE°S56%nl 2081403 0r @s Shawouin BgureThat aregné
between outer surface 49' and |leading flank 51' at machi ned bevel ed | eadi ng
surface 1020° SSimileptoesght Bhndypriengit &igides 2 wd 3lengk Bhcanbilsosernsigdhelytdnat i s
directly proportional to 02. 9 Angle 03" can range between 110-150, 120-140

or as shohé arcﬁa@uﬁaae%f%hte@@wm 4912 ftivStdtinhaf suk@c@pgl € 03 and prior art
Figures 2 and 3, angle 03 can also vary slightly due to the arcuate shape

of outer surface 49 relatlve to inner surface 55'. As shown in Flgure 5
angle 03" is sybhs s b

bevel ed | eadi néps%lr ace %@%ﬁd% geéi 253% gt:égﬁ%tly %%&ﬁ?ﬁ&@éﬁ‘ﬁgﬂ\efﬁ?@ eadl ng
surface 1 an | on Fi gu t ha

advant ageg‘ffglfé “ng?lge‘ggﬁ\(ftl% @é‘ﬁflﬁ Sg‘i ﬁga"%l%\(f\? os%tr@ﬁﬁ# d@ %‘l”&ﬁﬂrh?vﬁlieg | eg
35" during rotation of earth- boring b|t 11'. Having such a | eading flank as

machi ned [sediag surfhes H) ngroyides aneangir) along lank 24 Bligiy 4)dhacisadyemtageously
accurnul ation of drilling cuttings that can accunulate on |[|eading flank 51

when ner empracdrdativbad alowimpcfow Bf dugtings edbunBefietegi 370 dudng-rgati@s obeathd 7,
anot her enbodi nent of a head section 31" for earth- boring bit 11 as shown.

Head sect b&qhggﬁi't A1k @avh}fgaghcﬁegQéaqg@bﬁam@ggdn?aéhme@*b%oele@mm@es@fac@q@@

section body bit leg 35" and earing pin 37" for supporting a cutter

21" A Sh&vaﬁag chusfr&[ {ecf-u es hhseo aéc?l(ﬁlel‘ltlzﬁlonal)f) Hgll}ngecdtg}qgsr t tcaﬁd&%ﬁmﬁfatebloﬁ leg

35" simlar

leading flank 51' when merely a finished surface 47' is used.

Referring 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 shirttail 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,
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and 41' in the enbodi nents di scussed above. Bit |eg 35" preferably includes
in this enbodi nent an outernost surface 49" that is machined to a desired
finish so as not to extend radially beyond the radial outer nobst portion of
cutters 21". Bit leg 35" preferably also includes |eading and trailing
flanks 51", and 53", as well as an inner surface 55" which substantially

cor r esponghilifg flagk b¥adifge 6) paiférablg alsdndnipiidey a flachiacebeveled tedlindburfaoe t he
enbodi ments di scussed above. In the enbodi nent shown in Figures 6 and 7,

I eadi ng f|@kocakd A5APHaRInG)siddP st entihhel e Sr shgskebR)se I%@Ermﬁdl ng
surface 101 that intersects outer surface 49" |ike the enbodlnent shown in

Figures 4 " C | ngl ed
as descri %ﬁ%%ag%o\?g/g q%%ﬁ)espgﬁog%f L]?ﬁﬂu %V\EH‘E'%%I?S “3??) rp 18{1 gEgQIII¥§6ﬁ Pﬁai l'ing
flank 53" _(Fi 6). preferaply also ri ses a machi ned, bevel ed trajling
Surface. b6 Mausmatbielagranad i dDeRamsecs pach gvéF it 1o
surface 105 preferably extends froma | owernost portion of shirttail 41"

t owar d andefpyeg amperten asige of mackingd beyeladdrailingsgirfacebehi ned bevel ed 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, machi ned beXebest shownlih Rijgwee7{ amehihed befeldd ailing guitactel 0548 traiEngsige ed
inward frominner surface 55" along shirttail 41" toward outer surface 49".

Machi ned b?'\/ﬁ|a%glehr1ﬁ‘vévlaﬂdnlgor§lalﬁxfxe%c‘sﬁrf&éﬁss"Salér@i}ﬁﬁitailw}artgwﬁfd%ﬁté@éﬁkﬁbe hone R2"
extending from'inner surface 55". The angle fromradial line R" to

machi ned P@‘éﬁh&? bgg%&ggrgﬂ%tgtsukﬁce ‘"1189 llse a aéied 111‘1':5'8 1 rgdlgll 1né .'& i %{lﬁagél and

5, 04 ween can have various ranges |nc udi and

as shown i.n Figure 7 abou | e, 05" ts ang] e .04" and
defi nes tﬁ'@mal |syffa ltef %ﬁiﬂ%& Eﬂa@]é?}é’- rg)beVrTFeg surface JO% is

angle 04". Like angle 6,' in Figures 4 and 5, 64" is between 20°-60°, but can have various
ranges including 20°-50°, and as shown in Figure 7 being about 30°. An angle 05"
compliments angle 6," and defines the angular measurement from machined beveled
surface 105 to inner surface 55". Angle 65" is between 30°-70°, and can sometimes be
between 40-70°, or as shown in Figure 7 about 60°, depending on the angle of 6,". Angle
06" defines the obtuse angle between outer surface 49" and machined beveled trailing
surface 105. Because of the arcuate shape of outer surface 49", angle 64" 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".
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surface 105 to inner surface 55". Angle 05" is between 30-70, and can

soneti nes be between 40-70, or as shown in Figure 7 about 60, depending on
the angle of 04". Angle 06' defines the obtuse angle between outer surface
49" and nmachi ned beveled trailing surface 105. Because of the arcuate shape
of outer surface 49", angle 06" is between about 110-150, 120-140, or as
shown in Fi gurReférratg tr Biguctk 8208eadTheetiemi3d dinotades 8 havdfading Hil§uappled tann 7
provi des nmachi ned bevel ed surfaces 101 and 105, which help prevent the

accunul at p@Br Yortfoat of NEEad dsectivg ﬁperﬁaﬂd@d&mggy 11 Cé@abé Nepphicd &3S aRPPFemsi ve
outer surface, i.e. one that is tapered or beveled fromleading side 43" to

outer sur grﬂﬁtﬁ 114&%ntsacﬂ: Iilfeﬁr@b%g ee{cc Jrgg}? ?0 19 p}; B%bél@ g1)&71}_'1' R&kdlﬁ%entl%tﬁ

Lesseni ng e accunu ation uce t

outer poriions of ear b|t 11 h revent uttlngs

Fr om ber nieB B PeuEand Sartleaniuftid Hlnlﬁsf eSS i B erBA B PR T g
cuttings nore eaS|I¥ fromleading side 43". 11 Referring to Figure 8, head
section 3MgurcBubtsdiagingal f iscloseied P somsl pthetradiaHy autaresuridesst olothedicafiead
section 31. Hardfacing 111 can be applied to any of the enbodinents

descri bedsahon8] tatwor dpatigy of layersofiatdfaditgy 1 hiunberdfacimg 11 Iniatluded 4 Badingi at e
bet ween prinme and doubl e prine notation unless necessary. In the enbodi nent

shown in pértigh 118 18 thad degind Gi Mdﬁ%klﬂ@ 4% Qﬁﬁfges%uqaﬂ&qw&fdlﬂghﬁaraﬁdingl iMaouter
surfaces of the head section 31 to forma pattern or |ayer of hardfacing

l11. Hard i eadi n
Side 43 aPSEREIbIBRG ok 18H O 4F %&%fné’ﬂaﬁn o 0‘1% 39?& B 1dthar 2! 19
circunferentially fromleadin i.de , ove ortio ter ce 49,
Covard 4 AT test o LeATREdR RHOE ddh alprptendy gege S raRa Iy
axially upward from shirttail 41. Hardfacing 111 in the enbodl ment shown in
Fi gure 8 fhdtalgds Handifgsingolt] vithe embodiment shown in Figure 8 includes a tip portion

hardfacing 111b located along shirttail 41 between leading side 43 and trailing side 45.
Hardfacing 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 cuttings 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



hardfacing 11 | b | ocated along shirttail 41 between |eading side 43 and
trailing side 45. Hardfacing 111 also includes a trailing hardfacing 11 Ic

| ocated on trailing side 45 along shirttail 41. Preferably leading, tip
portion, and trailing hardfacings 11la, 111b, and 111c are connected to
forma |ayer of hardfacing around bit leg 35 along shirttail 41, which can
be achi evbebeliyg,koowncpr dbe el rmasuralnjunbiira cteatedk epoov ésrgmgpoh earke ketiting Ileads
fromone section to the next. Wen nachi ned bevel ed surfaces 101 and/or 105

are preseRurdfadidd Uf Bglsd ehdhldes A8 hipert Pars@EHE Angdiel 198 3ktefdi g tedchferédfally NgS
passing over shirttail 41, I|eading side 43, and trailing side 45.

Pr ef er abl h i I n . oC t ed;; | he
Pref or 201 o 85 AL O KFLuf Bt 10 U0 AMing 1 AR SN DONEl Lk N
111" br of bR RLY el M TR e Ao Baa e el A QP SR oE
ext endi ng_upward al on? | eadi ng side 43. Upper | eading surface hardfacing
111d is pHepartssyerestiagatildde Flpnde reduas Wgasenie pagiqnafthepd isestioncilt kalowur face
49. Hardfacing along this region helps to reduce wear along |eading side 43

at a tranbibtican sampensatberl7s st aeB 9 actily as ta dagidri on peagnb eupiags fedm
juncture 103 created by 12 beveling, or it can be the natural juncture

created uUp@infulitfbng 1&ricAsPEnERaLAtMN By divéﬁ{?gf@@ﬂﬂgg fﬁlﬂbﬁ:cl@g) 35 Religigs an

upper transverse tinger 111c extending circunferentially roman upper end

of upper P@gg%%fu@d%g&%l;qr df acing 111d. Finger Ille extends generally

hori zont a the distance to trailing side 45 of head section
31. Upper transverse finger 111 e helps to reduce wear on a portion of head

section 31 belpw, |ubricant c ensat.or , as | 1.as,acting as.a barrier
o prevent cut [ s STPRiet SOMER db TGP | LR RTIBoRpARUATES, > 19ep T
diverting cuttings frombit leg 35 to trailing ) ) )
hardfacing 121 formed essentially along shirttail 41. "Hardfacing 121 comprises leading,
tip, and trailing hardfacings 121a, 121b, 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 131¢c. The bead of hardfacing in finger 131f preferably defines a

13



portions of head section 31. In the enbodi nent shown in Figure 9, a head
section 31 includes a layer of hardfacing 121 forned essentially al ong
shirttail 41. Hardfacing 121 conprises leading, tip, and trailing

har df aci ngs 121a, 121b, and 121c located in simlar positions as in the
enbodi ment di scussed in Figure 8. Leading hardfacing 121 a however, does not
ext endi ngstraightalivdréng sideal30y @uttingdpadingrtheuph @ap 149 .slile atodgdivdraag sidg
hardfacing nerely follows shirttail 41 along the | eading side 43. In the

embodi meny 36 hRMy ivpwakd Wotn s skirtfsRd1 S e0tveRhg3didé NBb Usigmes al AXRT thRugh
hardfacing 131 simlar to hardfacing 111 of Figure 8. Hardfacing 131

i ncl udes f S a ,

wel | as u%per Ieadf%%mghﬁgg @%} %%%%ﬂ%? @@%gﬁ Wé%% mnaﬁ%pg33verse%$|nger

Il e. Fbmev t he enbodl f 131.s i 10 i ncl udes
a gap 133° ﬁ?ﬂ%ﬁn%%¥mﬁbw- lﬁ 8ﬂﬁ?§?5ﬁ¥ ’E%&&mgﬁﬁtﬂﬁﬁ’ lggﬁ%ﬂﬁﬁﬁgﬁrface
hardf acing 131d. Gap 133 alloms for eas fIOM/of cuttin bet ween | eadi ng
har df aci ng‘*%@md shealoty eu gk pf nnsailesding surfaechardiagingdidnd dzgnqs & upRet pertioter se
finger 131f that extends rearwardly and upwardly from | eadi ng side 43 about

hal f the oflfletvathoagh pakgage [140g Howkeved Flow lterougtdpissade 140nomvalss eadilyngést 135
is about the sane as other portions 131la, 131b, and 131c. The bead of

har df aci nghi tferé g0 ééi)lforﬂlégfb%ﬁ)@ééhﬂeéaﬁ{g E@éfa&ng Ja%m%@&@ﬁér 1@&&{% EﬁrweSI de
139. Cuttings passing through gap 133 sI de along diverting sid

|1
e RS O U AU P A TP P
t | th t 33 th
H Wit ek Bk R

surface hardfaci ng 131d deflnes an upper portion

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

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 patterns 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
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of flow through passage 140. However, flow through passage 140 can al so
easily exist when there is no gap forned between | eadi ng hardfacing 131 a
and upper |eading surface hardfacing 131d, but rather merely an absence

adj acent diverting side 139 of hardfacing that is the sanme thickness as the
har df aci ng of diverting side 139. Referring to Figures 11A and 11B for
exanpl e, wahvaBAuttings tambitilsg3asé thactheahttings do npeaicsmatite bateathi shirttdifi41 on
head section 31 adjacent diverting side 139 of hardfacing. War-resistant
materi al BetbebrStht RukereX1 dnddan@by Bédringgedls.de 139 of hardfacing, so diverting
side helps to ventilate or divert cuttings fromthe tip of shirttail 41 as
the cutting travel fromleading side 43 to the trailing side 45.

\ar - r esi st ant @t @mbBlinkhl sicRth fi&eﬁigﬁ%%a%% ofhfdfadifig 3PP SdwAnthehdi Nl'Y
t han hardfacing formng diverting sfde 139, or any othér wear resistant

mat eri al i.n art an be applie 0, t he. out er rf.ace head
section Lée%ﬁg\g\séls ﬁ%t\%ﬁdlﬁ% tﬁlgvrgaﬁ&r élﬁ 1]fflgh8$'g]?)3c?fg8%%fe°§%ﬁ ?f\'cl E%féi faém%ﬁ 3?& ity
of transverse fingers 131f positjioned on the outer surface of head section
31. The p?qa?%nﬁew?%hqgreéﬂg@@ adraflinggdes withanqiveriing sklg e teadipg bRt W rRles 139
for diverting cuttings through gaps 133. The hardfaci ng enbodi nents

descr i bedDésoting kardfaeing il ey help tpativastisuthingsoihtecibagrotplaof eartisbering bicdh be
used on earth-boring bit 11. These specific hardfacing patterns are

consi der eghd fedudeahit apatifiterfRattings taafiah aboimiige betwieed thetlindehide dfibiFEleg 35
Variations can easily be made to the hardfacing patterns di scussed above to
protect vaid Qusrsurfaces fromwear or 14 to divert cuttings frombit leg 35
so that the cuttings do not accunul ate beneath shirttail 41 between the
cutter 21 and danage bearing seals. In the enbodi nent shown in Figure 13, a

bead of hardf aWhrﬂ% tIJie7 ianI ﬁtiglpﬁél\snoe%ﬁ] sﬁ&»a}lg 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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section 31 extending toward an inner portion of head section 31. Hardfacing
171 conprises a leading edge and a trailing edge wwth a diverting side
extendi ng therebetween. Diverting hardfacing 171 can help to divert
cuttings into the crotch of earth-boring bit 11 and reduce the anount of
cuttings that may accumul ate between the underside of bit leg 35 and cutter
21. Wiile the invention has been sho@pLAIMSone of its forms, it should be
apparent to those skilled in the art that it is not so limted, but is
susceptible to various changes w thout departing fromthe scope of the

i nventi onycMameever, diverting hardfacings could be created where the flow
t hrough channel i ncludes hardfacing that covers the surface of the head
section, but is not as thick as the diverting side. 15 CLAIM5S | CLAIM 1.
An eart h- bor i nankhith-HEHRE bR icBMprigingi t body conprising a plurality of head
sections, each head section haV|ng a dependlng bit leg wth a

ci rcunf er enti a} iy 64,eRY AR BULEH, P 36 Biea Dok BRETcrBHeAE Seciin 301 0O S1 e

and a tralllng S|de a cu nDun can |Iever ring
shaft depg ]g rdlé fromeach o the @» Ie S; a | eadi ng side
machi ned BEvRtia B iaeawiih i, piigHm fenaa X REEPRE SRR a&%mnngmgf §Tacgnd t he
outer surface of the bit |eg of each head section, the |eading side machi ned
bevel ed lsadingsidesai agralingsidfe rel ative to a radial plane emanating from an
axis of rotation of the bit, the angle being at |east 20 degrees.

a cutter rotatably mounted on a cantilevered bearing shaft depending inwardly

from each of the bit legs; and

a leading side machined beveled surface formed at a junction of the leading side
and the outer surface of the bit leg 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.
2. The earth-boring bit of claim 1, 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, The earth-boring 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.
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2. The earth-boring bit of claim1, wherein the angle is between 20 and 60
degrees. 3. The earth-boring bit of claiml1l, wherein the angle is between
20 and 50 degrees. 4. The earth-boring bit of claim1, wherein the angle is
at | east 30 degrees and no nore than 45 degrees. 5. The earth-boring bit of
claim1l1, further conprising a trailing side machined beveled surface forned
at a juncébure Bhe tdaghtborngibiyy ofi deinand futtberonomprising faadeyeofoft hchandfacingg,

the trailing side machi ned bevel ed surface being an angle relative to a

radi al pl esigpostfoansftdartgdd partivias dapérsedin 4 pkealliomawix fohaedbh thd leadiagside bei ng
at least 20 degrees. 16 6. The earth-boring bit of claim1, further

conpri si nglaanh&yggvegﬁ sarfh@r df aci ng conposition of carbide particles
dispersed in a netallic matrix forned on the | eading side rmachined bevel ed

surface. 7. The earth-boring bit of claim1, further conprising a | eading
edge layer of hardfacing on the |eading machi ned bevel ed surface; and a

transver se fingec f kAL ag 19 & rid'fagh%ai FoHBEGHE Y 1@l EEGMARE dread ng

edge Iayer on outer ace o e ea

claim1l, her cQ n edge | ayer of hardfacing on the
| eading s ﬂg ﬁﬁ@ﬂﬁ@@g%@ﬁﬁﬂ@@ﬁpg%gf %6ﬁgr | eadi ng edge | ayer of
hardf acing on a | eadi ng surface of each head section; and a qa bet ween the
upper and | owe® IrResyErsadingagef hasdfasisg exignding sirewmferentiglly fignbihe lexding esigen 1,
further conpri sing:

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.

9. The earth-boring bit of claim 1, further comprising:

a lower leading edge layer of hardfacing on the leading side machined beveled
surface, the lower leading edge layer having a transverse finger;

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, wherein the gap extends

circumferentially along the transverse finger of the lower leading edge layer of hardfacing.

10.  The earth-boring bit of claim 1, further comprising:
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a lower | eading edge | ayer of hardfacing on the |eading side nmachined
bevel ed surface, the |ower |eading edge |ayer having a transverse finger;
an upper |eading edge | ayer of hardfacing on a | eading surface of each head
section; and a gap between the upper and | ower | eading edge |ayers, wherein
the gap extends circunferentially along the transverse finger of the |ower

| eadi ng edge | a.y@wexofeamagd:fdgellmr of Hardfddigg earth&1&@inggidbimachined! wiveled ,
further conprising: 17 a | ower eadlng edge | ayer of hardfacing on the

| eadi ng sygecaRRbIRY 1QEHR % afo%rtr%'érsle gblng edge |ayer having
a |l ower transverse flnger upper Ieadlng edge ayer of hardfacing on a

| eadi ng surfacgn %E)Bgf fegdllﬁgaéh%dﬁ ér' gfnh ?am Itlhae e%gfjnl ngn?gge&l ﬁrheg vi ng

an upper transver Inge upp i ng
edge Iayer rein xtends C|rcunferent|all al ong the transverse
finger of sqchign, |t§?,\)éﬁpe|rie§§}fﬁ%gf &'é(ell Iggyg}g BrUPRST GAns¥sag i mg%lan‘{;\n eart h-boring
bit conprising: a bit body conprising a plurality of head sections; a cutter
rot at abl y rmoung @ap tbetwegntthe spesreaddewen legdinhfige thypesnaiihargin theagal e]<t¢ndSm
each of the head sections for nounting a cutter; a |eading edge |ayer of
har df aci ngirduniferdtigity flohgetditngs\eirddimer efad lcﬁ’frertldaﬂiﬂgeai@e I8eebf rsfaciapd a
finger of a hardfacing forned on an outer surface of the head section spaced
above a |l ower end of the head section, the finger of hardfacing extending
fromthe leading edge |ayer of hardfacing toward a trailing side of each
head sectipn apd chANLBEANSBit YPRBFising:
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 edge layer of hardfacing formed on a leading side of each of the head
sections; 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:

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, 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; and
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edge that defines a diversion surface that engages and gui des the cuttings
when the earth- boring bit is rotating. 12. The bit of claim1 1 , wherein:
each head section further conprises a depending bit |eg having an outer
surface, a |eading edge, and trailing edge, the bit |leg conprising a

machi ned bevel ed surface forned at a junction of a |eading side and an
outer surface thke tcheé obihardfagnopis @ne potimad fstbe mashined thevelad sinifavec fliby it ed
surface is angled relative to a line parallel to an axis of the cantil evered
bearing shafdfthdhadasglon. bei ng at | east 20 degrees; and 18 the bead of
hardfacing is on a portion of the machi ned beveled surface of the bit |eg
of the head section. 13. The bit of claim1l, wherein the finger of
har df aci ng extends generally upward fromthe |eading edge. 14. The bit of

claim 11, yyher gh8pit (ﬂeclgi%@(ié,s %{B&lgeﬁ? tﬂeuﬁﬁéé?][of HRMIEiSE xRndE @@&ﬁjélﬂ?uﬁﬁrd | eg

havi ng an outer surface; an I nger  of hardfacing extends al ong an

outer portJ er surface of the bit leg. 15. The bit of claim 11,
wher ei n: Fﬁgﬂﬁgiﬁh@g(@g‘%n further conprises a depending bit |eg having an

outer surface; and further conprising an inner strip of hardfacing
extending along a portion of the inner surface of the bit leg. 16. The bit

of claim 1], rein. the he section further conprises a head section body
and a depi%‘di \rll\’gﬁ%ﬁltt of glgim ltil,W erein:

the head section further comprises a depending bit leg having an outer surface; and
the finger of hardfacing extends along an outer portion of the outer surface of the

bit leg.

15. The bit of claim 11, wherein:
the head section further comprises a depending bit leg having an outer surface; and
further comprising an inner strip of hardfacing extending along a portion of the

inner surface of the bit leg.

16. The bit of claim 11, wherein:

the head section further comprises a head section body and a depending bit leg
extending from the head section body; and

the finger of hardfacing extends circumferentially along a portion of head section

body along the bit leg.

17.  The earth-boring bit of claim 11, further comprising:
a 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
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extending fromthe head section body; and the finger of hardfacing extends
circunferentially along a portion of head section body along the bit |eg.
17. The earth-boring bit of claim1l, further conprising: a |lower |eading
edge | ayer of hardfacing on the | eading side of the head section; an upper
| eadi ng edge | ayer of hardfacing on the | eading side of the head section;
and 19 a gap begaebstwebtrethempper amddowenleadihgadbengyeeddge | ayers. 18. An
earth-boring bit conprising: a bit body conprising a plurality of head
sections; a cutter rotatably mounted to cantil evered bearing shaft dependi ng
inwardly from each of the head sections for nmounting a cutter; a |eading
si de machi®ied Bewetiedosng bacempasiagd at a junction of a | eading side of
each of the head sections and the outer surface of each head section, the

| eadi ng i de . gRaRbaedodsShed pruiIlBeeIORIBGRR angl e rel ative to a radial
pl ane emanating froman axis  of rotation of the bit, the angle being at

| 20 d : | ' d I ..0f df aci d di
<1 de. machi nad Beviftaa R RS MR e BeilCn i, dsBely PRbE R e

outer a surface of the head section spaced above a |ower end of the head
section, B8 ofitheisad sections fardeourgngRcatiel ng from the | eading edge of
hardfacing toward a trailing side of a each head section and having an upper
edge that defaheading side/maghioed bewelealcsmrfaba foraved aity e Jurntidngfiadleading side wf't i ngs
when the earth-boring
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;
a 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 cuttings when the earth-boring

bit is rotating,

19.  The earth-boring bit of claim 18, 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.

20.  The earth-boring bit of claim 18, wherein the bit leg has a shirttail formed along an

edge that corresponds with the cutter; and
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bit is rotating. 19. The earth-boring bit of claim 18, further conprising a
trailing side nmachined beveled surface fornmed at a juncture of the trailing
side and the outer surface of the head section, the trailing side nmachined
bevel ed surface being an angle relative to a radial plane enmanating from an
axis of rotation of the bit, the angle being at | east 20 degrees. 20. The
eart h-bori ng bihe fofgecbbin hndiScinghextaids ftone thei leadiegysidasnahsled beveed sdrfacered

al ong an edge that corresponds with the cutter; and 20 the finger of a

har df aci ngirexiferedSalfy fouida 1ERapArDSS the HR 16pHAl 0 RV eleathirttbilf ace
circunferentially around at |east part of the bit leg and away fromthe

shirttail. 21. The earth-boring bit of claim1, wherein the |eading edge
| ayer of hardfacing forned on the |eading side nmachi ned bevel ed surface

defines az] owerhd @adh-BErifsd®® bAYRIMOf, whatill @i Ralin@del Usjdhesr w&m&hgi ng:
an upper | eading edge |ayer of hardfacing on a |eading surface of each head

section; Wee [ I .4 eadin er 22. The
car th bor [l 38 REHAE s rApitRE By RE BB R ¥ e P B 3F: g
formed on tgé | eadi ng side nmachi ned bevel ed surface defines a |ower |eading
edge | ayePBRCI&ar df aci ng; and further conprising: an upper |eading edge

| ayer of hardfacing on a | eading surface of each head section, the upper

| eadi ng edge | andefurtbér dompdisang: ng havi ng an upper transverse finger of

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.

22.  The earth-boring bit of claim 1, 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.

23.  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
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har df aci ng extending circunferentially around at |east a portion of the head
section above a bit leg. 23. An earth-boring bit conprising: a bit body
conprising a plurality of head sections, each head section having a
depending bit leg with a circunferentially extending outer surface, an inner
surface, a l|eading side and a trailing side; a cutter rotatably nounted on
a cantil ever eda lredimgngdes trathinelk pevetkdngnrfanevdordied atfa pncea@c bf dfe trdibngdkitle | egs;
and 21 a trailing side nachined bevel ed surface fornmed at a junction of the

trailing gid@e oafed sﬁr%_e%&l%biﬁlé?fo@%&:hq{eaﬂ b&ctidh tht @@ilRfe RACHRadHRR BRIkl ON,
t he trarlrng si de machi ned beve surface berng an angle relative to a

radi al t r : t fiﬂgth bei ng
at | east %ﬁéggg‘gg ahna%ﬁfe eleé;g%rlrre?dbﬁ lat %ﬁd{ngﬁ?é)hloal m 3)95 tD\/\llzlet?tg(f nt g angl e
IS betwee Q degr 25. The earth boring bit of claim23, wherein
t he angleg%ﬁgﬁﬂ%ﬂﬁgﬂn%Bgﬁﬁgaggﬁﬂgarees 26. The earth-boring hit of claim
23, wherein the angle is at |east 30 degrees and no nore than 45 degrees.

27. The earth boring bit of claim23, further conprising a layer of a

hardfacing osition of carbide particles dispersed in a netallic matrix
formed on 4h afarthnipprisiedut ot plaipy érhseewhéanglﬁrlr hetweerpz0 and 60 degrees.

25.  The earth-boring bit of claim 23, wherein the angle is between 20 and 50 degrees.

26.  The earth-boring bit of claim 23, wherein the angle is at least 30 degrees and no

more than 45 degrees.

27.  The earth-boring bit of claim 23, 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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