BI T GAGE HARDFACI NG Field of the Invention This invention relates in general
to earth boring bits, and in particular to bits having hardfacing on the bit
gage surface to reduce wear. Background of the Invention A common type of
earth boring bit has rotatable cones. Each cone is rotatably nounted to a
bearing pin that depends fromthe body of the bit. The cones have cutting
elenments that disintegrate the earth formation as the bit body is rotated.
The cutting elenents nay conprise tungsten carbide conpacts press-fitted
into holes in the supporting netal of the cones. Alternately, the cutting
el enments may be mlled teeth that are integrally formed fromthe cone

netal . Each cone has a gage surface that engages the side of the bore hole
as the bit rotates. In mlled teeth cones, the teeth of the heel row, which
is the row closest to the borehole wall, have gage sides that typically
blend into the gage surfacBIT GreGEdHXERPHACANG i s an annul ar area that
extends from a backface of the cone and joins the gage sides of the heel row
teet h. FbIeP thd TnvBR@gn CUtting el ements will be | ocated between the heel row
primary cutting elenents at the outer periphery of the gage surface. For
many years, manufacturers have applied hardfacing to the milled teeth to

reduce wearrhishyRgigh Iré‘[ate§ ffﬁegeﬂé’rﬁl% %Qﬂt}i‘goﬁr% lﬁtBPiddQH phrfich1BetoiHs haing 00t h,
including its gage side, nose side, -1 leading flank and trailing flank. In
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Background of the Invention

A common type of earth boring bit has rotatable cones. Each cone is rotatably mounted
to a bearing pin that depends from the body of the bit. The cones have cutting elements that
disintegrate the earth formation as the bit body is rotated. The cutting elements may comprise
tungsten carbide compacts press-fitted into holes in the supporting metal of the cones.
Alternately, the cutting elements may be milled teeth that are integrally formed from the cone
metal.

Each cone has a gage surface that engages the side of the bore hole as the bit rotates. In
milled teeth cones, the teeth of the heel row, which is the row closest to the borehole wall, have
gage sides that typically blend into the gage surface. The gage surface is an annular area that
extends from a backface of the cone and joins the gage sides of the heel row teeth. Often
trimmer cutting elements will be located between the heel row primary cutting elements at the
outer periphery of the gage surface.

For many years, manufacturers have applied hardfacing to the milled teeth to reduce
wear. Typically, the hardfacing is applied to the entire tooth, including its gage side, nose side,
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of a hardfacing deposit. Under very abrasive formation conditions, the gage
surface will round over and wear away the hardfacing. The underlying steel
areas of the gage surface becone exposed. Once exposed, the gage surface
has very little resistance to wear under abrasive conditions. The gage
surface will quickly wear, and the useful life of the bit will then be over
because the bit will no |longer be able to drill in-gage, causing bearing
failure. To reduce wear to the gage surface of mlled teeth bits,

manuf acturers have extended the hardfacing fromthe gage sides of the heel
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t he gage surface between the hardfacing deposits were recessed and free of
har df acPirighardasinmdsposit- t he I nvention In this invention, the gage surface has
a hardfacing of carbide particles in a netallic matrix. The hardfacing
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the heel row and to trinmer cutting elenents. A plurality of channels on the
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To reduce wear to the gage surface of milled teeth bits, manufacturers have extended the
hardfacing from the gage sides of the heel row teeth to the inner edge of the gage surface. These
hardfacing deposits were spaced apart from each other around the gage surface. The spaces on

the gage surface between the hardfacing deposits were recessed and free of hardfacing.

Summary of the Invention

In this invention, the gage surface has a hardfacing of carbide particles in a metallic
matrix. The hardfacing extends from the inner edge of the gage surface to the cutting elements
of the heel row and to trimmer cutting elements. A plurality of channels on the gage surface
allows for the displacement of material generated by the cutting elements and trimmers.

In the preferred embodiment, the hardfacing covers the entire gage surface and the heel
row teeth. Hardfacing bars or deposits are formed on the gage surface and gage sides of the
teeth. The spaces between the bars define the channels. The channels extend from the inner
edge of the gage surface to an outer periphery of the gage surface. A first group of the

hardfacing bars extends from the inner edge of the gage surface to the valleys between the teeth,



formng trimrer cutting elenments. The second group of hardfacing bars
extends fromthe inner edge of the gage surface onto the gage side of the
heel row teeth. In one enbodinent, a first type of hardfacing is applied to
portions of the teeth other than the gage sides. The hardfaci ng on the gage
surface and the gage sides of the teeth is preferably nore wear resistant
than the first type but is not as tough. Brief Description of the Draw ngs
Figure 1 is a perspective view of an earth boring bit constructed in
accordance with this invention. Figure 2 is a sectional view of one of the
heel rdwmisgtdmofr ¢uigngélements.FiThe sesond grosk enfi haidfasing haneextemis ffonp thefinmirgur e
3. Figure 3 is an enlarged el evati onal view of the gage side of a heel row
t oot h aflgt bxhbpigeahirfade gty the fagefsidrofehethdebroanteethevat i onal view of the top
side of two of the heel rowteeth of the bit of Figure 1, shown prior to
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a cone of the bit of Figure 1 that is not shown in Figure 1. -3 Detailed
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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 sectional view of one of the heel row teeth of the bit in Figure 1, taken along
the line 2-2 of Figure 3.

Figure 3 is an enlarged elevational view of the gage side of a heel row tooth of the bit of
Figure 1.

Figure 4 is an elevational view of the top side of two of the heel row teeth of the bit of
Figure 1, shown prior to applying the hardfacing.

Figure 5 is an enlarged perspective view of part of a cone of the bit of Figure 1 that is not

shown in Figure 1.



| ubricant to the bearings supporting each cone 15. A conpensator 17
equal i zes pressure differential between fluid in the borehole wth the
pressure of the lubricant. Body 11 has nozzles 19 for discharging drilling
fluid, the drilling fluid sweeping cuttings fromthe borehole and returning
themto the surface. Each cone 15 has a generally frusto-conical main
portion containing at |least two rows of cutting elenents, including a heel
row 21. Heel row 21 is the row closest to a gage surface 23. Gage surface
23 engages_the sidewal ] of the borehole as body 11 and each cone 15 rotates.
Gage §3FF&@HD%§"PHW%°ﬁ@FéPH?“@§ the di aneter of the borehole. In this
enbodi nent, the cutting elenents are mlled teeth that are nmachined from
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tungsten carbide inserts or conpacts press-fitted into holes fornmed in the
suppor tlidnfpr metwingotb xdnlsstifg. Refthis raxagpleo tHEegoores3l5 arepotatabin nofuntgdge
surface 23 of one of the cones 15 is shown. Gage surface 23 is a
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sides 29 are flush with gage surface 23. -4 Referring to Figure 2, each
t oot h dggemingdhem 1o thgsutidteunder | ying tooth stub 31 that is

Each cone 15 has a generally frusto-conical main portion containing at least two rows of
cutting elements, including a heel row 21. Heel row 21 is the row closest to a gage surface 23.
Gage surface 23 engages the sidewall of the borehole as body 11 and each cone 15 rotates. Gage
surface 23 thus determines the diameter of the borehole. In this embodiment, the cutting
elements are milled teeth that are machined from the supporting metal of each cone 15.
Alternately, cones 15 could have tungsten carbide inserts or compacts press-fitted into holes
formed in the supporting metal of cones 15.

Referring to Figure 3, a portion of gage surface 23 of one of the cones 15 is shown. Gage
surface 23 is a frusto-conical surface that has an inner edge 25 joining a backface 26 of cone 15.
Backface 26 is a flat machined surface that is perpendicular to the axis of rotation of cone 15.
When cone 15 is installed on a bearing pin, backface 26 will be closely spaced to a machined
surface (not shown) on one of the bit legs of bit body 11. Gage surface 23 extends outward from
inner edge 25 to the frusto-conical main portion of cone 15. The outer periphery of gage surface
23 joins gage sides 29 of heel row teeth 21 and valleys 27, which are located between heel row

teeth 21. In cones 15, gage sides 29 are flush with gage surface 23.



machi ned fromthe steel body of cone 15. Tooth stub 31 has a nose side 33
that is typically flat and faces toward the central axis of rotation of bit
body 11. Tooth stub 31 has a large recess 35 on its gage side 29. Recess 35
is preferably a concave surface fornmed at a selected radius. Recess 35

| eads to a crest 37, which, prior to hardfacing, is greatly truncated in

| ength because of the depth of recess 35. Tooth stub 31 also has | eading
and trailing flanks 38 (Fig. 4) that face into and away fromthe direction
of rotation of cone 15. Figure 4 shows two of the tooth stubs 31 froma top
vi ew prior Hefamangiicakiswg, 2, cadkionth efdwsl wv 2 bay an wrderlapdpoth shbatjathat iso
Figures 2 and 3, a first type of hardfacing 39 is | ocated on nose side 33,
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hardfacing 39 is not |ocated in the tooth stub recess 35, or on the
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39 is also used to formtrimers 47, which are small cutting el enents

| ocat edyyi #s ﬁ?ée' 8365227 BoedsS isupeterdly W doRcaI838riadd fodfmed 48a stlcb@HBhGud7 are
smal ler in height, wdth, and depth than the primary teeth of heel row 21.
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covers ,gage surface 23, and in the preferred enbodinent, fills in recess 35
(Fi g. 20tognd@xay foghihs dizepippmaafl rofatipn of eqnsel n Higyrs & shgwadwe of hsfopl$tubsy and
becomes part of crest 37, and also overlays the portion of the second type
har df acilrtpra @ topt view pfipt todatdfacing; dapkingslownjongrestsydye har df aci ng 39 at crest 37
extends to gage side 29 of each tooth stub 3 1.

Referring again to Figures 2 and 3, a first type of hardfacing 39 is located on nose side

33, flanks 38 and crest 37 of each tooth stub 31. In this example, first type hardfacing 39 is not

located in the tooth stub recess 35, or on the underlying steel body of cone 15 at gage surface 23.

First type hardfacing 39 is also used to form trimmers 47, which are small cutting elements

located in valleys 27 at the junction with gage surface 23, Trimmers 47 are smaller in height,

width, and depth than the primary teeth of heel row 21. The thickness of first type hardfacing 39

may be the same as prior art hardfacing, which is typically up to about 0.125 inch. After

application, first type hardfacing 39 is preferably not shaped or smoothed by grinding, although

it could be, if desired.

A second type of hardfacing 40 entirely covers gage surface 23, and in the preferred
embodiment, fills in recess 35 (Fig. 2) of each tooth stub 31. First type hardfacing 39 is applied
to and becomes part of crest 37, and also overlays the portion of the second type hardfacing 40

that fills in recess 35. First type hardfacing 39 at crest 37 extends to gage side 29 of each tooth

stub 31,



-5 Referring also to Figure 3, long and short hardfaci ng deposits or bars
41, 45 are fornmed wth the second type of hardfacing 40 on gage surface 23.
The term "bars” is not used in a limting sense to refer to rectangul ar
shapes, rather the shape can be varied. The terns "long" and "short" are
used only for convenience and not in a descriptive sense. Long and short
har df acing bars 41, 45 alternate with each other in this enbodi nent, but
nore t han one short bar 45 could | ocate between two | ong bars 41,

particul arl | arger djanmeter bits. rdf acing bars 41, 45 extend
bener al |y alfAErPRARa o NS dfmatd shgriiagifrane dsmostiopr bt 4l Ayaefomse 15,
but they could be inclined relative to the radial |ines. Hardfacing bars

41, 45 ¥dulhg wweend tae of amfaging 4. on gage surkrcei2dt hheclsum d'barst ienot ysehdn Bars 41
extend outward from gage surface i nner edge 25 onto gage side 29 of each
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hardf acing bar 41 termnates short of crest 37, but it could extend
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51 define flow channel s
or the widths could differ.

Long bars 41 extend outward from gage surface inner edge 25 onto gage side 29 of each
tooth of heel row 21. In the example shown, the outer end 43 of each long hardfacing bar 41
terminates short of crest 37, but it could extend completely to crest 37, entirely covering gage
side 29. Preferably, each short hardfacing bar 45 extends from gage surface inner edge 25 to one
of the valleys 27 between the teeth of heel row 21. In this example, the outer end of each short
hardfacing bar 45 terminates at one of the trimmer cutting elements 47, which is formed of the
first type of hardfacing 39. Each trimmer 47 protrudes outward beyond valley 27 and has a gage
side that is flush with one of the short hardfacing bars 45.

Hardfacing bars 41, 45 have opposed lateral edges 49, 51 that are circumferentially
separated from each other and genecraily parallel, as shown in Figure 3, however due to the
welding process, lateral edges 49, 51 will be irregular. Lateral edges 49, 51 define flow channels
53 that extend from gage surface inner edge 25 to valleys 27. Each flow channel 53 is generally

paraliel to hardfacing bars 41, 45 in this embodiment, and substantially parallel to a radial line



53 that extend from gage surface inner edge 25 to valleys 27. Each flow
channel 53 is generally parallel to hardfacing bars 41, 45 in this

enbodi ment, and substantially parallel to a radial line -6 emnating from
the axis of rotation of cone 15. Lateral edges 49, 51 formthe sides of flow
channel s 53, and the base of each flow channel 53 is forned by the second
type of hardfacing 40. First and second types of hardfacing 39, 40 are
formed of carbide particles in a netallic natrix Har df aci ng bars 41, 45
are not pre-fornmed, rather they are forned he sane tine they are bei ng
appl i ecmipatingrfeom ghq pxig of Iytaﬂer af epnsnly, Lﬁﬁevfaéted%ﬁscﬁ% ééofﬁant%eé%?f ow
hardfaC|ng 39, 40, including hardfacing bars 41, 45, are apalled by a
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hardf acing 40 to gage surface 23 is to first apply a continuous wuniform
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up hardfacing bars 41, 45 on the continuous uniformthickness |ayer. After
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har df aci ng bars 41, 45 prior to grinding nmay be approximately the sanme
hardfacing bars 41, 45 on the continuous uniform thickness layer.

After hardfacing types 39, 40 are applied, the gage sides of hardfacing bars 41, 45,
trimmers 47 and crests 37 are ground smooth to the desired gage diameter. Normally, lateral
edges 49, 51 of hardfacing bars 41, 45 will be left in the as welded condition, but they could be
ground smooth if desired. The remaining portions of first and second types of hardfacing 39, 40
are also preferably left in the as-welded condition, but portions could be ground smooth if
desired. The remaining as-welded portions of first type of hardfacing 39 include nose side 33,
flanks 38, and crest 37 of each tooth stub 31 and trimmers 47. The remaining as-welded portions
of second type of hardfacing 40 include the bases of channels 53.

The thickness of hardfacing bars 41, 45 prior to grinding may be approximately the same
as the underlying continuous layer of second type hardfacing 40 or it could differ. After
grinding, preferably each hardfacing bar 41, 45 protrudes at least 0.015 inch from the base of
channel 53, making each channel 53 at least 0.015 inch in depth. Prior to applying first and

second types of hardfacing 39, 40 the underlying supporting steel body of cone 15 at gage



as the underlying continuous |ayer of second type hardfacing 40 or it could

differ. After grinding, preferably each hardfacing bar 41, 45 protrudes at

| east 0.015 inch fromthe base of channel 53, making each channel 53 at

| east 0.015 inch in depth. Prior to applying first and second types of

har df aci ng 39, 40 the underlying supporting steel body of cone 15 at gage -7

surface 23 wll be machined to a dinension to accomodate the increased

t hi ckness due to hardfacing bars 41, 45. In the preferred enbodi nent, first

type of hardfacing 39 is of a tougher, but |ess wear- resistant materi al
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drill bit hardfacing may be acconplished in different ways as explained in
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particles within second type of hardfacing 40 over that in first type of
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packed together than |larger particles, resulting in |ess
This may be done by making the majority of carbide particles in the hardfacing tubes for second

type of hardfacing 40 smaller than the majority of carbide particles in the hardfacing tubes used
to form first type of hardfacing 39. The term "majority" as used herein means by comparison in
weight, not in total number of particles, because the carbide particles within first and second
types of hardfacing 39, 40 may be of multiple sizes. If so, the size that makes up the majority of
particles in each of the tubes by weight for hardfacing type 39 compared to the total weight of
the other particles, will differ in dimension from the tubes for hardfacing type 40. The smaller
size carbide particles can be more tightly packed together than larger particles, resulting in less
matrix metal and thus a greater volume density per unit volume.

The carbide particles are placed within a welding tube as filler. Preferably the carbide
filler has a weight of about 65 to 70% of the total weight of the tube. In one example, tubes for
first type of hardfacing 39 may use the following carbide particles as filler:

16/20 mesh cemented tungsten carbide pellets 32.75%

20/30 mesh cemented tungsten carbide pellets 34.75%

20/30 mesh crushed cemented tungsten carbide 15%



matrix netal and thus a greater volune density per unit volune. The carbide
particles are placed within a welding tube as filler. Preferably the carbide
filler has a weight of about 65 to 70% of the total weight of the tube. In
one exanple, tubes for first type of hardfacing 39 may use the foll ow ng
carbide particles as filler: 16/20 nmesh cenented tungsten carbide pellets
32.75% 20/ 30 nesh cenented tungsten carbide pellets 34.75% 20/30 nesh
crushed cenented tungsten carbide 15% -8 60/85 nesh spherical cast tungsten

carbide 15%/ln.the. sane. exanmpl e, tubes, fqr, second type of hardfacing 40 may
contain the GP@ISI'%Wﬁ eé'ﬁ%ﬁagtg“n%gptcf“g’l"?slg/g 30 +40 nesh cemented tungsten

carbide pellets 37.5% -30Q +40 nesh crushed cenented tungsten carbi de 10%
-35 +850 fhstpmepFanplea fubss &9r ssemnd) tipgo Ierdfreing 40 ﬂtwoetéwe%ﬁé’aﬂw%m 1de
referred to as pellets conprises granules that have generally spherical
shapes.pamisdese pellets are not true spheres, but lack the corners, sharp
edges and angul ar projections commonly found in crushed and ot her

non- spher i cab0 ¢40 meshecegreated sunpsten pavbidepeBats 3TEYeNt ed car bi de pel lets
conprise crystals or particles of tungsten carbide sintered together with a

bi nder, usuabd y4e@bal drushedementgbnagsdd cartsighr% cal pel l et configuration.
Anot her way to acconplish higher density is to increase the amount of filler

in the rod, 33eshediSsphigcaPiseSty,age of carbide particles by weight to the
steel alloy body of the tube. The

In both grades, the cemented carbide referred to as pellets comprises granules that have
generally spherical shapes. These pellets are not true spheres, but lack the corners, sharp edges
and angular projections commonly found in crushed and other non-spherical carbide grains or
particles. Cemented carbide pellets comprise crystals or particles of tungsten carbide sintered
together with a binder, usually cobalt, into a generally spherical pellet configuration.

Another way to accomplish higher density is to increase the amount of filler in the rod,
which is the percentage of carbide particles by weight to the steel alloy body of the tube. The
steel alloy forms the matrix for the hardfacing. If the carbide particles in each rod were the same
size, the rod with the higher percentage of filler by weight would be denser.

Figure 5 shows a third cone 55 for the bit of Figure 1. In this embodiment, third cone 55
differs from the two cones 15 shown in Figure 1 in that heel row 57 is offset from gage surface
59. That is, heel row 57 is spaced closer to the nose of cone 55 than heel rows 21 of cones 15
(Figure 1). Alternately, third cone 55 could be configured with heel row 57 being non-offset as
in the other two cones 15. As another alternative, third cone 55 could have every other tooth of
heel row 57 flush with gage surface 59, with the alternating teeth being staggered.

In Figure 5, gage surface 59 has an inner circumferential edge 61 at backface 62 and an

outer circumferential edge 63. As in the first embodiment, a first type of hardfacing 64 is
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steel alloy fornms the matrix for the hardfacing. If the carbide particles in
each rod were the sane size, the rod with the higher percentage of filler
by wei ght woul d be denser. Figure 5 shows a third cone 55 for the bit of
Figure 1. In this enbodinment, third cone 55 differs fromthe two cones 15
shown in Figure 1 in that heel row 57 is offset fromgage surface 59. That
is, heel row 57 is spaced closer to the nose of cone 55 than heel rows 21 of
cones 15 (Figure 1). Alternately, third cone 55 could be configured with
heel row 57 being non-offset as _in_the other tw cones_15. As another

he
al t er naPplied ovesithe) negniidescreshyang Hanks afvibs yecth pbhesl oo of A preend g o7

flush with gage surface 59, with the alternating teeth being staggered. In
Fi gur e Brdigging: 68 us pprlieds5oven gagasurfasndP, and thenfastiemef die eagedSehetaeerbgamksf ace
62 and an outer circunferential edge 63. As in the first enbodi nent, a
first tsppleceo$9 mat bdehcow§76Bhiogt and lamgphardfiiciog darst 47e 68 ase faamee of scopsd typand
flanks of the teeth of heel row 57. A second type of hardfacing 65 is

appl i echa@dfeding 88 @nSghigh 3622959, aMardfiend birk 167N 68 altehnatecwiip odéh bbverhagage
surface 59 and heel row 57. Short and | ong hardfacing bars 67, 68 are forned

of secapdediyRart tith AL biker GANMe IPARs Bbtiyledt Sorming EIRMAER Fo AuidefiGw S Fne68

alternate with each other and are " spaced apart from each other with the
spaces f j j o) T. g]_ggg of 4t ot udi ng
har df acel%%s\,\@g@g pggfmdg% l?ag(?f%aﬁ %Z’agssi%rgétssh #&j‘} E'jee e egnogg %, angs’t nél tggggsreo#f{ each
channel is forned.b ss thick seqgond .type.hardf aci ng, 65, bet ween t he edges.
o af acere g o mheb e et tiekse S M B b RS E R e 63 of gags
surface 59. _In this enbodinent, hardfacing bars 67, 68 are approxi nately

the same wi dlasdfaging bersey/, 68 extend dioms wner edee b ldp quirs edgh §3 1vhgacarihaer Bars” 68

aligns with one of the heel row teeth 57. Short
In this embodiment, hardfacing bars 67, 68 are approximately the same width, but they could

differ. Each of the long hardfacing bars 68 aligns with one of the heel row teeth 57. Short
hardfacing bars 67 align with valleys 69 between teeth of heel row 57. The outer end of each
short hardfacing bar 67 protrudes above each valley 69 a short distance to form a scraper or
trimmer cutting element. Alternately, the outer portion that forms the trimmer element could be
formed of the first type of hardfacing 64.

In this example, extension bars 71 of the second type of hardfacing 65 extend from the
outer end of each long hardfacing bar 68 to a gage side 73 of each heel row tooth 57.
Preferably, extension bars 71 also extend up gage side 73, forming a layer of the second
hardfacing 65 on the gage side of heel row teeth 57. Extension bars 71 on gage side 73 may
terminate short of the crest, as in the first embodiment, or extend completely to the crest.

As in the first embodiment, the gage sides of hardfacing bars 67, 68 are ground to a
desired diameter, and the portions of hardfacings 64, 65 not at the gage diameter left as welded.
As in the first embodiment, first type of hardfacing 64 is of a tougher but less wear-resistant

material than second type of hardfacing 65.
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har df aci ng bars 67 align with valleys 69 between teeth of heel row 57. The
outer end of each short hardfacing bar 67 protrudes above each valley 69 a
short distance to forma scraper or trimer cutting elenent. Alternately,
the outer portion that forns the trimer elenment could be fornmed of the
first type of hardfacing 64. In this exanple, extension bars 71 of the
second type of hardfacing 65 extend fromthe outer end of each |ong
har df aci ng bar 68 to a gage side 73 of each heel row tooth 57. Preferably,
extension bars 71 al so extend up gage side 73, formng a |ayer of the second
har df aci ng 0 ro (o]

gage of do 73 ariiEy %%%E@f% {avifbse: Othd BRURCRE b RERON RIS O

or exte d co IeteI 0 cre the fi od| e

ol des. o MencgRabisy g, el Harasnpe vt el £ okt (Rl ok HR° ne.
portio f hardfa0| gs .64, 65 at the gage di angter Ieft a

P t he TRrHatng B B9 PrioT f1t O tFw@geoffu S ot he ﬁmegﬁemg%f eahar ﬁﬂ%gaqaut

| ess wear-resjistant material than second type of hardfacing 65. -10 The

| nvent iroavifkashamelaifor Balbing s fosg cEhe Tses R Fher channals e Brofcatedise by the
enbodi nents, when conbined with the underlying hardfacing |ayer, create a
har df adiandfaditgat The taugharkerdfadimgntypbawhitiadd wgd s ectas of highk ippacsucr 4s antliehe
gage surface. The spaces between the hardfacing bars provide channels for
drillingeth) tedeeck lopavkinkhef thasesdfading Aephanmied sopd epr RisBaheBubh®ee bytlkhe
har df aci ng. The tougher hardfacing type, which is used in areas of high

| npact [RUARiAS wiicH B@ised SIEHR suffRAY GRS sﬁd@%ln@ﬁth@fbol;e'ﬂsle%e‘ifaﬂcbé?ﬁr fapasi t.
The nore wear resistant but nore brittl ardfacing, which 1s used on the

Surf acege,t Bthe SbAARAARMHE rd FalRIGRAY S, ST deval |, better reduces

While the invention has been shown in only two 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. For example, although the drawings show the
hardfacing bars extending generally along radial lines from the axis of rotation of the cone, they
could be inclined either into or away from the direction of rotation of the cone. In such instance,
the hardfacing bars would be inclined relative to radial lines of the axis of rotation of the cone.
Also, as mentioned, the hardfacing bars could be applied to the gage surface of a tungsten
carbide insert bit. In a tungsten carbide insert bit, the heel row cutting elements and the trimmers

would be formed of tungsten carbide and pressed fitted into mating holes in the cone body.
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wear of the cone netal than the first hardfacing type. Wiile the invention
has been shown in only two of its forns, it should be apparent to those
skilled in the art that it is not so limted but is susceptible to various
changes without departing fromthe scope of the invention. For exanple,

al t hough the draw ngs show the hardfacing bars extendi ng generally al ong
radial lines fromthe axis of rotation of the cone, they could be inclined
either into or away fromthe direction of rotation of the cone. In such
instance, the hardfacing bars would be inclined relative to radial |ines of
the axiGL8IMSptation of the cone. Al so, as mentioned, the hardfacing bars
could be applied to the gage surface of a tungsten carbide insert bit. In a
t ungst eh Amedsihdhoring deHitbeamprising: heel row cutting el ements and the trimers
woul d be formed of tungsten carbide and pressed fitted into mating holes in
t he cone bodyleastbhe edifthiB.conelhavity aegentrallp frustorgonical lportiont contanigy ¢wstinggy: at

| east one rotatable cone having a generally frusto-conical portion

cont ai ndl@gertd ok E@Fi_ng!ambﬁe Hoebmaind &gviiiga galauEhed Br mﬁﬁ%mmdwhaui ng a
gage surface for sliding contact wwth a sidewall of the borehole as the bit

r ot at eSiqduif FALDoFdHo|AREIRY tfled el dabildiMfact VElg £URRIIar GRRFENT | C Wi Lh an

axis of rotation of the cone; the cut gng el enments 1 ncluding a heel row

adj acent . . J I lity of trimrer cutting el enents, each
%&?ncg@?ﬁ V\%I% %l)glg ?ﬁl%ta%% o?th% Cgflbg

spaced‘ﬁ% ween e cutting el'éments of the heel row and |ocated at a
et o RGeS RS A Lo et cal PO o e 0208,
trimmer cutting elements, each spaced between two of the cutting elements of the heel row and
located at a junction with the gage surface and the frusto-conical portion;
the gage surface having a hardfacing of carbide particles in a metallic matrix, the
hardfacing extending from the inner edge of the gage surface to the cutting elements of the heel
row and alse extending from the inner edge of the gage surface to the trimmer cutting elements;
and
a plurality of channels on the gage surface leading from the inner edge for drilling fluid

flow.

2. The bit according to claim 1, wherein the hardfacing comprises:
a plurality of hardfacing bars of carbide particles in a metallic matrix separated from each
other, with spaces between the hardfacing bars defining the channels and being overlaid with the

hardfacing.
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har df aci ng extending fromthe i nner edge of the gage surface to the cutting
el enrents of the heel row and also extending fromthe i nner edge of the gage
surface to the trimer cutting elenents; and a plurality of channels on the
gage surface leading fromthe inner edge for drilling fluid flow, 2. The bit
according to claim1, wherein the hardfacing conprises: a plurality of
har df aci ng bars of carbide particles in a netallic matrix separated from
each other, with spaces between the hardfacing bars defining the channels

1 wporb i et oS-l g wopliedibn B bl o

hardfaC|ng and a base connecting the side edges, the base belng formed of
por t i orfY thrhardacinganden base Agpneatingrthe sige t:dgaéébﬁ base heing formed of portigheefdhe: ¢ he
channel s extend fromthe inner edge of the gage surface to the

frust o-heudfeadeg. portion of the cone. 5. The bit according to claiml,
wherein the channel s extend generally along radial |ines emanating from an
axis of rotation of the cone. 6. The bit according to claim1, wherein the
trimer cutting elenents are forned of carbide particles in a netallic

mat ri X antheditactdrtiRgitébladn i OkREeinw t h the hardfacing. 7. The bit according
to claim1, wherein:
the channels extend from the inner edge of the gage surface to the frusto-conical portion

of the cone.

5. The bit according to claim 1, wherein the channels extend generally along radial lines

emanating from an axis of rotation of the cone,

6. The bit according to claim 1, wherein the trimmer cutting elements are formed of carbide

particles in a metallic matrix and are integrally formed with the hardfacing.

7. The bit according to claim 1, wherein:
the cutting elements of the heel row comprise milled teeth machined on the frusto-conical
portion of the cone; and wherein

the teeth of the heel row have gage sides onto which the hardfacing extends.
8. The bit according to claim 1, wherein the hardfacing comprises:

a first type of hardfacing welded onto and covering at least portions of each of the teeth

of the heel row; and
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the cutting elenents of the heel row conprise mlled teeth machi ned on the
frusto-conical portion of the cone; and wherein the teeth of the heel row
have gage sides onto which the hardfacing extends. 8. The bit according to
claim1l1, wherein the hardfacing conprises: a first type of hardfaci ng wel ded
onto and covering at |east portions of each of the teeth of the heel row,
and -13 a second type of hardfacing wel ded onto the gage surface, the second
type being fornmed of a material having nore wear resistance than the first
type of hardfacing. 9. An earth horing drill bit, conpr|3|ng at | east one
rot at abl e cdlrﬁécqvégmfgo élagiéw%wlﬂ%@t? e Eéﬁf‘g%faﬁ@ the seeemd fape beins fored | bor e
as the bit rotates, the gage surface having an inner circunferential edge
concentofiagnateridh hayingsiors wéar resistance than dife fitsictypoefdardfadie®| row of prinmary
cutting el enments on the cone adjacent the gage surface; and a first group of
har df aci ng bars extending fromthe inner edge of the gage surface to the
primary cutting elenents of the heel row, and a second group of hardfacing
bars exd.enflestth Borpdhill®it, saeprisastge of the gage surface to an outer

peri phery of the gage surface between the primary cutting el enents of the

heel row, thgjeafildng Eot@tﬁﬁle%@ﬁé’ﬁ'ﬂ r% aoéégé siftfacl rthgidita Qéév?alp&m%élﬁio hsCar bi de

particles in a metallic matrix. he bit according to claim9, further
compri %QE Ircﬂatﬁé" 0y g%%é NG edcBYSin®hn FREPEAG AR HaP bR cbilocRtrlbRbidl bl a%ué*@ft rx
substantrally cdverTfig spaces

rotation of the cone;

a heel row of primary cutting elements on the cone adjacent the gage surface; and

a first group of hardfacing bars extending from the inner edge of the gage surface to the
primary cutting elements of the heel row; and

a second group of hardfacing bars extending from the inner edge of the gage surface to an
outer periphery of the gage surface between the primary cutting elements of the heel row, the

first and second groups of hardfacing bars comprising carbide particles in a metallic matrix.

10. The bit according to claim 9, further comprising:
a hardfacing layer of carbide particles in a metallic matrix substantially covering spaces

of the gage surface between the first and second groups of hardfacing bars.

11. The bit according to claim 9, further comprising:

a hardfacing layer of carbide particles formed on at least portions of the heel row of
primary cutting elements; and

wherein the first and second groups of hardfacing bars are formed of a grade of material

having a greater wear resistance than the hardfacing layer.
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of the gage surface between the first and second groups of hardfacing bars.
11. The bit according to claim9, further conprising: a hardfacing |ayer of
carbide particles forned on at |east portions of the heel row of prinmary
cutting elenments; and wherein the first and second groups of hardfacing bars
are formed of a grade of material having a greater wear resistance than the
hardfacing |l ayer. -14 12. The bit according to claim9, further conprising:
a plurality of trimrer cutting elenents forned of hardfacing material, each
of the trimer cutting elenents being | ocated between two of the primary
cutting elements of the heel row and on an outer periphery of the gage
surface; d wherein the second group .of the hardfacing bars joins the

tri mrl%%ibhﬁcéqrg%ﬁ? glaim ’g‘}'ﬂ’i% BrPTIEE&ording to claim9, wherein the

har df aci ng bars extend generally along radial |lines emanating froman axis
of rotation dMlumahty of dimen eutting,elements of hegdfaging matemal cachidtks n: t he
cutting elenents of the heel row conprise mlled teeth machi ned on the cone;
and whigimengr cuttieg tlepichts bking hecated detweonthavtthg arjmani atingorieroenshdfahe hdek i r st
group of hardfacing bars extend. 15. An earth boring drill bit, conprising:

at | easfowaind ohahaurbpeiphenefhy/gapg saxf@gagendur f ace for engagi ng a sidewal | of
a wellbore as the bit rotates, the gage surface having an inner

ci rcunf er entyiddreif @S esdHAS AR dfahd Nar8RBAELBAL fdins the trimmer cutting elements.

13. The bit according to claim 9, wherein the hardfacing bars extend generally along radial lines

emanating from an axis of rotation of the cone.

14. The bit according to claim 9, wherein:
the cutting elements of the heel row comprise milled teeth machined on the cone; and
wherein the teeth of the heel row have gage sides onto which the first group of hardfacing bars

extend.

15. An earth boring drill bit, comprising:

at least one rotatable cone having a gage surface for engaging a sidewall of a wellbore as
the bit rotates, the gage surface having an inner circumferential edge substantially concentric
with an axis of rotation of the cone;

a heel row of teeth located on the cone, each of the teeth having a crest, a nose side, a
gage side, and leading and trailing flanks;

a first type of hardfacing of carbide particles in a metallic matrix substantially covering

the nose side, the crest, and the flanks of the teeth of the heel row;
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with an axis of rotation of the cone; a heel row of teeth |ocated on the
cone, each of the teeth having a crest, a nose side, a gage side, and

| eading and trailing flanks; a first type of hardfacing of carbide particles
inanetallic matrix substantially covering the nose side, the crest, and
the flanks of the teeth of the heel row, -15 a second type of hardfacing of
carbide particles in a netallic matrix extending fromthe inner
circunferential edge to an outer periphery of the gage surface, the second
type of hardfacing being of a grade having nore wear resistance than the
first type ofseriiddveseigidfagieg %fg Garhidepartislesgn a aredr e matrixextendingdeammthet ype of
har df aci ng, each channel extending fromthe inner circunferential edge to

t he outisnerparcipfeesnyialoddge hearyeuger psuphicag ef thergagehimfenalthe speprdytyppoted
circunferentially apart fromeach other around the gage surface, the base of
each ofhdrdfeciofbeingbfa géd Iyimgahoneedabyesistancesthaothd firgt pypealf hhalfdimcamly. 16.
The bit according to claim 15, wherein portions of the second type of

har df aci ng exgieRls dehanBRNiA RS tiftdfdadaictigdefhhariiibeltaflidy fadm te heel
row. 17. The bit according to claim15, further conprising a plurality of

tri mer;,qut i Md Rl BaBRILS to thEBRfRr ﬁéeng)%t?lsrootf FAJPRBE sifthROBRE &agﬁélg?eitl% gakad

between two of the teef’h of the w and bel ng forned e first type

of har d&%%}n@&ﬁtglaﬁgf%%g ﬁ'(?&t aﬁc&ﬁérdair&gldttﬁe néa{g?%tg)f%:g,’ th%gsre%ifgacti'lgﬁ tl?.‘a(r;t:?ngé'le{l)sis1 of

ext end gener a radi a I nes ena roman axis

Lgfdfgﬁﬁﬁgﬁﬁﬁpéﬂﬁgti%ﬁ%ﬁﬁgﬁgkﬁﬁmhﬁgﬁkai"]15’ wherein the second type of

16. The bit according to claim 15, wherein portions of the second type of hardfacing extends

onto portions of the gage sides of the teeth of the heel row.
17. The bit according to claim 15, further comprising a plurality of trimmer cutting elements,
each of the trimmer elements being located between two of the teeth of the heel row and being

formed of the first type of hardfacing.

18. The bit according to claim 15, wherein the channels extend generally along radial lines

emanating from an axis of rotation of the cone.

19. The bit according to claim 15, wherein the second type of hardfacing extends onto part of the

gage side of each of the heel row teeth, but terminates short of the crest.
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gage side of each of the heel row teeth, but term nates short of the crest.
-16 20, The bit according to claim 15, wherein: at |east sone of the teeth
of the heel row are offset toward a nose of the cone fromthe outer

peri phery of the gage surface; and wherein the bit further conprises: a
plurality of spaced apart extension bars that extend fromthe outer

peri phery of the gage surface to the gage sides of said at |east sone of
the teeth of the heel row, the extension bars being fornmed of the second
type OmeﬁﬁgL&Ci”

accogding to claim 15, wherein:
at least some of the teeth of the heel row are offset toward a nose of the cone from the
outer periphery of the gage surface; and wherein the bit further comprises:
a plurality of spaced apart extension bars that extend from the outer periphery of the gage
surface to the gage sides of said at least some of the teeth of the heel row, thg extension bars

being formed of the second type of hardfacing.
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