BIT GAGE HARDFACING 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 elenents that disintegrate the earth fornmation as the bit body is
rotated. The cutting el enents may conprise tungsten carbide conpacts
press-fitted into holes in the supporting netal of the cones. Alternately,
the cutting elenents may be mlled teeth that are integrally forned 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 cl osest BIT GAGHHARDEACIE! , have gage sides that
typically blend into the gage surface. The gage surface is an annular area

t hat S1d backface of the cone and joins the gage sides of the
heel lri‘{(;ev“\/;("tﬂ‘re}gt}I"l J‘%ﬁbﬁ trimer cutting elenents will be |ocated between the
heel row primary cutting elements at the outer periphery of the gage
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t oot h cluding.its gage side, nose side, -I| leading flank and trailing
fIankf.‘afilfgmﬁgppaﬁh‘%ﬁsﬁﬁcgm{eﬁ%‘“’t‘?’%r cutting el enments may be forned

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 tecth 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
row t deidingtftank bed traitiag flenlg elnahilleh eethatgn, the timmer cuttigselemb@ts eiag bk fgmeéposi t s
were spaced apart fromeach other around the gage surface. The spaces on
the gagg hadfdcazIepeivveen the hardfacing deposits were recessed and free of
har df aci ng. Summary of the Invention In this invention, the gage surface has
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extends fr nner e gage su e C I'ng el'ements of
the heel row and o trimer cutting ele ts. Aplurality of channels on the
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cutting elenents and trimrers. In the preferred enbodinment, the hardfacing
cover $xposed.dhe Begs syrfaes hagrvenclittlg mesistance Frewpar undey abeasive corditionsicTheggagar s or
deposits are forned on the gage surface and gage sides of the teeth. The

spacesuffsfeweiiquidkdy Wwaars antthie nsefuhlifeclf alrenisit will ther be lvarenbdcsusexhebid will aon t he
I nner edge of the gage surface to an outer periphery of the gage surface. A

first 1&{%399655‘13 1@l ihagagéﬁgﬁ%mﬁﬁ% atends fromthe inner edge of the gage
surface to the valleys between the teeth, -2
To reduce wear to the gage surface of milled tecth 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 hardfacing 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

accor dRIFiRe tHmmeroyiting slements. i Bhe seepnyl graup of hardfagipg barseatends fipmpthe dpsr of t he
heel row teeth of the bit in Figure 1, taken along the line 2-2 of Figure
3. Fi gdgeeof3hd gage surfack antgdbe gdgssuleiof thglheclirew testh.t he gage side of a heel row
tooth of the bit of Figure 1. Figure 4 is an elevational view of the top

si de of twn @fe dnitddligent, a frst fypebhhapdfaéibg iskipplie to portitits ©f the tedilv dthePtha®r to
appl ying the hardfacing. Figure 5 is an enlarged perspective view of part of
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Descri pti the I'nventiron Re ring to Figlire 1, the earth boring bit

shown ha 0 i [ ead r.end 13 for securing to a drill
stri ngﬁr.mr?Wg?rﬁFsgﬁaengg%t&?ﬁ\%ﬁb@g@dﬁ%&%EO%%h'e rotatably nmounted to depending

bearing pins (not shown) of body 11. Body 11 has | ubricant reservoirs for
suppl yi ng

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 S 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 | | 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 |east two rows of cutting elenents, including a heel

row 24 row.21 .5, the row cl osest to a gage surface 23. Gage surface
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23 en 2 pbor ehol e as body I i and each cone 15

rot ates. . surface 23 thus determpes ihe dianeter of the borehoJe. In
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fromthe supporting netal of each cone 15. Alternately, cones 15 coul d have
t ungsi &dorc sachring: t¢ asdrill strigg. chnthisc exemple shrepjqones 15 rre rofatably mpwntedetd i n t he
supporting netal of cones 15. Referring to Figure 3, a portion of gage

sur f adepedding beaving pixis (nbeshoome of hady ki, sSBadynl 1 kasdebricant fessreoia3for supplying
frusto-conical surface that has an inner edge 25 joining a backface 26 of
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the axis of rotation of cone I5. Wen cone 15 is installed on a bearing
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val l eys 27, which are |ocated between heel row teeth 21. In cones 15, gage
si desapbregyeing thgaHouhe Wrlgege surface 23. -4 Referring to Figure 2, each

tooth of heel row 21 has an underlying 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.
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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 forned 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 al so has | eading
and traili f]l anks, 38 (Fi 4) that face. into and, away fromthe direction
of rotati oﬁgfﬁ‘f"‘“gd‘i’lg‘gi’ﬁ? F“F"gbr“é‘;tﬁ"gﬁm‘t’\% }BFa’c‘H’é‘d?fBB’t‘HnY"é’flhﬂgb 38that iom a top
view prior to hardfacing, |ooking down on crests 37. Referring again to

Fi gur sgchinesfiom thesstea] bedy of gnnedf. ootk i hghaa nase sifeai3chiatdn t)rpémgy fede 33,
flanks 38 and crest 37 of each tooth stub 31. In this exanple, first type
har df arel fages38ward thotentdabas eflratation o bitdotin 1 bt Thothaads] ks, a large oevess 35
under|lying steel body of cone 15 at gage surface 23. First type hardfacing
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| ocated in valleys 27 at the junction with gage surface 23. Trimers 47 are
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har df gci ich | i,call bout 0.125 inch | i cation,
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althop%h it could be, if desired. A second_ type of hardfaci n%@40 entirely

cover i arbaway frem dhodirectinn of Fotatipn ¢frcone 1 .o Higura$ sipwichito of the flapth fubscess” 35
(Fig. 2) of each tooth stub 31. First type hardfacing 39 is applied to and

beconds fipara top fieereiir t@Hardfaniigoskingdewn ayeresthd?.porti on of the second type
hardfacing 40 that fills in recess 35. First type hardfacing 39 at crest 37
ext ends t orgfefiRigSghin t8 Fififre2ahd BO@ kst tfifeldT haddfacing 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 bhardfacing 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
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41, 45 could have the same widths, or the w dths could differ. Long bars 41
ext enHMHHNSAEAY ©r18ler gageét@av%al@p% wtherdhey éhaps cambe varedk Iheiterms “lopgeach
tooth of heel row 21. In the exanple shown, the outer end 43 of each |ong
har df amd figho3hiraret isedt enlyi foncenvespivoce and nov sa descriptive sensec olibug end elmuit
conpletely to crest 37, entirely covering gage side 29. Preferably, each
shor t hiydfading aRH1D4S alémas withdack 6iher ipakie embodiarat, banebreafi@icombshon bane  of
the valleys 27 between the teeth of heel row 21. In this exanple, the outer
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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 43.

Hardfacing bars 41, 45 have opposed lateral edges 49, 51 that are circumferentially
separated from each other and generally 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

parallel 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 nmetallic nmatri Har df aci ng, bars 41, 45
are ngpingting fremnthy axps el rotatiog of cope lﬁormla?dgt’%ég’s%@@ 98 f floMe bei ng
applied to cone 15 (Fig}ué%. Preferably, first and second types of

har df ekanngjs 83 and the baseref eagh Agwishanneh?d isdomeddbyhe seqend type oflasdfacing M) a

wel ding torch in a conventional manner. One nethod of applying second type
har df aci ngFi4d ahd segpage types DAhard28ing39 40 hrerfotmabel garbide padticles s metatlid or m

t hi ckness | ayer of second type hardfacing 40 on gage surface 23, then build

up hﬁfaﬂi‘xaqiid}@fa@iﬂgi‘aax‘éhl, 45 apMdt bee-RAMéd, PatBMhaiNdrk Formeld it len@me tinhey Af ter
hardfacing types 39, 40 are applied, the gage sides of hardfacing bars 41,
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40 are also preferably left in the as-welded condition, but portions could
be gr Bwthed nhepplyingrsecanddypebardfaping 48 aigagneyriace ¢ igtoufifsbrrnlp ASOBINUOKY st t ype
of hardfacing 39 include nose side 33, flanks 38, and crest 37 of each

t oot husiferm Bficlamess layemok rsscotid. typh chardfacing 40 gora gage Isuefabepdd,t themsbuildf upsecond
type of hardfacing 40 include the bases of channels 53. The thickness of
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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 will be machined to a dinension to accommodate the increased
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t han eggn.d &%/18% 04 har df aci ng 40. The difference in wear resistance of

dri | | harpieping dcthg may be acconplished in different ways as explained in
U S. patent 6,360,832. One vva¥ i's by increasing the densitﬁ of the carbide
particl es Ini thaiprefersedopmbadjimentoiirsh fypgfof disrfacing 3% iscef 2 toughen, bay lesst weappe of
hardfacing 39. As a result, there wll be nore volune of carbide particles
per ureststanbiatesali thas eecond typepd ofdfacngl4®c The differd¢nivarin weaf tesistanteygfodrilf

hardf acing 39. This may be done by making the majority of carbide particles

i n t heit hardfoagy AGy beesorhSlished & Afferény MR1yS fas leapldined in AJ.$Opaem! d,360,830an t he
majority of carbide particles in the hardfacing tubes used to formfirst
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hardfaci ng type 40. The smaller size carbide particles can be nore tightly
pack edhisaepatheatone bymakinggbe majority of easbide putithes nuthee hatdfacing 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%



matri x 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 cegmgyﬁgshtgﬂﬁggag&spﬁh?,jtgpcahﬁgfe 1598 60/ 85 nesh spherical cast tungsten
carbide 15%In the sane exanple, tubes for second type of hardfacing 40 may
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-35 +85.r’{es_h spherical cast 50% In both grades, the cenented carbide

ref er PRECES as pell ets conprises granules that have generally spherical
shapes. These pellets are not true spheres, but |ack the conmers, sharp edges
and angul ﬁoﬁﬁgﬁl?éhFmt%ﬁﬁﬁgﬁﬁpafhb@ﬁﬁnpﬁﬂﬁ%hed and ot her non-spheri cal
carbide grains or particles. Cenented carbide pellets conprise crystals or
particl es 30 +40ngsh emshedrdeindnted hmgstemechrbidodg@%her with a bi nder, usually
cobalt, into a generally spherical pellet configuration. Another way to
acconpl i sh-3bH8b aiesklsphetitsl chst 50% | ncrease the anount of filler in the rod,
which is the percentage of carbide particles by weight to the steel alloy

body of thg gowPgraddd)ehe cemented carbide referred to as pellets comprises granules that have

generally spherical shapes. These pellets are not true spheres, but lack the comers, 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 closcr 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



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
I's, heel row 57 is spaced closer to the nose of cone 55 than heel rows 21 of

cones_1 Figure 1).. Alternatel third caone 55 coul d,be, configured. with
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alterpative, third cone 55 coul d have eyery other tooth of _heel row 57
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Figure 5, gage surface 59 has an inner circunferential edge 61 at backface
62 angiir@ape 39 and hedirpwuiTh ePhort and lopg herd@gingdary 67,t68care iformedeaafisectinddme, a
first type of hardfacing 64 is -9 applied over the nose side, crest, and
f | ankbardfacinp &5t @egdpecfurface 59.r dlardfacing bamosi) b8t alfeenatd withagadh athengndare s
appl i ed over gage surface 59, and the portion of the cone 55 between gage

sur f agRc&Papundfrificdack Qhed withStherdpacth betvilel thidhidh BRI Tl oGS B f or med
of second type hardfacing 65 on gage surface 59. Hardfacing bars 67, 68

| t \ 1.?@'% t ' th
gpagregs@gggto %Heeﬁ’ or m%ﬁgﬁgﬁa@% ?dr@l‘q? ﬁﬁ?’%@éﬁ o%g%@g&%ﬁﬁﬁ{e@e&%&ot rﬁdi ng
har df acj bar.s .67 8. f th i d t.h | 5, d the b f h
Channgieh PEerRa i g B 1 U ERoRL RN ptjEE AEPAPEER s B betweon the edges.
Har df aci ng _bars, 67, 68 extend from,i nner edge 61 to outer edge 63 of gage
surface 581_-Iardfaﬁmgmags ehifSorxsens: from daner sdgeRf 1owersedge &3 ofrasge pufassidfat el y

the sane width, but they could differ. Each of the |ong hardfacing bars 68
al i gnbn tist ¢mlbdémertt, hardfaping|barsoGV, t68eart approxisately 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,
extensi on Dy mvddtioal kR iAokt WBvatges. S THe hirifadiy BhRdnbdtiéMbodinehtde second
har df aci ng 65 on the gage side of heel row teeth 57. Extension bars 71 on

gage ghéf cdmbi wiﬂm%sfhﬁe&%riﬁ@ﬁsﬁfaei;&létlgﬁr,f rga?t{'; a l?a?dfa%gglﬁatf is rtﬁikkﬁrﬂ?ﬁdi ment,

or extend conpletely to the crest. irst e ment, the gage

si des rqgfacin 7 r n 0 i [ i ter . and the
porti%%éfagﬁgﬁjg‘?%*na%ﬁeﬁ’gﬁégd%gl%néggg Q%E'e%htggsggtfﬁsg’%egﬁ%gmgﬁﬁea ed. As
inthe first enpodinent, first ty f hardfacing 64 is of tougher but

| s Trosie roaersot riigci ot e Jessicpt the chapRiel are rdrat) 889 BY Ty The
invention has significant advantages. The hardfacing bars in both
enbodhardfacisg. Thadepsbenhardiaeingitype, which s gead ipianeps lof highaimpagt sush @s ondhecat e a
hardfacing that is thicker than hardfacing used in the prior art on the

gage wathf asiacesTirackimp of shedbardfeeingt depodiar Thamorg vt sesigart\viul anarb dmittd s f or
drilling fluid flow. The bases of the channels are protected also by the

har df Aglifaging, WKich RLsEeE on B¢ Sfrfreés Wat! S1AE agaiit it BotehbISsidewalR befst reduckd gh
i npact such as on the teeth, reduces cracking of the hardfacing deposit.

The n%ﬁowcoggﬁgﬁmaﬂ%ﬁm{%&ggﬁéh%ke har df aci ng, which is used on the

surfaces that s e agai e sidewal |, 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 wi thout 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
ei t heCLIAIMS:0or away fromthe direction of rotation of the cone. In such
instance, the hardfacing bars would be inclined relative to radial |ines of

the axis ofnlegitRbory &l bilRomPASng: Al SO, as mentioned, the hardfacing bars
could be applied to the gage surface of a tungsten carbide insert bit. In a

tungsten c Qtrlpe.isf]Gnd. fOpidbie Qi ’ha$ing?%9@ralf s?&&érg&? P?l{tigg%{i'ﬁnt?ig q{niﬁl@@ trimmers

woul d be formed of tungsten car e and presse I'ng holes in
the c

dy. -11 CLAIMS: . 1. th bori iLl bit Tpri Si ©at
| oast “BRF Sieseinge Lol Hostom ayoaFith b dadk Yo BF idindphug T §3RE onO 2
i ni 1|1 ed f i b hole b d havi
ot e Lt B 5 b BB RS 0"

rotates, the gage surface having a circular inner edge concentric with an
axi s eénceptrigoyidrangixisHfaotgdereof theeoneget h i ncl udi ng a heel row adj acent the
gage surface having gage sides; the gage surface having a hardfacing of
car bi de patlteitedtieimcluding ateebioli xljavantrthx gage kerfadediading gagmsidest endi ng from t he
i nner edge of the gage surface onto the gage sides of the heel row, and
the gage surface having a hardfacing of carbide particles in a metallic matrix, the
hardfacing extending from the inner edge of the gage surface onto the gage sides of the heel row;
and
a plurality of channels on the gage surface leading from the inner edge for drilling fluid

flow, each of the channels having a base formed of portions of the hardfacing.

2. An earth boring drill bit, comprising:

at least one rotatable cone having a generally frusto-conical portion containing cutting
elements for engaging a borehole bottom and having a gage surface for sliding contact with a
sidewall of the borehole as the bit rotates, the gage surface having a circular inner edge
concentric with an axis of rotation of the cone;

the cutting elements including a heel row adjacent the gage surface and a plurality of
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;
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a plurality of channels on the gage surface |l eading fromthe inner edge for
drilling fluid flow, each of the channels having a base fornmed of portions
of the hardfacing. 2. An earth boring drill bit, conprising: at |east one
rotatabl e cone having a generally frusto-conical portion containing cutting
el ements for engagi ng a borehol e bottom and having a gage surface for
sliding contact wwth a sidewall of the borehole as the bit rotates, the
gage surf ade gapgysurfpcahmiingahadfacingef catigle patioles @i mietallid krianthaxi s of
rotation of the cone; the cutting elenments including a heel row adjacent the
gage $ndfRie extadmgltoni teiifiner odge dfftha Fage serfdck tdthe RLAINE Rlctentag hetRarc ed
between two of the cutting elenents of the heel row and | ocated at

8] UNClbBndhI5edERIiA6m I hAGRIBOET thd Bade’ USAQ t6 A FilmARUiing Riemiens; t he gage
surface having a hardfacing of carbide particles in a netallrc matrix, the
har df aci ng [ j . rface.f. cutting
el ements of %ﬁgﬂﬁgg%&ﬁ@%}) Itzlinnlg ég?éggfrgg %ﬁ%‘?%g%& ‘ratg% e alléﬁr@r&g%]g%ﬁ@? t he gage
surfa t_o%hﬁ tri 'T%TTI?r utting elenents; a plurality of channels on the gage
sur f ad@™ BadAgentbnardiacing SeMPEESe for drilling fluid flow and wherein
the hardfacing conprises: a plurality of hardfacing bars of carbide
particles Pﬁl%alﬁﬁgghqrﬂ@cwatbawf supise parigles ippimetadlic mejrix separgipd Ko saehes

bet ween the hardfacing bars defining the channels and being overlaid with
the lothedfveth spgces detwrie thsi ardfeding biirndefirangtha ichanpels whé being oeartaid with thee
channel s has side edges defined by portions of the hardfacing bars and a
base tenifiirig. Ng t he side edges, the base being forned of

3. The bit according to claim 2, wherein each of the channels has side edges defined by
portions of the hardfacing bars and a base connecting the side edges, the base being formed of

portions of the hardfacing.

4. The bit according to claim 2, 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 2, wherein the channels extend generally along radial lines

emanating from an axis of rotation of the cone.

6. The bit according to claim 2, wherein the trimmer cutting elements are formed of carbide

particles in a metallic matrix and are integrally formed with the hardfacing.
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portions of the hardfacing. 4. The bit according to claim2, wherein: the
channel s extend fromthe inner edge of the gage surface to the
frusto-conical portion of the cone. 5. The bit according to claim 2,
wherein the channels extend generally along radial lines enmanating from an
axis of rotation of the cone. 6. The bit according to claim2, wherein the
trimrer cutting elenents are forned of carbide particles in a netallic
mat ri . andTles it adabeipigabIcyairhQr Whekeit: t h t he hardfacing. -13 7. The bit
according to claim2, wherein: the cutting elenments of the heel row conprise

milled teegl cﬁﬁﬁ%Eféﬁ@n@'&ﬁﬂ%@xeélﬁbj@tc@nﬁ%@ mled 1RA Ma@{in&f of 1€ FGQB&onRAd
wherein the teeth of the heel row have gage sides onto which the hardfacing

ext engs.; i ding to claim7, wherein the hardfacing conprises:
a firgf“?§p%mgP&%§?ﬁ¥§ﬁ§§@ wel ded onto and covering at |east portions of

each of th eet ol he heel row, and a second e of hardfacing wel ded
onto the g@ﬁieeﬁh&ftg%&eﬁ f%%v&%ﬁ%mf'?fd)é‘%o‘é’i“ﬁgﬁ?eg’raﬁ‘& m%?’“ﬁ“‘ﬁat erial having
nore wear resistance than the first type of hardfacing. 9. An earth boring
drill bit, conprising: at |east one rotatable cone having a gage surface for

engagi ng a sidewall of a wellbore as the bit rotates, the gage surface
havi n§ an Tkt acsprdingrip staamt’, whenetidhe budeingicompiipesh an axi s of

a first type of hardfacing welded onto and covering at least portions of each of the teeth
of the heel row; and
a second type of hardfacing welded onto the gage surface, the second type being formed

of a material having more wear resistance than the first type of hardfacing.

9. 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 concentric with an axis of
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;

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; and

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.
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rotation of the cone; a heel row of primary cutting el enents on the cone

adj acent the gage surface; and a first group of hardfacing bars extending
fromthe inner edge of the gage surface to the primary cutting el enments of
the heel row, a second group of hardfacing bars extending fromthe inner
edge of the gage surface to an outer periphery of the gage surface between
the primary cutting elenents of the heel row, the first and second groups
of hardfacing bars conprising carbide particles in a netallic nmatrix; and a
har df aci ng | ayer of carbide particles in a nmetallic matrix substantially
coverilng sfaebs acobdibhiey @siged,surface between the first and second groups of
har df acing bars. -14 10. The bit according to claim9, wherein the first and
second gr OWB%reﬁfth@ﬁ?éﬂfaﬁ&kéﬁgnd)?{)ﬁp@dﬂafdﬁdﬁ?gjo&f ar@ SRR QfgrdMR b Haittial havi ng a
greater wear resistance than the hardfacing |layer. 11. The bit according to
cl ai m9.: I LSk Ngi | i trimer cutting el enents forned
of han?S%?ﬁéﬁﬁgfggﬁgﬁgﬁgggﬁmgPQbﬁgﬁck%¥a i'r cutting elenents being | ocated
between two of the primary cutting el enents of the heel row and on an outer
peri phery of the gage surface; and wherein the second group of the

hardf acing_bars joins the trinmer cutting elements. 12. The bit according to
clainﬁg; mﬂg?éﬂﬁ“PHH“%H%ﬁ?Hb%ﬁﬁﬂ%%ﬁ%m%&¥%%d general ly along radial |ines

emanating froman axis of rotation of the cone. 13. The bit according to
claim9, whA@hsslity of trimmer cutting clements formed of hardfacing material, each of the

trimmer cutting elements being located between two of the primary cutting elements of the heel
row and on an outer periphery of the gage surface; and

wherein the second group of the hardfacing bars joins the trimmer cutting elements.

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

lines emanating from an axis of rotation of the cone.

13.  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.

14,  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;
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the cutting elenents of the heel row conprise mlled teeth machi ned on the
cone; and wherein the teeth of the heel row have gage sides onto which the
first group of hardfacing bars extend. 14. An earth boring drill bit,
conprising: at |east one rotatable cone having a gage surface for engaging a
sidewall of a wellbore as the bit rotates, the gage surface having an inner
circunferential edge substantially concentric wth an axis of rotation of

t he cone; ahéd rawhéeletl lovated ort helchbnd, eschtof theateth Revit®h eresganabscaidd he teeth
having a crest, a nose side, a gage side, and leading and trailing flanks;

a firgage didan@fealling dhdhingg Ghnigar bi de particles in a nmetallic matrix
substantially covering the nose side, the crest, and the flanks of the

teeth of WGl orhainch S ROanud MRl DHANRC B SRRRI S RERE ol oo Tn @

metallic matriX extendin I nner circunterent e to an outer
periphery of, the ge r fage, t.h econd,type of hardfacing being of a
gr adgh%%(éf ﬁ'&e’ﬁg? %lgaeﬂ]ﬁﬁ%g?@isa?ﬁy@%?ﬁ%ﬂ&ﬂﬁge% ??‘g’t type of hardfacing; and a
plurality of channels in the second type of hardfacing, each channel
ext endi ng aFF‘i?HBt‘YP@ ‘in?l ingqle F@Hﬁ?&épn agstrliomalix extanding fiom Beery of the
gage surface, the channels being spaced circunferentially apart from each
ot herinngr gigeiniereatialegdee toanfaates peripherbels theapgenrficofthe speondiapnel s  bei ng
defined by the second type of hardfacing. 15. The bit according to claim 14,
wher éanifping beinmpsofarf grédechas mgonate weperesiftaiartbidratbe figst eypeefilardfasing; pak t i ons of
the gage sides of the teeth of the heel row.
a plurality of channels in the second type of hardfacing, each channel extending from the
inner circumferential edge to the outer periphery of the gage surface, the channels being spaced
circumferentially apart from each other around the gage surface, the base of each of the channels

being defined by the second type of hardfacing.

15.  The bit according to claim 14, wherein portions of the second type of hardfacing extend

onto portions of the gage sides of the teeth of the heel row.
16.  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.

17.  The bit according to claim 14, wherein the channels extend generally along radial lines

emanating from an axis of rotation of the cone.
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16. The bit according to claim15, further conprising a plurality of trimer
cutting elenents, each of the trimer elenents being | ocated between two of
the teeth of the heel row and being fornmed of the first type of hardfacing.
17. The bit according to claim 14, wherein the channels extend generally
along radial lines emanating froman axis of rotation of the cone. -16 18.
The bit according to claim 14, wherein the second type of hardfaci ng extends

ont o §ar tTefbit dcberd @ clind@4,0fheélf khetbcdnldayfrashardikinEolidhds o patloffi Nat es
short of the crest. 19. The bit according to claim 14, wherein: at |east

Sonetheﬁaéerk?detcﬁ’%&h &fthd h&1 RRGleethOWtaEitkdsSRbrt bPURIFLs@ Nose of the cone from
the outer periphery of the gage surface; and wherein the bit further
conprises: a plurality of spaced apart extension bars that extend fromthe
outer periphery of the gage surface to the gage sides of said at |east sone
of t tegth.of the heel.row the extension bars being forned of the second
type{bgf ﬁﬁ}eg’f"aaéf?fg!ng?‘i?laﬁi’W’mﬂPIARDFACI NG Abstract of the Disclosure An
earth boring bit has at | east one rotatable cone with a gage surface that
engages adt [&3sheamg of the tegthplthedwselroxcare plseh tqward a apsscof theeong 49 e r f ace has
har df aci ng bars spaced circunferentially apart fromeach other. A first
gr ouprtesfpetipber af Uit geganyyrioes; sné whersinsthe bib furthsecomprires: edge of the gage
surface to gage sides of the heel row cutting elenents. A second group of

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, the extension bars

being formed of the second type of hardfacing.
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t he hardfacing bars.extends fromthe inner edge of the gage surface to
spaces between the heel row cutting elenents, formng trimer cutting
el enents. The hardfacing bars are nade up of carbide particles in a
metallic matrix. Figure 1

BIT GAGE HARDFACING

Abstract of the Disclosure
An earth boring bit has at least one rotatable cone with a gage surface that engages a
sidewall of a wellbore as the bit rotates. The gage surface has hardfacing bars spaced
circumferentially apart from each other. A first group of the hardfacing bars extends from the
inner edge of the gage surface to gage sides of the heel row cuﬁing elements. A second group of
the hardfacing bars extends from the inner edge of the gage surface to spaces between the heel

row cutting elements, forming trimmer cutting elements. The hardfacing bars are made up of

carbide particles in a metallic matrix.

Figure 1
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