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(57) Abréegée/Abstract:
An earth-boring bit has a bit body, and a bit leg depending from the bit body with a circumferentially extending outer surface, a
leading side and a trailling side. A cone Is rotatably mounted on a cantilevered bearing shaft depending inwardly from the bit leg. A
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(57) Abrege(suite)/Abstract(continued):

first layer of a hardfacing composition of carbide particles dispersed in a nickel-based matrix is formed on the bit leg. A second layer
of a hardfacing composition of carbide particles dispersed In an iron-based matrix that is formed on the cone. The first l[ayer of
hardfacing Is applied by conveying carbide particles in a nickel-based matrix through a pulsed plasma transferred arc process. The
second layer of hardfacing i1s applied with a torch and a hardfacing tube comprising carbide particles held within an iron-based
tube.
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(57) Abstract: An earth-boring bit has a bit body,
and a bit leg depending from the bit body with a
circumferentially extending outer surface, a leading
side and a trailing side. A cone is rotatably mounted
on a cantilevered bearing shaft depending inwardly from
the bit leg. A first layer of a hardfacing composition
of carbide particles dispersed in a nickel-based matrix
is formed on the bit leg. A second layer of a hardfacing
composition of carbide particles dispersed in an
iron-based matrix that is formed on the cone. The first
layer of hardfacing is applied by conveying carbide
particles in a nickel-based matrix through a pulsed
plasma transferred arc process. The second layer of
hardfacing is applied with a torch and a hardfacing tube
comprising carbide particles held within an iron-based
tube.
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BIT LEG AND CONE HARDFACING FOR EARTH-BORING BIT
BACKGROUND OF THE INVENTION
TECHNICAL FIELD

Field of the Invention: This invention relates in general to hardfacing, and in
particular to hardfacing applied to bit legs and cones of a rolling cone earth-boring bit.

State of the Art: In drilling bore holes in earthen formations by the rotary method,
rock bits fitted with one, two, or three rolling cutters or cones are employed. The bit 1s
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 or teeth 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. A rounded end of the bit leg that corresponds with the cutter is commonly
referred to as a shirttail.

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 surtfaces
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
macrocrystalline tungsten carbide, dispersed in a metal matrix. Such hardfacing materials
are applied by welding a metallic matrix to the surface to be hardfaced.

A typical technique for applying hardfacing to the cutting elements by
oxyacetylene or atomic hydrogen welding. A welding rod or stick 1s typically formed as

a tube of mild steel sheet enclosing a filler that mainly comprises carbide particles. The

filler may also include deoxidizer for the steel, flux and a resin binder. The hardfacing is
applied by melting an end of the rod on the face of the tooth. The steel tube melts as it is
welded to the steel tooth and provides the matrix for the carbide particles. The deoxidizer
alloys with the mild steel of the tube.

Increased wear resistance of hardfacing is desirable to lengthen distance the drill

bit can drill before dulling. Wear resistance also allows the drill bit to cut more
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efficiently, and therefore faster, to such depths. Accordingly, the benefits from increased
wear resistance reduce the costs drilling in both parts and time.
DISCLOSURE OF INVENTION

Accordingly, in one aspect there 1s provided an earth-boring bit comprising:

a bit body;

a bit leg depending from the bit body and having a circumferentially extending
outer surface, a leading side and a trailing side;

a cone rotatably mounted on a cantilevered bearing shaft depending inwardly
from the bit leg;

a first layer formed on the bit leg of a hardfacing composition of carbide particles
dispersed in a nickel-based matrix, defining a first hardfacing layer wherein nickel
comprises a primary metal of the nickel-based matrix; and

a second layer formed on the cone of a hardfacing composition of carbide
particles dispersed in an iron-based matrix, defining a second hardfacing layer wherein
iron comprises a primary metal of the iron-based matrix.

A shirttail can be defined along an edge of the bit leg that corresponds with the
cone. At least a portion of the first layer of hardfacing can be formed on the shirttail.

The cone can also have a plurality of teeth on the cone, and the second hardfacing
layer can also be formed on at least a portion of the teeth.

The cone can have a plurality of teeth, and the second hardfacing layer can be
formed on at least a portion of the teeth. The cone can also have a gage surface, and a
gage hardfacing layer that is formed the gage surface and is selected from a group
consisting of the first hardfacing layer and the second hardfacing layer. The gage
hardfacing layer can be the first hardfacing layer. The gage hardfacing layer can also be
the second hardfacing layer.

The first hardfacing layer can also be formed on the leading side of the bit leg.
The first hardfacing layer can extend from the shirttail along the leading side of the bit

leg. The first hardfacing layer can also be formed on the leading side of the bit leg, and
extend toward the trailing side of the bit leg.

The first hardfacing layer can have sintered carbide pellets in a size range

between about 37 to about 420 microns in diameter, or in a size range between about 75
to about 177 microns in diameter. The first hardfacing layer can have spherical cast
carbide pellets in a size range between about 45 to about 160 microns in diameter and

spherical sintered carbide pellets in a size range .between about 75 to about 177 microns
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in diameter.

The first hardfacing layer can have spherical cast carbide pellets in a size range
between about 45 to about 160 microns in diameter and sintered carbide pellets in a size
range between about 75 to about 177 microns in diameter, while the second hardfacing
layer has spherical sintered carbide pellets in a size range between about 590 to about
1190 microns in diameter.

A method of manufacturing the earth-boring bit includes the step of applying a bit
leg Iayer of hardfacing composition by conveying carbide particles dispensed 1n a nickel-
based matrix to the bit leg through a pulsed plasma transferred are process. The method
also includes applying a cone layer of hardfacing composition to the cone with a torch
and a hardfacing tube comprising carbide particles held within an iron-based tube.

The applying a bit leg layer of hardfacing composition can include flowing a
mixture comprising sintered carbide pellets in a size range between about 37 to about 420
microns in diameter, nickel, and an inert gas through an annular passage surrounding an
electrode to an orifice. The applying a bit leg layer of hardfacing composition can also
include melting the mixture into a plasma hardfacing composition that lands on the bit leg
by forming an electrical arc between the bit leg and the electrode when the orifice 1s near
the bit leg. In such a method, a plurality of spherical cast carbide pellets between about
45 to about 160 microns in diameter can flow with the mixture through the annular
passage and the orifice to be melted with the electrical arc.

In the applying a cone layer of hardfacing composition step, the carbide particles
can have spherical sintered carbide pellets in a size range between about 590 to about
1190 microns in diameter, and spherical cast carbide pellets in a size range between about
177 to about 250 microns in diameter.

According to another aspect there is provided earth-boring bit comprising:

a bit body;

a bit leg depending from the bit body and having a circumferentially extending
outer surface, a leading side and a trailing side;

a cone rotatably mounted on a cantilevered bearing shaft depending inwardly
from the bit leg;

a shirttail being defined along an edge of the bit leg that corresponds with the

cone;
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a layer of hardfacing formed on the shirttail, the hardfacing having a composition
of carbide particles dispersed in a nickel-based matrix, defining a first hardfacing layer
that contains more nickel than any other metal;

a plurality of teeth on the cone; and

a layer formed on at least a portion of the teeth of a hardfacing composition of
carbide particles dispersed in an iron-based matrix, defining a second hardfacing layer
that contains more iron than any other metal.

According to yet another aspect there is provided an earth-boring bit comprising:

a bit body;

a bit leg depending from the bit body and having a circumferentially extending
outer surface, a leading side and a trailing side;

a cone rotatably mounted on a cantilevered bearing shaft depending inwardly
from the bit leg;

a layer formed on the bit leg of a hardfacing composition of sintered tungsten
carbide pellets less than about 177 microns in diameter dispersed in a nickel-based matrix
consisting essentially of nickel; and

a layer formed on the cone of a hardfacing composition of carbide particles
dispersed in an iron-based matrix wherein iron comprises a primary metal of the iron-

based matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side elevational view illustrating a bit having hardfacing in
accordance with this invention.

Figure 2 is a schematic sectional view illustrating hardfacing being applied to a
bit leg.

Figure 3 1s a photomicrograph of the hardfacing being applied in Figure 2. Figure
4 1s a perspective view illustrating hardfacing being applied to a tooth of a cone of the bit
of Figure 1.

BEST MODES FOR CARRYING OUT THE INVENTION

Referring to Figure 1, an earth-boring bit 11 according to the present invention
has a bit body 13. Bit body 13 has a set of threads 15 at its upper end for connecting the
bit into a drill string (not shown). Bit body 11 has three lubricant compensators 17 for
reducing pressure differential between lubricant in the bit and drilling fluid pressure on

the exterior of the bit. At least one nozzle 19 is provided in bit body 13 for directing
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pressurized drilling fluid from within the drill string to return cuttings and cool bit 11.
One or more cutters or cones 21 are rotatably secured to bit body 13. Typically, each bit
['1 has three cones 21, and one of the cones 21 is obscured from view in Figure 1.

Each cone 21 has a generally conical configuration containing a plurality of teeth
23 1n circumferential rows. In this embodiment, teeth 23 are machined or milled from the
support metal of cone 21. Alternately, teeth 23 may be tungsten carbide compacts that
are press-fitted into mating holes in the support metal of the cone. Each cone 21 has a
gage surface 25 at its base that defines the gage or diameter of bit 11.

Body 13 is made up of three head sections welded together. Each head section
has a bit leg 27 that extends downward from body 13 and supports one of the cones 21.
Bit legs 27 and head sections have outer surfaces that are segments of a circle that define
the outer diameter of bit 11. Recessed areas 29 locate between each bit leg 27, the
recessed areas being less than the outer diameter of body 13 to create channels for the
return of drilling fluid and cuttings.

Bit leg hardfacing 31 is applied to portions of each head section and its bit leg 27.
The pattern of bit leg hardfacing 31 may differ. Various patterns of bit leg hardfacing 31
are taught in U.S. Patent Application Serial No. 10/902,222, filed on July 29, 2004, and
published on February 2, 2006 as U.S. Publication No. US2006/0021800. In this
example, bit leg hardfacing 31 comprises a bead that extends downward from near
compensator 17 along a leading edge of the head section and bit leg 27 to the lower edge
or shirttail 32 of each bit leg 27. The lower portion of bit leg hardfacing 31 curves to
follow the contour of shirttail 32. The overall configuration in this example of bit leg
hardfacing 31 is in the shape of a hook. It should be readily apparent to those skilled in
the art that hardfacing 31 can have several pattern variations, including those from which
hardfacing 31 extends from a leading side of bit leg 27 toward a trailing side of bit leg 27.

Referring to Figure 2, in the preferred embodiment, bit leg hardfacing 31 is
applied in a multi-axis automated process by a torch 33, although it could be applied
manually. Torch 33 applies bit leg hardfacing 31 in the selected pattern. Torch 33 is
operated in a conventional manner known as pulsed plasma transferred arc process
(PPTA). Torch 33 has an electrode 35 located within an inner tube 37. An outer tube 39
extends around inner tube 37, defining an annular passage 41. Powdered hardfacing

material 43 and an inert gas are fed from a hopper (not shown) down annular passage
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41. An orifice 45 with a diameter D is located at the lower end of annular passage 41,
A shielding gas 47 flows downward between electrode 35 and inner tube 33. Pulsed
DC current supplied between electrode 35 and bit le'ga 27 creates an arc 50, which

‘creates a plasma stream 48 that contains the powdered hardfacing material 43.

Hardfacing material 43 is made up of matrix metal alloy particles and carbide
particles. To applicant’s knowledge, in the PPTA prior art applications on the outer -

circumference of drill bit head sections, the carbide particles comprised only cast -

~tungsten carbide particles or mono crystalline carbide particles. Sintered or cemented

tungsten carbide pellets 49 (Fig. 3) are also employed in this application, and to
applicant’s knowledge, have not been used in the past on PPTA hardfacing applications
on the outer circumference of drill bits. Sintered or cemented carbide pellets 49 are
shown as the lighter colored particles in Figure 3 and comprise crystals of particles of
tungsten carbide sintered to getherq with a binder, usually cobalt. The content of the
binder may vary, and in one embodiment, the binder comprises 6% cobalt. Preferably,
sintered carbide pellets 49 have a generally Spherical shape. Sintered carbide pellets 49
are not truly spherical, but lack sharp edges, corners and angular projections comnionly
found in crushed or other non-spherical carbide grains or particles. These surface

irregularities cause the particles to possess residual stresses and may melt during

- application of the hardfacing composition, degrading the properties of the hardfacing.

Generally spherical pellets are believed to have reduced levels of residual stress and
generally do not possess irregularities that are believed to melt during applications.

Sintered carbide pellets have been employed for non-PPTA hardfacing
applications on drill bits in the past, but in larger sizes. Sintered carbide pellets 49 in
this application must be small enough to not clog up orifice 45. Preferably, the largest
size of sintered carbide pellets 49 has a maximum diameter less than half of diameter D
of orifice 45. Diameter D may vary, and 1s .045 inch in one example. The desired size
range for sintered carbide pellets 49 1s approximately 37 to 420 microns (.001"= 25.4
microns) in diameter, and more preferably 75 to 177 microns. In the preferred size
range a mesh screen size 1s -60 +200 mesh. That designation means that the particles
being retained will fall through a 60 mesh screen, but not pass through a 200 mesh
screen.

As mentioned above, hardfacing materials 43 also include spherical cast pellets

51, which are also shown in Figure 3. Spherical cast pellets 51 are conventional and of

6
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a conventional size for application with torch 33. Spherical cast pellets 51 are

| genérally more spherical than sintered carbide pellets 49 and also small enough to

avoid clogging annular passage 41 of torch 33. In the i)referred embodiment, éphérical

cast pellets 51 are from 45 to 160 microns in diameter, but this range can vary. The

" relative proportion of spherical cast pellets 51 to sintered pellets 49 ﬁjay differ upon

application. In one embodiment, the ratio was 25% spherical cast pellets 49 and 75%
sintered carbide pellets 51 by weight, but that ratio could be reversed.

Hardfacing material 43 also includes alloy metal particles‘ for sﬁervil;lg..‘as the
matrix of hardfacing 31. The alloy particles are not shown in the phofomicrograph of
Figure 3 because they melt in the plasma column and form the matrix ofsuﬁporting
metal that holds pellets 49 and 51. Prior to melting, the metal alloy partiéles are
approximately 37 to 150 microns in average maximum diameter. The amount of alloy ”
metal particles by weight can vary, however it 1s normally considerably less than the
weight of tﬁe combined carbide 49, 51. Preferably, carbide pellets 49, 51 form 60% to
80% by weight of the totai hardfacing material 43 flowing down annular passage 41.

Alloy metal particles may differ in their primary metal. In one embodiment, the

primary metal is nickel, although iron could also be used. When nickel is the primary

- metal of the alloy metal particles, the matrix is nipkel-based. When iron is the primary

metal of the alloy metal particles, the matrix is iron-based. Nickel has a lower melting
point than 1ron. This allows the operator to configure torch 33 tb either traverse faster
or operate at a lower temperature. Tests have shown that an ifonrbased alloy, which
melts at a higher temperature than nickel, tends to infuse into sintered carbide pellets,
which is detrimental. However, nickel has less toughness than iron or is generally less
resistant to high force impacts, thus may not be able to retain carbide particles 49, 51 as
well 1n high impact applications. Referring to Figure 1;, bit leg-hardfacing 31 1s 1n an
area of lower impact than other parts of the bit, particularly teeth 23. However, the

surrounding earth formation can be extremely abrasive. The use of a nickel-based

-~ matrix, rather than an iron-based, is quite suitable for abrasion resistance, although a

nickel-based matrix could be a detriment to hardfacing in high impact areas.

The alloy metal particles will have other elements contained within each
particle, and that may vary both in the type of elements and the reiative amount.
Preferably, in the nickel-based matrix, the alloy metal particles include 1%-5% boron,

generally around 3%; 1%-5% silicon, typically around 3%; and 0%-8% chromium,

7
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with the balance beihg nickel. Also, a small percentage of iron could be added to :t.he

nickel, such as 1/10 of 1%. In the iron-based matrix, the alloy metal particles may

“include vanadium carbide or other carbides in a range that can vary, such as from 5%

'35%,

In the operation of torch 30, DC current is apphed between electrode 35 and bit

| leg 27. When current is supplied, arc 50 creates a very hot plasma stream 48 contalmng |

hardfacing powders 43. The hardfacmg powders 43 form hardfacing 31 on bit leg 27.
The current 1s pulsed on and off at a s‘él'ected frequency in a conventional manner.

Hardfacing such as hardfacing 31 could also be applied to the cone gage

surfaces 25. Gage surfaces 25 are in an aréa of high abrasive wear, but the impact on

gage surfaces 25 is not severe, thus a nickel-based alloy hardfacihg could be utilized, as

‘described above. Hardfacing on gage surfaces 25 in accordance with the above-

described method could be performed on both bits with milled-teeth cones, such as
cones 21 shown in Figure 1, and on bits with tungsten carbide compacts. It should be
apparent to those skilled in the art that hérdfacing on gage surface 25 can also be
nickel-based or iron-based as in the above-discussed example.ﬂ :

Referring to Figure 4, one high “imp"aCt area 1s the hardfacing 53 contained on

- teeth 23 (Figure 1), and this hardfacing preferably has an iron-based alloy rather than
- nickel-based. Hardfacing 53 may be .of a prior art type. In this embodiment,

hardfacing 53 is applied in a conventional manual manner using a hardfacing tube 55
and an oxyacetylene torch 57. Tube 55 contains filler, ‘which is a desired mixture of
hardfacing materials, and the surrounding metal of tube 55 serves as the matrix or alloy
metal. The hardfacing materials in tube 55 may vary widely. In one example, thé
hardfacing material may include the following:

16/+20 mesh (between about 820 and 1190 microns) sintered tungsten carbide

spherical pellets — approximately 33%

-20/+30 mesh (between about 590 and 840 microns) sintered tungsten carbide

= Sph"erical pellets - approximately 35%

-20/+30 mesh (between abbut 590 and 840 microns) crushed sintered tungsten

carbide — approximately 15% "

-60/+85 mesh (between about 250 and 177 microns) spherical cast tungsten

carbide — approximately 15%
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Also, additional elements are normally contained in the tubé, such as.

| silicuomanganes.e and niobium. The weight percentage of hardfacing pavrticles--v to the
alloy metal of tube 55 1s preferably 1n the range from 67% to 71% by weight, |

. | While the invention has been shown in some of its forms, it should be.abpafent

5 . to those skilled in th’e: art that it is not so limited, but is susceptible to ifarious cﬁanges

without departing from the scope of the invention.
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What is claimed is:

1. An earth-boring bit comprising:

a bit body;

a bit leg depending from the bit body and having a circumferentially extending
outer surface, a leading side and a trailing side;

a cone rotatably mounted on a cantilevered bearing shaft depending inwardly
from the bit leg;

a first layer formed on the bit leg of a hardfacing composition of carbide particles
dispersed in a nickel-based matrix, defining a first hardfacing layer wherein nickel
comprises a primary metal of the nickel-based matrix; and

a second layer formed on the cone of a hardfacing composition of carbide
particles dispersed in an iron-based matrix, defining a second hardfacing layer wherein

iron comprises a primary metal of the iron-based matrix.

2. The earth-boring bit of claim 1, further comprising a shirttail being defined along
an edge of the bit leg that corresponds with the cone, and at least a portion of the first

hardfacing layer is formed on the shirttail.

3. The earth-boring bit of claim 1, wherein the cone further comprises a plurality of
teeth on the cone, and the second hardfacing layer is also formed on at least a portion of

the teeth.

4. The earth-boring bit of claim 1, wherein the cone further comprises a gage
surface, and a gage hardfacing layer selected from a group consisting of the first

hardfacing layer and the second hardfacing layer, formed the gage surface.

. The earth-boring bit of claim 4, wherein the gage hardfacing layer comprises the

first hardfacing layer.

10
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6. The earth-boring bit of claim 1, wherein the first hardfacing layer is formed on the

leading side of the bit leg and extends toward the trailing side of the bit leg.

7. The earth-boring bit of claim 1, wherein the first hardfacing layer extends from

the shirttail along the leading side of the bit leg.

8. The earth-boring bit of claim 1, wherein the first hardfacing layer comprises
sintered carbide pellets in a size range between about 37 to about 420 microns in

diameter, each pellet comprising tungsten carbide within a binder of cobalt.

9. The earth-boring bit of claim 1, wherein the first hardfacing layer comprises
sintered carbide pellets in a size range between about 75 to about 177 microns in

diameter, each pellet comprising tungsten carbide within a binder of cobalt.

10. The earth-boring bit of claim 1, wherein the first hardfacing layer comprises
spherical cast carbide pellets in a size range between about 45 to about 160 microns in
diameter and spherical sintered carbide pellets in a size range between about 75 to about

177 microns in diameter.

11. The earth-boring bit of claim 1, wherein:

the first hardfacing layer comprises spherical cast carbide pellets in a size range
between about 45 to about 160 microns in diameter and sintered carbide pellets in a size
range between about 75 to about 177 microns in diameter; and

the second hardfacing layer comprises spherical sintered carbide pellets in a size

range between about 590 to about 1190 microns in diameter.

12. The earth-boring bit of claim 1, wherein:
the first hardfacing layer comprises spherical cast carbide pellets in a size range
between about 45 to about 160 microns in diameter and sintered carbide pellets in a size

range between about 75 to about 177 microns in diameter; and
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the second hardfacing layer comprises spherical sintered carbide pellets in a size
range between about 590 to about 1190 microns in diameter, and spherical cast carbide

pellets in a size range between about 177 to about 250 microns in diameter.

13.  An earth-boring bit comprising:

a bit body;

a bit leg depending from the bit body and having a circumferentially extending
outer surface, a leading side and a trailing side;

a cone rotatably mounted on a cantilevered bearing shaft depending inwardly
from the bit leg;

a shirttail being defined along an edge of the bit leg that corresponds with the
cone;

a layer of hardfacing formed on the shirttail, the hardfacing having a composition
of carbide particles dispersed in a nickel-based matrix, defining a first hardfacing layer
that contains more nickel than any other metal;

a plurality of teeth on the cone; and

a layer formed on at least a portion of the teeth of a hardfacing composition of
carbide particles dispersed in an iron-based matrix, defining a second hardfacing layer

that contains more iron than any other metal.

14.  An earth-boring bit comprising:

a bit body;

a bit leg depending from the bit body and having a circumferentially extending
outer surface, a leading side and a trailing side;

a cone rotatably mounted on a cantilevered bearing shaft depending inwardly

from the bit leg;

a layer formed on the bit leg of a hardfacing composition of sintered tungsten
carbide pellets less than about 177 microns in diameter dispersed in a nickel-based matrix
consisting essentially of nickel; and

a layer formed on the cone of a hardfacing composition of carbide particles
dispersed in an iron-based matrix wherein iron comprises a primary metal of the iron-

based matrix.
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