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HARDFACING ROCK BIT CONES FOR EROSION 
PROTECTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation in part of application Ser. No. 
09/235,257 ?led on Jan. 22, 1999, entitled, “Hardfacing 
Rock Bit Cones for Erosion Protection”, and assigned to the 
assignee of the present invention, Which application itself 
claims priority from US. Provisional application Ser. No. 
60/072,276 ?led on Jan. 23, 1998. 

FIELD OF THE INVENTION 

[0002] The invention relates to drill bits used to drill earth 
formations, and more particularly to Wear protection for drill 
bit roller cones. 

BACKGROUND OF THE INVENTION 

[0003] Drilling earth formations is commonly performed 
using rotary drill bits called “rock bits”. Rock bits usually 
have a plurality of roller cones are rotatably mounted on 
journals Which form part of a bit body. The roller cones 
rotate about their respective axes on each journal and are, in 
turn, rotated about the main axis of the drill bit, as the bit is 
rotated by a drill string or drilling motor. 

[0004] In drilling boreholes for oil and gas Wells, blast 
holes, raise holes and the like, rock bits generally operate in 
a highly abrasive environment. This abrasive environment 
exists during drilling operations even With the use of a 
medium for cooling, circulating, and ?ushing the borehole. 
The medium may be either drilling mud, air, or another 
liquid or gas. 

[0005] When drilling hard earth formations, a rock bit 
Which has tungsten carbide inserts projecting from the body 
of the roller cones is generally is used, due to the inserts’ 
relative hardness. HoWever, tungsten carbide inserts are 
mounted in a relatively soft metal (e.g. steel) that forms the 
body of the roller cone. This relatively soft cone body may 
be abraded or eroded aWay When subjected to the highly 
abrasive drilling environment. The abrasion or erosion 
occurs primarily due to the presence of relatively ?ne 
cuttings and chips from the formation that are in the bore 
hole. Additional causes of abrasion and erosion include the 
direct blasting or Washing effect of the drilling ?uid used in 
the drilling process, and roller or sliding contact of the cone 
body With the formation. 

[0006] When the portion of the cone material that supports 
the inserts is substantially eroded or abraded aWay, drilling 
forces on the bit either may break the inserts or may force 
them out of the roller cone body. As a result, the bit is no 
longer effective in cutting the formation. Moreover, the 
inserts that break off from the roller cone may further 
damage other inserts, the roller cones, or other parts of the 
bit, eventually leading to a catastrophic failure. 

[0007] Erosion of the roller cone body usually is most 
pronounced on the inner and outer edges of the lands of the 
cone surface. The edges of the lands are immediately 
adjacent to the insert and the groove betWeen tWo roWs of 
inserts. The greatest Wear on the roller cone surface lands is 
usually on the inner edges of the outer roWs and on the outer 
edges of the inner roWs of inserts. When drilling relatively 
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soft but abrasive formations, the bit is able to penetrate at an 
extremely high rate. This can result in individual cutting 
inserts penetrating entirely into the formation, causing the 
formation to come into contact With the cone body. When 
such contact occurs, the relatively soft cone shell material 
can Wear aWay at the edges of the surface lands until the 
interior portion of the insert becomes exposed. The insert 
retention ability of the cone body is thus reduced, Which may 
result in the loss of the insert and reduction of bit life. 
Because the penetration rate is related to the condition of the 
bit, the drill bit life and ef?ciency are of great importance in 
the drilling of boreholes. Accordingly, various methods of 
hardfacing rock bit cones for erosion or abrasion protection 
have been attempted. For example, thermal spraying has 
been used to coat all the exposed cone surfaces, including 
the inserts, With a hardfacing material. Another method 
includes placing small, ?at-top compacts of hard material in 
the Wear prone cone shell areas to prevent cone erosion. 
Since erosion of groove surface can be the main cause of 
insert loss due to erosion, methods Were developed to apply 
hardfacing material to both the lands and the grooves of a 
roller cone. 

[0008] It should be noted that inserts are typically retained 
in a roller cone by the hoop tension generated When the 
insert is press ?t into a drilled hole in the roller cone body. 
Accordingly, any method to alleviate the erosion of the roller 
cone must take into consideration that the hoop tension 
holding the insert must be retained. It has been found to be 
undesirable to press the inserts into the cutter before apply 
ing hardfacing material, because using of heat to adhere the 
hardfacing material to the surface of the roller cone relieves 
the stresses (including the hoop tension) in the roller cone. 
Therefore, it is more desirable to apply hardfacing material 
to both the lands and grooves of a roller cone surface for 
erosion protection before the insert holes are drilled. 

[0009] For the foregoing reasons, there exists a need for an 
effective yet economical method of applying hardfacing 
material to roller cone surfaces for effective erosion protec 
tion. To reduce the cost of manufacturing such roller cone 
bits With hardfacing material, it is desirable that the method 
not be complicated and tedious. Further, the hardfacing 
material should be applied to the roller cone surfaces before 
the insert holes are drilled. 

SUMMARY OF THE INVENTION 

[0010] One aspect of the invention is a roller cone for a 
rock bit. The roller cone according to this aspect includes a 
cone substrate and hardfacing applied by a Welding process 
in grooves on the exterior surface of the cone substrate. The 
roller cone also includes hardfacing applied by a thermal 
spraying process to insert lands on the exterior surface of the 
cone substrate. In some embodiments, the hardfacing 
includes tungsten carbide. In some embodiments, the Weld 
ing process includes plasma transferred arc Welding. In some 
embodiments, the thermal spraying process includes one or 
more of HVOF, HAOF and D-gun spraying. 

[0011] Another aspect of the invention is a rock bit includ 
ing a bit body having at least one journal depending there 
from. Aroller cone is rotatably mounted on the journal. The 
roller cone includes a cone substrate and hardfacing applied 
by a Welding process in grooves on the exterior surface of 
the cone substrate. The roller cone also includes hardfacing 
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applied by a thermal spraying process to insert lands on the 
exterior surface of the cone substrate. In some embodiments, 
the hardfacing includes tungsten carbide. In some embodi 
ments, the Welding process includes plasma transferred arc 
Welding. In some embodiments, the thermal spraying pro 
cess includes one or more of HVOF, HAOF and D-gun 
spraying. 

[0012] Another aspect of the invention is a method for 
hardfacing a roller cone for a drill bit. A method according 
to this aspect of the invention include applying hardfacing 
by a Welding process to grooves betWeen insert lands on a 
roller cone body, and applying hardfacing by a thermal 
spraying process to the insert lands. In some embodiments, 
the hardfacing includes tungsten carbide. In some embodi 
ments, the Welding process includes plasma transferred arc 
Welding. In some embodiments, the thermal spraying pro 
cess includes one or more of HVOF, HAOF and D-gun 
spraying. 

[0013] Other aspects and advantages of the invention Will 
be apparent from the description Which folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 
cone bit. 

FIG. 1 is a perspective vieW of a prior art roller 

[0015] FIG. 2 is a cross-sectional vieW of a prior art cone 
at the bottom of a borehole. 

[0016] FIG. 3 is a cross-sectional vieW of a cone under 
going a hardfacing process according to one embodiment. 

[0017] FIG. 4 is a cross-section of a cone With hardfacing 
material applied to the surface of the cone according to 
another embodiment. 

[0018] FIG. 5 is an isometric vieW of a rock bit With three 
cones overlaid With hardfacing material according to still 
another embodiment. 

[0019] FIG. 6 is a schematic of a plasma transferred arc 
process in accordance With an embodiment. 

[0020] FIG. 7 is a schematic of a gas-shielding tungsten 
arc process in accordance With an embodiment. 

[0021] FIG. 8 is a schematic of a metal-inert gas arc 
Welding process in accordance With an embodiment. 

[0022] FIG. 9 is a cross-sectional vieW of a cone in a 7-7/8 
inch mining rock bit coated With hardfacing material accord 
ing to one embodiment. 

[0023] FIG. 10 shoWs an eXample of a roller cone having 
hardfacing applied by tWo different techniques. 

DETAILED DESCRIPTION 

[0024] Embodiments of the invention provide a hardfac 
ing coating that eXhibits good erosion resistance and pos 
sesses strong metallurgical bonding With a roller cone sur 
face. The hardfacing is applied by an arc process to at least 
part of the cone surface. 

[0025] FIG. 1 illustrates a typical prior art rock bit for 
used for drilling boreholes in earth formations. The rock bit 
10 has a steel body 20 With threads 14 formed at an upper 
end and three legs 22 at a loWer end. The threads 14 are 
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adapted to couple the bit 10 to a drill string or drilling too 
assembly (not shoWn) as in knoWn in the art. 

[0026] Each of three roller cones 16 is rotatably mounted 
on a corresponding leg 22 at the loWer end of the body 20. 
A plurality of inserts 18, Which are typically made from 
cemented tungsten carbide are press-?t or interference ?t 
into insert sockets (not shoWn separately) formed in the 
cones 16. Lubricant is provided to the journals (19 in FIG. 
2) on Which the cones are mounted from grease reservoirs 24 
in the body 20. This con?guration generally is used for 
sealed-bearing rock bits. For open-bearing (unsealed) rock 
bits, such as those typically used in mining applications, 
there typically are no grease reservoirs 24. 

[0027] Referring to FIG. 2, When in use, the rock bit is 
threaded onto the loWer end of a drill string (not shoWn) and 
loWered into a Well or borehole. The drill string is rotated by 
a rig rotary table (not shoWn) With the carbide inserts 18 in 
the cones 16 engaging the bottom and side of the borehole 
25. As the bit rotates, the cones 16 rotate on the bearing 
journals 19 and essentially roll around the bottom of the 
borehole 25. The Weight on the bit is applied to the rock 
formation by the inserts 18 and the rock is crushed and 
chipped by the inserts. Adrilling ?uid is pumped through the 
drill string to the bit and is ejected through noZZles 26 
(shoWn in FIG. 1). The drilling ?uid then travels up the 
annulus formed betWeen the exterior of the drill pipe and the 
borehole 25 Wall, carrying With it most of the cuttings and 
chips. In addition, the drilling ?uid serves to cool and clean 
the cutting end of the bit as it Works in the borehole 25. 

[0028] FIG. 2 also shows the loWer portion of the leg 22 
Which supports a journal bearing 19. A plurality of cone 
retention balls (“locking balls”) 21 and roller bearings 12a 
and 12b surround the journal 19. An O-ring 28, located 
Within in an O-ring groove 23, seals the bearing assembly. 
The type of seal and roller cone retention device are only 
shoWn here to illustrate the general structure of a rock bit 
and are not intended to limit the invention. 

[0029] The cone 16 includes multiple roWs of the inserts, 
and has a heel portion 17 located betWeen gage roW inserts 
15 and the O-ring groove 23. Aplurality of protruding heel 
roW inserts 30 are about equally spaced around the heel 17. 
The heel roW inserts 30 and the gage roW inserts 15 act 
together to cut the gage diameter of the borehole 25. The 
interior roW inserts 18 generally are arranged in concentric 
roWs and they serve to crush and chip the earth formations 
being drilled. 
[0030] As used herein, the term “erosion” refers to both 
erosion and other abrasive Wear. Much of the erosion of the 
cone body typically occurs betWeen the gage roW inserts 15 
and heel roW inserts 30. Furthermore, erosion also may 
occur at the lands 27 betWeen the gage roW inserts 15 and 
inner roW inserts 18. Generally, a “land” refers to a surface 
on a roller cone Where holes (“sockets”) are drilled to mount 
the inserts. It is also possible that erosion may occur in the 
grooves 24 betWeen successive inner roW inserts 18. These 
areas on a roller cone surface are collectively referred to as 

“areas susceptible to erosion.” Erosion in these areas may 
result in damage to the cone, loss of the inserts and/or cone 
cracking, particularly betWeen the inserts. In highly erosive 
environments, the Whole cone body may be subjected to 
severe erosion. 

[0031] Some of the embodiments of the invention provide 
rock bits With hardfacing coating in the cone areas suscep 
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tible to erosion. The cone is generally made according to the 
following steps: (1) determining the areas susceptible to 
erosion on the cone surface When the rock bit is in use; (2) 
depositing a layer of hard-facing material by an arc process 
in the areas susceptible to erosion; (3) heat treating the cone 
after the deposition of hardfacing material; (4) drilling 
sockets for receiving inserts on the conical surface in areas 
that are substantially aWay from the areas overlaid With a 

layer of hardfacing material; and (5) pressing inserts into the 
sockets on the roller cone. In some embodiments, as Will be 
further explained, the cone making process can be improved 
by arc-process depositing hardfacing in the cone grooves, 
and after heat treating and drilling the sockets, applying 
hardfacing to the insert land surfaces by a thermal spraying 
process. 

[0032] Here, “substantially aWay” means a separation of at 
least 1/16 inch. Optionally, the cone may be annealed before 
the hardfacing material is deposited. This annealing step 
may reduce crack initiation in the cone surface area affected 
by heat during the hardfacing process. 

[0033] In some embodiments, the location and arrange 
ment of the inserts may be determined ?rst. AfterWards, the 
areas Which are susceptible to erosion on the cone surface 

are determined. As illustrated in FIG. 3, a layer of hardfac 
ing material is then deposited on the identi?ed areas. FIG. 
3 shoWs a cone 16 before the insert-receiving holes are 
drilled and inserts are press-?tted therein. The intended 
locations of the inserts are represented by dotted lines. An 
arc torch 40 is generally placed at a predetermined distance 
from the surface of the cone. A layer of hardfacing material 
50 is contained Within and deposited by an arc ?ame 44. The 
torch 40 may be moved along the surface of the roller cone 
to deposit the layer of hardfacing material in all of the 
desired areas. After areas susceptible to cone erosion have 

been overlaid, the cone is heat treated according to methods 
Well knoWn in the art. After heat treatment, holes or sockets 
are drilled in the predetermined locations on the cone and the 
inserts are press-?t into the sockets. 

[0034] After the manufacture of cone 16 is completed, the 
cone is mounted on journal 19 as illustrated in FIG. 4. A 
layer of hardfacing material is shoWn deposited in different 
areas of the cone 50a, 50b, and 50c that are prone to erosion. 
The layers 50a, 50b and 50c may be of the same or different 
hardfacing materials, depending upon the application of the 
rock bit. 

[0035] FIG. 5 shoWs a rock bit With three cones 16a, 16b, 
and 16c overlaid With hardfacing material according to 
another embodiment. Although the insert con?guration on 
one cone is different from that of other cones in FIG. 5, it 
is entirely acceptable to manufacture a rock bit With three 
identical cones. This ?gure indicates that additional hard 
facing layer 50a' may be deposited in the lands 27 betWeen 
gage roW inserts 15. It should be understood that the shape 
of the hardfacing layer 50 is not critical so long as the 
boundary of the hardfacing layer is substantially aWay from 
the inserts 15 and 18. Consequently, various shapes of 
hardfacing are possible, including, but are not limited to: 
rounded, circular, elliptical, square, rectangular, trapeZoidal, 
oblong, arched, triangular, annular, or any other suitable 
regular or irregular shape. A layer of hardfacing material 
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also may be deposited in the grooves of the roller cone as a 
continuous circumferential ring. 

[0036] In a typical rock bit, the nose of a roller cone is 
situated close to the nose of one or more of the other cones. 

As a result, there is limited clearance betWeen the noses. To 
avoid an undesirable reduction in the clearance betWeen the 
noses, it may be desirable to make a groove or recess in the 
areas susceptible to erosion at the nose of the roller cone. As 
shoWn in FIG. 4, a layer of hardfacing material 50a is 
deposited in the groove so that the hardfacing material is 
substantially ?ush With the surface of the cone. In this Way, 
the nose area of the roller cone is protected from erosion 
Without sacri?cing clearance betWeen the noses of the roller 
cones. It should be understood that a groove as shoWn in this 
embodiment may be placed in other suitable areas of the 
cone surface, and the position of the groove is not neces 
sarily limited to the nose region of a cone. 

[0037] Hardfacing material may be deposited, as Will be 
further explained, particularly in the groove areas, by any 
one of a number of arc processes that are knoWn in the art. 
Here, an “arc process” refers to a hardfacing process that 
uses an arc betWeen an electrode and a Work piece to be 
hardfaced. One such process is the plasma transferred arc 
(PTA) Welding process. As shoWn in FIG. 6, the PTA 
Welding process uses a torch similar to a conventional 
plasma arc torch With an electrode grounded to the Work 
piece. A PTA system generally includes tWo poWer supplies: 
a pilot arc poWer supply 65 and a transferred arc poWer 
supply 66. In a PTA Welding process, a pilot plasma arc is 
initiated betWeen a tungsten or tungsten-thorium electrode 
62 and a copper ori?ce 67 With a Water-cooled electrode 61. 
An inert gas 63, such as argon, ?oWing through the ori?ce 
is ioniZed so that it initiates a secondary arc betWeen the 
tungsten electrode 62 and the Work piece (i.e., the roller 
cone) 16 When the current is increased. The arc and the Weld 
Zone are shielded by a gas 60 ?oWing through an outer 
noZZle 68. The shielding gas may include argon, helium or 
mixtures of inert gases. The plasma created by the arc 
current may be further collimated by noZZle 68 and then 
expanded and accelerated toWards the Work piece. Hard 
facing poWder 69 of a suitable composition is injected into 
the plasma column by a carrier gas 64 such as argon, helium, 
or mixtures of inert gases, through poWder-feeding ports in 
the noZZle 68 onto the Work piece. A molten pool forms on 
the Work piece in the arc transfer region that is protected 
from oxidation or contamination by the shielding gas. 
Fusion occurs betWeen the deposited poWder and the Work 
piece. Direct heating from the plasma provides high density 
hardfacing Which is metallurgically bonded to the Work 
piece. Typical coating conditions are as folloWs: the arc 
voltage and current are in the range of about 20-40 volts and 
about 60-200 amps; the shielding gas ?oW rates are in the 
range of about 15 -40 standard cubic feet per hour (“SCFH”), 
and poWder feed rates are about 20-150 grams per minute. 

[0038] Generally, substrate dilution is about 5% to 15% 
for hardfacing coatings deposited by a PTA process. “Sub 
strate dilution” is de?ned as the Weight percentage of the 
substrate metal Which has diffused into the binder matrix. 
Generally speaking, the loWer substrate dilution indicates 
better hardfacing coatings. It should be understood that 
poWder injection is only one Way of introducing the hard 
facing material into the plasma stream. Any method knoWn 
in the art is acceptable. For example, an alternative method 
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involves feeding a tube rod of tungsten carbide (approxi 
mately 50% by volume and the balance being carbon steel) 
into the plasma stream, either by hand or by a mechanical 
process. 

[0039] Another acceptable method of applying hardfacing 
material onto the surface of a cone for erosion protection is 
the use of a gas-shielding tungsten arc (also knoWn as “gas 
tungsten arc”) Welding process as illustrated in FIG. 7. In 
this process, an arc is established betWeen a tungsten or 
tungsten-thorium electrode 72 and a Work piece (i.e., cone) 
16 Which is grounded through Welding machine 76. The arc 
forms a Welding pool on the Work piece. A hard-facing 
material in the form of a tube rod 70, Which contains 
approximately 50% tungsten carbide by volume, is fed into 
the Weld pool. The rod 70 is fed either by hand or by a 
machine. The tungsten electrode 72 is non-consumable. To 
prevent oxidation and contamination, the heated Weld Zone, 
the molten metal and the non-consumable electrode Which 
carries the Welding current, are shielded from the ambient 
atmosphere. They are shielded by an inert gas stream 75 
Which is directed from the electrode holder 73 through a gas 
passage 71 to the Work piece (i.e., cone) 16. The electrode 
holder 73 has an electrical conductor that connects the 
poWer supply of Welding machine 76 to the electrode 72. 
The electrode holder 73 also includes an insulation sheath 
74. The inert shielding gas may include argon, helium or 
mixtures of these gases. Fusion betWeen the hardfacing 
material and the cone surface is created by the intense heat 
of the arc. This heat metallurgically bonds the high density 
hardfacing material to the Work piece. Substrate dilution in 
this process is generally in the range of about 10% to 20%. 
The gas-shielding tungsten arc Welding process can produce 
a layer of hardfacing material With a thickness greater than 
0.030 inch. Typical coating conditions are as folloWs: the 
voltage is about 10-20 volts; the current is about 60-100 
amps; and the shielding gas ?oW rates are in the range of 
20-30 SCFH. 

[0040] Still another alternative method of applying hard 
facing material onto the surface of a cone is the metal inert 
gas arc (“gas metal arc”) Welding process Which is illus 
trated in FIG. 8. In a typical metal inert gas arc system, a 
Welding gun 80 is connected to a poWer source 81, a control 
unit 82, and a gas-delivery tubing 90. The Welding gun 80 
includes a Wire 88 Which is supplied by a Wire reel 83 
through Wire drive rolls 84. The positive terminal of poWer 
source 81 is connected to a Work piece (i.e. cone) 16, and the 
negative terminal of poWer source 81 is connected to the 
Wire 88 so that an electrical arc (not shoWn) is generated by 
passing electrical current betWeen the Wire and the Work 
piece. The arc melts the tip of the Wire 88, and droplets of 
the molten Wire are subsequently transferred to the surface 
of the Work piece. Contamination of the Weld pool by air is 
prevented by an inert shielding gas 87 Which is delivered to 
the Welding gun through the gas-delivery tubing 90. The 
?oW rate of the shielding gas is monitored and controlled by 
a ?oW meter 85 and a valve 86. The shielding gas may 
include any inert gas such as argon, helium, or any mixtures 
of these gases. In operation, a small-diameter Wire 88 is fed 
from the Wire reel 83 to the Welding gun 80. The gun 80 has 
a trigger 89 Which operates the Wire drive rolls 84, the poWer 
supply 81 and the ?oW of the shielding gas 87. In cases 
Where it is not possible to fabricate ?exible Wire With a 
sufficient volume content of tungsten carbide, a straight tube 
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rod could be fed into the Welding gun. This feeding process 
could be manual or mechaniZed. 

[0041] There are four modes of metal transfer in a metal 
inert gas arc Welding process: (1) short circuiting (i.e., dip 
transfer); (2) globular transfer; (3) spray transfer; and (4) 
pulsed transfer. In short circuiting (i.e., dip transfer), drop 
lets of molten Wire are transferred from the tip of the Wire 
to the Work piece by frequently short circuiting the Wire to 
the Weld pool With a loW current and voltage. This mode of 
transfer utiliZes loW heat input Which results in a small 
controllable Weld pool. Globular transfer uses someWhat 
higher currents and voltages than are used for dip transfer. 
Under this method, metal transfer still occurs by short 
circuiting the Wire to the Weld pool. HoWever, spray transfer 
occurs When the current and voltage are high enough to 
create free ?ight of metal droplets With no short circuiting. 
This provides maximum transfer rates and deep penetration. 
In pulsed transfer, molten metal droplets are transferred to 
the surface of the Work piece by pulsing the current betWeen 
a background current and a high pulse current. Typically, the 
background current is sufficient to sustain the arc but insuf 
?cient for substantial metal transfer. HoWever, the high pulse 
current is set above a threshold level to produce suf?cient 
electromagnetic force for each pulse to transfer one metal 
droplet from the tip of the Wire to the surface of the Work 
piece. As the current is pulsed betWeen the loW background 
current and the high pulse current, the metal droplets are 
transferred to the Work piece successively. Although any 
pulse frequency may be used, it is preferred that the pulse 
rate is approximately 50 HZ. Although all four of these 
modes of metal transfer can be used to deposit hardfacing 
material on rock bit cones, the pulsed transfer mode is 
preferred because it provides a higher deposition rate With 
minimal heat generation and thus results in a higher volume 
content of tungsten carbide in the hardfacing coating. 

[0042] The thickness of the hardfacing material applied to 
the surface of the cone is generally greater than 0.020 inch, 
although a preferred thickness is in the range of 0.030 to 
0.060 inch. It should, hoWever, be understood that hardfac 
ing coatings With less than 0.020 inch in thickness are also 
capable of erosion protection, albeit With less e?icacy. 

[0043] As mentioned above, after the hardfacing material 
is applied to the cone surface, the cone may then be heat 
treated before insert sockets or holes are drilled. The heat 
treatment provides stronger metallurgical bonding, Which 
reduces the likelihood of chipping and ?aking off of the 
hardfacing during operation. FolloWing the heat treatment, 
the cone insert holes are drilled and the inserts are pressed 
into the holes and retained With a press-interference ?t. 

[0044] The hardfacing material used in various embodi 
ments of the invention generally includes a metallic com 
ponent and a nonmetallic component. The metallic compo 
nent can be any metal or metal alloys, such as iron, steel, 
nickel-based alloys, and the like. The non-metallic compo 
nent generally includes a hard material, such as carbide, 
boride, and/or nitride. The hardfacing material may be in the 
form of poWder or tube rod, although other forms also are 
acceptable. 

[0045] The volume content of the carbide phase is gener 
ally in the range of about 25-60%, With a preferred range of 
about 35-50%, of the hardfacing material. The carbide phase 
includes a primary carbide and optionally a secondary 
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carbide. The primary carbide content falls Within the range 
of about 85-95% by volume of the carbide phase. The 
primary carbide includes single crystal WC, eutectic 
WC/WZC, sintered WC/Co, or their combinations. On the 
other hand, the secondary carbide, Which is optional, is the 
balance of the carbide phase; it is generally in the range of 
about 5-15% by volume of the carbide phase. The secondary 
carbide phase includes the folloWing materials: VC, TiC, 
Cr3C2, Cr7C3, Cr23C6 or combinations thereof. As indicated 
in FIG. 9, the shape of the carbide phase may be angular, 
irregular, rounded, or spherical. The siZe of the carbide 
phase generally is Within the range of about 15-500 pm, With 
a preferred range of about 30-200 pm. 

[0046] The volume content of the binder matrix, being the 
balance of the hardfacing material, generally is in the range 
of about 35-75% of the hardfacing material. The binder 
matrix includes a metallic matrix and non-metallic compo 
sition. The metallic matrix may contain cobalt, nickel, iron, 
or mixtures or alloys thereof. It may further include silicon, 
aluminum, boron, and/or a small amount of refractory 
metals (such as tungsten, molybdenum, tantalum or other 
transition metals). The nonmetallic composition includes a 
secondary carbide and a boride. The total volume content of 
these materials is betWeen about 7-42%, With a preferred 
range of about 8-30%, in the binder matrix. The secondary 
carbides may include VC, TiC, Cr3C2, Cr7C3, Cr23C6 or 
combinations thereof. The borides include CrB, TiB2, ZrB2, 
or combinations thereof. The particle siZe of the secondary 
carbides and the borides is betWeen about 10-50 pm. The 
shape of the particles may be angular, irregular, rounded or 
spherical. Moreover, the non-metallic composition may fur 
ther include an Eta phase or a trace amount of oxides Which 
are a by-product of the Welding process. Eta phase is a phase 
of carbides of the formula W3M3C or W6M6C, Where M is 
Fe, Co, or Ni. The particle siZe of the Eta phase is generally 
less than 20 pm, and the particle shape can be crystal-like, 
irregular, or dendritic. 

[0047] Some embodiments concern automating the place 
ment of hardfacing material onto the cone surfaces. This is 
particularly important When hardfacing material is applied to 
the cone surfaces in intricate patterns betWeen the inserts. It 
is critical that deposition of the hardfacing material not 
interfere With the subsequent insert hole-drilling operation. 
One method of automation is to use numerically controlled 
(“NC”) or computer numerically controlled (“CNC”) 
machines to place the hardfacing material directly onto 
predetermined areas of a roller cone Which are susceptible to 
erosion. The machines can be programmed using any con 
ventional computer-aided manufacturing techniques to place 
the hardfacing material suf?ciently aWay from Where the 
insert holes Will be drilled. After the cone has been heat 
treated, the insert holes may be drilled With NC or CNC 
machines. This Will ensure consistency of hole and hardfac 
ing coating locations. 

[0048] If a hardfacing material is placed on the cone lands 
betWeen insert holes, a start mark on the cone may be 
necessary to ensure proper setup for the hole-drilling process 
to be synchroniZed With the hardfacing material deposition 
process. Other suitable methods to ensure a proper Zero or 

circumferential starting location may also be used. For 
example, a small start hole in the cone Which interfaces With 
a tooling ?xture Zero point is one possible method. Another 
acceptable method is to use a machine With index plates that 
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are timed in phase With the subsequent hole-drilling opera 
tion. The machine is set up to place hardfacing material onto 
the cone surface and automatically index to the next cir 
cumferential location. This alloWs insert holes to be drilled 
in the intended areas. A start mark is also necessary for 
proper setup of the hole-drilling operation. 

[0049] In some embodiments, only circumferential bands 
of hardfacing material are deposited in the cone grooves 
adjacent to the insert lands. It is entirely possible to do this 
by a robot. Manufacturing parameters such as speed and 
feed rate may be optimiZed to achieve the desired hardfacing 
thickness and consistency. 

[0050] To test erosion resistance of rock bit cones coated 
With the hardfacing material according to the present 
embodiments, numerous 7-7/8 inch mining rock bits With the 
hardfacing material applied to the cone grooves Were tested 
in a coal mine. For example, FIG. 9 illustrates a mining rock 
bit cone that Was coated With hardfacing material in the 
grooves of the cone by the gas-shielding tungsten arc 
Welding process. The process parameters used to hardface 
the cone are as folloWs: argon gas flow rate of 25 cubic feet 
per hour, 7/16 inch diameter gas cup, Vs inch diameter 2% 
thoriated tungsten electrode, current of 60 to 80 amps, and 
voltage of 10 to 12 volts. A tube rod designated as “ST-70 
M” Was fed into the arc by hand. The 70 M tube rod 
contained about 65% by Weight of macro-crystalline WC 
With particle siZe in the range of about 75 to 177 pm and 
35% by Weight of steel of the A151 1018 type. The hard 
facing coating had a thickness of approximately 0.060 inch 
and contained approximately 32% of tungsten carbide by 
volume as the primary carbide. The primary tungsten car 
bide particles Were in the range of 25 to 200 pm With the 
most common siZe being approximately 175 pm. The micro 
structure of the hardfacing coating shoWed that the tungsten 
carbide particles Were rounded. 

[0051] The hardfaced mining rock bits Were tested With 
regular mining rock bits of identical siZe. Without the 
hardfacing material, the regular mining bits manifested the 
primary failure mode—premature loss of the interior inserts 
near the nose or the apex of the cone. The hard-faced mining 
rock bits, on the other hand, manifested a signi?cant 
improvement in cone erosion. Furthermore, premature loss 
of inserts Was virtually eliminated in the case of hardfaced 
mining rock bits. 

[0052] An alternative to the roller cone having hardfacing 
applied according to the previous embodiments is shoWn in 
FIG. 10. The cone 16 includes grooves 50 betWeen insert 
lands 52, as previously explained, to provide clearance for 
the cutting elements (inserts) on the adjacent cones on the 
bit. In this embodiment of hardface application, the hard 
facing 51 is applied to the cone surface in the grooves 50 by 
a Welding process. The Welding process can include any arc 
process such as PTA as in the previous embodiments of the 
invention, or may include conventional torch-type Welding 
according to methods Well knoWn in the art. The cone 16 
may then be heat treated and sockets 18A for the inserts may 
be drilled, as in the previous embodiments. 

[0053] In the present embodiment, hardfacing 53 is 
applied to the insert lands 52 using a thermal spraying 
process after the heat treatment and drilling of the sockets 
18A. Thermal spraying processes knoWn in the art include 
D-gun, HVOF and HAOF. In general, thermal spray hard 
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face application does not raise the temperature of the sub 
strate (the cone body) above about 200 degrees F. (94 
degrees C.). The hardfacing applied using thermal spraying 
can include tungsten carbide of compositions Well knoWn in 
the art. 

[0054] To avoid spraying the interior of the sockets 18A, 
a graphite or similar plug (not shoWn) may be inserted into 
each socket 18A prior to thermal spraying. By applying 
hardfacing using thermal spraying, the insert retention prop 
erties of the cone 16 are retained, but the Wear susceptible 
areas of the insert land are covered With hardfacing to reduce 
erosion of the land surface and consequent insert loss. 

[0055] As demonstrated above, the present embodiments 
are capable of producing highly erosion-resistant hardfacing 
coatings on rock bit cone surfaces to prevent cone shell 
erosion during operation. The processes used in the various 
embodiments of the invention are easy to implement and are 
cost-effective. Furthermore, the coating thickness, unifor 
mity, porosity and oXide build-up are easier to control than 
With previous methods. Equally important, the present 
embodiments provide a hardfacing coating With strong met 
allurgical bonding betWeen the hardfacing material and the 
roller cone surfaces Where required. This strong metallurgi 
cal bonding makes the hardfacing material less likely to chip 
or ?ake off during operation. As a result, premature loss of 
inserts may be virtually eliminated during normal operation 
of the drill bit. 

[0056] While the invention has been disclosed With 
respect to a number of embodiments, those skilled in the art 
Will appreciate numerous modi?cations and variations there 
from. For eXample, although the hardfacing coatings are 
described in reference to protection of cone erosion in 
petroleum bits and mining bits, it should be further under 
stood that the invention is equally applicable to other 
earth-boring devices With rotating elements Which experi 
ence cone erosion. It should be understood that the invention 
is applicable to a rock bit With any bearing con?guration 
system, such as friction bearings, sealed bearings, open 
bearings and the like. As to the composition of the primary 
carbide, it is preferred that the primary carbide include one 
or more of single-crystal WC, eutectic WC/WZC, and sin 
tered WC/Co. It should be understood, hoWever, that any 
hard carbide may be used in place of single-crystal WC, 
eutectic WC/WZC, and sintered WC/Co. Such carbides may 
include, for eXample, titanium carbide or chromium carbide. 
Furthermore, it is also conceivable that a third carbide phase 
may be bene?cial to cone erosion protection. Such a ternary 
carbide may include any hard carbide materials. Finally, 
although it is preferred that the hardfacing application 
occurs before inserts are pressed into the sockets, the inven 
tion can be practiced in any other order. 

[0057] While the invention has been disclosed With refer 
ence to speci?c eXamples of embodiments, numerous varia 
tions and modi?cations are possible. Therefore, it is 
intended that the invention not be limited by the description 
in the speci?cation, but rather only by the claims that folloW. 
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What is claimed is: 
1. A roller cone for a rock bit, comprising: 

a cone substrate; 

hardfacing applied by a Welding process in grooves on the 
eXterior surface of the cone substrate; and 

hardfacing applied by a thermal spraying process to insert 
lands on the exterior surface of the cone substrate. 

2. The roller cone as de?ned in claim 1 Wherein the 
Welding process comprises plasma transferred arc welding. 

33. The roller cone as de?ned in claim 1 Wherein the 
thermal spraying process comprises at least one of HVOF, 
HAOF and D-gun spraying. 

4. The roller cone as de?ned in claim 1 Wherein the 
hardfacing applied by at least one of the Welding process and 
thermal spraying process comprises tungsten carbide. 

5. A roller cone bit, comprising: 

a bit body adapted to be coupled to have a drill string and 
having at least one journal depending therefrom; 

a roller cone rotatably mounted on the at least one journal, 
the roller cone comprising a cone substrate, hardfacing 
applied by a Welding process in grooves on the eXterior 
surface of the cone substrate and hardfacing applied by 
a thermal spraying process to insert lands on the 
eXterior surface of the cone substrate; and 

cutting elements af?Xed to the roller cone at selected 
positions thereon. 

6. The roller cone bit as de?ned in claim 5 Wherein the 
Welding process comprises plasma transferred arc Welding. 

7. The roller cone bit as de?ned in claim 5 Wherein the 
thermal spraying process comprises at least one of HVOF, 
HAOF and D-gun spraying. 

8. The roller cone bit as de?ned in claim 5 Wherein the 
hardfacing applied by at least one of the Welding process and 
thermal spraying process comprises tungsten carbide. 

9. A method for hardfacing a roller cone for a drill bit, 
comprising: 

applying hardfacing by a Welding process to grooves 
betWeen insert lands on a roller cone body; and 

applying hardfacing by a thermal spraying process to the 
insert lands. 

10. The method as de?ned in claim 9 Wherein the Welding 
process comprises plasma transferred arc Welding. 

11. The method as de?ned in claim 9 Wherein the thermal 
spraying process comprises at least one of HVOF, HAOF 
and D-gun spraying. 

12. The method as de?ned in claim 9 further comprising 
heat treating the cone body and drilling insert sockets therein 
prior to the applying hardfacing to the inset lands. 

13. The method as de?ned in claim 9 Wherein the hard 
facing applied by at least one of the Welding process and 
thermal spraying process comprises tungsten carbide. 

* * * * * 


