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Description

This invention relates to rock bits for drilling oil
wells or the like having polycrystalline diamond
(PCD) tipped inserts for drilling a rock formation.

Heavy duty rock bits are employed for drilling
wells in subterranean formation for oil, gas,
geothermal steam and the like. Such bits have a
body connected to a drill string and a plurality,
typically three, of hollow cutter cones mounted on
the body for drilling rock formations. The cutter
cones are mounted on steel journals or pins in-
tegral with the body at its lower end. In use the drill
string and bit body are rotated in the bore hole and
each cone is caused to rotate on its respective
journal as the cone contracts the bottom of the
bore hole being drilled. As such a rock bit is used
in hard, tough formations, high pressures and tem-
peratures are encountered. The total useful life of a
rock bit in such severe environments is in the order
of 20 to 200 hours for bits in size of about 16.5 cm
(6.5 inch) to 31 cm (12.25 inch) diameter at depths
of about 1524 m (5,000 feets) to 6096 m (20,000
feet). Useful lifetimes of about 65 to 150 hours are
typical.

When a rock bit wears out or fails as a bore
hole is being drilled, it is necessary to withdraw the
drill string for replacing the bit. The amount of time
required to make a round trip for replacing a bit is
essentially lost from drilling operations. This time
can become a significant portion of the fotal time
for completing a well, particularly as the well
depths become great. It is therefore quite desirable
to maximize the lifetime of a drill bit in a rock
formation. Prolonging the time of drilling minimizes
the lost time in "round tripping" the drill string for
replacing bits.

Replacement of a drill bit can be required for a
number or reasons, including wearing out or break-
age of the structure contacting the rock formation.
The other principal reason for replacing a rock bit
on a drill string is that the bearings supporting one
or more of the roller cones fail due to excessive
wear, loss of lubricant or the like. There are a
variety of other minor causes of failure in rock bits
in some rock formations. There is a continual effort
to upgrade the performance and lengthen the life-
time of those components of a rock bit that are
likely to cause a need for replacement. There have
been continual improvements in bearings, but few
major improvements in the cutting structure of rock
bits.

When a rock bit is drilling a bore hole, it is
important that the diameter or gage of the bore
hole be maintained at the desired value. The out-
ermost row of inserts on each cone of a rock bit is
known as the gage row. This row of inserts is
subjected to the greatest wear since it travels fur-
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thest on the bottom of the hole, and the gage row
inserts also tend to rub on the sidewall of the hole
as the cones rotate on the drill bit body. As the
gage row inserts wear, the diameter of the bore
hole being drilled may decrease below the original
gage of the rock bit. When the bit is worn out and
removed, a bottom portion of the hole is usually
under gage. When the next bit is run in the hole, it
is therefore necessary to ream that bottom portion
of the hole to bring it fo the full desired gage. This
not only takes substantial time but commences
wear on the gage row inserts, which again results
in an under gage hole as the second bit wears out.
Further, as the bit reams, a side load is applied to
the cone, "pinching" the bit and applying a high
side load on the bearings, which can cause pre-
mature failure of the bearings.

The rate of penetration of a rock bit into the
rock formation being drilled is an important param-
eter for drilling. Clearly, it is desirable to maintain a
high rate of drilling since this reduces the time
required to drill the well, and such time is quite
expensive because of the fixed costs involved in
drilling. The rate of penetration decreases when the
inserts in the cones become worn and do not
protrude from the cone surface to the same extent
they did when drilling commences. The worn in-
serts have an increased radius of curvature and
increased contact area on the rock. It therefore
takes greater force to penetrate and this may
cause both bearing failure and gage row insert
breakage. Drilling rate is continually observed by
the driller and when the inseris are worn to the
point that the rate of penetration is unacceptably
low, the bit is replaced.

Thus, it is important to maximize the wear
resistance of the inserts in a rock bit to maintain a
high rate of penetration as long as feasible. It is
particularly important to minimize wear of the gage
row inserts to maximize the length of hole drilled to
full gage.

Wear resistance of conventional inserts of ce-
mented tungsten carbide may be enhanced by
increasing the proportion of tungsten carbide and
decreasing the proportion of cobalt in the compos-
ite material. This increases the hardness and wear
resistance of the cemented tungsten carbide but
reduces its toughness so that the inserts are more
susceptible to breakage than inserts with higher
cobalt content. In exemplary embodiments, the co-
balt content of inserts for use in rock bits ranges
from about 6% to 16% by weight cobalt.

Another factor that influences wear resistance
and toughness is particle size of the tungsten car-
bide phase. Exemplary particle size in an insert is
in the range of from three to seven microns. This
particle size is an average particle size of a powder
mixture that includes larger and smaller particles.
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For example, when the average particle size is five
microns, there are submicron size particles present
as well as particles as large as seven or eight
microns. Generally speaking toughness increases
with larger particle size and so does wear resis-
tance. A common grade of cemented tungsten
carbide for rock bit inserts has an average tungsten
carbide particle size of about six microns and con-
tains about 10% to 14% by weight cobalt.

Toughness of the inserts is important in a rock
bit since the inserts are subjected to impact loads
as the cones rotate, as well as wear by rubbing
against the rock formation. Breakage of inserts can
be a substantial problem since it not only results in
reduced drilling activity, but the fragments of a
broken insert may damage other inserts. It is there-
fore desirable to provide inserts that are hard to
resist wear and tough to resist breakage.

According to the present invention there is
provided a rock bit comprising: a steel body;
means at one end of the body for connecting the
bit to a drill string; means at the opposite end of
the body for mounting at least one roller cone on
the body for rotation around an axis transverse to
the axis of the bit; at least one roller cone so
mounted on the body for rolling on the bottom of a
bore hole being drilled; a plurality of inserts in such
a cone for crushing rock at the bottom of such a
bore hole, at least a portion of such inserts com-
prising: a cemented tungsten carbide body having
a grip length embedded in the cone and a converg-
ing end portion protruding from the surface of the
cone; characterised by a polycrystalline diamond
layer on the converging end of the carbide body;
and at least one fransition layer between the poly-
crystalline diamond layer and the carbide body, the
fransition layer comprising a composite containing
diamond crystals and precemented tungsten car-
bide particles.

Rock bits embodying the invention will now be
described, by way of example, with reference to
the accompanying diagrammatic drawings, in
which:

FIG. 1 illustrates in semi-schematic perspective
of an exemplary rock bit;

FIG. 2 is a particle longitudinal cross section of
such a rock bit;

FIG. 3 is a longitudinal cross section of an
exemplary insert for such a rock bit;

FIG. 4 is a longitudinal cross section of another
embodiment of such insert; and

FIG. 5 is a longitudinal cross section of a sub-
assembly for forming such a rock bit insert.

An exemplary rock bit comprises a steel body
10 having three cutter cones 11 mounted on its
lower end. A threaded pin 12 is at the upper end of
the body for assembly of the rock bit onto a drill
string for drilling oil wells or the like. A plurality of
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tungsten carbide inserts 13 are provided in the
surfaces of the cutter cones for bearing on rock
formation being drilled.

FIG. 2 is a fragmentary longitudinal cross sec-
tion of the rock bit extending radially from the
rotational axis 14 of the rock bit through one of the
three legs on which the cutter cones 11 are moun-
ted. Each leg includes a journal pin 16 extending
downwardly and radially inwardly of the rock bit
body. The journal pin includes a cylindrical bearing
surface having a hard metal insert 17 on a lower
portion of the journal pin. The hard metal insert is
typically a cobalt or iron base alloy welded in place
in a groove on the journal leg and having a sub-
stantially greater hardness than the steel forming
the journal pin and rock bit body. An open groove
18 corresponding to the insert 17 is provided on
the upper portion of the journal pin. Such a groove
can, for example, extend around 60% or so of the
circumference of the journal pin and the hard metal
17 can extend around the remaining 40% or so.
The journal pin also has a cylindrical nose 19 at its
lower end.

Each cutter cone 11 is in the form of a hollow
generally conical steel body having tungsten car-
bide inserts 13 pressed into holes on the external
surface. The outer row of inserts 20 on each cone
is referred to as the gage row since these inserts
drill at the gage or outer diameter of the bore hole.
Such tungsten carbide inserts provide the drilling
action by engaging and crushing subterranean rock
formation on the bottom of a bore hole being
drilled as the rock bit is rotated. The cavity in the
cone contains a cylindrical bearing surface includ-
ing an aluminum bronze insert 21 deposited in a
groove in the steel of the cone or as a floating
insert in a groove in the cone. The aluminum
bronze insert 21 in the cone engages the hard
metal insert 17 on the leg and provides the main
bearing surface for the cone on the bit body. A
nose button 22 is between the end of the cavity in
the cone and the nose 19, and carries the principal
thrust loads of the cone on the journal pin. A
bushing 23 surrounds the nose and provides addi-
tional bearing surface between the cone and jour-
nal pin.

A plurality of bearing balls 24 are fitted into
complementary ball races in the cone and on the
journal pin. These balls are inserted through a ball
passage 26 which extends through the journal pin
between the bearing races and the exterior of the
rock bit. A cone is first fitted on the journal pin and
then the bearing balls 24 are inserted through the
ball passage. The balls carry any thrust loads ten-
ding to remove the cone from the journal pin and
thereby retain the cone on the journal pin. The
balls are retained in the races by a ball retainer 27
inserted through the ball passage 26 after the balls
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are in place. A plug 28 is then welded into the end
of the ball passage to keep the ball retainer in
place.

The bearing surfaces between the journal pin
and cone are lubricated by a grease which fills the
regions adjacent the bearing surfaces plus various
passages and a grease reservoir. The grease res-
ervoir comprises a cavity 29 in the rock bit body
which is connected to the ball passage 26 by a
lubricant passage 31. Grease also fills the portion
of the ball passage adjacent the ball retainer, the
open groove 18 on the upper side of the journal pin
and a diagonally extending passage 32 there-
between. Grease is retained in the bearing struc-
ture by a resilient seal in the form of an O-ring 33
between the cone and journal pin.

A pressure compensation subassembly is in-
cluded in the grease reservoir 29. This subassem-
bly comprises a metal cup 34 with an opening 36
at its inner end. A flexible rubber bellows 37 ex-
tends into the cup from its outer end. The bellows
is held in place by a cap 38 having a vent passage
39 therethrough. The pressure compensation sub-
assembly is held in the grease reservoir by a snap
ring 41.

The bellows has a boss 42 at its inner end
which can seat against the cap 38 at one end of
the displacement of the bellows for sealing the vent
passage 39. The end of the bellows can also seat
against the cup 34 at the other end of its stroke,
thereby sealing the opening 36.

In practice of this invention at least a portion of
the cutting structure of the rock bit comprises tung-
sten carbide inserts that are tipped with poly-
crystalline diamond. An exemplary insert is illus-
trated in longitudinal cross section in FIG. 3. Such
an insert has a cylindrical grip length 46 extending
along a major portion of the insert. At one end
there is a converging portion 47 which may have
any of a variety of shapes depending on the de-
sired cutting structure. The converging portion may
be referred 1o as a projectile shape or basically a
cone with a rounded end. It may be a chisel shape
which is like a cone with converging flats cut on
opposite sides and a rounded end. The converging
portion may be hemispherical or any of a variety of
other shapes known in the art.

Such an insert is press fitted or brazed into the
roller cone. Each one of the cones has a plurality
of flat bottomed holes in circumferential rows on its
outer surface. An exemplary hole has a diameter
about 0.13 millimeters smaller than the diameter of
the grip 46 of an exemplary insert. The insert is
pressed into the hole in the steel cone with many
thousand pounds of force. This press fit of the
insert into the cone tightly secures the insert in
place and prevents it from being dislodged during
drilling.

10

15

20

25

30

35

40

45

50

55

The converging portion of the insert illustrated
in FIG. 3, has an outer layer 48 for engaging rock
when the insert is used in a rock bit, and an inner
layer 49 between the outer layer and the main
cemented tungsten carbide body of the insert. The
outer layer in an exemplary embodiment comprises
polycrystalline diamond (PCD) with a thickness of
125 microns. The inner layer has a thickness of
380 microns and comprises a composite material
of polycrystalline diamond and precemented tung-
sten carbide, such as disclosed in US-A-4,525,178.
As used in this specification the term polycrystal-
line diamond, along with its abbreviation "PCD"
refers to the material produced by subjecting in-
dividual diamond crystals to sufficiently high pres-
sure and high temperature that intercrystalline
bonding occurs between adjacent diamond cry-
stals. Exemplary minimum temperature is about
1300°C and an exemplary minimum pressure is
about 35 kilobars. The minimum sufficient tempera-
ture and pressure in a given embodiment may
depend on other parameters such as the presence
of a catalytic material, such as cobalt, with the
diamond crystals. Generally such a catalyst/binder
material is used to assure intercrystalline bonding
at a selected time, temperature and pressure of
processing. As used herein, PCD refers to the
polycrystalline diamond including residual cobalt.
Sometimes PCD is referred to in the art as
"sintered diamond".

In an exemplary embodiment the outer layer of
PCD is made from a mixture of diamond crystals
and cobalt powder, with 13% by weight or 6% by
volume of cobalt in the total mixture. Preferably the
catalyst metal is present in the range of from one
fo ten percent by volume. About 65% of the dia-
mond crystals are in the range of four to eight
microns. The other 35% of the diamond crystals
are in the range of one-half to one micron. The
diamond crystals may be either naturally occurring
diamonds or synthetic diamonds produced by a
high temperature, high pressure process.

The diamond crystal size can range upwardly
from submicron sizes. Preferably they range up to
about twenty microns. Preferably a mix of sizes is
used for dense packing. The cobalt content can be
in the range of from one to fifteen percent by
volume, preferably less than about ten percent by
volume. In some embodiments other catalyst met-
als such as iron or nickel may be used.

The raw materials for making the PCD layer
are preferably milled together for a sufficient time
to thoroughly coat the diamond particles with co-
balt. Milling in a ball mill lined with cemented
tungsten carbide and using cemented tungsten car-
bide balls is preferred to avoid contamination of the
diamond. An attritor or planetary mill may be used
if desired. Such milling should be sufficiently ener-
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getic to "smear" the cobalt but should avoid appre-
ciable comminution of the diamond particles. One
or two days of ball milling is appropriate.

Intercrystalline bonding between adjacent dia-
monds occurs and a unitary solid polycrystalline
diamond article is formed when the milled materi-
als are subjected to high temperature and a suffi-
cient pressure that diamond is thermodynamically
stable.

The intermediate composite layer is formed of
a mixture of diamond crystals, cobalt, and
precemented tungsten carbide particles. The
precemented tungsten carbide is made by blend-
ing tungsten carbide powder and cobalt powder in
a ball mill or the like. The blended powders are
compacted and sintered near the melting point of
cobalt. The resultant compact is comminuted to the
desired particle size for use in making the compos-
ite material of the inner layer. In an exemplary
embodiment a grit size of -325 U. S. mesh (about
44 microns) is used in the composite material of
the inner layer.

The precemented tungsten carbide grit can
have a variety of tungsten carbide particle sizes
and shapes, and various cobalt contents. The co-
balt content can be in the range of from five to
sixteen percent by weight and the tungsten carbide
particles are preferably in the range of from four to
fifteen microns. In an exemplary embodiment the
particle size is six microns and the cobalt content
is fourteen percent by weight.

In an exemplary embodiment the inner layer
between the layer of polycrystalline diamond and
the cemented tungsten carbide substrate is made
from a mixture of forty percent by volume of the
aforementioned diamond powder (containing six
percent by volume cobalt) and sixty percent by
volume precemented tungsten carbide grit. If de-
sired, additional cobalt can be included depending
on the cobalt content of the cemented tungsten
carbide.

When making the composite material, it is pre-
ferred to thoroughly blend the powders. Preferably
the diamond crystals and cobalt powder are ball
milled together as hereinabove described. After
initial milling cemented tungsten carbide grit is
added, with or without additional cobalt, and the
mixture is further milled for thoroughly blending
and smearing the mixture. For example, diamond
and cobalt powders may be ball milled together for
up fo a day before addition of tungsten carbide grit.
This mixture is then ball milled for another one or
two days. Forty-eight hours in an exemplary ball
milling time.

The blended powders for making the layers on
the insert are sintered and bonded to a rock bit
insert blank 51 in an assembly of the type illus-
trated in FIG. 5. The insert being formed in the
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embodiment illustrated in FIG. 5 has layers some-
what different from those in the embodiment of
FIG. 3 as hereinafter described, but the manufac-
turing technique is the same. The insert blank 51
comprises a cylindrical cemented tungsten carbide
body having a converging portion at one end. The
converging portion has the geometry of the com-
pleted insert, less the thickness of the layers to be
formed thereon. The assembly is formed in a deep
drawn metal cup which preferably has double
walls. There is an inner cup 52, the inside of which
is formed to the desired net shape of the end of
the rock bit insert to be preformed. The inner cup
is zirconium sheet having a thickness of 50 to 125
microns. The outer cup 53 is molybdenum with a
thickness of 250 microns. A zirconium sheet 54
and molybdenum sheet 55 close the assembly at
the top. The zirconium "can" thus formed protects
material within it from the effects of nitrogen and
oxygen. The molybdenum can protects the zirco-
nium from water which is often present during the
high pressure, high temperature pressing cycle
used to form the rock bit insert.

To make an assembly as illustrated in FIG. 5
blended diamond powder including cobalt, may be
placed in the cup and spread into a thin layer by
rotation and pressing with an object having the
same shape as the insert blank when the blank is
axisymmetric. If a chisel insert is being made, the
powder can be spread with a generally conical tool.
Powder to make the outer layer is spread first, then
powder to make the inner layer may be spread on
the outer layer. Finally the insert blank is put in
place and the metal sheets are added to close the
top of the assembly. A small amount of paraffin
wax may be included in the blended powders to
aid distribution and retention of the powder in thin
layers. Alternatively layers can be built up on the
end of the insert blank before insertion into the
cup. In another embodiment, sufficient wax may be
included with the powders to form self-supporting
"caps" of blended powder to be placed on the
insert blank or in the cups. After assembly is made
by one of such techniques, it is preferable to press
the assembly through a die to swage the cups
tightly against their contents.

One or more of such assemblies is then placed
in a conventional high pressure cell for pressing in
a belt press or cubic press. A variety of known cell
configurations are suitable. An exemplary cell has a
graphite heater tube surrounding such an assembly
and insulated from it by salt or pyrophyllite for
sealing the cell and transmitting pressure. Such a
cell, including one or more such assemblies for
forming a rock bit insert, is placed in a high pres-
sure belt or cubic press and sufficient pressure is
applied that diamond is thermodynamically stable
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at the temperatures involved in the sintering pro-
cess. In an exemplary embodiment, a pressure of
50 kilobars is used.

As soon as the assembly is at high pressure,
current is passed through the graphite heater tube
to raise the temperature of the assembly to at least
1300° C and preferably to 1350 to 1400° C. When
the assembly has been at high temperature for a
sufficient period for sintering and formation of poly-
crystalline diamond, current is turned off and the
parts rapidly cooled by heat transfer to the water
cooled anvils of the press. When the temperature
is below 1300°C, and preferably below 200°C,
pressure can be released so that the cell and its
contents can be ejected from the press. The metal
cans and any other adhering material can be read-
ily removed from the completed insert by sand
blasting or etching. The grip of the completed
insert may be diamond ground to a cylinder of the
desired size for fitting in a hole in the cone of a
rock bit. The composite layer of diamond crystals
and precemented carbide particles is, of course,
sintered by high temperature and pressure and is
no longer in the form of discrete particles that
could be separated from each other.

Since the diamond tipped inserts show negli-
gible wear, it is believed that the principal mode of
failure is likely to be chipping or breakage of in-
seris. It is therefoere desirable to operate such a
bit with higher rotary speed and lower weight than
conventional roller cone rock bits. Good circulation
is also desirable for removing chips rapidly for
minimizing cone wear.

FIG. 4 illustrates another embodiment of rock
bit insert tipped with polycrystalline diamond as
provided in practice of this invention. This insert
has a conventional cemented tungsten carbide
blank 57 with a cylindrical grip 58 and a converging
end on the portion of the insert that protrudes
beyond the surface of the cone in which it is
pressed. There is an inner layer 59 that is 380
microns thick adjacent to the cemented tungsten
carbide blank at the converging end. The inner
layer is overlain by an intermediate layer 60 that is
250 microns thick. This in turn is overlain by an
outer layer 61 that is 125 microns thick.

The outer layer 61 is PCD as hereinabove
described. The intermediate layer is formed of a
mixture of 60% by volume PCD (including 6% by
volume cobalt) and 40% by volume precemented
tungsten carbide. The inner layer is formed of a
mixture of 40% by volume PCD and 60% by
volume precemented tungsten carbide. After sinter-
ing at high pressure and high temperature o form
composite materials in the layers as hereinabove
described, the volume percentages may differ
slightly from the proportions in the original mixture
due to interactions. For example, some of the dia-
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mond may dissolve in the cobalt phase, thereby
slightly reducing the volume proportion of diamond
in the PCD and composite.

By having a layer of PCD on the outer surface
of the converging portion of the insert, wear of the
insert as it is used against a rock formation can be
negligible. By providing a fransition between the
PCD layer and the cemented carbide substrate, a
transition in modulus of elasticity and coefficient of
thermal expansion helps protect the PCD layer.
The intermediate layer 60 near the PCD layer has
a relatively higher proportion of PCD and lower
proportion of cemented carbide than the inner layer
59, thereby providing a transition between the outer
layer and cemented carbide blank in two steps
instead of the single step in the embodiment
hereinabove described and illustrated in FIG. 3.

FIG. 5 illustrates still another embodiment of
insert as provided in practice of this invention. In
this embodiment the converging portion of the in-
sert blank 51 has an outer layer 63 of polycrystal-
line diamond. This outer PCD layer is separated
from the blank by an inner layer 64 having a
gradual transition of properties between the PCD
layer and the cemented carbide blank. Such a
transition layer has a high proportion of PCD (e.g.,
80% or more by volume) and low proportion of
cemented tungsten carbide adjacent to the outer
PCD layer 63. There is a gradual diminution in the
diamond content of the fransition layer 64 with
concomitant increase in the proportion of
precemented tungsten carbide toward the cement-
ed carbide blank. For example, the polycrystalline
diamond content adjacent to the blank may be
20% by volume and the precemented tungsten
carbide content may be 80% by volume. A gradual
transition in proportion of diamond in the transition
layer provides, in effect, a very large number of
steps in mechanical properties between the outer
PCD layer and the cemented tungsten carbide sub-
strate.

The ftransition layer provides a transition in a
variety of important properties of the PCD layer
and carbide substrate. It compensates for differ-
ences in coefficient of thermal expansion and
modulus of elasticity. It has a sonic velocity inter-
mediate between the PCD and carbide which
means that a stress wave travelling through the
insert has less sitress concentration at the interface.
A ftransition layer of diamond crystals and
precemented tungsten carbide particles is signifi-
cantly different from a mere mixture of diamond,
cobalt and carbide powders. It is believed that the
precemented carbide particles act as a plurality of
"mini-anvils" that provide a pressure distribution in
the layer very different from the pressure distribu-
tion in a mix of powders, resulting in better com-
paction. The precemented carbide has less shrink-
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age than a powder mixture, improving the rheology
of pressing. Further, the distribution of carbide in
the composite is rather different from a powder; an
analogy could be use of steel reinforcing bar in
concrete as compared with powdered steel. Signifi-
cantly different properties can result from the dif-
ference in distribution.

It will be apparent that many modifications and
variations can be made in the rock bits provided in
practice of this invention. One example of a three
cone rock bit has been described and illustrated
herein with conventional mounting of the cones.
Diamond tipped inserts may be used on cones for
two cone rock bits or for a variety of other rock bit
variations. PCD tipped inserts may be used for all
of the cutting structure of the rock bit and not just
the gage row inserts.

Further, variations in the inserts themselves will
be apparent. For example, in the embodiments
herein described the outer PCD layer has a thick-
ness of about 125 microns and thicker layers can
be employed if desired. The PCD layer can be in
the range of 75 to 600 microns thick. Surprisingly,
however, since the PCD is extremely resistant to
erosion by rock formations being drilled, a layer
only 125 microns thick is adequate for a long life
rock bit. The thickness of the transition layer, or
layers, can range from 100 microns to 3 millime-
ters or more. Other proportions of PCD and
precemented carbide particles in the transition lay-
ers may also be used as desired. For example,
these layers can range from 5 to 95% by volume
polycrystalline diamond and from 95 to 5%
precemented tungsten carbide. Depending on the
binder content of the cemented tungsten carbide,
additional cobalt may be included in the mixture for
good sintering of the transition layer. Other metal
carbides such as tantalum carbide or titanium car-
bide may be suitable in some embodiments.

Claims

1. A rock bit comprising:

a steel body (10);

means (12) at one end of the body (10) for
connecting the bit to a drill string;

means (16) at the opposite end of the
body (10) for mounting at least one roller cone
(11) on the body (10) for rotation around an
axis transverse to the axis of the bit;

at least one roller cone (11 ) so mounted
on the body (10) for rolling on the bottom of a
bore hole being drilled;

a plurality of inserts (13) in such a cone
(11 )for crushing rock at the bottom of such a
bore hole, at least a portion of such inserts
(13) comprising:

a cemented tungsten carbide body having
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12

a grip length embedded in the cone (11) and a
converging end portion protruding from the
surface of the cone (11);

characterised by a polycrystalline diamond
layer (48) on the converging end of the carbide
body; and

at least one transition layer (49) between
the polycrystalline diamond layer (48) and the
carbide body, the transition layer (49) compris-
ing a composite containing diamond crystals
and precemented tungsten carbide particles.

A rock bit as recited in Claim 1 characterised
in that the transition layer (49) comprises 40%
by volume polycrystalline diamond and 60%
by volume precemented tungsten carbide par-
ticles.

A rock bit as recited in Claim 2 characterised
in that the polycrystalline diamond layer (48)
includes from 1 to 10% by volume cobalt.

A rock bit as recited in any one of Claims 1 to
3 characterised in that polycrystalline diamond
layer (48) has a thickness in the range of from
75 to 600 microns.

A rock bit as recited in Claim 4 characterised
in that the transition layer (49) has a thickness
in the range of from 100 to 600 microns.

A rock bit as recited in Claim 5 characterised
in that the transition layer (49) comprises from
5 t0 95% by volume diamond and from 95 to
5% by volume precemented tungsten carbide.

A rock bit as recited in any one of the
preceeding claims characterised by comprising
a second fransition layer (59) between the first
fransition layer (60) and the cemented tungsten
carbide body, the second transition layer (59)
comprising a composite containing a lower
proportion of diamond crystals and a higher
proportion of precemented tungsten carbide
than the first transition layer (60).

A rock bit as recited in any one of Claims 1 to
6 characterised in that the transition layer (64)
has a gradual fransition between a relatively
higher diamond content and relatively lower
precemented tungsten carbide content adja-
cent to the polycrystalline diamond layer (63),
and a relatively lower diamond content and
relatively higher precemented tungsten carbide
content adjacent to the tungsten carbide body.
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A rock bit asrecited in any one of the proceed-
ing Claims characterised in that the inserts (13)
are in a gage row of inseris in such cone (11).

A rock bit as recited in Claim 9 characterised
in that the inserts (13) inwardly from the gage
row inserts comprise cemented tungsten car-
bide without a layer of polycrystalline diamond.

A rock bit as recited in any one of the pro-
ceeding Claims characterised in that such an
insert (13) has a converging end portion se-
lected from the group consisting of a projectile
shape, a cone with a rounded end, a chisel
shape, and hemispherical.

A rock bit as recited in any one of the pro-
ceeding Claims characterised in that substan-
tially the entire converging portion of such an
insert (13) has a poly-crystalline diamond layer
(48) and a transition layer comprising diamond
crystals and precemented tungsten carbide be-
tween the diamond layer (48) and the ce-
mented tungsten carbide body.

Revendications

1.

Outil de forage comprenant :

- un corps en acier (10),

- un moyen (12) situé & une extrémité du
corps (10) pour le raccordement de I'outil
A un train de tiges de forage,

- un moyen (16) & l'extrémité opposée du
corps (10) pour le montage sur ce corps
(10) d'au moins un cdne de forage (11)
pouvant tourner autour d'un axe transver-
sal & I'axe de I'outil,

- au moins un cbne de forage (11) monté
de cette fagon sur le corps 10 pour rou-
ler sur le fond d'un trou en cours de
forage,

- une pluralité d'éléments rapportés (13)
dans un tel cbne (11) pour broyer la
roche au fond du ftrou, une partie au
moins de ces éléments rapportés (13)
comprenant :

un corps en carbure de tungsténe cé-
menté ayant un trongon de préhen-
sion noyé dans le cbne (11) et une
partie extréme convergente en saillie
A partir de la surface du cbne (11),
caractérisé par une couche (48) en
diamant polycristallin sur la partie ex-
tréme convergente du corps en carbu-
re, et

au moins une couche de fransition
(49) entre la couche (48) de diamant
polycristallin et le corps en carbure, la
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couche de fransition (49) comprenant
une matiére composite contenant des
cristaux de diamant et des particules
de carbure de tungsténe pré-céments.

Outil de forage selon la revendication 1, carac-
térisé en ce que la couche de transition (49)
comprend 40 % en volume de diamant poly-
cristallin et 60 % en volume de particules de
carbure de tungsténe pré-cémenté.

Outil de forage selon la revendication 2, carac-
térisé en ce que la couche (48) de diamant
polycristallin comprend de 1 & 10 % de cobalt,
en volume.

Outil de forage selon I'une quelconque des
revendications 1 & 3, caractérisé en ce que la
couche (48) de diamant polycristallin a une
épaisseur se trouvant dans la gamme de 75 &
600 microns.

Outil de forage selon la revendication 4, carac-
térisé en ce que la couche de transition (49) a
une épaisseur se trouvant dans la gamme de
100 & 600 microns.

Outil de forage selon la revendication 5, carac-
térisé en ce que la couche de transition (49)
comprend de 5 3 95 % en volume de diamant
et de 95 3 5 % en volume de carbure de
tungsténe pré-céments.

Outil de forage selon I'une quelconque des
revendications précédentes, caractérisé en ce
qu'il comprend une seconde couche de transi-
tion (49) enire la premiére couche de transition
(60) et le corps en carbure de tungsténe cé-
menté, la seconde couche de transmission
(59) comprenant une matiére composite conie-
nant une faible proportion de cristaux de dia-
mant et une plus forte proportion de carbure
de tungsténe pré-cémenté que la premiére
couche de transition (60).

Outil de forage selon I'une quelconque des
revendications 1 & 6, caractérisé en ce que la
couche de fransition (64) a une fransition gra-
duelle entre une teneur relativement élevée en
diamant et une teneur relativement faible en
carbure de tungsténe pré-cémenté au voisina-
ge de la couche (63) de diamant polycristallin,
et une teneur relativement faible en diamant et
une teneur relativement élevée en carbure de
tungsténe pré-cémenté au voisinage du corps
en carbure de tungsténe.
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Outil de forage selon I'une quelconque des
revendications précédentes, caractérisé en ce
que les éléments rapporiés (13) sont dans une
rangée de calibrage des éléments rapporiés
sur un tel cBne (11).

Outil de forage selon la revendication 9, carac-
térisé en ce que les éléments rapporiés (13)
intérieure-ment aux éléments rapportés de la
rangée de calibrage comprennent du carbure
de tungsténe cémenté sans couche de dia-
mant polycristallin.

Outil de forage selon I'une quelconque des
revendications précédentes, caractérisé en ce
qu'un tel élément rapporté (13) a une partie
extréme convergente choisie dans le groupe
composé du profil d'un projectile, d'un cOne
avec une extrémité arrondie, d'une silhouette
de ciseau et d'une forme hémisphérique.

Outil de forage selon I'une quelconque des
revendications précédentes, caractérisé en ce
que substantiellement la partie convergente fo-
tale d'un tel élément rapporté (13) a une cou-
che (48) en diamant polycristallin et une cou-
che de fransition comprenant des cristaux de
diamant et du carbure de tungsténe pré-cé-
menté entre la couche de diamant (48) et le
corps en carbure de tungsténe cémenté.

Patentanspriiche

1.

Gesteinsbohrer:

mit einem Stahlk&rper (10),

mit Mitteln (12) an dem einen Ende des
K&rpers (10) zur Verbindung des Bohrers mit
einer Bohrstange,

mit Mitteln (16) an dem entgegengesetzten
Ende des Kdrpers (10) zur Befestigung von
wenigstens einem Walzenkegel (11) auf dem
K&rper (10) zur Drehung um eine Achse, die
quer zu der Achse des Bohrers verlauft,

mit mindestens einem in solcher Weise
auf dem Korper (10) befestigten Walzenkegel
(11 ), um auf dem Boden eines zu bohrenden
Bohrlochs abzurollen,

mit einer Vielzahl von Einsitzen (13) in
solch einem Kegel (11) zum Zerbrechen von
Gestein an dem Boden eines solchen Bohr-
lochs, wobei mindestens ein Teil dieser Einsit-
ze (13) umfapt:

einen zementierten Wolframkarbidkdrper,
der mit einer Anhaftungsldnge in dem Kegel
(11) eingebettet ist und bei dem ein zusam-
menlaufender Endabschnitt aus der Oberflache
des Kegels (11) herausragt,
gekennzeichnet durch eine polykristalline

10

15

20

25

30

35

40

45

50

55

16

Diamantschicht (48) auf dem zusammenlaufen-
den Ende des Karbidk&rpers, und

mindestens einer Ubergangsschicht (49)
zwischen der polykristallinen Diamantschicht
(48) und dem Karbidkdrper, wobei die Uber-
gangsschicht (49) eine Verbindung aus Dia-
mantkristallen und vorzementierten
Wolframkarbid-Teilchen umfaBt.

Gesteinsbohrer nach Anspruch 1, dadurch ge-
kennzeichnet, daB die Ubergangsschicht (49)
40 Volumenprozent polykristallinen Diamant
und 60 Volumenprozent vorzementierte
Wolframkarbid-Teilchen umfaBt.

Gesteinsbohrer nach Anspruch 2, dadurch ge-
kennzeichnet, daB die polykristalline Diamant-
schicht (48) von 1 - 10 Volumenprozent Kobalt
enthilt.

Gesteinsbohrer nach einem der Anspriiche 1
bis 3, dadurch gekennzeichnet, daB die poly-
kristalline Diamantschicht (48) eine Dicke im
Bereich von 75 - 600 Mikrometer aufweist.

Gesteinsbohrer nach Anspruch 4, dadurch ge-
kennzeihnet, daB die Ubergangsschicht (49)
eine Dicke im Bereich von 100 - 600 Mikrome-
ter aufweist.

Gesteinsbohrer nach Anspruch 5, dadurch ge-
kennzeichnet, daB die Ubergangsschicht (49)
zwischen 5 und 95 Volumenprozent Diamant
und zwischen 95 - 5 Volumenprozent vorze-
mentiertes Wolframkarbid enthilt.

Gesteinsbohrer nach einem der vorstehenden
Anspriiche, dadurch gekennzeichnet, daB er
eine zweite Ubergangsschicht (59) zwischen
der ersten Ubergangsschicht (60) und dem ze-
mentierten Wolframkarbidk&rper aufweist, wo-
bei die zweite Ubergangsschicht (59) eine Ver-
bindung aus einem niedrigeren Anteil von Dia-
mantkristallen und einem h&heren Anteil von
vorzementiertem Wolframkarbid als in der er-
sten Ubergangsschicht (60) aufweist.

Gesteinsbohrer nach einem der Anspriiche 1
bis 6, dadurch gekennzeichnet, daB die Uber-
gangsschicht (64) einen verlaufenden Uber-
gang zwischen einem relativ h&heren Diamant-
gehalt und einem relativ geringeren vorzemen-
tierten Wolframkarbidgehalt in der N3he der
polykristallinen Diamantschicht (63) und zwi-
schen einem relativ niedrigeren Diamantgehalt
und einem relativ hSheren vorzementierten
Wolframkarbidgehalt in der Nahe des Wolfram-
karbidkdrpers aufweist.
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Gesteinsbohrer nach einem der vorstehenden
Anspriiche, dadurch gekennzeichnet, daB die
Eins&tze (13) in einer Eichabstandsreihe von
Einsdtzen in solch einem Kegel (11) angeord-
net sind.

Gesteinsbohrer nach Anspruch 9, dadurch ge-
kennzeichnet, daB die Einsdtze (13) innerhalb
der abstandseichend ausgerichteten Einsidtze
zementiertes Wolframkarbid ohne eine Schicht
von polykristallinem Diamant umfassen.

Gesteinsbohrer nach einem der vorstehenden
Anspriiche, dadurch gekennzeichnet, daB solch
ein Einsatz (13) einen zusammenlaufenden
Endabschnitt aufweist, der aus der Gruppe der
Abschnitte mit einer projektilidrmigen Gestalt,
mit einem Kegel mit abgerundetem Ende, mit
einer MeiBelform und mit einer halbkugelférmi-
gen Gestalt besteht.

Gesteinsbohrer nach einem der vorstehenden
Anspriiche, dadurch gekennzeichnet, daB im
wesentlichen der gesamte zusammenlaufende
Abschnitt eines solchen Einsatzes (13) eine
polykristalline Diamantschicht (48) und eine
Ubergangsschicht aufweist, die Diamantkristal-
le und vorzementiertes Wolframkarbid zwi-
schen der Diamantschicht (48) und dem ze-
mentiertem Wolframkarbidk&rper aufweist.
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