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(57) Abstract

A rotatable cutting bit which comprises an
elongate bit body which has a forward end and
a rearward end and which defines a peripheral
surface. The bit body contains a first seat at
the axially forward end thereof. A first cutting
insert is mechanically retained in the seat so as
to present a clearance cutting edge which radially
extends past the peripheral surface of the bit body.
The first cutting insert has a leading cutting edge
disposed at a lead angle between 50 degrees and
80 degrees.
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ROTATABLE CUTTING BIT ASSEMBLY WITH CUTTING INSERTS

This patent application is a continuation-in-
part of copending United States patent application
Serial No. 08/893,059 filed on July 15, 1997 by Massa
and Siddle.

BACKGROUND OF THE INVENTION

The expansion of an underground mine (e.g. a
coal mine) requires digging a tunnel which initially
has an unsupported roof. To stabilize and support the
roof a roof bolt must be inserted into the roof to
provide support. The operator must first drill holes
in the roof through the use of a rotatable cutting bit
or roof drill bit. A roof bolt is then inserted into
each one of the holes.

A common roof drill bit design uses a cutting
insert that has been brazed into a slot at the axially
forward end of the roof drill bit body. U.S. Patent
No. 5,400,861 to Sheirer discloses various roof drill
bits. U.S. Patent No. 4,603,751 Erickson also
discloses various roof drill bits. Applicants hereby
incorporate U.S. Patent No. 4,603,751 and U.S. Patent
No 5,400,861 by reference herein. 1In addition, the
following catalogs published by Kennametal Inc. of
Latrobe, Pennsylvania (U.S.A.), which are hereby
incorporated by reference herein, disclose roof drill
bits: "Kennametal Mining Products", Catalog
A96-55(15)H6 (September 1996) [36 pages in length], and
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"Kennametal Mining Products" Catalog B92-75R(3)M5
(1992) [36 pages in length].

While brazed-on cutting inserts have provided
adequate results in the drilling of holes, there have
been some drawbacks associated with the utilization of
the brazed-on cutting inserts. As a result of brazing,
the difference in the coefficients of thermal expansion
between the steel roof drill bit body and the cemented
carbide (e.g., tungsten carbide-cobalt alloy) cutting
insert has caused residual stresses in the cemented
carbide cutting insert. These residual stresses have
been detrimental to the performance of the roof drill
bit since they have lead to premature failure of the
cutting insert. This has been especially true in those
cases where the earth strata being drilled has resulted
in high impact loading on the cutting insert.

The presence of these residual stresses also
has required that the grades of cemented carbide used
for the cutting insert have had a high transverse
rupture strength. This has been a factor which has
limited the number of grades which have been suitable
candidates for a cutting insert in a rotatable cutting
bit such as a roof drill bit.

Some materials (e.g., ceramics, low binder
content [3 to 6 weight percent binder] tungsten
carbide, binderless tungsten carbide, diamond or
refractory [CVD or PVD] coated cemented carbides or
ceramics, polycrystalline diamond [PCD] composites,
polycrystalline cubic boron nitride [PcBN] composites)
may have been suitable materials for use as a cutting
insert in a roof drill bit because of their increased
wear resistance, but have not been good candidates for
use as a cutting insert in a roof drill bit due to
brazing difficulties. More specifically, either these
materials have been difficult to satisfactorily braze,
or when brazed, these materials have experienced

unacceptably high residual brazing-induced stresses.
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In view of the drawbacks associated with
brazing the cutting insert into the seat of a roof
drill bit, it would be desirable to provide a roof
drill bit wherein the cutting insert would be affixed
within the seat of the roof drill bit without using a
brazing process. Such a roof drill bit would have less
of a chance of premature failure due to the presence of
residual stresses. Such a roof drill bit would be able
to use a wider range of materials for the cutting
insert than has been heretofore available.

There comes a point where the cutting insert
in the roof drill bit has reached a condition where the
cutting action by the bit is no longer sufficient. At
this point one of two processes occurs. One process
comprises the regrinding of the cutting insert without
removing the cutting insert from the roof drill bit.
The other process comprises debrazing the cutting
insert so as to be able to remove it from the roof
drill bit body, and then brazing a new cutting insert
to the roof drill bit body. Each process has certain
costs associated therewith which add to the overall
cost of the drilling operation.

To reduce these additional costs it would be
desirable to provide a roof drilling bit which would
not require regrinding to place the cutting insert back
in condition for cutting. It would also be desirable
to provide a roof drilling bit that does not require
debrazing/brazing of the cutting insert to replace a
worn cutting insert.

Roof drill bits which have a higher
penetration rate for the drilling operation are
desirable in that such a drill typically takes less
time to drill the required number of holes in the mine
roof (i.e., earth strata). The ability of the roof
drill bit to use a cutting insert made from a more wear
resistant material, such as those identified above,

enhances the potential to maintain a higher penetration
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rate at a given thrust level for a longer time. Thus,
it would also be desirable to provide an improved roof
drill bit that has a high penetration rate.

SUMMARY

In one form thereof, the invention is a
rotatable cutting bit for penetrating an earth
formation wherein the bit comprises an elongate bit
body having a forward end and a rearward end, a
peripheral surface, a central longitudinal axis and a
center of rotation. The bit body contains a first seat
and a second seat at the axially forward end thereof.
The cutting bit further includes a first cutting insert
in the first seat so as to present a first clearance
cutting edge which radially extends past the peripheral
surface of the bit body so as to engage the earth
formation. The first cutting insert has a first
leading cutting edge that engages the earth formation
wherein the first leading cutting edge is disposed at a
first lead angle (C) between 50 degrees and 90 degrees.
The first lead angle (C) is the included angle between
a pair of intersecting lines (E-E and F-F) wherein one
line (E-E) is along the first leading cutting edge and
another line (F-F) is parallel to the center of
rotation of the bit body. The cutting bit also
includes a second cutting insert in the second seat so
as to present a second clearance cutting edge which
radially extends past the peripheral surface of the bit
body so as to engage the earth formation. The second
cutting insert has a second leading cutting edge that
engages the earth formation. The second leading
cutting edge is disposed at a second lead angle (C)
between 50 degrees and 90 degrees wherein the second
lead angle (C) is the included angle between a pair of
intersecting lines (E-E and F-F) wherein one line (E-E)

is along the second leading cutting edge and another
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line (F-F) is parallel to the center of rotation of the
bit body.

In another form thereof, the invention is a
cutting insert for use in a rotatable cutting bit for
the penetration of an earth formation wherein the
cutting insert is disposed in a seat in the cutting bit
with a peripheral surface wherein the leading cutting
edge which engages the earth formation is disposed at a
lead angle (C) between 50 degrees and 90 degrees. The
cutting insert comprises a cutting insert body having a
top surface, a bottom surface, a first side surface,
and a second side surface. The first side surface
intersects the second side surface to form a first
edge. The first and second side surfaces join the top
surface and the bottom surface. The first edge defines
at least in part a clearance cutting edge which extends
radially past the peripheral surface of the cutting bit
when the cutting insert is in the seat so as to engage
the earth formation.

BRIEF DESCRIPTION OF THE DRAWINGS

The following is a brief description of the
drawings that form a part of this patent application:

FIG. 1 is a side view of a specific
embodiment of a rotatable cutting bit wherein a portion
of the wall of the bit body has been cut away so as to
reveal the presence of a cavity;

FIG. 2 is a top view of the rotatable cutting
bit of FIG. 1;

FIG. 3 is an isometric view of the rotatable
cutting bit of FIG. 1 without the cutting inserts in
their respective seats;

FIG. 4 is a top view of a second embodiment
of the cutting bit body;

FIG. 5 is an isometric view of the forward
part of another specific embodiment of a rotatable
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cutting bit using the cutting bit body of FIG. 1 and a
second specific embodiment of a cutting insert;

FIG. 6 is a top view of the cutting insert
from the specific embodiment of FIG. 5;

FIG. 7 is a front view of the cutting insert
of FIG. 5;

FIG. 8 is a left side view of the cutting
insert of FIG. 5;

FIG. 9 is an isometric view of the forward
part of a specific embodiment of a rotatable cutting
bit using the cutting bit body of FIG. 1 and a third
specific embodiment of a cutting insert;

FIG. 10 is a top view of the cutting insert
of FIG. 9;

FIG. 11 is a front view of the cutting insert
of FIG. 9;

FIG. 12 is a left side view of the cutting
insert of FIG. 9;

FIG. 13 is an isometric view of the forward
part of a specific embodiment of a rotatable cutting
bit using the cutting bit body of FIG. 1 and a fourth
specific embodiment of a cutting insert;

FIG. 14 is a top view of the cutting insert
of FIG. 13;°

FIG. 15 is a front view of the cutting insert
of FIG. 13;

FIG. 16 is a left side view of the cutting
insert of FIG. 13;

FIG. 17 is an isometric view of the forward
part of a specific embodiment of a rotatable cutting
bit using the cutting bit body of FIG. 1 and a fifth
specific embodiment of a cutting insert;

FIG. 18 is a top view of the cutting insert
of FIG. 17;

FIG. 19 is a front view of the cutting insert
of FIG. 18 taken along line 19-19 of FIG. 18;
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FIG. 20 is a left side view of the cutting
insert of FIG. 18;

FIG. 21 is a graph comparing the normalized
wear scar width (inches) against the distance (inches)
from the outside diameter of the cutting insert;

FIG. 22 is a side view of a specific
embodiment of a rotatable cutting bit with a sixth
specific embodiment of a cutting insert affixed thereto
by brazing;

FIG. 23 is a top view of the specific
embodiment of FIG. 22;

FIG. 24 is an isometric view of a cylindrical
blank of stock material comprising a backing of
cemented tungsten carbide with a layer of
polycrystalline diamond (PCD) thereon wherein the
geometry of the cutting insert blank is shown by dashed
lines;

FIG. 25 is a top view of the cutting insert
blank showing the grinding lines (aa-aa and bb-bb) for
grinding the cutting insert blank of FIG. 24 so as to
make it a partially completed cutting insert blank;

FIG. 26A is a top view of the completed
cutting insert;

FIG. 26B is a front view of a completed
cutting insert showing the lines (ee-ee and gg-gg)
along which the partially completed cutting insert
blank of FIG. 25 is to be EDM machined so as to form
the completed cutting insert;

FIG. 26C is a side view of the completed
cutting inert;

FIG. 27 is a top view of a seventh specific
embodiment of a cutting insert with a layer of PCD on a
cemented tungsten carbide backing (or substrate);

FIG. 28 is a front view of the cutting insert
shown in FIG. 27;

FIG. 29 is a side view of the axially forward
portion of the bit body of a rotatable cutting bit
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having a pair of pockets and wherein the bit body
receives a cutting insert of FIG. 27 in each one of the
pockets thereof;

FIG. 30 is a top view of the body of the
rotatable cutting tool of FIG. 29 wherein there is
shown one cutting insert brazed into one of the
pockets;

FIG. 31 is a side view of the axially forward
portion of the bit body of the rotatable cutting bit of
FIG. 29 rotated clockwise about 60 degrees from the
position shown in FIG. 29;

FIG. 32 is a top view of another embodiment
of the cutting insert;

FIG. 33 is a projected view normal to the
leading surface of the cutting insert of FIG. 32; and

FIG. 34 is a projected right hand view of the
cutting insert of FIG. 32.

DETAILED DESCRIPTION

Referring to the drawings, a rotatable
cutting bit (or roof drill bit) generally designated as
30 has an elongate bit body 32 with a forward end 34
and a rearward end 36, as well as a central
longitudinal axis A-A (see FIG. 1). Bit body 32 has a
forward surface 37 which presents a generally frusto-
conical shape. The bit body 32 defines a cavity 38
therein. The bit body 32 further contains at the
forward end 34 thereof a plurality of unobstructed
debris evacuation passages 40 which communicate with
the cavity 38 so as to provide communication between
the cavity and the forward end of the bit body.
Although the specific embodiment illustrates a trio of
equi-spaced peripheral debris evacuation passages and
one central debris evacuation passage, applicants
contemplate that any number of passage(s) in a suitable

orientation or a single passage could be appropriate.
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Applicanté also contemplate that the cutting bit body
may not include any debris evacuation passages. The
bit body 32 is of a generally cylindrical shape so as
to present a peripheral (or generally cylindrical)
surface 42.

Applicants also contemplate that the present
roof bit may be used in a wet drilling operation. In a
wet drilling operation, the passages 40 would function
to provide a pathway for a flow of fluid (e.g., water)
to the forward end of the bit body, i.e., fluid would
flow through the passages 40. Applicants also
contemplate that for a wet drilling operation, the
outside surface of the bit body may contain flats, or
some other relief in the surface, so as to provide a
passage for the fluid and debris to exit from near the
cutting inserts.

Referring to FIG. 3, the bit body 32 further
contains a trio of seats (or pockets) 46, each of which
contains a cutting insert 60 of a first specific
embodiment. Although the specific embodiment of
FIGS. 1 and 2 shows three seats 46 and three cutting
inserts 60, there is no intention to limit the
invention to the use of three cutting inserts (and
seats). Applicants contemplate that the invention
would function with two or more cutting inserts (and
seats). The dimension of the cutting bit body and the
cutting inserts, as well as the particular cutting
application, are factors which would influence the
number of cutting inserts (and seats) presented by the
rotatable cutting bit.

The following description of one seat 46 as
illustrated in FIG. 3 will suffice for the description
of the other two seats 46 since these three seats are
essentially identical. Seat 46 presents a generally
triangular shape. Seat 46 has a bottom surface 48.
Seat 46 also presents a generally radial side surface
50, a generally chordal side surface 52, and a
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generally radial edge 54. In the specific embodiment,
the radial edge 54 is generally flush with the surface
of the bit body 32 at the forward end 34 thereof.
However, applicants do not intend to limit the
invention to radial edge 54 being flush, but
contemplate that radial edge 54 could have depth
thereto. The seat 46 is defined by the bottom surface
48, the radial side surface 50, the chordal side
surface 52, and the radial edge 54. The bottom surface
48 contains a threaded aperture 56 therein.

The reference to the side surface 50 and
radial edge 54 as being generally radial means that the
surface or the edge extends in a generally, although
not precisely, radial fashion relative to (or from) the
longitudinal axis of the bit body. The reference to
the side surface 52 being generally chordal means that
this surface extends in a generally, although not
precisely, chordal fashion with respect to the
generally circular periphery provided by the forward
surface 37 of the bit body 32.

The radial side surface 50 does not have a
juncture with the radial edge 54 because they have a
relative orientation such that their intersection would
exist at a point into the central passage 40. The
radial side surface 50 has a juncture with the chordal
side surface 52 so as to define a first junction 57
which is near the peripheral surface of the bit body
32. As becomes apparent from the discussion below, the
seat 46 is at its deepest height (i.e., the seat has
its greatest depth) at the first junction 57 since the
seat 46 becomes deeper as it moves from the radial edge
54 to the first junction 57. 1In the specific
embodiment shown in FIG. 3, the chordal side surface 52
does not have a juncture with the radial edge 54
because they have a relative orientation such that
their intersection would exist at a point radially

outside of the peripheral surface of the bit body. The
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seat 46 is at its shallowest height along the radial
edge 54.

Referring back to the radial side surface 50,
as shown in FIG. 3, it typically increases in height as
it moves (generally) radially outwardly from the
longitudinal axis toward the peripheral surface 42 of
the bit body 32. The extent of the change in height
depends upon the difference in the orientation of the
bottom surface 48 of the seat 46 with the orientation
of the forward surface 37 of the bit body 32.

Referring to the chordal side surface 52, it
increases in height as it moves from the peripheral
surface 42 toward its juncture 57 with the radial side
surface 50. This increase in height is due to the
orientation of the bottom surface 48 of the seat 46.
The bottom surface 48 has an orientation so as to
present a lead angle and a rake angle that orients the
cutting insert 60 when in the seat 46 so that the
cutting insert 60 has an insert rake angle "B" and an
insert lead angle "C". The radial edge 54 is flush
with the forward surface 37 of the bit body 32 along it
entire length, but as mentioned above, applicants do
not contemplate limiting the invention to where the
radial edge 54 is flush with the forward surface 37.

Referring to FIGS. 1 and 2, it is preferable
that rotatable cutting bit 30 mechanically retains
cutting insert 60, which is indexable and presents a
generally triangular shape. Even though mechanical
retention is the preferred way to retain the cutting
insert to the cutting bit, applicants do not intend to
limit the invention to mechanical retention via a screw
only, but expect to include other mechanical means for
retention such as a lock pin arrangement, and other
non-mechanical means such as epoxying, soldering, and
even brazing when suitable. While a cutting insert of
a generally triangular shape is the preferred geometry

for the cutting insert, applicants contemplate that the
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cutting insert can take on other geometries such as any
polygonal shape. Applicants also contemplate that the
cutting insert may not be indexable and/or reversible,
and may even take on an asymmetric shape.

FIGS. 1 and 2 show that there are three
identical cutting inserts 60 so that a description of
one cutting insert will suffice for all. Cutting
insert 60 has a top surface 62, a bottom surface (not
illustrated), a first generally radial side surface 66,
a second generally chordal side surface 68, and a third
generally radial side surface 70. First radial side
surface 66 intersects the second chordal side surface
68 to form a first edge 72 which functions as the side
clearance cutting edge when the cutting insert 60 is
positioned in the bit body 32 as shown in FIGS. 1
and 2. The function of the side clearance cutting edge
will be discussed in more detail hereinafter. Second
chordal side surface 68 intersects with the third
radial side surface 70 so as to form a second edge 74
which is radially inward of the peripheral edge of the
bit body. The first radial side surface 66 intersects
the third radial side surface 70 so as to form a third
edge 76 which is near the central longitudinal axis of
the bit body 32.

The first radial side surface 66 intersects
with the top surface 62 to form a first cutﬁing edge
80, which in the orientation illustrated in FIG. 1
and 2 is a leading cutting edge and the function
thereof will be described in more detail hereinafter.
The second chordal side surface 68 intersects with the
top surface 62 to form a second cutting edge 82 when in
the orientation of FIGS. 1 and 2. The third radial
side surface 70 intersects the top surface 62 to form a
third cutting edge 84 when in the orientation of
FIGS. 1 and 2.

Cutting insert 60 contains an aperture 88

therein. Each cutting insert 60 is preferably
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mechanicélly retained in its respective seat by the use
of a pin or a screw 90 which passes through the
aperture 88 and is received in the aperture 56 in the
bottom surface 48 of the seat 46. Though less
preferred, applicants contemplate that other ways
(e.g., press fitting, brazing) to retain the cutting
insert to the cutting bit could be suitable for use
herein.

There are three fundamental angles which
describe the orientation of the cutting insert 60 in
the seat. These angles are the lead angle "C", the
insert rake angle "B", and the radial rake angle "D".

Referring to FIG. 1, the lead angle "C" is
defined as the included angle between a line E-E along
the leading cutting edge of the cutting insert and a
line F-F parallel to the center of rotation of the
cutting bit and passing along the peripheral surface 42
of the bit body 32. The line E-E is the lead angle
reference line. The lead angle "C" can range between
50 degrees and 90 degrees. The preferred lead angle
"C" is 70 degrees.

The insert rake angle "B" (see FIG. 1) is
defined as the included angle between a line I-I normal
to both the lead angle reference line E-E and line A-A
and a line H-H lying along the top surface of the
cutting insert 60 passing through the center "J" of the
leading cutting edge and the center "K" of the second
edge 74 wherein angle "B" is measured in the viecinity
of "K". When the cutting insert has an orientation
such that line H-H is leading line I-I upon forward
penetration of the cutting bit in the direction of
axial penetration, shown by arrow "Y", which occurs
during drilling (i.e., line H-H is above line I-I), the
insert rake angle "B" is positive. In the case where
the cutting insert would have such an orientation that
line H-H is trailing line I-I upon forward penetration
of the cutting bit in the direction of axial
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penetration, shown by arrow "Y", which occurs during
drilling (i.e., line H-H is below line I-I as shown in
FIG. 1), the insert rake angle "B" would be negative.
The insert rake angle "B" varies from between a minimum
of about 0 degrees (where lines I-I and H-H are
coaxial) to a maximum of about negative 30 degrees
(where line H-H trails line I-I by 30 degrees as shown
in FIG. 1). The preferred insert rake angle "B" is
about negative 20 degrees.

The radial rake angle "D" is defined as the
included angle between a radial line L-L from the
central longitudinal axis A-A of the bit body which
passes through the center "J" of the leading cutting
edge of the cutting insert and a line M-M formed along
the leading cutting edge 80 of the cutting insert 60
projected onto a plane perpendicular to centerline A-A
(see FIG. 2). When the cutting insert has an
orientation at a point radially outwardly of the
circumference of the cutting bit (i.e., the point where
angle "D" is measured) where line M-M is trailing line
L-L upon rotation of the cutting bit in the direction
of rotation shown by arrow "W" (which is the case as
shown in FIG. 2), the radial rake angle "D" is
negative. When the cutting insert has an orientation
at a point radially outwardly of the circumference of
the cutting bit (i.e., the point where angle "D" is
measured) where line M-M is leading line L-L upon
rotation of the cutting bit in the direction of
rotation shown by arrow "W", the radial rake angle "D"
is positive. The radial rake angle "D" can vary
between a minimum of about positive 20 degrees (i.e.,
an orientation in which line M-M leads line L-L by 20
degrees) to a maximum of about negative 30 degrees
(i.e., an orientation in which line M-M trails line L-L
by 30 degrees). The preferred radial rake angle "D" is
about negative 10 degrees.
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In use, each cutting insert 60 presents two
cutting edges which provide for the principal cutting
(or drilling) activity. The leading cutting edge 80
engages the earth strata and does most of the cutting
of the earth strata. The edge 76 of the cutting insert
also provides a starting contact point so as to reduce
the amount of "walking" which may occur when starting
to cut (or drill) a hole. The second cutting edge 82
and the third cutting edge 84 do not participate to a
significant degree in the cutting function.

The clearance cutting edge 72, which extends
radially past the peripheral surface, functions to cut
the diameter of the hole and thereby provide for
clearance between the peripheral surface 42 of the
cutting bit 30 and the surface of the earth strata
which defines the hole being cut. The second edge 74
and the third edge 76, except for providing a starting
point, do not participate to a significant degree in
the cutting function.

Cutting insert 60 is indexable. Thus, when
cutting insert 60 is indexed counter-clockwise (see
FIG. 2), the second edge 74 then functions as the side
clearance cutting edge. The second cutting edge 82
then functions as the leading cutting edge.

Where the cutting inserts are mechanically
retained, the disadvantages associated with brazed-on
cutting inserts are absent. Consequently, wear
resistant materials, which have heretofore not been
candidates for use in a roof drill bit, are now
realistic candidates for cutting inserts. In this
regard, exemplary materials include ceramics, low
binder content (3 to 6 weight percent) tungsten
carbide, binderless tungsten carbide, diamond or hard
(chemical vapor deposition or physical vapor
deposition) coated cemented carbides or ceramics,
polycrystalline diamond [PCD] composites with a
metallic binder (e.g., cobalt), polycrystalline
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diamond [PCD] composites with a ceramic binder (e.g.,
silicon nitride), and polycrystalline cubic boron
nitride [PcBN] composites.

Referring to FIG. 4 there is shown a second
specific embodiment of the cutting bit body 32'. The
principal difference between the second embodiment and
the first embodiment of the bit body is that the seat
of the second embodiment terminates radially inwardly
of the peripheral surface. For structural features
common between the first and second embodiments of the
bit body, the reference numerals for the second
embodiment are the same as those for the first, but are
primed.

Cutting bit body 32' contains a seat 46
which presents a generally triangular shape. Seat 46'
has a bottom surface 48'. Seat 46' also presents a
generally radial side surface 50', a generally chordal
side surface 52', and a generally radial edge 54'. The
seat 46' is defined by the bottom surface 48', the
radial side surface 50', the chordal side surface 52",
and the radial edge 54'. The bottom surface 48
contains a threaded aperture 56' therein. The reasons
for describing these edges as radial or chordal are the
same as for the description of the first specific
embodiment of the cutting bit body. The radial edge
54' intersects with the chordal side surface 52' to
define a juncture 58' wherein juncture 58' is radially
inward of the peripheral surface of the bit body. The
chordal side surface 52' intersects with the radial
side surface 50' to define a juncture 57'. The radial
side surface 50' and the radial edge 54' do not
intersect because they have a relative orientation such
that their intersection would exist at a point into the
central passageway 40'.

Even though juncture 58' of the seat 46"
terminates radially inwardly of the peripheral surface
42' of the bit body 32', the seat 46' has an
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orientation such that the side clearance cutting edge
of a cutting insert still extends radially past the
peripheral surface of the bit body. In this regard,
seat 46' has a lead angle and a rake angle which
orients the cutting insert therein in the desired
disposition.

Referring to FIGS. 5 through 8, there is
shown a second specific embodiment of a cutting insert
generally designated as 100. For the sake of clarity
FIG. 5 depicts the presence of only one cutting insert
100 and two empty seats 46; however, in actual use the
cutting bit body 32 would contain three cutting inserts
100 with a cutting insert in each seat.

Cutting insert 100 has a top surface 102 and
a bottom surface 104, as well as a first side surface
106, a second side surface 108, and a third side
surface 110. The first side surface 106 and the third
side surface 110 each have a generally radial
orientation in that each one extends from a position
near the central axis of the bit body 32 toward the
peripheral surface 42 thereof. The second side surface
108 has a generally chordal orientation in that it
generally extends along a line that extends between two
points on the peripheral surface 42 of the bit body 32.
Each one of the side surfaces 106, 108, 110 has a
generally vertical wall (or rim) 111 portion as shown
in FIGS. 7 and 8. As described hereinafter, the
presence of this vertical rim 111 facilitates the
pressing of the cutting insert from powder components
if the cutting insert is formed through powder
metallurgical techniques. However, it should be
appreciated that the rim 111 is not a mandatory
feature, but optional, depending upon the manufacturing
method used to make the cutting insert.

The cutting insert 100 also presents a first
bevelled surface 112 at the juncture of the first side

surface 106 and the second side surface 108, a second
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bevelled surface 114 at the juncture of the second side
surface 108 and the third side surface 110, and a third
bevelled surface 116 near the juncture of the third
side surface 110 and the first side surface 106. Each
bevelled surface (112, 114, 116) is disposed with
respect to the top surface 102 of the cutting insert at
an included angle "N" (see FIG. 7) of about 110
degrees. Included angle "N" may vary between about 90
degrees and about 130 degrees depending upon the lead
angle of the cutting insert for reasons expressed
below.

The top surface 102 intersects with the first
side surface 106 to form a first cutting edge 118. The
top surface 102 intersects with the second side surface
108 to form a second cutting edge 120. The top surface
102 intersects with the third side surface 110 to form
a third cutting edge 122. The cutting insert 100
contains an aperture 130 therein through which a screw
131 passes so as to mechanically retain the cutting
insert to the bit body.

When in the position shown by FIG. 5, the
first cutting edge 118 is the leading cutting edge.

The second cutting edge 120 and the third cutting edge
122 do not participate significantly in the cutting
operation. The intersection of the first bevelled
surface 112 and the first side surface 106 functions as
the clearance cutting edge 113. Typically, the
included angle "N" corresponds to the lead angle in
that it approximately equals 180 degrees less the
amount of the lead angle. Because of this
relationship, when the cutting insert 100 is in seat
46, the first bevelled surface 112 has an orientation
that is generally parallel to the longitudinal axis A-A
of the bit body 32. 1In such an orientation the
bevelled surface 112 intersects with the first side
surface 106 so as to define a first side clearance

cutting edge 113 at such intersection. The cutting of
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the diameter of the hole is done over the first side
clearance cutting edge 113. Typically, there is at
least a small amount of relief of the first side
clearance cutting edge 113.

The cutting insert 100 is indexable. When
the cutting insert 100 is indexed counterclockwise (see
FIG. 5), the second cutting edge 120 becomes the
leading cutting edge and the second bevelled surface
114 intersects the second side surface 108 to form a
second side clearance cutting edge 115 at such
intersection. The cutting of the hole diameter is done
over the second side clearance cutting edge 115. When
the cutting insert 100 is again indexed in a
counterclockwise direction (see FIG. 5), the third
cutting edge 122 becomes the leading cutting edge.
Furthermore, the third bevelled surface 116 intersects
the third side surface 110 so as to form a third side
clearance cutting edge 117 at such intersection. The
cutting of the diameter of the hole is done over the
third side clearance cutting edge 117.

Referring to FIGS. 9 through 12 there is
shown a third specific embodiment of the cutting insert
generally designated as 140. Cutting insert 140 has a
top surface 142 and a bottom surface 144, as well as a
first side surface 146, a second side surface 148, and
a third side surface 150. When in the position shown
by FIG. 9, the first side surface 146 and the third
side surface 150 have a generally radial orientation in
that each surface (146, 150) extends from a point near
the central longitudinal axis of the bit body 32 toward
the peripheral edge 42 of the forward surface of the
bit body 32. Each one of the side surfaces 146, 148,
150 has a generally vertical wall (or rim) 151 portion.
As described hereinafter, the presence of this vertical
rim 151 facilitates the pressing of the cutting insert
from powder components if the cutting insert is formed
through powder metallurgical techniques. Like
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mentioned above, however, the presence of the rim 151
is an optional feature depending upon the manufacturing
method of the cutting insert.

The cutting insert 140 also presents a first
relieved surface 152 at the juncture of the first side
surface 146 and the second side surface 148, a second
relieved surface 154 at the juncture of the second side
surface 148 and the third side surface 150, and a third
relieved surface 156 at the juncture of the third side
surface 150 and the first side surface 146. The degree
of the relief may vary depending upon the specific
application. The preferred degree of relief is such
that when the cutting insert is in the seat, each
relieved surface intersects with its corresponding side
surface so as to define a side clearance cutting edge
that is generally parallel to the peripheral surface of
the cutting bit body. The relieved surfaces (152, 154,
156) may be entirely arcuate as shown or, in the
alternative, each relieved surface may have a planar
portion adjacent to the side surface of the cutting
insert which blends into an arcuate portion as the
relieved surface moves around the periphery of the
cutting insert.

The top surface 142 intersects with the first
side surface 146 to form a first cutting edge 158. The
top surface 142 intersects with the second side surface
148 to form a second cutting edge 160. The top surface
142 intersects with the third side surface 150 to form
a third cutting edge 162. The cutting insert 140
contains an aperture 170 therein through which a screw
171 passes so as to mechanically retain the cutting
insert 140 to the bit body 32. When in the position
shown by FIG. 9, the first cutting edge 158 is the
leading cutting edge, and the first relieved
surface 152 intersects with the first side surface 146
to form a first side clearance cutting edge 153. When
in the position illustrated in FIG. 9, the second and
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third cutting edges (160, 162) do not participate to a
significant extent in the cutting operation.

Like for the second embodiment of the cutting
insert, the third embodiment of the cutting insert 140
is indexable. When indexed in a counterclockwise
direction as shown in FIG. 9., the second cutting edge
160 becomes the leading cutting edge and the second
relieved surface 154 intersects the second side surface
148 so as to define a second side clearance cutting
edge 155. The cutting insert 140 may be indexed again
in a counterclockwise direction (see FIG. 9) so that
the third cutting edge 162 is the leading cutting edge.
The third relieved surface 156 intersects the third
side surface 150 so as to define a third side clearance
cutting edge 157 at the intersection thereof. The
cutting of the diameter of the hole is done by one of
the three side clearance cutting edges (153, 155, 157)
depending upon the position of the cutting insert.

Referring to FIGS. 13 through 16, there is
illustrated a fourth specific embodiment of a cutting
insert, generally designated as 180, intended to be
used with the bit body 32 depicted in FIG. 1. Cutting
insert 180 has a generally equilateral triangular top
surface 182 and a generally equilateral triangular
bottom surface 184. The inscribed circle 182A, i.e.,
the largest circle which can be imposed in the inside
of the cutting insert, of the top surface 182 is less
than the inscribed circle 184A of the bottom surface
184. Furthermore, the top surface is rotated about a
central axis O-O perpendicular to the top surface 182
and relative to the bottom surface 184 about 6 degrees
as shown by angle "P" in FIG. 14. Angle "P" is defined
as the included angle between two lines wherein both
lines originate from axis 0-0 of cutting insert 180.
One line passes through the point where edge 202
intersects the top surface 182 of the cutting insert

and lies in a plane perpendicular to axis 0-0 and in
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which the above-mentioned point of intersection (edge
202 intersects top surface 182) lies. The other line
passes through the point where edge 202 intersects the
bottom surface 184 of the cutting insert and lies in a
plane perpendicular to axis 0-O and in which the above-
mentioned point of intersection (edge 202 intersects
bottom surface 184) lies. To define angle "P", the
lines are projected so as to lie in the same plane
which is perpendicular to the axis 0-0.

The cutting insert 180 has a first side
surface 186, a second side surface 188, and a third
side surface 190. Because of the rotation of the top
surface 182 relative to the bottom surface 184, the
orientation of each side surface (186, 188, 190)
relative to the top surface 184 of the cutting insert
180 changes along the length of the side surface (186,
188, 190) as will be discussed hereinafter.

The top surface 182 of the cutting insert 180
intersects with the first side surface 186 to form a
first cutting edge 192. The top surface 182 of the
cutting insert 180 intersects with the second side
surface 188 to form a second cutting edge 194. The top
surface 182 of the cutting insert 180 intersects with
the third side surface 190 to form a third cutting
edge 196.

The first side surface 186 and second side
surface 188 intersect to form a first cutting edge 198.
The second side surface 188 and third side sdrface 190
intersect to form a second cutting edge 200. The third
side surface 190 and first side surface 186 intersect
to form a third cutting edge 202.

Referring to the orientation of the first
side surface 186, when the side surface 186 is at the
edge 198 it has an orientation so as to be generally
perpendicular to the top surface 182 of the cutting
insert 180. At the edge 202, first side surface 186

has an orientation so as to have an included angle "Q"
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between itself and the top surface 182 of about 110
degrees. Over the length of the side surface 186, the
orientation thereof consistently changes from being
generally perpendicular to the top surface 182 to being
disposed at about 110 degrees from the top surface 182.

The same orientation, and change of
orientation over the length, exists for the other two
side surfaces. 1In this regard, second side surface 188
has a generally perpendicular orientation with respect
to the top surface at edge 200. The orientation of
second side surface 188 changes along its length from
edge 200 toward edge 198 so that at edge 198 gide
surface 188 is disposed at an included angle of about
110 degrees with respect to the top surface 182. Third
side surface 190 has a generally perpendicular
orientation with respect to the top surface at edge
202. The orientation of third side surface 190 changes
along its length from edge 202 toward edge 200 so that
at edge 200 side surface 190 is disposed at an included
angle of about 110 degrees with respect to the top
surface 182. The maximum included angle of disposition
(e.g., included angle "Q") may range between about 90
degrees and about 130 degrees depending upon the lead
angle of the cutting insert. The preferred angle of
disposition "Q" is about 110 degrees. Typically, this
angle of disposition corresponds to the lead angle in
that included angle "Q" equals 180 degrees less the
amount of the lead angle. Because of this
relationship, when the cutting insert 180 is in seat
46, the first edge 198 has an orientation that is
generally parallel to the longitudinal axis A-A of the
bit body 32. Such an orientation permits the first
edge 198 to present a side clearance cutting edge
wherein the cutting of the diameter of the hole is done
over the clearance cutting edge.

The cutting insert 180 has a generally
vertical wall (or rim 204) portion near the bottom of
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each one of the side surfaces (186, 188, 190). As will
be mentioned hereinafter, the presence of the vertical
rim facilitates the pressing of the powder components
of the cutting insert if it is made via powder
metallurgical techniques. As mentioned above, the
presence of the rim 204 is an optional feature
depending upon the manufacturing method. The cutting
insert 180 contains an aperture 208 through which
passes a screw 209 that mechanically retains the
cutting insert 180 to the bit body. In the orientation
shown in FIG. 13, the first cutting edge 192 functions
as the leading cutting edge and the first edge 198
functions as the side clearance cutting edge. Like for
earlier cutting inserts, this embodiment of the cutting
insert 180 is indexable. When cutting insert 180 is
indexed counterclockwise (see FIG. 13), the second
cutting edge 194 functions as the leading cutting edge
and the second edge 200 functions as the side clearance
cutting edge.

Referring to FIGS. 17 through 20 there is
illustrated a fifth specific embodiment of the cutting
insert, generally designated as 216, which is suitable
for use with the bit body 32 of FIG. 1. Cutting insert
216 is a reversible cutting insert.

In the orientation shown in FIGS. 17 and 20,
cutting insert 216 has a top surface 218 and a bottom
surface 220. Cutting insert 216 also has a first side
surface 222, a second side surface 224, and a third
side surface 226. There is a first bevelled surface
228 at the juncture of the first side surface 222 and
the second side surface 224 wherein the bevelled
surface 228 is near the top surface 218 of the cutting
insert 216. There is a second bevelled surface 230 at
the juncture of the third side surface 226 and the
first side surface 222 wherein the bevelled surface 230
is near the bottom surface 220 of the cutting insert

216. The top surface 218 intersects the first side
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surface 222 to from a first cutting edge 232. The
bottom surface 220 intersects the first side surface
226 to form a second cutting edge 234.

The first bevelled surface 228 is disposed
with respect to the top surface 218 at an included
angle "R" equal to about 110 degrees. The second
bevelled surface 230 is disposed with respect to the
bottom surface 220 at an included angle "S" equal to
about 110 degrees. Included angles "R" and "S" may
range between about 90 degrees and about 130 degrees
depending upon the lead angle of the cutting insert.
The cutting insert has a top rim 236 of material about
a portion of the top surface 218. The cutting insert
has a bottom rim 238 of material about a portion of the
bottom surface 220. As will be mentioned hereinafter,
the presence of the top rim 236 and the bottom rim 238
facilitates the pressing of the powder components of
the cutting insert if the cutting insert is made via
powder metallurgical techniques. The rims 236, 238 are
optional features depending upon the method for
manufacturing the cutting insert.

When the cutting insert 216 is oriented so
that the top surface 218 is in an exposed position, the
first bevelled surface 228 defines the side clearance
cutting edge and the first cutting edge 232 is the
leading cutting edge. When the cutting insert 216 is
oriented so that the bottom surface 220 is in an
exposed position, the second bevelled surface 230
defines the side clearance cutting edge and the second
cutting edge 234 is the leading cutting edge.

In order to demonstrate the performance of
the roof drill bit of the instant invention using
cutting inserts with different grades of cemented
tungsten carbide (see Compositions Nos. 1, 2, 3 and 4
in Table I) as compared with a conventional style of

roof drill bit using a cutting insert in one grade of
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cemented tungsten carbide (i.e., Composition No. 1 in

Table I).

Table I
Compositions and Physical Properties
of Compositions Nos. 1-4

Grade Cobalt | Ti Ta Nb Other Hc Ra

Comp. No. 1 6.2 <2 3 <2 - 115 89.7
Comp. No. 2 6.0 <1 <l <1 v=0.2 350 93.3
Comp. No. 3 7.9 <2 3 <2 - 110 89.4
Comp. No. 4 5.7 <2 1.9 <3 - 265 92.7

The compositions are set forth in weight
percent wherein the balance of each one of the above
compositions is tungsten carbide. The coercive force
(Ho) is set forth in oersteds and the hardness is set
forth in Rockwell A.

The test results are set forth in Table II
below. 1In this regard, in Table II Comparative Bit
No. 1 was a roof drill bit made by Kennametal Inc. of
Latrobe, PA (USA) under the designated KCV4-1 (see
Kennametal Mining Products Catalog A96-55(15)H6 at
page 20) using a cemented tungsten carbide cutting
insert of Composition No. 1, as set forth above. 1In
Table II, Cdmparative Bit No. 2 was a roof drill bit
made by Kennametal Inc. of Latrobe, PA (USA) under the
designated KCV4-1RR (Roof Rocket) [see Kennametal
Mining Products Catalog A96-55(15)H6 at page 20] using
a cemented tungsten carbide cutting insert of
Composition No. 1, as set forth above.

Invention Nos. 1, 2, 3, and 4 in Table II
below were each a roof drill bit with a structure along
the lines of the specific embodiment of FIG. 1 using a
tungsten carbide cutting insert of Composition Nos. 1
2, 3 and 4 (Table 1), respectively.

!
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Table II
Test Results for Drilling in Sandstone

Sample Rotational Speed | Hole Depth Average Feed Average Thrust Average Torque
(RPM) (inches) Rate (in/second) (Ibs.) (in-1bs)

Invention No. 1 406 164.6 2.1 2479 1145

Invention No. 2 418 165.1 1.99 2137 1125

Invention No. 3 404 162.6 2.16 2403 1209

Invention No. 4 401 166.7 1.96 2342 1323

Comparative

No. 1 418 165 1.34 2619 919

Comparative

No. 2 409 157.2 1.68 2433 1104

The test results and parameters comprise the
rotational speed in revolutions per minute (RPM), the
depth of the hole in inches at the completion of the
test, the average feed rate of the drill bit in inches
per second (in./second), the average thrust of the
drill bit into the substrate in pounds (lbs.), and the
average torque of the drill bit in inch-pounds
(in-1bs). The test results show that the penetration
rates for the roof drill bits of the invention are
meaningfully higher than for the conventional roof
drill bits. A comparison of the roof drill bit of the
invention (Invention No. 1) against the conventional
KCV4-1 roof drill bit in the same carbide grade shows
that the present invention had a penetration rate of
2.1 inches/second at an average thrust of 2479 lbs. as
compared to a penetration rate of 1.34 inches/second at
a slightly higher average thrust of 2619 1lbs. The
present invention experienced an increase in
penetration rate of about 56.7 percent at a somewhat
lower average thrust. A comparison of the same roof
drill bit (Invention No. 1) against the other
conventional roof drill bit, i.e., KCV4-1RR (Roof
Rocket) in the same carbide grade, reveals that the
present invention experienced an increase in the
penetration rate of about 25 percent at almost the same
average thrust (2479 lbs. vs. 2433 1bs.).
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A comparison of the roof drill bit of the
specific embodiment of the invention tested against the
KCV4-1 roof drill bit in different carbide grades shows
that for all of the carbide grades tested the present
invention had an increase in the penetration rate at a
lesser average thrust. For the roof drill bit of the
invention (Invention No. 2) having a lower cobalt
content and higher hardness than the carbide grade of
the conventional roof drill bit, there was an increase
in the penetration rate of about 48.5 percent at an
average thrust which was meaningfully lower (2137 lbs.
vs. 2619 lbs.). For the roof drill bit of the
invention (Invention No. 3) having a higher cobalt
content and a similar hardness, the roof drill bit of
the invention had an increase in the penetration rate
of about 61.2 percent at a lower average thrust (2403
lbs. vs. 2619 1lbs.). For the roof drill bit (Invention
No. 4) having a lower cobalt content and a higher
hardness there was an increase in the average
penetration rate of about 46.3 percent at a lower
average thrust (2342 1lbs. vs. 2619 1lbs.).

A comparison of the roof drill bit of the
invention against the KCV4-1RR (Roof Rocket) roof drill
bit in different carbide grades shows that for all of
the carbide grades tested the present invention had an
increase in the penetration rate at a lesser average
thrust. For the roof drill bit of the invention
(Invention No. 2) having a lower cobalt content and
higher hardness than the carbide grade of the
conventional roof drill bit, there was an increase in
the penetration rate of about 18.4 percent at an
average thrust which was lower (2137 lbs. vs.

2433 1bs.). For the roof drill bit of the invention
(Invention No. 3) having a higher cobalt content and a
similar hardness, the roof drill bit of the invention
had an increase in the penetration rate of about 28.6

percent at about the same average thrust (2403 1lbs.
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vs. 2433 1bs.). For the roof drill bit (Invention

No. 4) having a lower cobalt content and a higher
hardness there was an increase in the average
penetration rate of about 16.7 percent at a lower
average thrust (2342 lbs. vs. 2433 1lbs.). These test
results show that the roof drill bit of the present
invention provides for an improvement in the average
penetration rate while decreasing the magnitude of the
average thrust.

Table III below sets forth the results of
wear testing in sandstone of the cutting insert of roof
drill bits according to the present invention, i.e., a
roof drill bit with the structure depicted in FIG. 1
hereof, and conventional roof drill bits. The
identification of the roof drill bits in Table III
corresponds in structure and in the composition of the
cutting insert to that of the roof drill bits of
Table II. A wear scar was inscribed in each cutting
insert and measured beginning at the plane of the
original leading edge of the cutting inéert to the
point towards the trailing edge where wear was noted.
The measurement was done at the outside diameter (OD)
of the cutting edge and at the positions aléng the
cutting edge the indicated distance (inches) away from
the outside diameter until reaching the inside diameter
(ID) . The wear scar length was then normalized to the
actual cut depth for each cutting edge. The results
are set forth in Table III. The results are also
plotted in FIG. 21.
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Table ITII
Normalized Wear Scar (Inches) Test Results

Roof Bit/Distance 0.D. 0.016 0.03 0.045 0.08
from O.D. (in.) (in.) (in.) (in.)
Invention No. 1 -0.13 -0.10 -0.10 -0.10 -0.10
Invention No. 3 -0.17 -0.11 -0.11 -0.11 ~-0.10
Invention No. 2 -0.07 -0.03 -0.01 -0.01 0.00

Invention No. 4 -0.17 -0.08 -0.05 -0.03 -0.02
Comparative No. 1 -0.21 ~0.18 -0.18 -0.12 -0.12
Comparative No. 2 -0.12 -0.09 -0.08 -0.08 -0.08
Roof Bit/ Distance | 0.09 0.12 0.18 0.3 I.D.

from O.D. (in.) (in.) (in.) (in.)

Invention No. 1 -0.10 -0.10 -0.09 -0.08 -0.07
Invention No. 3 -0.10 ~0.10 ~0.09 -0.09 -0.09
Invention No. 2 -0.00 -0.00 -0.00 -0.00 0.00

Invention No. 4 -0.02 ~-0.01 -0.01 -0.01 -0.01
Comparative No. 1 -0.10 -0.09 -0.07 -0.05 -0.04
Comparative No. 2 -0.08 -0.07 -0.06 -0.04 -0.04

These test results set forth in Table III,
and plotted in FIG. 21, show that the amount of wear at
the critical O0.D. location is better for the roof drill
bit of the invention than the KCV4-1 roof drill bit
when using the same grade of carbide. 1In this regard,
the wear for the invention is -0.13 as compared to
-0.21 for the KCV4-1 roof drill bit. The wear between
the roof drill bit of the invention and the KCV4-1RR is
about the same with the conventional roof drill bit
having a slightly better wear (-0.12 vs. -0.13). The
harder carbide grade used in Invention No. 2 showed
better wear against both styles of conventional roof
drill bits. The grades used in Invention Nos. 3 and 4
showed better wear than the KCV4-1 roof drill bit
(-0.17 vs. -0.21), but not as good as wear against the
KCV4-1RR roof drill bit (-0.17 vs. -0.12).
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Applicants contemplate using other
compositions of cobalt cemented carbide for the cutting
insert wherein these compositions include one
composition comprising 6.0 weight percent cobalt with
the balance being tungsten carbide, and having a
coercive force (Hp) equal to 350 oersteds and a
hardness equal to 93.3 Rockwell A. These compositions
also include another composition comprising 5.7 weight
percent cobalt with the balance being tungsten carbide
and a coercive force (Hp) equal to 265 oersteds and a
hardness equal to 92.7 Rockwell A.

I

Furthermore, applicants contemplate using
cobalt cemented tungsten carbide compositions wherein
the hardness is greater than or equal to 90.5 (RA)
Rockwell A or using cobalt cemented tungsten carbide
compositions wherein the hardness is greater than or
equal to 91 (Rp) Rockwell A. In addition, other
compositions which applicants contemplate using a
cobalt cemented tungsten carbide composition having a
coercive force (Hp) greater than or equal to 160
oersteds, and a cobalt cemented tungsten carbide
composition having a coercive force (Hp) greater than
or equal to 180 oersteds.

Referring to FIGS. 32 through 34 there is
shown another specific embodiment of a cutting insert
generally designated as 500. Cutting insert 500
comprises a cemented tungsten carbide material of the
Composition No. 1 of Table I hereof. The geometry of
cutting insert 500 is generally along the lines of the
geometry of the cutting insert 100 (the embodiment of
FIGS. 5-8), but cutting insert 500 has only one
clearance cutting edge since it is not indexable
contrary to cutting insert 100 which is indexable.
Cutting insert 500 also does not have a center hole
since it is brazed to the seat as opposed to being
screwed to the seat like cutting insert 100. The

preferred braze alloy for brazing cutting insert 500 to
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the seat of the bit body is HANDY HI-TEMP 548 braze
alloy available from Handy & Harman, Inc., 859 Third
Avenue, New York, New York 10022. HANDY HI-TEMP 548
braze alloy is composed of 55+1.0 weight percent Cu,
6+0.5 weight percent Ni, 4+0.5 weight percent Mn,
0.15+0.05 weight percent Si, with the balance zinc and
0.50 weight percent maximum total impurities. Further
information on HANDY HI-TEMP 548 braze alloy can be
found in Handy & Harman Technical Data Sheet No. D-74
available from Handy & Harman, Inc.

Cutting insert 500 has a top surface 502, a
bottom surface 504, a leading surface 506, and a
trailing surface 508. Cutting insert 500 further has a
radially inward side surface 510, a radially inward
relief surface 512, a radially outward side surface
514, a radially outward relief surface 516, and a
radially outward bevelled surface 520.

The intersection of the top surface 502 and
the leading surface 506 defines a leading cutting edge
524. The intersection of the bevelled surface 520 and
the leading surface 506 defines a clearance cutting
edge 528.

Tests were conducted using the embodiment of
the cutting insert FIGS. 32 through 34 (made from
Composition No. 1) affixed to a cutting bit body along
the lines of the cutting bit body shown in FIGS. 5
through 8. The orientation of the cutting insert was
such so that the clearance cutting edge was generally
parallel to the longitudinal axis of the cutting bit
body. The drilling was done into a type of sandstone
with a compressive strength of 19,000 pounds per square
inch (psi). This is compared to the weaker sandstone
used for the tests of Table II wherein the weaker
sandstone had a compressive strength of 8000 psi. The
test results for testing these cutting inserts (which

look like cutting insert 500) are set forth in Table IV
below.
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Table IV
Test Results for Drilling
in Sandstone Using the Cutting Insert 500

Sample Number of Rotational Hole Depth Average Feed Average Average
Holes Drilled | Speed (RPM) | (inches) Rate (inches Torque Thrust
per second) (inch- (pounds)
pounds)

1 first hole 424 16.3 [total 0.38 1370 2200
depth for the
first hole
only]

1 second hole 414 21.6 [total 0.48 2280 3000
depth for the
second hole
only}

2 three holes 411 59.5 [total 0.90 2330 3500
depth for all
three holes]

3 two holes 398 40.1 [total 1.55 2550 4050
depth for all
two holes}

Referring to Table IV, the columns identified
as "Sample" and "Number of Holes Drilled" indicate the
sample which was used and the actual number of holes
drilled by that sample, respectively. More
specifically, Sample 1 was used to drill two holes,
i.e., the first hole (at an average thrust of 2200
pounds) and the second hole (at an average thrust of
3000 pounds), wherein the respective depths of the
holes were 16.3 inches and 21.6 inches. Thus, Sample 1
drilled holes totalling a depth of 37.9 inches at two
different average thrust levels. Sample 2 was used to
drill three holes at an average thrust of 3500 pounds
for a total depth of 59.5 inches. Sample 3 was used to
drill two holes at an average thrust of 4050 pounds for
a total depth of 40.1 inches. The column identified as
the "Rotational Speed" was the speed of rotation of the
cutting bit in revolution per minute (RPM). The column
identified as the "Hole Depth" sets forth the depth in
inches of each drilled hole. The column identified as
the "Average Feed Rate" sets forth the average rate of
axial feed of the cutting bit in inches per second.

The column identified as "Average Torque" sets forth
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the average torque in inch-pounds. The column
identified as "Average Thrust" sets forth the average
thrust in pounds.

The test results of Table IV show that
drilling in the higher strength sandstone, i.e., earth
strata, leads to a reduction in the average feed rate
for a given thrust level as compared to the test
results set forth in Table II hereof. 1In addition, it
can be seen that when drilling in the higher strength
sandstone, an increase in the thrust levels resulted in
an increase in the average feed rate. Wear scar
inspections after completion of each drilled hole
showed that the cutting inserts performed better at
higher thrust levels because they had smaller wear
scars for the same distance drilled as compared to
drilling at lower thrust levels.

It becomes apparent that applicants have
provided an improved rotatable cutting bit, as well as
an improved cutting insert and an improved bit body for
a rotatable cutting bit. There are a number of
advantages associated with the instant invention.

The mechanical retention of the cutting
inserts to the bit body increases the number of
materials which may now be viable candidates for use as
the cutting insert. Some of these materials are
identified above and their use provides an opportunity
to improve the overall efficiency of the cutting or
drilling operation.

The mechanical retention through the use of a
screw passing through an aperture in the cutting insert
so as to be received in a threaded aperture in the seat
in the bit body makes it easy to attach or detach the
cutting insert to or from the bit body. Thus, the
operator in the mine environment may easily switch out
used (or worn) cutting inserts for new (or reground)
cutting inserts. The operator may also easily index

the cutting insert to present a new leading cutting
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edge. The ability to easily make this switch (or index
the cutting insert) in the mine environment without the
need for special (or expensive) equipment will reduce
the costs associated with the cutting operation.

In some of the embodiments the cutting insert
presents a side clearance cutting edge which is
generally parallel to the peripheral surface of the bit
body, as well to the central longitudinal axis of the
bit body. Due to this orientation, the side clearance
cutting edge cuts the diameter of the hole along an
edge surface and thus provides for adequate clearance
between the bit body and the earth strata which defines
the hole.

It is advantageous that the specific
embodiments of the cutting inserts provide protection,
at least to some extent, for the cutting edges which
are not involved in the principal cutting activities.
By providing this protection, the cutting ability of
the cutting insert is not diminished when the cutting
insert is indexed or reversed.

Specific embodiments of the cutting insert
also provide for there to be a 90 degree corner (i.e.,
a vertical wall or rim) at the bottom surface of the
indexable cutting inserts and at both the top and
bottom surfaces of the reversible cutting insert. The
existence of this 90 degree corner reduces the chance
that the press operator will damage the tooling when
forming the part via pressing a powder mixture because
the rim allows clearance between the tooling punch and
die set. The existence of the 90 degree corner also
helps seat the cutting insert so that it is securely
positioned within the seat.

Referring to FIGS. 22 through 26C, there is
illustrated a specific embodiment of a roof drill bit,
i.e., a rotatable cutting tool, generally designated as
290 in FIG. 22. Roof drill bit 290 has an elongate bit
body 292, typically made of steel, with an axially
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forward end 294 and an axially rearward end 296. The
forward end 294 of the bit body 292 contains a
plurality of vacuum or fluid ports 298 wherein the
preferred mode of operation for the bit is vacuum, but
the bit can be used wet. A trio of cutting inserts,
generally designated as 300, are affixed by brazing to
corresponding seats (not illustrated) in the forward
end 294 of the bit body 292. Because this rotatable
cutting bit cuts at a lower temperature, i.e., cooler,
than earlier bits, a lower temperature braze alloy is
acceptable to braze the cutting insert to the bit body.
One type of an acceptable braze alloy is a low
temperature silver-based braze alloy which is suitable
for the joinder of steel and cobalt cemented tungsten
carbide. One preferred braze alloy is the silver-based
braze alloy sold under the designation EASY-FLO 45 by
Handy & Harman of New York, New York (USA). This braze
alloy has a composition of 15 weight percent copper,

16 weight percent zinc, 45 weight percent silver, and
24 weight percent cadmium, and a melting point of
1125°F,

Each cutting insert 300 has a generally
triangular shape, but it should be appreciated that
other geometric shapes such as trapezoids or
parallelograms may be appropriate geometries for the
cutting insert. Each cutting insert 300 may have an
orientation to the bit body 292 when brazed thereto
like the orientation of cutting insert 60 to the bit
body 32 as illustrated in FIGS. 1 and 2. Furthermore,
the range of possible orientations of cutting insert 60
to bit body 32 is also available for the orientation of
the cutting insert 300 to the bit body 292.

FIG. 24 illustrates a cylindrical blank,
generally designated as 302, which comprises a thicker
backing 304 and a thinner layer 306 of polycrystalline
diamond material. Generally, the backing 304 is at

least about five times, and preferably about seven
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times, and even more preferably about ten times,
thicker than the layer of polycrystalline diamond 306.
Backing 304 is typically made from a cobalt cemented
tungsten carbide material wherein the cobalt content
may range between about 8 weight percent and about 20
weight percent with the balance being tungsten carbide.

The first step in the process to make the
cutting insert 300 is to cut out (e.g., electric
discharge machining [EDM]) a blank from the cylindrical
blank 302. Referring to FIG. 24, a blank 308 is shown
by dashed lines in the volume of the cylindrical blank
302. The blank 308 has a backing 310 of cemented
tungsten carbide and a layer of polycrystalline
diamond 312.

As shown by FIG. 25, the overall thickness of
the rectangular blank 308 is "ii". The backing 310 has
a thickness "jj", and the polycrystalline diamond layer
312 has a thickness "kk". 1In an actual sample, the
backing 310 may have a thickness "jj" which ranges
between about 3.5 to about 9.5 millimeters (mm). The
polycrystalline diamond layer 312 may have a thickness
"kk" which ranges between about 0.5 to about 1.5 mm.
The preferred thickness "jj" of the backing 310 is
about 7.3 mm. The preferred thickness "kk" of the
polycrystalline diamond layer 312 is about 0.7 mm. The
overall thickness "ii" thus ranges between about 4.0 mm
to about 11.0 mm with the preferred overall thickness
"ii" equalling about 8.0 mm.

Referring to FIG. 26B, in the process of
making the blank 308 via EDM machining material is
removed, i.e., EDM machined, from the side surfaces of
the backing 310 and the polycrystalline diamond layer
312. These side surfaces are EDM machined along the
lines ee-ee and gg-gg illustrated in FIG. 26B.

Line ee-ee is disposed at an included angle "ff" with
respect to the adjacent side surface of the

polycrystalline layer 312 of the partially completed
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cutting insert blank. Line gg-gg is disposed at an
included angle "hh" with respect to the adjacent side
surface of the polycrystalline layer 312 of the
partially completed cutting insert blank. Angle "ff"
may range between about ten degrees and about forty-
five degrees with a preferred angle "ff" being about
twenty degrees. Angle "hh" may range between about
twenty degrees and about eighty degrees with a
preferred angle "hh" being about seventy degrees.

Line ee-ee defines the radially outward side
of the cutting insert that is near the periphery of the
cutting bit body when the cutting insert is affixed
thereto. It should be appreciated that line ee-ee has
an orientation so as to define a side clearance wherein
the bevelled portion defines a cutting edge (as
described hereinafter) of a sufficient dimension so as
to avoid "rifling", and thus, create a bore hole
defined by a generally smooth bore wall. Line gg-gg
has an orientation so that the cutting edge (as
described hereinafter) defined by the radially inward
bevelled portion is of such a dimension so as to reduce
the tendency of the cutting insert to break upon
initial impingement of the earth strata.

Referring to FIG. 25, after completion of the
EDM machining of the blank, the next step is to grind
the backing 310 of the blank 308 along the grind lines
aa-aa and bb-bb. These grind lines (aa-aa and bb-bb)
are disposed at an included angle of "cc" degrees and
an included angle of "dd" degrees, respectively, with
respect to the adjacent side surface of the blank 308.
Angle "cc" may range between about fifteen degrees and
about forty-five degrees with a preferred angle "cc"
being about thirty degrees. Angle "dd" may range
between zero degrees and about forty-five degrees with
the preferred angle "dd" being about thirty degrees.
FIG. 25 illustrates angles '"cc" and "dd" as being

equal; however, it is contemplated that these
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angles ("cc" and "dd") may not necessarily be equal.
At this stage of the process the cutting insert blank
may be characterized as a partially completed cutting
insert blank.

It should be appreciated that the backing 310
now presents a geometry that has sufficient relief so
as to not interfere with the cutting by the cutting
edges of the polycrystalline diamond layer. In other
words, the backing 310 does not directly impinge upon
the earth strata during the cutting (e.g., drilling)
operation. In this regard, the radially outward side
surface as defined by angle "cc" must have a sufficient
relief while the radially inward side surface defined
by angle "dd" may not have to have any relief so as to
maximize the mass of the backing, if necessary so as to
be suitable for a particular application.

After completion of the grinding of the
partially completed cutting insert blank, except for
treating the cutting edges, the process to make the
cutting insert 300 is complete. As is discussed
hereinafter, the cutting edges are typically treated,
e.g., honed and/or chamfered and/or impinged with an
abrasive media in a fluid medium, so as to remove the
sharpness therefrom.

Referring to structure of the cutting insert
300, cutting insert 300 comprises a backing (or
substrate) 310 and a polycrystalline diamond layer 312
which is on the backing 310. The backing 310 has a top
surface 316, a bottom surface 318, a leading surface
320, and a trailing surface 322. The surface area of
the bottom surface 318 of the backing 310 is greater
than the surface area of the leading surface 320. The
bottom surface 318 provides the major area for brazing
the cutting insert to the cutting bit body. The
backing 310 further has one side surface 324 which has
a bevelled portion 326 wherein the bevelled portion 326
is a result of EDM machining along line ee-ee. The
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backing 310 also has another side surface 328 which has
a bevelled portion 330 wherein the bevelled portion 330
is the result of EDM machining along line gg-gg.

The polycrystalline diamond layer 312 has a
top surface 332, a bottom surface 334, a leading
surface 336, and a trailing surface 338. The
polycryétalline layer 312 further has one side surface
340 which has a bevelled portion 342 wherein bevelled
portion 342 is a result of EDM machining along line
ee-ee. The polycrystalline diamond layer 312 also has
another side surface 344 which has a bevelled portion
346 wherein bevelled portion 346 is a result of EDM
machining along line gg-gg. As illustrated in
FIG. 26B, the trailing surface 338 of the
polycrystalline layer 312 is adjacent to the leading
surface 320 of the backing 310.

Referring now to the edges of the cutting
insert 300, the intersection of the leading surface 336
and the bevelled portion 346 defines a cutting edge
351. The intersection of the top surface 332 and the
leading surface 336 defines another cutting edge 348.
The intersection of the bevelled portion 342 of the
side surface 340 with the leading surface 336 defines
still another cutting edge 350. The intersection of
the non-bevelled portion of the side surface 340 with
the leading surface 336 defines a side edge 352 that
generally does not perform a cutting function in that
it does not directly impinge the earth strata during
the cutting operation.

Referring to FIGS. 22 and 23, it can be
appreciated that the cutting edges 348, 350 and 351
comprise the cutting edges that engage the earth strata
during the operation of the rotatable cutting bit
wherein the cutting edge 351 first engages the earth
strata while cutting edge 350 cuts the side clearance
for the hole. It should be appreciated that these
cutting edges (348, 350 and 351) are preferably honed
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or chamfered at the intersection of the surfaces. The
presence of such a hone or chamfer will reduce the
potential for chipping or cracking of the
polycrystalline diamond layer at these intersections.

Referring to the specific embodiment set
forth in FIGS. 27-31, there is illustrated a seventh
specific embodiment of a cutting insert generally
designated as 400. Cutting insert 400 may be made from
a cylindrical blank like blank 302 wherein the blank
comprises a backing of cemented tungsten carbide and a
layer of polycrystalline diamond (PCD) material affixed
to the backing.

Cutting insert 400 has a backing (or
substrate) 402 of cemented tungsten carbide which has a
leading surface 404, a trailing surface 406, a top
surface 408, a bottom surface, one side surface 412 and
another side surface 414. The surface area of the
bottom surface area is greater than the surface area of
the leading surface 404. The bottom surface also
provides the major area for brazing the cutting insert
to the cutting bit body. Cutting insert 400 further
includes a layer of polycrystalline diamond (PCD) 418
affixed to the leading surface 404 of the backing 402.
The PCD layer 418 includes a leading surface 420, a
trailing surface 422, a top surface 424, a bottom
surface 426, one side surface 428 and another side
surface 430. It should be appreciated that the
trailing surface 422 of the PCD layer 418 is adjacent
to the leading surface 404 of the backing 402.

Both side surfaces (412 and 414) of the
backing 402 converge toward each other as they move
away from the leading surface 404 (or toward the
trailing surface 406) of the backing 402. The included
angle of convergence "oo" of the one side 412 with
respect to a plane perpendicular to the leading surface
420 of the PCD layer 418. The included angle of

convergence "oo" may range between about
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fifteen degrees and about forty-five degrees with the
preferred angle "oo" equalling about thirty degrees.
The included angle of convergence "pp" of the other
side 414 with respect to a plane perpendicular to the
leading surface 420 of the PCD layer 418. The included
angle of convergence "pp" may range between about zero
degrees and about forty-five degrees with the preferred
angle "pp" equalling about thirty degrees.

The configuration of the one side surface 412
of the backing 402 and the one side surface 428 of the
PCD layer 418 are the same so that the following
description of the one side surface 428 of the PCD
layer 418 will suffice for the description of the one
side surface 412 of the backing 402. Referring to
FIG. 28, one side surface 428 has a lower arcuate
portion 432, a mediate straight portion 434, and an
upper arcuate portion 436. Lower arcuate portion 432
is of a radius Rl and joins the mediate straight
portion 434 and the bottom surface 426. The included
angle "gg" between the bottom surface 426 and the
mediate straight portion 434 is seventy-four degrees.
Included angle "qgg" may range between about forty-five
degrees and about eighty degrees. The geometry of the
seat in the bit body and the magnitude of angle g
must correspond so as to properly orient the mediate
straight portion 434 when the cutting insert is affixed
in the seat. Upper arcuate portion 436 is of a radius
R2 and joins the top surface 424 and the mediate
straight portion 434.

The configuration of the other side surface
414 of the backing 402 and the other side surface 430
of the PCD layer 418 are the same so that the following
description of the other side surface 430 of the PCD
layer 418 will suffice for the description of the other
side surface 414 of the backing 402. Other side
surface 430 has a lower arcuate portion 440, a mediate

straight portion 442, and an upper arcuate portion 444.
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Lower arcuate portion 440 is of a radius R3 and joins
the mediate straight portion 442 and the bottom surface
426. The bottom surface 426 and the mediate straight
portion 442 are disposed at ninety degrees with respect
to each other. Upper arcuate portion 444 is of a
radius R4 and joins the top surface 424 and the mediate
straight portion 442. The top surface 424 an the
mediate straight portion 442 are disposed at ninety
degrees with respect to each other.

Referring to FIG. 27 and the dimensions of an
actual sample of the cutting insert 400, cutting insert
400 has an overall thickness "ss" of about 8 mm. The
PCD layer has a thickness "tt" of about 0.7 mm. The
backing has a thickness "uu" of about 7.3 mm. The
maximum length dimension "rr" of the PCD layer 418 is
about 12.85 mm. The height "vv" of the PCD layer is
about 4.7 mm. It is preferred that the height "vv" of
the polycrystalline diamond layer is less than the
thickness "uu" of the backing. Radius R1 and radius R3
each equal about 0.25 mm. Radius 2 equals about 2.86
mm. Radius R4 equals about 0.5 mm.

Referring to FIGS. 29 through 31 there is
illustrated a rotatable cutting bit body generally
designated as 450. Bit body 450 has opposite axially
forward and rearward ends wherein only the axially
forward end 452 is depicted by FIGS. 29 through 31.

Bit body 450 contains a pair of seats 454, as well as a
trio of vacuum or fluid ports 456, in the axially
forward end 452 thereof. Each seat 454 has a bottom
surface 458. Rotatable cutting bit body 450 receives a
cutting insert 400 in each one of the seats 454.

Each cutting insert 400 may have an
orientation with respect to the cutting bit body 450
when brazed thereto like the orientations of each
cutting insert 60 to bit body 32 as illustrated in
FIGS. 1 and 2. The range of possible orientations of
each cutting insert 60 to the bit body 32 is also
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available for the orientation of the cutting insert 400
to the bit body 450.

Even though a wide range of orientations is
available, FIGS. 29 through 31 show the orientation of
the seats 454. In this regard for each seat 454, line
"ww" lies on the surface of the seat 454 and passes
through the mid-point of the front edge 455 and the
trailing apex 457 of the seat 454. Line "ww" is
disposed with respect to a horizontal plane (line xx-xx
being coplanar with such horizontal plane) passing
through the leading edge of the seat at an included
angle "yy" wherein angle "yy" equals ten degrees (see
FIG. 29). The bottom surface of each seat 454 also has
an orientation such that it is disposed at an included
angle of ""zz" with respect to the horizontal wherein
angle "zz" equals 26 degrees. In this regard, angle
"zz" is defined as the included angle between a line
"aaa-aaa" which lies along the front edge of seat 455
and a horizontal line that is in the same vertical
plane as line "aaa-aaa". The axially forward generally
frusto-conical surface 452 is disposed at an included
angle "bbb" with respect to the horizontal wherein
angle "bbb" equals twenty degrees.

Referring to FIG. 30, there is shown one
cutting insert 400 brazed into its corresponding seat
454. Cutting insert 400 has an orientation with
respect to seat 454 such that at least a part of the
lower arcuate portion 432 of the PCD layer 418, as well
as the mediate straight portion 434 of the PCD layer
418, extend radially past the periphery of the bit
body 450.

The intersection of the lower arcuate portion
432 with the leading surface 420 of the PCD layer 418
defines a lower arcuate edge 460. The intersection of
the mediate straight portion 434 with the leading
surface 420 of the PCD layer 418 defines a cutting edge
462. The intersection of the upper arcuate portion 436
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with the leading surface 420 of the PCD layer 418
defines another cutting edge 464. The intersection of
the top surface 424 with the leading surface 420
defines a cutting edge 466. The intersection of the
upper arcuate portion 444 with the leading surface 420
defines still another cutting edge 467. Cutting edges
462, 464, 466 and 467 engage the earth strata during
the operation of the rotatable cutting bit. More
specifically, the cutting edge 467 first engages the
earth strata. The cutting edge 462 cuts the side
clearance for the hole. The other cutting edges 464
and 466 assist in the cutting operation.

It is apparent that cutting insert 300 and
cutting insert 400 provide certain advantages.

The use of polycrystalline diamond layer of
the cutting insert will be able to take advantage of
the high penetration rates provided by this design of
cutting insert. Higher penetration rates lead to an
improvement in the overall performance gnd efficiency
of the cutting bit.

The higher ratio of the thickness of the
cemented carbide backing to the thickness of the
polycrystalline diamond layer results in an increase in
the strength of the overall cutting insert. A stronger
cutting insert will typically result in a longer
operating life and a reduction in the instances of
premature failures.

The design of the cutting insert of this
invention permits an increase in air flow at the
axially forward end of the drill bit which results in
lower operating temperatures for dry drilling. Lower
operating temperatures permit the use of a low
temperature braze alloy, e.g., a silver-based braze, to
braze the cutting insert to the bit body for dry
drilling operations. This is in contrast to the use of

a clamp to mechanically connect the cutting insert to
the bit body. ‘
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As described hereinabove, the polycrystalline
diamond layer is on the leading surface of the backing,
which is édjacent to, as well as perpendicular to, the
bottom surface of the backing. The leading surface has
a smaller surface area than the bottom surface, and the
braze joint is between the bottom surface of the
backing and the seat.

By using the larger bottom surface to form
the braze joint in conjunction with the polycrystalline
diamond layer being on the smaller leading surface, the
cutting insert can be brazed to the cutting bit body
using a relatively shallow seat that does not require a
large shoulder. The use of such a shallow seat reduces
the expense associated with the manufacture of the
cutting bit body.

The cutting edges of the polycrystalline
layer are removed such a distance from the surface
which forms the braze joint. These cutting edges thus
are not negatively impacted by the higher temperatures
which occur during manufacture.

During the post-brazing cooling of the
cutting insert and cutting bit body, stresses are
formed due to the difference in the coefficient of
thermal expansion between the cemented tungsten carbide
backing and the steel cutting bit body. The steel body
contracts to a greater extent than the cemented carbide
SO as to set up tension in the surface of the backing
that is opposite to the surface which forms the braze
joint. Because the polycrystalline diamond layer is on
a surface which is perpendicular to the bottom surface
which forms the braze joint, the polycrystalline
diamond layer does not experience post-brazing stresses
to the same extent as in earlier cutting bits in which
the polycrystalline layer is on the surface of the
backing opposite to that surface which forms the braze

joint. The reduction of the stress on the surface
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which has the polycrystalline layer promotes a longer
operating life of the tool.

Even though the specific embodiment shown by
FIGS. 26A through 26C has abrupt corners at the
intersections of the surfaces and the specific
embodiment shown by FIGS. 27 and 28 has rounded corners
at the intersections of the surfaces, it should be
appreciated that applicants contemplate the invention
to include a combination of abrupt corners and rounded
corners at selected intersections of the surfaces. 1In
other words, some of the intersections of the surfaces
may have an abrupt corner and others of the
intersections may have rounded corners.

Although the specific embodiment is a roof
drill bit, it should be appreciated that applicants
contemplate that the invention encompasses other styles
of rotatable cutting bits. One such example is a rotary
percussive drill bit. 1In addition, although the
cutting inserts are either indexable or reversible,
applicants contemplate that the invention may encompass
cutting inserts that are asymmetric and which are not
indexable or reversible. It should also be understood
that although the specific embodiments set forth herein
comprise roof drill bits for use in the penetration of
earth strata, the principles set forth with respect to
these cutting inserts also have application to
metalcutting inserts, as well.

The patents and other documents identified
herein are hereby incorporated by reference herein.

Other embodiments of the invention will be
apparent to those skilled in the art from a
consideration of the specification or practice of the
invention disclosed herein. It is intended that the
specification and examples be considered as
illustrative only, with the true scope and spirit of

the invention being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. A rotatable cutting bit for penetrating
an earth formation, the bit comprising:

an elongate bit body having a forward end and
a rearward end, the bit body defining a peripheral
surface, the bit body having a central longitudinal
axis and a center of rotation;

the bit body containing a first seat and a
second seat at the axially forward end thereof;

a first cutting insert being retained in the
first seat so as to present a first clearance cutting
edge which radially extends past the peripheral surface
of the bit body so as to engage the earth formation,
and the first cutting insert having a first leading
cutting edge that engages the earth formation, and the
first leading cutting edge being disposed at a first
lead angle (C) between 50 degrees and 90 degrees
wherein the first lead angle (C) is the included angle
between a pair of intersecting lines (E-E and F-F)
wherein one line (E-E) is along the first leading
cutting edge and another line (F-F) is parallel to the
center of rotation of the bit body; and

a second cutting insert being retained in the
second seat so as to present a second clearance cutting
edge which radially extends past the peripheral surface
of the bit body so as to engage the earth formation,
and the second cutting insert having a second leading
cutting edge that engages the earth formation, the
second leading cutting edge being disposed at a second
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lead angle (C) between 50 degrees and 90 degrees
wherein the second lead angle (C) is the included angle
between a pair of intersecting lines (E-E and F-F)
wherein one line (E-E) is along the second leading
cutting edge and another line (F-F) is parallel to the
center of rotation of the bit body.

2. The rotatable cutting bit of claim 1
wherein the first cutting insert is disposed so as to
have a first radial rake angle (D) between about
positive 20 degrees and about negative 30 degrees
wherein the first radial rake angle (D) is the included
angle between a pair of intersecting lines (L-L and
M-M) wherein one line (L-L) is a radial line from the
central longitudinal axis of the bit body through the
center point (J) of the first leading cutting edge and
the other line (M-M) is along the first leading cutting
edge of the first cutting insert so that the first
radial rake angle (D) is negative when the line (M-M)
along the first leading cutting edge trails the radial
line (L-L) at a location outside the periphery of the
cutting insert with respect to the direction of
rotation of the cutting bit, and the first radial rake
angle (D) is positive when the line (M-M) along the
first leading cutting edge leads the radial line (L-L)
at a location outside the periphery of the cutting

insert with respect to the direction of rotation of the
cutting bit.

3. The rotatable cutting bit of claim 2
wherein the first cutting insert includes an edge
opposite to the first leading cutting edge; and the
first cutting insert being disposed so as to have a
first insert rake angle between about 0 degrees and
about -30 degrees wherein the first insert rake angle
(B) is defined as the included angle between a line
(I-I) normal to both the lead angle reference line

(E-E) and the central longitudinal axis (A-A) of the
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bit body and a line (H-H) lying along the top surface
of the cutting insert and passing through the center
(J) of the leading cutting edge and the center (K) of
the edge wherein the first insert rake angle (B) is
measured in the vicinity of the center (K) of the edge;
when the cutting insert has an orientation such that
line (H-H) is leading line (I-I) upon forward
penetration of the cutting bit in the direction of
axial penetration (Y) during drilling the insert rake
angle (B) is positive; and when the cutting insert has
an orientation such that line (H-H) is trailing line
I-I upon forward penetration of the cutting bit in the
direction of axial penetration (Y) during drilling the

insert rake angle (B) would be negative.

4. The rotatable cutting bit of claim 3
wherein the first lead angle (C) is about 70 degrees,
the first insert rake angle (B) is about negative 20
degrees, and the first radial rake angle (D) is about
negative 10 degrees.

5. The rotatable cutting bit of claim 1
wherein at least a portion of the first clearance
cutting edge being disposed at an included angle (N or
Q or R or S) with respect to the first leading cutting

edge of between about 90 degrees and about 130 degrees.

6. The rotatable cutting bit of claim 5
wherein at least a portion of the first clearance
cutting edge of the first cutting insert being disposed
at an included angle (N or Q or R or S) of about 110
degrees with respect to the first leading cutting edge.

7. The rotatable cutting bit of claim 1
wherein at least a portion of the first clearance
cutting edge of the first cutting insert being

generally parallel to the axis of rotation of the bit
body.
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8. The rotatable cutting bit of claim 1
wherein the bit body containing a cavity, the bit body
containing an unobstructed passage at the forward end
thereof, and wherein the passage providing
communication between the cavity and the forward end of
the bit body.

9. The rotatable cutting bit of claim 1
wherein the first cutting insert is of a generally
triangular shape, and the second cutting insert is of a

generally triangular shape.

10. The rotatable cutting bit of claim 1
wherein the first cutting insert includes a top
surface, one side surface, and another side surface,
the one side surface intersecting the top surface to
form the first leading cutting edge, the one side
surface intersecting the other side surface to form an
edge, and a relieved surface at the edge wherein the
intersection of the relieved surface and the side

surface define a first clearance cutting edge.

11. The rotatable cutting bit of claim 10

wherein the relieved surface is generally arcuate.

12. The rotatable cutting bit of claim 10

wherein the relieved surface is generally planar.

13. The rotatable cutting bit of claim 10
wherein one portion of the relieved surface is

generally arcuate and another portion of the relieved
surface is generally planar.

14. The rotatable cutting bit of claim 1
wherein the first cutting insert comprising a top
surface, a bottom surface, a first side surface, a
second side surface, and a third side surface; the
first, second and third side surfaces joining the top
and bottom surfaces; the first side surface
intersecting the second side surface to form a first

edge, the second side surface intersecting the third
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side surface to form a second edge, and the third side
surface intersecting the first side surface to form a
third edge; and the first side surface adjacent the
first edge being disposed at an included angle (Q) with
respect to the top surface of about 90 degrees, and the
first side surface adjacent the third edge being
disposed at an included angle (Q) with respect to the
top surface of about 110 degrees.

15. The rotatable cutting bit of claim 14
wherein the second side surface adjacent the first edge
being disposed at an included angle (Q) with respect to
the top surface of about 90 degrees, and the second
side surface adjacent the second edge being disposed at
an included angle (Q) with respect to the top surface
of about 110 degrees; and the third side surface
adjacent the second edge being disposed at an included
angle (Q) with respect to the top surface of about 110
degrees, and the third side surface adjacent the third
edge being disposed at an included angle (Q) with
respect to the top surface of about 90 degrees.

16. The rotatable cutting bit of claim 1
wherein the cutting insert is indexable.

17. The rotatable cutting bit of claim 1

wherein the cutting insert is reversible.

18. The rotatable cutting bit of claim 1
wherein the first cutting insert comprising a top
surface, a bottom surface, a first side surface, a
second side surface, and a third side surface; the
first, second and third side surfaces joining the top
and bottom surfaces; the first side surface
intersecting the second side surface to form a first
edge, the second side surface intersecting the third
side surface to form a second edge; a first relieved
surface being at the first edge adjacent to the top

surface of the cutting insert; and a second relieved
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surface being at the second edge adjacent to the bottom
surface of the cutting insert.

19. The rotatable cutting bit of claim 18
wherein the first relieved surface presenting a
generally planar surface disposed at an included angle
(R) with respect to the top surface of between about 90
degrees and about 130 degrees; and the second relieved
surface presenting a generally planar surface disposed
at an included angle (S) with respect to the bottom
surface of between about 90 degrees and about 130
degrees.

20. An elongate rotatable cutting bit body
for carrying at least one cutting insert, and the bit
body having a central longitudinal axis, the bit body
comprising:

a forward end, a rearward end, and a seat at
the forward end, the seat receives the cutting insert;
and

the seat being defined by a bottom surface, a
radial edge that extends generally radially from the
central longitudinal axis of the bit body, a radial
side surface which extends generally radially from the
central longitudinal axis of the bit body and becomes
greater as it moves radially outwardly, and a chordal
side surface which extends between the radial edge and
the radial side surface, and the chordal side surface
becomes greater as it moves toward the radial side
surface.

21. The cutting bit body of claim 20 wherein
the deepest portion of the seat is adjacent to the
juncture of the chordal side surface and the radial

side surface.

22. The cutting bit body of claim 20 wherein
the chordal side surface and the radial edge intersect
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radially inwardly of the peripheral surface of the
cutting bit body.

23. The cutting bit body of claim 20 wherein
the chordal side surface and the radial edge do not
intersect so that the seat is open where the radial

edge intersects the peripheral surface of the cutting
bit body.

24. A cutting insert for use in a rotatable
cutting bit for the penetration of an earth formation
wherein the cutting insert is disposed in a seat in the
cutting bit with a peripheral surface wherein the
leading cutting edge which engages the earth formation
is disposed at a lead angle (C) between 50 degrees and
90 degrees, the cutting insert comprising:

a cutting insert body having a top surface, a
bottom surface, a first side surface, and a second side
surface, the first side surface intersects the second
side surface to form a first edge; the first and second
side surfaces joining the top surface and the bottom
surface; the first edge defining at least in part a
clearance cutting edge which extends radially past the
peripheral surface of the cutting bit when the cutting
insert is in the seat so as to engage the earth
formation.

25. The cutting insert of claim 24 wherein

the first edge has a portion thereof being generally
arcuate.

26. The cutting insert of claim 24 wherein
the first edge has a portion thereof being generally
planar.

27. The cutting insert of claim 24 wherein
the cutting insert body further includes a third side
surface which joins the top and bottom surfaces; the
second side surface intersecting the third side surface

to form a second edge, and the third side surface
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intersecting the first side surface to form a third
edge; and the first side surface adjacent the first
edge being disposed at an included angle (Q) with
respect to the top surface of about 90 degrees, and the
first side surface adjacent the third edge being
disposed at an included angle (Q) with respect to the
top surface of about 110 degrees.

28. The cutting insert of claim 27 wherein
the second side surface adjacent the first edge being
disposed at an included angle (Q) with respect to the
top surface of about 90 degrees, and the second side
surface adjacent the second edge being disposed at an
included angle (Q) with respect to the top surface of
about 110 degrees; and the third side surface adjacent
the second edge being disposed at an included angle (Q)
with respect to the top surface of about 110 degrees,
and the third side surface adjacent the third edge
being disposed at an included angle (Q) with respect to
the top surface of about 90 degrees.

29. The cutting insert of claim 24 wherein
the cutting insert is indexable.

30. The cutting insert of claim 24 wherein
the cutting insert is reversible.

31. The cutting insert of claim 24 the
cutting insert body further including a third side
surface joining the top and bottom surfaces; the second
side surface intersecting the third side surface to
form a second edge; a first relieved surface being at
the first edge adjacent to the top surface of the
cutting insert; and a second relieved surface being at

the second edge adjacent to the bottom surface of the
cutting insert.

32. The cutting insert of claim 31 wherein
the first relieved surface presenting a generally

planar surface disposed at an included angle (R) with
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respect to the top surface of between about 90 degrees
and about 130 degrees; and the second relieved surface
presenting a generally planar surface disposed at an
included angle (S) with respect to the bottom surface
of between about 90 degrees and about 130 degrees.

33. A replaceable cutting insert for use in
a rotatable cutting bit for engaging the earth strata,
the cutting bit having a cutting bit body containing a
seat which receives the cutting insert, the cutting
insert comprising:

a cutting insert body having two surfaces
which intersect to form a cutting edge, and during
operation of the rotatable cutting bit the cutting edge
engaging the earth strata; and

the cutting insert body being made from one
of the following materials: ceramics, binderless
tungsten carbide, polycrystalline diamond composites
with metallic binder, polycrystalline diamond
composites with ceramic binder, tungsten carbide-cobalt
alloys having a hardness greater than or equal to about
90.5 Rockwell A, and hard coated cemented carbides.

34. The cutting insert of claim 33 wherein
the ceramics include silicon nitride-based ceramics,

and alumina-based ceramics.

35. The cutting insert of claim 33 wherein
the tungsten carbide-cobalt alloys comprise between
about 5.7 and about 6.0 weight percent cobalt with the
balance being tungsten carbide, and the alloys having a
coercive force (Hgp) between about 265 and about 350
oersteds and a hardness between about 92.7 and about
93.3 Rockwell A.

36. The cutting insert of claim 33 wherein
the tungsten carbide-cobalt alloys have a hardness
greater than or equal to 91.0 Rockwell A.
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37. The cutting insert of claim 33 wherein
the tungsten carbide-cobalt alloys have a coercive

force (Hp) greater than or equal to 160 oersteds.

38. The cutting insert of claim 33 wherein
the tungsten carbide-cobalt alloys have a coercive

force (Hp) greater than or equal to 180 oersteds.

39. A cutting insert for use in a rotatable
cutting bit for engaging earth strata, the rotatable
cutting bit having a cutting bit body with a periphery
and a seat which receives the cutting insert, the
cutting insert comprising:

a backing having a leading surface, a
trailing surface, and a pair of opposite side surfaces,
one of the side surfaces being near the periphery of
the bit body when the cutting insert is received in the
seat, and the one side surface converging toward the
opposite side surface as it moves from the leading
surface to the trailing surface; and

a layer of polycrystalline diamond on the
leading surface of the backing wherein the layer of
polycrystalline diamond defines a cutting edge, and
during the operation of the rotatable cutting bit the
cutting edge engages the earth strata.

40. The cutting insert of claim 39 wherein
the backing having a first thickness and the layer of
polycrystalline diamond having a second thickness, and
wherein the first thickness is at least about five

times the second thickness.

41. The cutting insert of claim 40 wherein
the first thickness is at least about seven times the
second thickness.

42. The cutting insert of claim 40 wherein
the leading surface of the backing having a height, and
the height being less than the sum of the first
thickness and the second thickness.
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43. The cutting insert of claim 39 further
including a bottom surface adjacent to the leading
surface, the bottom surface having a first surface area
and the leading surface having a second surface area,
the first surface area being greater than the second
surface area, and the bottom surface resting in the
seat when the cutting insert is received within the
seat.

44. The cutting insert of claim 39 wherein
the one side surface converges so as to provide
sufficient clearance whereby the one side surface does

not impinge the earth strata during operation of the
rotatable cutting bit.

45. The cutting insert of claim 39 wherein
the one side surface and the opposite side surface each
converge toward the other as they move from the leading

surface to the trailing surface of the backing.

46. A rotatable cutting bit for engaging
earth strata comprising:

a cutting bit body having a periphery and a
seat wherein the seat has a bottom surface;

a cutting insert being received in the seat:

the cutting insert comprising:

a backing having a leading surface, a
trailing surface, and a bottom surface adjacent to the
leading surface;

a layer of polycrystalline diamond on the
leading surface of the backing wherein the layer of
polycrystalline diamond defines a cutting edge, and
during the operation of the rotatable cutting bit the
cutting edge engages the earth strata; and

the bottom surface of the backing providing
the major brazing area to braze the cutting insert to
the cutting bit body, and the bottom surface of the
backing being brazed to the bottom surface of the seat
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so as to affix the cutting insert to the cutting bit
body.

47. The rotatable cutting bit of claim 46
wherein the backing of the cutting insert further
includes a pair of opposite side surfaces, one of the
side surfaces being near the periphery of the bit body
when the cutting insert is received in the seat, and
the one side surface converging toward the opposite
side surface as it moves from the leading surface to

the trailing surface.

48. The rotatable cutting bit of claim 46
wherein the bottom surface of the backing has a first
surface area and the leading surface has a second
surface area, and the first surface area is larger than

the second surface area.
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