
COMPACT FOR EARTH BORING BIT WITH  ASYMMETRICAL FLANKS AND SHOULDERS  5
Field of the Invention This invention relates in general to rolling cone
earth boring bits, and in particular to the  shapes of carbide compacts used
on the cones. Background of the Invention 10 A rolling cone earth boring bit
has a bit body with typically three legs. A bearing pin  depends from each
leg. A cone mounts rotatably to the bearing pin. The cone has a plurality of
rows of cutting elements. In one type, the cutting elements comprise teeth
machined into the  surface of the cone. In another type, the cutting
elements comprise carbide compacts or inserts  that are pressed-fitted into
mating holes in the cone surface. 15 Each compact has a cylindrical base
inserted into a hole and a protruding cutting tip. The  cutting tips may
have chisel, hemispherical, ovoid or other shapes. Particularly on the heel
row,  0 which is located near the gage surface of each cone, the compacts
may have asymmetrical shoulder surfaces for engaging the sidewall of the
bore hole. Depending upon the formation  being drilled, different shapes are
utilized for aggressiveness of cutting and durability. 20 Carbide compacts
are very hard, but brittle, thus subject to fracturing. Improvements in
reducing stress while maintaining the desired aggressiveness particularly in
the inner rows are  desirable. 1 Summary of the Invention The compact of
this invention has a cylindrical base with an asymmetrical cutting tip
protruding from the base. The cutting tip has a substantially flat first
surface on a first side and a  substantially flat second surface on a second
side opposite from the first side. The first and 



5 second surfaces or flanks join each other at a crest through which the
axis of the base extends.  When viewed in an axial section plane
perpendicular to the crest, an included angle between the  first surface and
the axis is greater than an included angle between the second surface and
the  axis. A convex third surface or shoulder joins the first and second
surfaces at one end of the  10 crest, and a convex fourth surface or
shoulder joins the first and second surface at an opposite  end of the
crest. When viewed in an axial section plane parallel to the crest, the
third surface has  a radius that is greater than a radius of the fourth
surface. These compacts are preferably useful  in inner rows of the cone.
The compacts may be mounted to the cone in a variety of positions. For
example, the  \ 15 compact may be oriented with the first and second
surfaces parallel to the direction of rotation.  In that instance, the third
or larger radius surface, may be the leading surface while the fourth and
smaller radius surface becomes the trailing surface, or vice versa. The
first surface, which is  smaller than the second surface, may locate on the
side of the compact closer to the borehole  wall, and the second surface
closer to the center of the bit, or vice versa. Further, certain rows 20 may
vary from other rows. A row or rows in the inward half of the cone may have
the larger  radius shoulder on one side, and a row or rows in the outer half
of the cone may have the larger  radius shoulder on the opposite side. 2 In
another embodiment, the compact is oriented with the crest perpendicular to
the  direction of rotation. In that position, the first surface may become
the leading surface, while the  second surface becomes the trailing surface.
In that orientation, the third surface become the  inner side of the compact
while the fourth surface becomes the outer side of the compact. 5
Alternately, the first surface could become the trailing surface and the
second surface the leading  



surface. If so, the third surface becomes the outer side of the compact
while the fourth surface  becomes the inner side. C  0  3 Brief Description
of the Drawings Figure 1 is a side view of an earth boring bit having
compacts constructed in accordance  with this invention. Figure 2 is an
elevational view of one of the inner row compacts of Figure 1, showing a  5
side that contains the larger flank, with the larger radius shoulder on the
left side and the smaller  radius shoulder on the right side. Figure 3 is an
elevational view of the compact of Figure 2, viewed at 90 degrees to Figure
1, and showing the larger radius shoulder. Figure 4 is an elevational of the
compact of Figure 2, seen from the side opposite the side  10 of Figure 2,
and showing the smaller flank. Figure 5 is a top view of a compact of Figure
2. Figure 6 is a side view of the compact of Figure 2, shown in a cone and
seen from an  inner side, with the crest shown perpendicular to the
direction of rotation. Figure 7 is a side view of the compact of Figure 2,
shown in a cone and seen from an  15 inner side, with the crest shown
parallel to the direction of rotation. Figure 8 is a layout of the drill bit
of Figure 1, showing the rows of all three cones  superimposed into a single
plane. Figure 9 is a side view of an alternate embodiment compact, shown in
a cone and seen  from an inner side, with the crest shown perpendicular to
the direction of rotation. 



20 Figure 10 is a side view of the compact of Figure 9, shown in a cone and
seen from an  inner side, with the crest shown parallel to the direction of
rotation. 4 Detailed Description of the Invention Referring to Figure 1, bit
11 has a body 13 with at least one leg 15, typically three as  shown in this
embodiment. A cone 17 rotatably mounts to a bearing pin (not shown) of each
leg  5 15. Each cone 17 has a plurality of inner row compacts or carbide
inserts 19, arranged in at least one inner row. A plurality of outer or heel
row compacts 21 are adjacent to a gage surface 23 of  each cone 17. In the
embodiment shown, heel row compacts 21 are generally ovoid, although
different shapes could be used. The preferred shape for at least some of the
inner row compacts 19 is generally chisel- 10 shaped, as shown in Figures
2-7. Compact 19 has a base 27 that is cylindrical and press-fitted  into a
mating hole in the surface of cone 17 (Figure 1). Base 27 has an axis 29 and
a bottom 31.  Compact 19 is formed of cemented carbide, typically tungsten
carbide that is usually  homogenous and formed in a die and consolidated by
sintering techniques. Optionally, at least  one layer of diamond material
may be formed on the cutting tip. Also, as another option,  15 portions of
the carbide material placed in the die and sintered may be of different
grades. The cutting tip has a symmetrical conical surface portion 32 that
joins base 27. A first  surface 33 (Figures 4 and 5) that is flat and forms
a flank is located on an upper portion of  conical surface portion 32. A
second flat surface comprising a flank 35 is formed in conical  surface 32
on the opposite side from flank 33. Flanks 33, 35 may be slightly concave or
convex. 20 Flank 33 is smaller in surface area than flank 35. Flanks 33, 35
converge towards each other,  forming an elongated crest 37 at the apex of
conical surface 32. Crest 37 may be straight from  one end to the other, or
it may be slightly rounded with one or more radii, as shown in Figures 2  



and 4. 5 As shown in Figure 2, a convex rounded shoulder 39 blends a left
end of crest 37 to  conical surface 32. Shoulder 39 also blends edges of
flanks 33, 35 to each other. When viewed  in the axial cross-section of
Figure 2, shoulder 39 has a radius rl that has one end tangent to crest  37
and another end tangent to conical surface 32. Shoulder 39 is also rounded
in a plane 5 perpendicular to the cross-section of Figure 2, as can be seen
by the elevational view of Figure 3.  Similarly, a convex rounded shoulder
43 blends the right end of crest 37 with conical surface 32.  In the
vertical sectional plane of Figure 2, shoulder 43 has a radius r2 that is
smaller than radius  o rl. Because of the larger radius ri, shoulder 39
provides a smoother transition from crest 37  10 to conical surface 32 than
shoulder 43. In the axial cross section of Figure 2, a midpoint of larger
radius shoulder 39 between crest 37 and conical surface 32 is at a closer
distance 47 to axis 29  than distance 49. Distance 49 is the distance from
the midpoint of smaller radius shoulder 43 to  axis 29. Also, the midpoint
of larger radius shoulder 39 is at a lesser distance 51 to bottom 31  than
distance 53. Distance 53 is the distance from bottom 31 to the midpoint of
smaller radius  15 shoulder 43. 0 Referring to Figure 3, smaller flank 33
has an included angle 55 relative to compact axis  29. Included angle 55 is
greater than an included angle 57, which is the angle between axis 29  and
larger flank 35. Flanks 33, 35 face in opposite directions in the preferred
embodiment, but  optionally they may be slightly skewed relative to each
other. As shown in Figure 5, crest 37 has 20 a slightly thinner width at its
end joining smaller radius shoulder 43 than where it joins larger  radius
shoulder 39. Because of the different radii of shoulders 39, 43 and the
different included  angles of flanks 33, 35, compact 19 is asymmetrical in
all axial planes, which are planes that  



contain axis 29. 6 Compacts 19 may be oriented in cones 17 a variety of
ways. Figures 6 and 7 show two of  the ways. In Figure 6, smaller flank 33
leads and crest 37 is perpendicular to the direction of  rotation, shown by
arrow 59. Alternately, larger flank 35 could be leading smaller flank 33. In
Figure 7, larger radius shoulder 39 leads and crest 37 is parallel to the
direction of rotation, 5 shown by arrow 61. Alternately, smaller radius
shoulder 43 could lead larger radius shoulder 39.  Figures 9 and 10 show an
alternate embodiment compact 19' with prime symbols used to  differentiate
it from the first embodiment. Compact 19' is the same as compact 19 of
Figures 1- 8, except for a reversal of shoulders 39, 43 relative to flanks
33, 35. That is, when facing larger  flank 35', as shown in Figure 10,
larger radius shoulder 39' will be on the right side rather than  10 the
left side, as in Figure 2. Figure 8 is a layout of bit 11, showing all three
cones 17 rotated into a single plane. The  rows of compacts 19 of the three
cones 17 are located at various distances from the bit axis 58 of  rotation
to provide desired bottom hole coverage and intermesh with each other. The
radial  direction toward bit axis 58 is considered herein to be inward, and
the radial direction away from 15 bit axis 58 toward borehole wall 62 is
considered outward. In the example of Figure 8, there are  four rows of
compacts 63, 65, 67 and 69 (referred to as outer portion rows) that are
farther from  bit axis 58 than rows 73, 75, 77, 79 and 81 (referred to an
inner portion rows). The compact axis  60 of each compact 19 in outer
portion rows 63, 65, 67 and 69, when rotated into the common  section plane,
inclines downward and outward toward borehole wall 62. On the other hand, in
20 inner portion rows 73, 75, 77, 79 and 81, the compact axis 60 of each
compact 19 inclines  downward and inward toward bit axis 58. There could be
fewer or more inner portion rows 73,  75, 77, 79 and 81 and fewer or more
outer portion rows 63, 65, 67 and 69. The difference in  



7 inclination of the axes 60 of inner portion row compacts and the outer
portion row compacts  results in different stresses being applied during
drilling. In one embodiment, some or all of the outer portion rows have
compacts 19 as shown in  Figures 1-7, and the inner portion rows have
compacts 19' as shown in Figures 9 and 10.  5 Alternately, cones 17 could
contain only compacts 19 or only compacts 19' oriented as in Figures 6 or 9.
In Figure 6, crest 37 is perpendicular to the direction of rotation as
indicated by arrow 59.  Smaller flank 33 is shown as the leading flank and
larger flank 35 as the trailing flank. When  C oriented as shown in Figure
6, larger radius shoulder 39 (Fig. 2) is positioned on the outer side, which
is the side of compact 19 closer to borehole wall 62 (Fig. 8). In this
example, smaller  10 radius shoulder 43 will be located on the inner side,
closer to bit axis 58 (Fig. 8). Compact 19  could be oriented in reverse,
with larger flank 35 leading smaller flank 33 and larger radius  shoulder 39
on the outer side. A cone 17 with outer portion rows 63, 65, 67 and 69
having compacts 19 oriented as in  Figure 6 optionally may have inner
portion rows 73, 75, 77, 79 and 81 with compacts 19' as  15 shown in Figure
9. Smaller flank 33' is still leading, and larger flank 35' trailing as in
Figure 6. However, unlike Figure 6, larger radius shoulder 39' is now
located on the inner side, closer to  the bit axis 58 (Fig. 8). Smaller
radius shoulder 43' (shown in Fig. 10) is located on the outer  side, closer
to borehole wall 62. The orientation of compacts 19' could also be reversed,
with  larger flank 35' leading and larger radius shoulder 39' being on the
outer side. The combination 20 of compacts 19 and 19' is made to accommodate
the different inclinations of axes 60 (Fig. 8)  between the inner row
portion and the outer row portion. Referring to Figure 7, compacts 19 of
some or all the outer portion rows 63, 65, 67 and  69 (Fig. 8) could be
oriented with crests 37 generally parallel to the direction of rotation as  



8 indicated by arrow 61. Alternately, cones 17 having all rows containing
compacts 19 oriented as  in Figure 7 or compacts 19' oriented as in Figure
10 could be used. In Figure 7, larger radius  shoulder 39 leads and smaller
radius shoulder 43 trails. Larger flank 35 (Fig. 2) locates on the  outer
side closer to borehole wall 62 (Fig. 8), and smaller flank 33 locates on
the inner side closer 5 to bit axis 58 of the bit. This orientation could be
reversed with smaller radius shoulder 43  leading and smaller flank 33 being
on the outer side. A cone 17 with outer portion rows 63, 65, 67 and 69 (Fig.
8) having compacts 19 oriented  as in Figure 7 optionally may have inner
portion rows 73, 75, 77 and 79 (Fig. 8) with compacts  19' as shown in
Figure 10. Larger radius shoulder 39' is still leading, and smaller radius
10 shoulder 43'trailing as in Figure 6. Larger flank 35' is now located on
the inner side, closer to  the bit axis 58 (Fig. 8). Smaller flank 33'
(shown in Figure 9) is located on the outer side, closer  to borehole wall
62. The orientation of compacts 19' could also be reversed, with smaller
radius  shoulder 43' leading and larger flank 35' being on the outer side.
The invention has significant advantages. The generally chisel-shaped
compacts of this  15 invention cut more aggressively and more durably in
certain formations than conventional chisel- shaped compacts. The different
included angles of the flanks and the different radii of the  shoulders
allow for balance between aggressiveness and durability on a per row basis.
While the invention has been shown in only one of its forms, it should be
apparent to  those skilled in the art that it is not so limited but is
susceptible to various changes without  20 departing from the scope of the
invention. The particular included angles and shoulder radii may vary to
optimize aggressiveness and durability for the type of formation being
drilled.  9 10  



What is claimed is: 1. A compact for an earth boring bit, comprising:  a
cylindrical base having an axis; a cutting tip protruding from the base, the
cutting tip having a substantially flat first surface on  a first side and a
substantially flat second surface on a second side opposite from the first
side, the  first and second surfaces joining each other at a crest through
which the axis extends; the cutting tip having a conical portion symmetrical
in all planes about the axis and extending  from the base to the first
surface; an included angle between the first surface and the axis being
greater than an included angle  between the second surface and the axis in
an axial section plane perpendicular to the crest; a convex third surface
joining the first and second surfaces at a first end of the crest and a
convex fourth surface joining the first and second surfaces at a second end
of the crest; and  the third surface having a radius that is greater than a
radius of the fourth surface in an axial  section plane parallel to the
crest. 2. The compact according to claim 1, wherein the first surface is
smaller in area than the second  surface. 3. The compact according to claim
1, wherein a midpoint of the fourth surface is farther from the  axis of the
compact than a distance from the axis of the compact to a midpoint of the
third surface.  4. The compact according to claim 1, wherein the first and
second surfaces face generally in  opposite directions. 5. The compact
according to claim 1, wherein at least a portion of the compact is
asymmetrical in  all axial planes. 6. A compact for an earth boring bit,
comprising:  a cylindrical base having an axis; 



a cutting tip protruding from the base, the cutting tip having a
substantially flat first surface on  a first side and a substantially flat
second surface on of the conical portion opposite from the first  side, the
first and second surfaces joining each other at a crest through which the
axis extends; an included angle between the first surface and the axis being
greater than an included angle  between the second surface and the axis in
an axial section plane perpendicular to the crest; 11  a convex third
surface joining the first and second surfaces at a first end of the crest
and a convex fourth surface joining the first and second surfaces at a
second end of the crest; the third surface having a radius that is greater
than a radius of the fourth surface in an axial  section plane parallel to
the crest; and wherein a midpoint of the fourth surface is farther from a
bottom of the base than a distance  from the bottom of the base to a
midpoint of the third surface. 7. An earth boring bit, comprising:  a body
having at least one leg; a cone rotatably mounted to the leg and having a
plurality of protruding compacts; at least some  of the compacts comprising:
substantially flat first and second flanks facing generally in opposite
directions, the first flank  being smaller in surface area than the second
flank and having an included angle relative to an  axis of the compact that
is greater than an included angle of the first flank; first and second
shoulders on opposite sides of the compact from each other and extending
between edges of the first and second flanks, a midpoint of the second
shoulder being farther from  the axis of the compact than a midpoint of the
first shoulder; and wherein the midpoint of the second shoulder is farther
from a bottom of a base of the compact  than the midpoint of the first
shoulder to the bottom of the base. 



8. The bit according to claim 7, wherein the first flank leads the second
flank, considering a  direction of rotation of the cone. 9. The bit
according to claim 7, wherein the second flank leads the first flank,
considering a  direction of rotation of the cone. 10. The bit according to
claim 7, wherein the first shoulder leads the second shoulder, considering
a direction of rotation of the cone. 11. The bit according to claim 7,
wherein the second shoulder leads the first shoulder, considering  a
direction of rotation of the cone. 12. The bit according to claim 7, wherein
the first shoulder has a larger radius of curvature than  the second
shoulder in an axial sectional plane. 13. The bit according to claim 7,
wherein the second flank faces outward. 12  14. The bit according to claim
7, wherein the first flank faces outward. 15. The bit according to claim 7,
wherein the first shoulder has a larger radius of curvature than  the second
shoulder in an axial sectional plane and faces outward. 16. The bit
according to claim 7, wherein the second shoulder has a smaller radius of
curvature  than the first shoulder in an axial sectional plane and faces
outward. 17. The bit according to claim 7, wherein the compact has a conical
surface portion that is  symmetrical in all planes about the axis and
extends from the base to the first flank. 18. The bit according to claim 7,
wherein at least a portion of the compact is asymmetrical in all  planes
containing the axis of the compact. 19. In an earth boring bit, having a
body with at least one bit leg pin and a cone rotatably mounted  to the bit
leg, the cone having a plurality of rows of compacts, at least some of the
compacts  comprising: 



a cylindrical base having an axis; a cutting tip extending from the base,
the cutting tip having a generally conical surface that is  symmetrical in
all planes about the axis and extends from the base, the cutting tip having
first and  second flanks extending from the conical surface and converging
to an elongated crest, the second  flank being smaller in surface area than
the first flank and having an included angle relative to the  axis of the
compact that is greater than an included angle of the second flank; a first
shoulder extending from a first end of the crest to the conical surface; and
a second shoulder extending from a second end of the crest to the conical
surface, the first  shoulder having a larger radius than a radius of the
second shoulder. 20. The bit of claim 19, wherein the first shoulder faces
outward in at least one of the rows of  compacts and faces inward in at
least one of the rows of compacts. 21. The bit of claim 19, wherein the
first flank faces outward in at least one of the rows of  compacts and faces
inward in at least one of the rows of compacts. 


