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RÜLLER CÜNE BREL EET 

Elard lL. Haden and Henry A. Bourne, Sir., Ponca City, 
Ghia., assignors to fontinental @il Qompan‘, yonca 
tCity, ûida., a corporation of @Mahoma 

Fiied Dec. 9, Ser. No. 329,13@ 
liti ßlaims. (Si. USD-356) 

This application is a continuation-in-part of co-pending 
application for United States Letters Patent Serial No. 
232,558 tiled October 23, 1962, now abandoned. 
The present invention relates to earth boring, and more 

particularly, but not by way of limitation, relates to an 
improved apparatus for drilling a well bore. 

Rotary drilling bits were developed over fifty years ago 
and have since become the standard drilling tool of the 
oil industry. Today there are half a dozen or so com 
panies engaged in the manufacture of three-cone rolling 
cutter type rock bits. in general, however, for a partic 
ular drilling job, about the only difference in the bits 
offered by the various companies is in the materials and 
metallurgy. There is virtually no difference in the bit 
geometry of the cutter cones of the several brands of 
bits, and almost all three~cone rock bits are patterned 
after the basic designs of Hughes Tool Company. Most 
of these bits have rows of teeth which are sequentially 
brought to bear against the bottom of the hole as the in 
dividual cones upon which the teeth are mounted rotate 
about their several axes and roll on the bottom of the 
well bore as the entire bit is rotated by the drill stem. 
The teeth of these bits arer generally chisel-shaped in con 
figuration and are oriented parallel to the axes of the 
individual rolling cones which carry them. Therefore, the 
individual teeth contact the bottom of the well bore along 
generally radial lines extending from the center of the 
hole. This type of bit is used almost exclusively when 
drilling hard formations in order to reduce abrasion of 
the teeth. When drilling in softer formations, such as 
shale, where abrasion is less of a consideration, the axes 
of the various cones are skewed slightly so as not to in 
tersect in a common point, and a twisting action of the 
individual teeth on the bottom of the well bore is achieved 
which aids drilling. Such twisting action, however, 
shortens the effective service life of the teeth, and an 
examination of the surface which has been contacted 
by the teeth during drilling reveals that small bits of 
metal are abraded or Worn from the teeth rather rapid 
ly during the drilling operation. 
A number of other rotary drill bit designs have also 

been proposed and patented. In general, these other' 
designs employ the principles of either abrading or slic 
ing the formation. The abrading type bits employ a 
scraping action and are known in the art as drag bits. 
In practice, this type of bit is Agenerally unsuitable for 
cutting through hard rock formations, and, with the ex 
ception of diamond bits, is not used for this purpose. 
Another general type of bit which has been proposed 
utilizes a plurality of individual rotary discs having beveled 
cutting edges. These rotary discs are disposed in any 
one of a large number of patterns around the body of 
the drill bit and both roll and scrape in order to slice 
into the formation and thereby cut a well bore. These 
types of bits have, however, generally proven very ím 
practical for several reasons. For example, the discs are 
relatively small and are easily stuck or frozen in which 
case they are quickly worn away by abrasion on the side 
in Contact with the formation. Because of the small size, 
high capacity load bearings are not available to rotatably 
mount the individual discs and heavy loading necessary 
to penetrate the formation rock cannot be applied with 
out damaging the bearings. 
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It is contemplated by the present invention to provide 

an improved rotary type drilling apparatus which utilizes 
a different principle for penetrating and making a Well 
bore through hard rock formations. In general, the pres 
ent invention utilizes the principle that deeper penetration 
of a tooth or chisel in rock can be achieved by tapering 
the faces of the tooth or chisel so as to include a rela 
tively small angle in the point of the tooth. Stated dif 
ferently, if the angle which is defined between either 
of the inclined faces of a tooth and the surface into which 
the tooth is being driven is termed the attack angle, 
then the larger the attack angle, the greater is the depth 
of penetration of the tooth when -a load of a given mag 
nitude is imposed thereon. 
The bit of the present invention utilizes this principle 

by constructing the teeth of the bit in a configuration and 
arrangement to achieve a maximum attack angle with 
the bottom of the bore hole. The large attack angle 
which is developed in the use of the bit is in part due 
to the particular geometric configuration of the individ 

, ual teeth, and is in part due to the slope or inclination 
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of the surface of the bottom hole relative to a true hori 
zontal plane. This inclination, which will be hereinafter 
referred to as hole bottom angle, makes possible the 
attainment of a relatively large attack angle without the 
concurrent reduction of the included tooth angle to a 
size so small that the very thin teeth resulting would have 
a very short service life. 

In tapering the bottom of the bore hole to facilitate 
increasing the attack angle of the drill bit teeth relative 
to the surface of the hole bottom, another important ad 
vantage is achieved with respect to the conventional prac 
tice of drilling on a flat, substantially horizontal hole 
bottom. The over-all configuration of the surface of the 
hole bottom during drilling conducted in `accordance with 
the present invention is generally conical, with the vertex 
or apex of the conical hole bottom surface being located 
on the axis of the hole. Chips or cuttings generated 
by the bit during drilling thus tend to gravitate or move 
inwardly toward the center of the hole. This common 
directional movement of the cuttings and their concen 
tration adjacent the center of the bore lhole makes it 
considerably easier to clean the hole bottom with water 
jets or other conventional procedures. 

in a preferred embodiment of the invention, in order 
to maintain the same large attack angle of the bit teeth 
during the entire interval of time that each tooth is in 
contact with the bottom of the hole, the teeth are oriented 
on their respective rol-ling cones so as to Contact the hole 
bottom surface along lines which are tangential or chordal 
with respect to imaginary circles concentric with the bore 
hole. The attack angle of each tooth is then measured 
in a plane extending substantially normal to the respec 
tive chordal lines of contact and remains substantially 
constant during the entire time interval of contact. In 
the case of radially oriented teeth of the type heretofore 
in widespread use for drilling bits, even if it were under 
taken to develop a maximum attack angle between each 
of the teeth and the hole bottom surface during one in 
stant of each tooth’s contact with such surface, this angle 
would be diminished both immediately before and imme 
diately after this instant during the rolling movement of 
the cone carrying the teeth, and could therefore not 
achieve the rate of penetration which characterizes the 
chordally oriented teeth of the drill bit of this invention. 

Finally, because of the greatly increased drilling rate 
which has been observed to characterize the bits of the 
present invention, it is possible to mount the rolling cones 
carrying the teeth in proper geo-metric alignment to pro 
vide a true rolling movement of the teeth on the surface 
of the hole bottom. `In other words, the bit of the present 
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invention does not require, and preferably does not make 
use of the skewing, slicing and scraping motions which 
have, by proper offset or non-alignment of the roller 
cones, been imparted to the teeth of many previous types 
of bits in order to increase the drilling rate. By virtue of 
such true rolling movement of the teeth, their effective 
service life is greatly prolonged. 

In summary then, the drill bit of the present invention, 
in one of its broader aspects, comprises a body, such as 
a drill stem, having a longitudinal axis of rotation and 
rotatably carrying at least one cutter member, such as a 
rolling cone, with said cutter member mounted on said 
body for rotation about an axis inclined to the horizon 
tal and said cutter member having a plurality of teeth 
mounted thereon and projecting radially outwardly from 
the axis of rotation of the cutter member and aligned 
for commonly contacting a surface preferably inclined 
to the horizontal during the rotation of said body, said 
teeth each having sides converging to form an elongated, 
wedge-shaped tip with each of said sides forming an angle 
of at least 40° with said surface during the contact of 
said teeth therewith. 

In a preferred embodiment of the invention, the teeth 
are chordally (or tangentially) arranged as hereinbefore 
described, and are mounted on a plurality of rollingv ' 
cones, the axes of which converge to a common point 
located on the longitudinal axis of rotation of the drill 
string so that there is obtained a true rolling motion of 
the teeth on the bottom of the bore hole. 
From the foregoing description of the invention, it 

will have become apparent that it is an important object 
of the present invention to provide an improved drilling 
apparatus for drilling a bore hole through a rock forma 
tion at a greater rate for the same level of energy input 
as used in bits of previously devised types having rela 
tively slower drilling rates. 
A further object of the present invention is to provide 

an improved rotary cutting cone of the type described 
which will drill a well bore at a faster rate with less 
weight on the bit and at a slower rotational speed of the 
bit. 
A still further object of the present invention is to 

provide a rolling cutter cone bit construction which may 
be operated under reduced weight loads and will thereby 
have an extended service life. 

Another object of the present invention is to provide 
an improved drilling bit which is characterized by a rate 
of penetration which increases linearly with increases in 
rotational speeds. 
Yet another object of the present invention is to pro 

vide an improved bit design of the type described which 
will cut a greater depth of bore hole before the bit is 
worn beyond use because of reduced wear of the teeth, 
and wear of the anti-friction load bearings used to con 
nect the cutting cones of the bit to the bit body. 
An additional object of the invention is to provide a 

drill bit which requires only about one half the horse 
power input of conventional bits to attain the same drill 
ing rates as conventional bits. 
Another object of the present invention is to provide 

an improved drilling bit which achieves a high rate of 
formation penetration using a true rolling movement of 
the bit teeth on the formation surface, and thus attaining 
a longer service life than bits which operate by moving 
the teeth of the bit into the formation with a slicing or 
abrading motion. 

Another object of the invention in one of its preferred 
forms is to :generate and maintain a bore hole bottom 
surface which is of inverted conical configuration so that 
chips and cuttings generated during drilling are moved 
toward the center of the bore hole and may be more 
easily removed therefrom. 
Many .additional objects and advantages of the present 

invention will be evident to those skilled `in the art from 
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the following detailed description and from the accom 
panying drawings which illustrate the invention. 

In the drawings: 
FIGURE 1 `is a schematic perspective view which 

serves to illustrate the fundamental principle underlying 
the present invention. 
FIGURE 2 is a schematic perspective view which fur 

ther illustrates by analogy the principle utilized in the 
present invention. 
FIGURE 3 is a schematic perspective view illustrating 

by analogy the action of a bit having radially oriented 
teeth as contrasted with the chordally oriented teeth em 
ployed in a preferred embodiment of the present inven 
tion. 
FIGURE 4 is a vertical sectional view of the bottom 

of a well bore, showing, in side elevation, a drill bit con 
structed in accordance with the present invention. 
FIGURE 5 is a view similar to FIGURE 4, but illus 

trating only one of the rolling cones of the bit used in 
a modified embodiment of the present invention. 
FIGURE 6 is a schematic tracking diagram of the 

teeth of the bit illustrated in FIGURE 4. 
FIGURE 7 is a View in section taken on a plane pass 

ing through the axis of rotation or geometric axis of the 
roller cone illustrated in FIGURE 4. 
FIGURES 8 through ll are graphs presenting com 

parative data exemplifying the superiority of the bit of 
the present invention over a conventional rotary drilling 
bit currently in use and illustrating the importance of the 
attack angle between the teeth and the bottom of the bore 
hole. 

The present invention can best be understood by first 
discussing the> basic principle upon which the invention 
is founded. Referring to FIGURE l, a generally rectan 
gular block of stone 10 may be used for illustration pur 
poses to demonstrate the basic concept. When it is under 
taken to remove a chip 12 from the block 10 by striking 
the block with a pointed chisel 14, it is found that the 
depth of penetration of the cutting edge 16 of the chisel 
14, and the efficiency with which chips 12 are removed 
from the block 10 are dependent upon the angles which 
are defined between the converging faces of the chisel 
and the surface 18 of the block 10'. The ease with which 
the chip 12 may be removed from the block 10 and the 
depth to which the chisel 14 penetrates the block 10 
are found to be proportional to the size of the angle a 
(hereinafter termed attack angle) which exists between 
the surface 18 of the block 10 and the faces of the chisel 
which converge to the chisel edge 16. Thus when a is 
less than 40°, such as the situation depicted in dashed 
lines in FIGURE l, a relatively hard blow must be ap 
plied to the chisel 14 in order to remove a chip from the 
block. This is because the component of forcey exerted 
downwardly on the surface of the block by the face of 
the chisel which is inclined at less than about 40° to the 
surface 18 of the block tends to compress the stone inward 
ly toward the chisel point, resulting in greater resistance to 
the penetration of the chisel into the block, and also tend 
ing to reduce the wedging action of the chisel tending to 
pry the chip loose from the remaining portion of the block. 
On the other hand, as the attack angle œ continues to in 
crease, at values of a greater than about 40°, the depth of 
penetration of the chisel 14 into the block 10 and the 
ease with which a chip 12 may be removed from the 
block both increase rapidly. In summary then, for the 
most efficient penetration of the block 10 by a chisel 
14 of the type having a generally wedge-shaped point, 
as shown in FIGURE l, it is desirable to have the attack 
angle made by the defining faces of the chisel 14 with 
the block 10 as large as possible. Stated differently, 
maximum penetration of the block 10 by the chisel 14 
is obtained when the angle theta (0), hereinafter termed 
the included angle, is made as small as possible. It will 
be readily apparent, of course, that reduction in lche size 
of the included angle theta is limited by the require 
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ments of a certain minimum mechanical strength and 
durability in the point of the chisel and thus by present 
metallurgical technology. 
The present invention makes use of the principal 

enunciated in the foregoing discussion that maximum 
penetration of a wedge-shaped member into a block for a 
given applied force may be obtained by shaping the 
wedge-shaped member so as to provide a maximum attack 
angle between the sides of the member which `converge 
to its cutting edge, and the surface of the block which 
is to be struck with the wedge-shaped member. The 
manner in which the described principle is employed in 
extending the bore hole of a well by a drilling operation is 
schematically illustrated by analogy in FIGURE 2. Here 
the earth being drilled is represented by a block of stone 
20 which has formed therein a large hole 22 represent 
ing the bore hole which is being drilled using the present 
invention. The bottom of the bore hole is represented 
by the surface 24. It is proposed by the present inven 
tion to extend the bore hole 22 by bringing to bear 
on the bottom surface 24t- thereof, a series of `chisel 
shaped teeth, which in the schematic perspective diagram 
of FIGURE 2 may be represented by the chisel 25 and 
by lines 28 which represent the lines along which the cut 
ting edges of a plurality of other chisel-shaped teeth are 
brought into contact with the bottom surface 28. When 
a force is applied downwardly in the direction of the 
arrow 30 to the chisel 26 and to each of the other teeth 
not shown, but implicitly acting downwardly to apply 
force at the lines 28, chips 32 will be severed from the 
bottom of the hole with an ease which is largely depend 
ent upon the attack angle defined between the converging 
faces of the chisel and the bottom surface 24. Stated 
differently, the rate of penetration of the chisel-shaped 
teeth into the block 20 will depend upon the magnitude 
of the attack angles which are defined between the con 
verging faces of the several teeth with the bottom sur 
face 24. In using a plurality of chisel-shaped teeth 
in the manner shown in FIGURE 2, the teeth are prefer 
ably arranged so `that the 'lines -of contact of the teeth 
with the surface of the bottom 24 of the bore hole 22 
are staggered or overlapped as shown in FIGURE 2 in 
order to assure a more complete coverage of the area 
of the bottom, and greater ease in removal of the chips. 

It will be noted in referring to FIGURE 2 that the lines 
of contact 28 of the edges of the teeth with the bottom 
surface 2li are located on chords or tangents of imagin 
ary circles drawn concentrica'lly with respect to the axis 
of the bore ‘hole 22. This arrangement of the chisel 
shaped teeth constitutes a departure from the arrange 
ment which has been previously employed in roller cone ' 
type drilling bits in that, in the latter devices, the teeth 
of the bits are usually arranged along lines extending 
radially from the axis of the bore hole. In other words, 
the line of Contact of the cutting edges of the teeth 
on the majority of roller cone bits previously employed 
extends substantially normal to the lines of contact of 
the chordally oriented teeth used in a preferred em'bodi 
ment of the present invention, and represented fby the 
lines of contact 28 illustrated in FIGURE 2. 
An advantage of the chordal tooth arrangement over 

the less preferred radial tooth arrangement m-ay tbfe 
perceived from a concurrent lconsideration of FIGURES 
2 and 3 wherein like reference numerals are used to 
designate similar elements. Let it be assumed that the 
chisels shown in each of these figures are rotated about 
an axis which extends through the body of the chisel 
in a roughly horizontal direction and through the axis 
of the well bore, a movement which simulates the 
movement of the teeth carried by a rotating roller cone 
and drilling on a relatively hat bottom surface. It will 
be percieved that the attack angle which is formed be 
tween t-he surface and the converging faces of the chisel 
26 shown in FIGURE 2 will remain constant through 
out the entire time that the chisel point is in contact 
with the bottom surface 24 of the bore hole 22. On 
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the other hand, in the case of radially oriented teeth 
represented by the chisel 32 shown in FIGURE 3, the 
attack angle defined between the converging faces of 
each tooth and the bottom surfaces 24 of the bore hole 
22 varies from the initial instant of `Contact with the 
surface through the last instant of contact. These latter 
positions of the chisel 32 are portrayed in dashed lines. 
Thus, the initial and ñnal attack angles are smaller than 
the attack angle which exists at approximately the mid 
point in the period over which the teeth are in contact 
with the surface. It may thus 'be perceived that with 
the' chordally oriented teeth, a maximum attack angle 
achieved by properly configuring each of the individual 
teeth `can ‘be maintained throughout the entire time 
period when the teeth are in contact with the surface 
to be drilled, whereas it is impossible t0 maintain maxi 
mum attack angle for more than one increment of the 
total time that the individual teeth are in contact with 
the surface to be drilled when the teeth are radially 
oriented. The preferred construction of the bits of the 
present invention thus contemplates Ithe positioning of the 
teeth of the bit on rolling cones so that the cutting edges 
of the teeth impinge on the surface to be drilled along 
chordally oriented ‘lines of contact of the type described. 

In FIGURE 4, one embodiment of a drill bit con 
structed in laccordance with the present invention and 
useful for drilling a new bore hole is indicated gen 
erally by reference character 32. The bit comprises the 
usual bit body 34 upon which two or more cone-shaped 
roller cutters indicated generally by reference numerals 
36 and 38, respectively, are journaled on suitable con 
ventional axles and load bearings (not illustrated). The 
rotational axes of the cones 36 and 38 are inclined to 
the horizontal at `an angle dictated in part by the neces 
sity of avoiding overloading of the load bearings and 
axles, and of providing suücient space for the accom 
modation of the load bearings. The inclination of the 
»axes is also dictated in part by the desirability of att-ain 
ing a large attack angle between the sides of the bit 
teeth and the surface being drilled as will be hereinafter 
more fully explained. Also it is preferred to orient the ro 
tational axes of the roller cones so that these axes con 
verge in la common point which `lies in the common 
vertical or longitudinal axes of the body 34 and a well 
bore lili in which the drill bit is located. This arrange 
ment imparts a true rolling .action t-o the cutter cones 
36 and 33, and in thus eliminating scraping or abrading 
contact of the teeth with the surface to be drilled, 
extends the effective service life of the bit. 
The cone 35 has, at the lower end thereof, a generally 

cylindrically shaped point ¿t2 which lacts as the lower 
most tooth on the cone and is preferably formed of a 
hard metal. As the cone-s 36 and 38 rotate, the point 
42 cuts a groove in the bottom of the bore hole which 
circumscribes a small conical knub. After la plurality of 
revolutions of the bit, this knub is broken off by the 
action of the point 42. Rings of wedge-shaped teeth 
M» are secured around the body of the cones 36 and 38 
in planes extending normal to the rotational axis of the 
cones and are spaced `from each other in an axial direc 
tion along the respective cone bodies. The cutting edges 
of the wedge-shaped teeth thus become coincident 
with chords of imaginary circles concentric with respect 
to the rotational axis of the bit body 34 during the 
rotation of the cones 36 and 33. The teeth are thus 
hereinafter sometimes referred to as “chordal” teeth. 
Stated differently, the cutting edges of the wedge-shaped 
teeth 4t extend normal to the lines extending radially 
outwardly from the rotational axis of the bit body 34 
at the time when the respective cutting edges contact 
the bottom of the bore hole. Preferably, the wedge 
shaped teeth d4 are formed integrally with the cone 
body and extend radially outwardly therefrom. The 
rows of teeth 'are preferably spaced from each other by 
from about 0.25 inch to about 0.5 inch. This axial spac 
ing of the rows of teeth dft has been found to be pre 
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ferred in that a closer spacing of the rows of teeth 
permits the space between the teeth to become packed 
with cuttings and material removed by the drill so that 
the cutting efficiency of the teeth is `substantially re 
duced. On the other hand, if the spacing between the 
rows of teeth 44 exceeds 0.5 inch, the areal coverage 
which can be obtained with the teeth is reduced, as is 
the eñîciency of the drilling operation. 

In referring to the embodiment of the invention illus 
ltrated in FIGURE 4, it will be perceived that as the 
cutter cones 36 and 38 rotate 4about their axes and the 
body 34 rotates about its longitudinal axis, each of the 
teeth thereon is moved so that in one period «of its ro 
tation, its cutting edge 46 passes through a generally 
conical, imaginary surface which is complementary in 
configuration to the bottom surface 48 of the well bore 
40. Stated differently, during the rotation of the cutter 
cones 36 and 38, the cutting edges 46 of «all of the 
teeth 44 mounted on the cones 36 and 38 pass through 
a common conical-ly shaped plane at `the instant that 
they contact -the surface to be drilled. It should be noted 
that but for certain engineering limitations which pres 
ently exist, the bottom surface 48 could constitute a 
substantially monoplanar horizontal surface rather than 
the generally conical surface illustrated. At the other 
extreme, the same limitations necessarily limit the steep 
ness or degree of inclination of the conical surface 
through which the edges 46 of the teeth 44 pass dur 
ing rotation. In order, however, to permit the teeth 
44 to be fabricated in the generally wedge-shaped con 
figuration illustrated, and to be oriented so as to pro 
vide a large attack angle with the surface being drilled, 
it is preferable, even assuming the non-existence of such 
limitations, to incline the rotational axes of the cones 36 
and 38 in the manner hereinbefore described, and to 
align the cutting edges 46 of the teeth 44 in a conical 
surface which is coaxial with the conical cutters 36 and 
38 so that the teeth 44 constantly act upon a generally 
conical bottom hole surface 48 in the manner illustrated 
in FIGURE 4. As will be further described herein 
after, the development of a generally conically shaped 
bottom hole surface 48 has the further advantage of 
permitting the cuttings generated by the drilling to be 
more easily removed from the bole hole. 

In referring to FIGURE 4, it will be noted that, 
except for the aligned gauge rows 50 and 52, the rows 
of teeth 44 on the cutter cones 36 and 38 are axially 
staggered or offset from each other so that the teeth 
do not interfere with each other during rotation of the 
cones, and so that maximum areal coverage of the hole 
bottom 48 may be attained. Non-interference of the i 
staggered rows of teeth, of course, permits the plurality 
of roller cones ordinarily used to occupy less space and 
to be individually enlarged so that the problem of bear 
ing accommodation can be more easily overcome. As 
has been previously indicated, the axial spacing between 
adjacent rows of teeth 44 on either of the cones 36 
or 38 preferably is from about 0.25 inch to about 1.0 
inch. It is further preferred that the radial tracking 
distance between the adjacent annular rings of lines of 
contact Vformed by the movement of the teeth of both 
cones through the imaginary conical surface be not less 
than about 0.2 inch nor more lthan about 0.50 inch. 

The radial tracking distance to which reference is 
made is designated by the letter r in FIGURE 6 which 
is a tracking pattern diagram illustrative lof the im 
prints made by the cutting edges 46 of the teeth 44 
on the bottom surface 48 of the bore hole 40 during 
one-half revolution of the drill body 34. The teeth 44 
of the cone 36 will track as illustrated in the upper 
half of FIGURE 6, while the teeth of the cone 38 will 
track according to the diagram in the lower half of 
FIGURE 6. Of course, the illustrated tracking pat 
tern for the teeth on each of the cones will be repeated 
during the other 180° of rotation of the drill body 34 
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8 
so that the complete tracking pattern would include a 
repetition of the tracks shown in both the upper and 
lower halves of FIGURE 6 in the respective opposite 
halves thereof. It will be noted in referring to FIG 
URES 4 and 6 that the teeth on each of the cones 36 
and 38 are radially offset or staggered so that a major 
portion of the weight on each cone will be concen 
trated on a single tooth at any one time. Of course, 
in arrangements of the teeth 44 wherein Ia greater cir 
cumferential spacing is provided between individual 
teeth in each of the rows, a greater amount of radial 
offset or staggering can be effected and the weight thus 
more effectively concentrated on a single tooth during 
the -time when it is in contact with the formation being 
drilled. 
A slightly different embodiment of the invention is il 

lustrated in FIGURE 5. Whereas the `several wedge 
shaped teeth 44 which are formed on the conical cutters 
36 and 38 in FIGURE 4 are circumferentially spaced 
`from each other around the body of the conical cutters, 
the teeth in each of the rows in the embodiment of the 
bit illustrated in FIGUR'E 5 are integrally formed on 
the cutter bodies as a continuous, single annular wedge 
shaped tooth 53 which extends concentrically around the 
body of the «respective cutter and generally occupies a 
plane which extends normal to the rotational axis of the 
cutter. Each of the embodiments illustrated in FIGURES 
4 and 5 presents «advantages over the other, depending 
upon the conditions prevailing during the use of the two 
types of bit. 

In general, the interrupted tooth type of bit illustrated 
in FIGURE 4 will be characterized by a faster rate of 
penetration and generally higher drilling efficiency. The 
precise rate of penetration of the interrupted tooth type of 
4bit illustrated in FIGURE 4 into a particular formation 
will be dependent in part upon the circumferential spacing 
between the wedge-shaped teeth 44 in the several rings 
around the cutter body. In addition to the arrangement 
illustrated in FIGURE 4 which may be said to be ap 
proximately 75 percent tooth continuity, la 50 percent tooth 
arrangement may also lbe used. By a 50 percent tooth 
arrangement, it is meant that the spacing between adja 
cent teeth 44- in each ring of teeth is substantially equal 
to the circumferential width of the cutting edge 46 of 
each of the teeth. Using the same nomenclature, the ar 
rangement of the teeth 44 in the FIGURE 5 embodiment 
may be referred to as a 100 percent tooth arrangement 
since the teeth extend continuously around the cutter 
body without interruption or discontinuity. The advan 
tage of employing the annular Continous tooth arrange 
ment of this embodiment over the interrupted tooth ar 
rangement shown in FIGURE 4 is that the continuous or 
100 percent tooth embodiment is characterized by a sub 
stantially longer service life. 

Only minor reference has been herelnbefore made to 
the particular cross-sectional configuration of the teeth 
carried on the cutter cones 36 and 37 except to refer to 
these teeth as wedge-shaped. In order to realize the im 
proved drilling rate which may be attained by maximizing 
the attack angle formed between the converging sides of 
the wedge-shaped teeth and the surface which is to be 
drilled, the particular cross-sectional configuration of the 
teeth which are mounted on the cutter cones is of sub 
stantial importance and constitutes one of the salient 
features of the presen-t invention. In referring to the 
embodiments of the invention illustrated in FIGURES 4 
and 5, it will be perceived that the teeth 44 and 53, re 
spectively, are, in each instance, triangular in cross-sec 
tion with said cross-section being taken in a pl-ane ex 
tending through the teeth and normal -to the axis of 
rotation of the respective cutter cone upon -which the 
teeth are mounted. An enlarged sectional View through 
the center of a continuous (1100 percent) tooth type bit 
is illustrated in FIGURE 7 to which reference will be 
made for the purpose of better explaining the construction 
of ythe teeth used in bits of the present invention. 
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In FIGURE 7, a horizontal plane is designated by ref 
erence character 59. When the rotational axis of the 
cutter cone 6@ is linclined `as shown in the embodiments of 
the invention illustrated in FÍGURES 4 and 5, the cutting 
edges 6x2 of teeth 6d will occupy a generally conical sur 
face which is coaxial with the respective roller cone upon 
which the teeth ad are mounted. The departure from 
con-gruity between the conical exterior surface of the 
roller cone ed and the »imagina-ry conical surface occupied 
by the cutting edges y62 will be dependent upon the dif 
ferences in the radial dimension d of each of the teeth ed. 
As the roller cone oil carrying the teeth ed rotates 

upon its axis, and as the body (not seen) of the drill 
bit carrying `the cone ‘6d rotates about its longitudinal 
axis, the cutting edges 62 of the teeth ed sequentially pass 
through ̀ an imaginary conical surface correspon-ding to a 
surface of revolution swept out by the line o5 illustrated 
in FIGURE 7. In other words, if the line 66 is rotated 
about the point where it intersects the longitudinal axis 
of the bore hole and drill bit body, `a generally conical 
surface (inverted) will be generated and may be equated 
to the hole `bottom surface 48 illustrated in FIGURES 4 
and 5. Consi-dering then :the line 66 as the generatrix 
of the conical bottom hole surface d8, an angle phi (p) 
is define-d between the generatrix ed and the horizontal 
plane 59 and will hereinafter be termed the hole bottom 
angle. As hereinbefore donned, the attack angle a is 
that angle which is included between the generatrix 66 and 
the converging sides 7d .and ’72 of the wedge-shaped teeth 
64I. Stated differently, the attack angle et is the angle 
‘which is formed between a bottom hole surface and 
the converging sides 7@ and 72 of each of the teeth 
64 at the time the tooth is in contact with the hole bot 
tom surface. It should be noted that the attack angle 
al measured from the generatrix de to the upper side 
72 of each tooth need not be of the same magnitude 
as the attack angle a2 `which is measured `from the gen 
era-trix 66 to the lower side ’itl of the respective tooth. 
The included angle theta (0) is, as herein‘before defined, 
the angle measured across the respective teeth et between 
the converging sides 7@ and 72 thereof. 

In referring .to FIGURE 7, several considerations which 
are important Irelative to the structural configuration of 
the teeth 64 become apparent. First, it will be noted 
that if, `for a given tooth, either or both of the attack 
angles al and a2 `are increased, the included angle 0 
of the respective tooth must be decreased. As the in 
cluded »angle 0 is decreased, the structural strength of the 
tooth is also decreased and we have found >that a point 
is reached at an included angle `of about 30° where the 
thickness of the tooth is reduced to the point where the 
service life of the tooth is unacceptably fores'hortened. 
It is further apparent in referring to FIGURE 7 that the 
attack angle al forme-d between the high side 72 orf the 
teeth d4 yan-d the line <66 could be decreased to enlarge 
the included angle H of the teeth without exceeding the 
smaller attack angle a2 formed between the lower side 
of the tooth and the generiatrix 6d. Despite this possible 
means of increasing the included angle 0 of the teeth ed 
and thereby increasing their strength, we have `found 
that the inclination of the high side 72 of the teeth at a 
sligth angle w with respect to the vertical is desirable 
since with this tooth configuration, the side 72 of each 
toot-h does not compress the material being drilled in 
such a way that chip removal occurs less readily. In other 
words, if the high side 72 of the teeth 64 were incline-d 
to the vertical on the opposite side thereof from that 
shown in FIGURE 7, the side 72 would ten-d to force 
the material being drilled and positioned above each of 
`the teeth 64 upwardly toward the next 'higher tooth and 
would interfere with .the chipping action of the next 
higher tooth. It is therefore preferred to retain an angle 
w orf from about 1° t-o `5° in the con-struction of the teeth 
dd. This angle will hereinafter be referred to as the 
negative relief angle of the teeth 64. 
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Since the negative relief angle w is always measured 
with respect to the true vertical (since the weight imposed 
on the drill bit is applied vertically downwardly) and since 
the minimum included angle H which it is desirable to use 
in forming the teeth 6d is about 30°, it becomes apparent 
that the attack angles al and a2 which are deñned between 
the two sides of the teeth 64 and the ygeneratrix 66 will 
depend, when the tooth is made with a minimum included 
angle of 30°, solely upon the magnitude of the hole bot 
tom angle qs. As p is made larger, the kattack angle a2 
between the lower side of the teeth and the contacted hole 
bottom surface is also made larger, provided that ~a fixed 
negative relief single w and a ñxed included angle _0 is 
employed. At the same time, the attack angle al which is 
included between the hole bottom surface or generatrix 66 
and the high side 72 of the teeth 64 is decreased. 
With the foregoing general considerations relative to the 

geometry of FIGURE 7 in mind, several «observations and 
conclus-ions derived from bit tests hereinafter described 
will be discussed. In initial tests of the preferred, chord 
ally oriented tooth embodiment of the present invention, 
it was noted that as the hole bottom angle p of the surface 
contacted by the teeth of the bit was increased, the rate 
of penetration for a given load and rotational speed of the 
bit also increased. The same wedgeshaped tooth contigu 
ration was used in these tests, and it was supposed from the 
results of the tests that the main factor contributing to an 
increased drilling efficiency of the bit was the use of rela 
tively steeply inclined bottom hole surfaces. In other 
words, the results of these tests were interpreted to mean 
that the larger the lhole bottom angle p, the greater the 
efficiency of the bit. 

It was then noted, however, that in changing the hole 
bottom angle qt without changing the tooth configuration, 
the effect was to change the attack angles al and a2 made 
by the converging sides of each tooth with the hole bottom. 
To determine whether the attack angle or hole bottom 
angle was the parameter which was responsible for the 
improved drilling efficiency, a number of drilling runs 
were conducted in which the hole bottom angle was re 
tained constant, and the attack angles of the bits were 
varied by changing the included angles 0 of the bit teeth, 
and by chan-ging the inclination of the sides of the teeth 
relative to the contacted hole bottom surface. The results 
of these drilling runs indicated that the attack ̀ angle a was 
actually the critical parameter. It was «further confirmed 
that the greater the attack angle u, the greater the rate of 
penetration of the «bit for a given bit load and rotational 
speed. 

In subsequent endeavors to fabricate bits having chordal 
teeth configured to provide a large attack angle, it was 
noted that the hole bottom angle qb reassumes importance 
by virtue of present engineering limitations on rotary, 
roller cone type bit construction. Thus, if the roller 
cones and teeth are constructed to permit the cutting 
edges to impinge upon a fiat bottom hole at large attack 
angles a, the teeth become undesirably thin, and the ro 
tational axis `of each roller cone tends to be supported in 
the nature of -a generally horizontal cantilever from the bit 
body. This arrangement requires very heavy duty bear 
ings and also limits «the space available `for cutter cone 
mounting. At the `other extreme, when the axes of the 
roller cones are only slightly inclined with respect `to the 
vertical so as to »orient the teeth for contacting a conically 
shaped bottom hole .surface of large hole bottom langle qb, 
space limitations severely limit the space available for the 
bearings used to rotatably support the cones. It was 
noted, however, that except for the latter consideration 
which, at the present time, imposes a practical limitation 
on the upper limit of the hole bottom angle qa, the teeth 
of the bits could be more easily configured to contact coni 
cal hole bottom surfaces of large hole bottom angles qb 
than those »of relatively small hole bottom angles. 

In summary then, the tests indicated that the teeth should 
be configured to afford maximum attack angle, and that 
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because of present practical engineering limitations as re 
lated to tooth, bearing and roller cone construction, opti 
mum -attack angles can be more easily achieved when the 
bit is designed to drill on a `hole bottom which is `of in 
verted conical configuration, and the generatrix of which 
forms with a horizontal plane an angle qa of between about 
10° and about 40° and is preferably between about 20° 
and 30°. In line with the initial discussion of the basic 
principle underlying the invention, the attack angle of 
the teeth relative to the drilled surface preferably exceeds 
40°, and can be as high as 85° in the case of a2 (the angle 
defined between the lower side of each tooth and a conical 
bottom hole surface). Preferably, the included angle 0 
of the tooth is not less than 30° nor more than 100°, and 
it is further preferred that in all instances of drilling upon 
an inverted conical surface, the back or 4higher side of 
each tooth be inclined to the vertical ywith a negative relief 
angle of from 1° to 5°. The latter consideration does not, 
of course, apply to teeth in the gauge rows of teeth on the 
cutter cones, since the higher sides of these teeth actually 
establish and maintain the constant diameter of the bore 
hole _as it is drilled and should be formed in a vert-ical 
plane for this reason. 
As previously indicated herein, a number of tests were 

conducted to determine the effectiveness of bits embodying 
the several features ̀ of the present invention. In one series 
of the tests, the attack angles a formed between each of 
the two converging sides of the teeth and the surface being 
drilled with the bit, were varied by changing the included 
angle 0 between the two converging sides of the bit. In 
other words, the slope or inclination of the hole bottom 
was maintained constant (and therefore the hole bottom 
angle qs was also maintained constant) and the attack 
angles al and a2 were increased by decreasing lthe included 
angle 0. 

In another series of tests, the included angle 0 was main 
tained constant, that is, the tooth configuration per se was 
not changed. The attack angles a1 and a2 were made to 
vary by changing the inclination of the hole bottom, or, 
stated differently, changing the value of the hole bottom 
angle qb. 

Tests of the foregoing described types were carried out 
using bits having a 100 percent or uninterrupted tooth con 
figuration, and bits having a 50 percent tooth configura 
tion. The tests were also carried out using both types of 
tooth configurations in two different types of material 
Cottonwood limestone and concrete simulating natural 
limey sandstone. During these tests in which all of the 
`foregoing described variables were altered, the speed of 
`rotation of the drill bit body, and therefore of the several 
cutter cones was varied with tests being run at 50 r.p.m., 
100 r.p.m., 150 r.p.m. and 200 r.p.m. Finally, bits con 
structed in accordance with the present invention and hav 
ing the various tooth arrangements hereinbefore described 
were also tested with varying loads being imposed on the 
drill body, and thus transmitted to the teeth of the bit 
through the cutter cones. 
For purposes of comparison, a conventional three-cone 

rock bit «of a type heretofore commercially available and 
in use was used to drill holes of comparable size in both 
the Cottonwood limestone blocks and in the cement 
blocks. The rates of revolution of the bit body, and the 
loads imposed upon the bit were substantially identical 
to those used in the tests of the bits of the present in 
vention. 
The data obtained from the several tests was com 

posited and are graphically portrayed in FIGURES 8 
through 1l. In each of the graphs, the data obtained 
utilizing two-cone chordal toothed bits constructed in 
accordance with the present invention are represented by 
unbroken curves or lines. The data obtained for the con 
ventional three-cone rock bit are represented by dashed 
lines. In each of the graphs, the effectiveness of the bit 
for a given load is portrayed in terms of inches of pene 
tration per revolution of the bit. The load which was 
imposed upon the bits is plotted on the ordinate axis of 
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1.2 
the graph and is expressed in terms of pounds per inch of 
hole diameter. In this way, slight variataions in hole 
diameter during the tests are taken into consideration. 

In the case of the solid lines reresenting the composite 
data obtained for test runs using the bits of the present in 
vention, certain symbols are utilized on the graphs to 
indicate the conditions obtaining in the run, and the par 
ticular type of tooth structure utilized. Thus, «f» is used 
to designate the particular hole bottom angle which was 
employed during the runs, al is used to designate the at 
tack angle which obtained during each run between the 
lower side of the teeth of the bit and the hole bottom, 
and t is used to designate the tooth configuration, i.e., 
50 percent, 100 percent (continuous), etc. For Example, 
the uppermost continuous or uninterrupted line in FIG 
URE 8 is derived from a series of tests which were car 
ried out using a hole bottom angle ¢ of 40°, an attack 
angle al of 85° and a 50 percent tooth configuration. 
The data utilized to derive this line on the graph were 
obtained by running tests at a number of different bit 
loadings and measuring the penetration obtained per 
revolution of the bit at such loadings. 

It should be pointed out that in the case of the bits 
of the present invention as contrasted with the conven 
tional bit tested, the rate of penetration of the bits of 
the invention did not appear to be affected (in terms of 
inches of penetration per revolution) by the rotational 
speed at which the bits were driven. Tests were carried 
out on the bits of the present invention at differing ro 
tational speeds of 25, 50, 100, 150 and 200 r.p.m. and 
it was found that, in each case, the penetration per revo 
lution of the bit appeared to be substantially the same. 
On the other hand, as indicated by the dashed lines which 
are representative of tests made with the conventional 
three-cone rock bit the penetration per revolution in the 
case of the conventional bit fell off as the rotational speed 
of the bit was increased. Thus, in referring to FIGURE 
8, it will be perceived that in the tests conducted in Cot 
tonwood limestone, only at a rotational speed of 50 
r.p.m. did the conventional bit compare at all favorably 
with the bits of the present invention. Even at this low 
rotational speed, the conventional bit was comparablein 
drilling efficiency with only those bits of the present m 
vention employing relatively small attack angles of 45° 
and 55°. 

In referring to FIGURE 9, a comparison may be made 
of the drilling effectiveness of the conventional bit with 
100 percent or continuous tooth bits constructed in ac 
cordance with the present invention. The 100 percent 
tooth bit of the invention was operated with a constant 
hole bottom angle qb of 20° C., and an attack angle al 
varying from 35° to 65° obtained by varying the s1ze of 
the included angle 0 of the teeth of the bit. Here it w1ll 
be perceived that at a relatively low rotational .rate of 
50 .r.p.m., the conventional bit compared well with 100 
percent tooth bits of the present invention only when the 
latter had an attack angle 0:2 or 55° or less. It should be 
recalled, more over, that the 100 percent tooth configura 
tion of this embodiment of the present invention has the 
marked advantage over the interrupted tooth arrange 
ment of both the 50 percent tooth bit of this invention 
and the conventional two-cone rock bit employed in the 
tests of having a much greater service life, since there 1s 
a much greater extent of tooth surface which must be 
worn away before the bit becomes useless. It must be 
concluded then that even assuming some low attack angle 
versions of the 100 percent tooth type bits of the present 
invention to be comparable in drilling efiiciency to a con 
ventional bit operated at low speeds, the 100 percent 
tooth embodiment of the present invention is substantially 
superior to the conventional bit in the length of service 
life which may be expected and also demonstrates a much 
higher drilling rate in footage of bore hole drilled per 
unit of time when it is operated at higher speeds in the 
vicinity of 200 r.p.m. 
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In referring to FIGURES l0 and ll, it will be noted 
that the bits of the present invention, in drilling a bore 
hole in concrete (simulating the limey sandstone fre 
quently encountered in actual drilling operations), are 
again substantially superior in drilling efficiency to the 
conventional two-cone rock bit. The superiority is par 
ticularly manifest in the case of the 50 percent tooth 
configuration bits as represented yby the data presented 
in FIGURE l0. In all of the graphs, it will become ap 
parent that as the load imposed upon the bit increases 
and as the rate of revolution of the bit increases, the 
superiority of the bits of the present invention over the 
conventional bit becomes more pronounced. Within the 
range of tests which were conducted, the bits of the pres 
ent invention did not evidence any tendency to taper off 
in drilling effectiveness as the load imposed upon the bit 
was increased, or as the rate of revol-ution was increased. 
From the foregoing description of the present inven 

tion, it will have become apparent that an improved bit 
for drilling a bore hole in the earth or similar material 
`has been provided. The bits `of the invention are gen 
erally characterized by a longer service life than has usu 
ally been characteristic of the bits heretofore in use, 
this feature of the invention being a result in large de 
gree of the possibility of imparting a true rolling action 
to the cutter cones of the bit during a drilling operation. 
rîhe true rolling action of the cutter cones on a forma 
tion surface is in turn made possible by the more efficient 
penetration of the teeth of therbit into the hole bottom 
in the course of drilling. Because of the particular con 
figuration of the preferred embodiment of the drill bit 
of the invention and the manner in which the teeth are 
brought to bear against a hole -bottom surface of gen 
erally conical configuration, the invention has the ‘fur 
ther advantage of permitting cuttings generated during 
the drilling operation to be more easily removed fro-rn the 
bore holle. 
Having thus described several embodiments of the 

present invention in detail, it is to be understood that 
various changes, substitutions and alterations can be made 
therein without departing from the spirit and scope of the 
present invention as defined by the appended claims. 
What is claimed is: 
1. A rotary drilling bit for bor-ing a hole into the sur 

face of relatively hard material comprising: 
a body having a vertically extending, longitudinal axis 

of rotation; 
converging axles extending downwardly from said body 

toward each other; 
roller cones mounted on said axles for rotation about 
downward extending, converging axes of rotation 
which »converge in a point in said vertically extend 
ing, longitudinal axis of rotation; 

cutter means mounted on each of said cones and posi 
tioned to bear upon and roll against the material to 
be bored during rotation of said body, said cutter 
means including a plurality of teeth positioned in 
concentric, annular array about the axis of rotation 
of the respective roller cones for contacting the sur 
face of the material to be bored during the rotation 
of said roller cones, said teeth each hav-ing a wedge 
shaped tip defined by two converging sides, and each 
mounted so that the lines of intersection of the two 
converging sides of all of said teeth pass through 
a common plane during rotation of each of said 
roller cones about its respective axis of rotation, said 
lines of intersection each forming a portion of a 
chord of a circle concentrically surrounding the 
longitudinal axis of rotation of said body at such 
time as the respect-ive lines of intersection pass 
through said common plane, and wherein each of 
the two converging sides of each tooth delines an 
angle of at least 40° with said common plane as 
measured from the respective converging side direct 
ly to said common plane. 
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_2. A rotary drilling bit as claimed in claim 1 wherein 

said common plane extends at an angle of from about 
10° to about 40° to a horizontal plane extending normal 
to the longitudinal axis of said body whereby said bit 
may more suitably drill upon a surface inclined with re 
spect to the horizontal. 

3. A rotary drilling bit as claimed in claim 1 wherein 
each of the converging sides of each of said teeth defines 
an angle of between 40° `and 85° with said common 
plane. 

4. A rotary drilling bit as claimed in claim 1 wherein 
each of said teeth is annular and extends continuously 
and concentrically around the respective roller cone upon 
which it is mounted. 

5. A rotary drilling bit as claimed in claim 1 wherein 
the teeth on each of said roller cones are arranged in a 
plurality of concentric rows around the periphery of the 
respective roller cone with the teeth in each of said rows 
being circumferentially spaced from each other in the 
respective row. 

6. An improved rotary drilling bit for boring a hole in 
the earth comprising: 

a body having a vertically extending, longitudinal axis 
of rotation; 

at least one generally conical cutting member rotatably 
journaled on the body for rotation about a down 
wardly extending axis of rotation which passes 
through said vertically extending longitudinal axis 
of rotation whereby said generally conical cutting 
member is positioned for engaging and rolling on the 
earth as the body is rotated about its vertically ex 
tending longitudinal axis of rotation; 

a plurality -of wedge-shaped teeth secured around said 
conical cutting member in rings concentric with the 
rotational axis of said cutting member with said 
rings being axially spaced from each other on said 
cutting member, and each positioned in a plane ex 
tending normal to the axis of rotation of said cutting 
member, said teeth each being triangularly shaped in 
cross-section with the apex of said triangular cross 
section forming the cutting edge of the respective 
tooth, the cutting edge of each tooth becoming, dur 
ing the rotation of said cutter body, coincident with 
a chord of _a circle concentrically surrounding said 
axis of rotation, and the converging sides of each of 
said teeth including an angle at said apex not ex 
ceeding 100° whereby a hat surface may be con 
tacted by each of said teeth at an attack angle of 
at least 40°, said attack angle being defined as the 
angle measured between the flat surface and the con 
verging sides of each of said teeth. 

7. An improved rotary drilling bit as claimed in claim 
6 wherein the angle included by said converging sides at 
said apex is at least 30°. 

8. An improved rotary drilling bit as claimed in claim 
6 wherein each of said teeth is annular and extends con 
tinuously around said generally conical cutting member to 
Áform one of said rings. 

9. An improved rotary drilling bit as claimed in claim 
6 wherein each of said rings contains a plurality of cir 
cumferentially spaced teeth. 

10. A rotary drilling bit for boring a substantially ver 
tical hole in the earth comprising: 

a bit body having a vertically extending, longitudinal 
axis of rotation; 

a plurality of axles secured to said bit body and hori 
zontally spaced from each other thereon, said axles 
extending downwardly from said bit body and con 
verging toward each other at their lower ends; 

a roller cone mounted on each of said axles for rota 
tion about an axis, the rotational axes of said roller 
cones converging in a point located in the projected 
longitudinal axis of rotation of said bit body and 
located below said bit body; 

wedge-shaped teeth on each of said roller cones, the 
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teeth being disposed in rings around the respective 
cone, said rings each being concentric to the rota 
tional axis of the respective cone, and the several 
rings on each cone being axially spaced from each 
other therealong, each of said wedge-shaped teeth 
having two sides converging in a cutting edge with 
the angle included between said sides being at least 
30° and less than 100°, and the cutting edge of each 
tooth occupying a plane extending normal to the 
rotational axis of the roller cone upon which the 
respective tooth is mounted, the cutting edges of the 
teeth of each roller cone lying in a conical surface 
coaxially related to the outer, tooth-bearing surface 
of the respective roller cone, the rotational axes of 
said roller cones all being inclined to the horizontal 
by an amount such that al1 of the cutting edges 
of said teeth pass through a common, inverted coni 
cal surface at one time during the revolution of each 
of said roller cones, and in passing through said com 
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mon, inverted conical surface, extend normal to lines 
radiating from the vertically extending, longitudinal 
axis of rotation of the bit body, the generatrix of 
`said inverted conical surface extending at an angle 
of from about 10° to about 40° with a horizontal 
plane. 
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