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This invention relates to earth boring tools and more 
particularly to a well drill or bit of the rotating cutter 
type which is of particular utility in drilling relatively 
soft formations. . 

In the drilling of well bores, by the rotary method of 
drilling and in earth formations which are relatively soft, 
difficulty has been experienced from clogging or "balling 
up' of bits when a high rate of penetration is attempted. 
It appears that this difficulty arises primarily from the 
facts that the drill bit structure provides insufficient venti 
lation to permit immediate removal of cuttings when 
formed and the cuttings are insufficient comminuted to 
facilitate such removal from the cutting area. 

Earth formations, of the type to which reference is 
above made, are most commonly encountered at shallow 
depths but extend to considerable depths in certain regions 
such, for example, as the Gulf Coast and tidelands areas 
of the United States. 
that they are relatively deformable under pressures such 
as those applied when drilling by the rotary method. It 
is customary that an earth, boring drill of the rolling 
cutter type shall be so designed that the cutting action 
of the rolling cutters shall cover the entire bottom of 
the hole being drilled and each cutter shall be in close 
contiguity with the adjacent cutters, usually with the 
teeth of adjacent cutters interfitting. The present inven 
tion is based upon the discovery that it is possible to drill 
more rapidly, especially in the softer, and hence deform 
able, formations, by means of a bit in which the rolling 
cutters are spaced relative to each other and do not pro 
duce cutting action upon the entire bottom of the hole 
being drilled, means being provided in the bit to remove 
cuttings formed by the cutters, to desirably disintegrate 
all formation material deformed or extruded by the bit 
and also to remove the core which forms on that portion 
of the hole bottom not covered by the cutters. A bit 
constructed in accordance with the invention also provides 
adequate ventilation that the cuttings are effectively re 
moved from the cutting. Zone. 

It is the primary object of the invention to provide 
a well drill capable of drilling earth formations at a high 
rate of penetration. 
Another object is to provide a well drill of the rolling 

cutter type in which the cutters are spaced outwardly of 
the axis of the well bore being drilled, the drill includ 
ing means for removing cuttings from bottom and for 
disintegrating and removing the formation material which 
tends to form a core at the center of the well bore. 

Still another object is to provide a well drill or bit in 
which the flushing fluid is so directed as to disintegrate 
formation material at and proximate the center of the well 
bore and to effectively initiate upward movement of such 
material together with that disintegrated by the cutters. 
A still further object is to provide a rolling cutter type 

of bit of the class described in which the action of the 
cutters, spaced outwardly of the axis of the bit, is supple 
mented by a nozzle assembly from which fluid is dis 
charged at a high velocity to effect disintegration of 

2 
formation material to be removed from the cutting area. 

These and other objects will be more fully apparent 
from the following description, considered in connection 
with the accompanying drawings in which: 

Fig. 1... is an elevational view of a well drill of the 
three-cone-cutter type embodying the invention, a portion 
of the drill being cut away to show the internal construc 
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tion; 
Fig. 2 is a bottom view of the well drill, a circle 

being drawn to show the periphery of a hole drilled by 
the bit; 

Fig. 3 is a side elevational view of the well drill with 
in a bore hole being formed thereby, such view illustrat 
ing the manner in which the flushing fluid disintegrates 
the earth formation material at the center of the hole in 
cluding that which is deformed or extruded by the rolling 
cutters from pressure applied to the cutters during drilling. 
The illustrated embodiment is a three-cone drill or bit 

although it is to be understood that the invention is 
equally applicable whether the number of cutters is 
greater or less than shown. The bit comprises a head 1 
having a threaded shank 2 for attachment to a drill string 
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or stem (not shown). The bit head includes the down 
wardly extending legs 3 each of which is provided with 
an inwardly extending cantilever shaft (not shown) upon 
which is rotatably mounted a rolling cutter 4 as is well 
known in the art. Also as is customary each cutter is 
provided with cutting elements or teeth 5 of suitable de 
sign and spacing as to effectively penetrate and disinte 
grate that portion of the bottom of the hole that is trav 
ersed by the cutters as the bit is rotated. 
As already explained it is usual for the cutters of a 

well drill to effect their cutting action from the center 
to the periphery of the hole being drilled and also for 
each cutter to be closely contiguous to the adjacent cut 
ters. In accordance with the present invention such is 
not the case as the cutters 4 are of such size that their 
innermost cutting elements identified as 6, 7 and 8 are 
located outwardly for the bit axis. At the same time the 
cutters are quite widely separated circumferentially of 
the bit and this arrangement provides wide spacing at the 
heels, or bases of the cone shaped cutters, as shown at 
10 in Fig. 2, so that flushing fluid has an opportunity to 
remove cuttings from bottom and upwardly past the cut 
ters 4 and the bit head 1 whence they move upwardly and 
are discharged from the well bore at the surface. While 
the cutters 4 are shown with the peripheries of adjacent 
cutters in converging relation in the plane where such 
adjacent cutters are most closely contiguous, it is to be 
understood that the angle of convergence, or divergence, 
may be desirably varied by changing the vertex angle of 
the cone defined by the respective frusto-conical cutters. 
That is to say, the peripheral configuration of the cut 
ters, and the cutting elements thereon, may be varied as 
desired in order to adapt the bit to drilling most effec 
tively in various types of formations. 
Wide spacing of the cutters gives rise to the tendency 

for the cutters 4 to produce an annular kerf and a cen 
tral upstanding core at the center of the well bore. An 
important feature of the invention resides in the coopera 
tive action between the cutting structure thus far described 
and a novel core breaker and nozzle assembly 12 which 
will now be described. 

This assembly comprises a body 13 reduced at its upper 
end at 14 and seated within a complemental counterbore 
15 at the lower end of the central bore 16 in the bit head 
1. It is integrally united to the bit head by a bead of weld 
metal shown at 17. 

?he body 13 has three hollow, sidewardly extending 
bosses 18 each of which is provided with a wear resistant 
nozzle 19 secured within its lower end. Preferably, and 
as shown, the assembly 12 is so oriented about the axis 
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of the bit that fluid discharged from the nozzles 19 forms 
jets which are directed downwardly and outwardly ap 
proximately midway between successive cutters 4. 

Attached to the body 13 and extending downwardly 
therefrom is a projection 20 provided with radially ex 
tending fins 21 whose lower ends are adapted to function 
as a cutter. This projection may be tapered to a point 
at its lower end which is proximate the inner ends of the 
rolling cutters, it being intended that this structure shall 
be capable of breaking up any core that forms and ex 
tends centrally upward from the bottom of the well bore 
formed by the bit. As will appear from the further de 
scription of operation of the bit it has been found that the 
projection 20 and fins 21 thereon have a minor function 
to perform, this feature of construction merely serving to 
assure that any core that forms shall not assume propor 
tions that will retard drilling action. 

Experience reveals that the bit of the invention is 
capable of drilling approximately 30% to 40% faster 
than conventional bits of types heretofore used, and at 
the same time is relatively immune from "balling up.' 
It has also been found in bits embodying the invention 
that, even after drilling in excess of 5,000 feet of hole, 
the projection 20 is in substantially new condition. 

Applicant is uncertain as to reason for the unusual 
operating characteristics of the bit but believes that a 
logical explanation is illustrated in Fig. 3. As already 
indicated, relatively soft formations for which the bit is 
best adapted are quite deformable under pressure, it is 
therefore, believed that while the cutters 4 apply pres 
sure to and effect cutting action on bottom and produce 
cuttings as indicated at 25 the weight applied to the bit 
also causes extrusion of formation material toward the 
center of the hole 26 and also toward the spaces 10 
intermediate the cutters as indicated by the arrows 28. 
At the same time a core tends to form centrally of the 
hole but such core is penetrated by the projection 21 and 
thence sloughs outwardly whence the core material joins 
the cuttings 25 and the extruded material 28. The jets 
from the nozzles 19 are of relatively high velocity, of the 
order of 200 feet per second or greater. Hence, the down 
wardly projected fluid jets possess sufficient energy to 
produce a slashing action (as illustrated in Fig. 3) upon 
the formation materials displaced from the bottom of 
the hole being drilled. Also, disintegration of such ma 
terials is effected and movement upward from the cutting 
Zone is initiated. - 

Broadly the invention comprehends an earth boring 
drill of the rolling cutter type which is of particular 
utility in the drilling of relatively soft earth formations 
and capable of a high rate of penetration. 
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4. 
The invention claimed is: 
1. A drill bit including, a head having a plurality of 

depending legs, a shaft extending inwardly and down 
wardly from each of said legs, a rolling cutter rotatably 
mounted upon each of said shafts, each of said rolling cut 
ters extending a portion of the distance from the periphery 
of the bit toward the axis of the bit and enclosing the 
inner end of the associated shaft, there being a passage 
axially of the bit head, a downward projection on said 
head axially of the head and intermediate and spaced in 
wardly from the inner ends of said cutters, said projection 
terminating in a cutter proximate the inner ends of the 
rolling cutters, a plurality of downwardly directed nozzles 
about said projection and at the base thereof arranged 
to direct flushing fluid from said passage and upon bot 
tom of the hole and intermediate said rolling cutters 
whereby formation material is disintegrated and moves 
Eardly with the flushing fluid from the bottom of the 
OC. 
2. A drill in accordance with claim 1 in which the 

nozzles are positioned to direct fluid upon bottom at points 
outwardly of the axis of the bit and substantially midway 
between successive cutters. 

3. A drill bit including, a head having a plurality of 
depending legs, a shaft extending inwardly and down 
wardly from each of said legs, a rolling cutter rotatably 
mounted upon each of said shafts, each of said rolling 
cutters extending a portion of the distance from the 
periphery of the bit toward the axis of the bit and enclos 
ing the inner end of the associated shaft, there being a 
passage axially of the bit head, a nozzle assembly secured 
to the bit head at the lower end of said passage, said as 
sembly including a downwardly extending projection ex 
tending axially of the bit and terminating in a cutter 
proximate the inner ends of the rolling cutters, and a 
plurality of downwardly and outwardly directed nozzles 
arranged about said projection to direct flushing fluid from 
the passage and upon the bottom of the hole at points 
spaced outwardly between the rolling cutters intermediate 
the axis and periphery of the hole. 
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