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This invention relates to rotary earth boring 
drill bits and to the rolling cutters therefor, such 
drill bits being utilized in forming earth bores in 
the quest for Water, oil, gas, sulphur and the like. 
The invention is particularly applicable to the 

Conical cutters on earth boring drills wherein 
two or more such cutters are mounted in juxta 
posed relation to roll upon and disintegrate the 
botton of the hole. While the invention is here 
inafter described in connection with the cone type 
of Well drill, it is to be understood that the in 
Vention may find utility in well drills having other 
types of rolling cutters such as those used in 
reamerS, COre bits and cross roller bits. 
Much difficulty has been experienced in the 

drilling of certain earth formations having high 
compressive strengths ranging from 50,000 to 
70,000 pounds per Square inch, such as quartzite, 
chert, granite, etc. which are also extremely hard 
and abrasive. Frequently only three to five feet 
of hard, abrasive formation can be cut by a single 
conventional bit and at a very slow penetration 
rate. It is then necessary to remove the drill 
String from the Well bore, attach a new bit and 
go back into the hole. Not only does this re 
quire the use of a number of bits for drilling rela 
tively few feet of hole but much time is consumed. 
When drilling below 12,000 feet, as is frequently 
the case in modern oil field development, as much 
as ten hours may be required to come out of the 
hole, replace the worn drill bit, return to bot 
ton and resume drilling operations. Since op 
erating expense is in the neighborhood of 
$40.00 per hour or more for rotary drilling rigs 
capable of sinking a Well to these great depths, 
the cost per foot of penetration is extremely high 
When Said hard formations are encountered. 

Also, when conventional rock bits are used to 
drill formations such as chert, quartzite or the like, 
care must be taken to withdraw the bit from the 
hole before the bore Of the hole becomes ap 
preciably undersize. It is difficult to ascertain 
just when the bore hole is becoming undersize. 
This means that even an experienced driller may 
pull a bit long before it has become dangerous 
to continue its use, and he may have the next 
bit in the hole too long, resulting in an under 
gage hole. The succeeding bit will be required to 
ream this undergage hole. This may damage the 
gage surface so that it may be advisable to realm 
to bottom with the bit and pull it. Without mak 
ing any new hole. 
The primary object of the invention is to pro 

vide a rotary drillbit capable of drilling hard, 
abrasive formations at a faster penetration rate 
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and over longer periods of time than had With 
conventional rock bits. 
Another object is to provide a drill bit Which 

Will maintain full gage hole in the hardest and 
most abrasive of rock formations. 

Still another object is to provide a drill bit haW 
ing rolling cutters on which the cutting elements 
are so formed and arranged that they Will dis 
integrate full bottom of the hole, are capable of 
resisting the abrasive action of extremely hard 
earth formations and will, at the same time, ef 
fect rapid disintegration of Such formations. 
Another object is to provide a composite roll 

ing cutter structure for drill bits in which carbide 
cutting elements are secured in the body of the 
cutter in a manner that such material can be 
utilized without breaking or crumbling under the 
tremendous impact loads involved in drilling high 
strength earth formations. 
A further object is to provide a drill bit in which 

the cutting elements on adjacent cutters move in 
Such contiguity that a self-cleaning action is ef 
fected. 

Still another object is to provide a drill bit 
having rolling cutters on which the cutting ele 
ments are so arranged that they are adapted to 
interfit and hence to effect the cleaning action al 
ready indicated. 
Further and more specifically the invention 

comprehends rolling cutters which comprise a 
cutter body having wear resistant inserts with 
their outer ends protruding slightly from the 
surface thereof and presenting rounded or Ovoid 
surfaces to engage and disintegrate material to 
be removed by the drilling operation. 

It is also an object, in one form of the inven 
tion, to provide a rolling cutter comprising a 
body having peripheral lands thereon, wear resist 
ant inserts being fixed in the lands and having 
their outer ends protruding from the peripheral 
surfaces of the lands. 
These particular objects, and others, Will be 

attained by the invention as will be more fully 
apparent from the following description consid 
ered in connection with the accompanying dra W 
ings in Which: 

Fig. 1 is an end view showing the cutting Sur 
face of a three cone bit embodying the invention; 

Fig. 2 is a side elevational view of the bit, a 
portion of the bit being shown in Section rotated 
into the plane of the paper to more clearly show 
the illustrated embodiment; 

Fig. 3 is an enlarged broken detail showing the 
gage cutting structure; 
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Fig. 4 is a broken detail showing a slight modi 
fication of the gage cutting structure; 

Fig. 5 is a broken detail showing still another 
form of the gage cutting structure; 

Fig. 6 is a perspective view of an alternate 
form of the wear resistant inserts used in prac 
ticing the invention; 

Fig. 7 is an elevational view of a generally 
cylindrical type of rolling cutter embodying the 
invention. 
The present invention is the result of a dis 

covery that hard formations can be penetrated 
more rapidly and a single drill bit will nake 
many more feet of hole than conventional 1'ock 
bits if wear resistant cutting "elements of the 
drill bit having rounded Ol' Ovoid Surfaces are 
presented to the formation to effect disintegra 
tion thereof. For example a 'drill bit embodying 
the invention was run in West Texas at a depth 
of approximately 12,000 feet in a formation of 
abrasive lime and chert. Stringers. . In this for 
mation the drill bit produced 75 feet of hole in 23 
hours, an average of 3.27 feet per hour. In an 
adjacent Well and in the same formation five. bits 
of conventional type were used in drilling 78 
feet of hole. These five bits drilled, while, on 
bottom, at the average rate of 2.3 feet per hour 
from which it can be seen that the drill bit of 
the invention drilled 42 per cent faster than did 
the conventional bits. However, these five bits 
required five round trips of drill pipe to install 
the successive new bits....Hence, since a round 
trip at such depth consumes approximately 10 
hours, the total drill rig and crew time for drill 
ing the 78 feet of. abrasive lime andi chert forma 
tion with conventional bits was approximately 
84 hours as compared with the bit of the inven 
tion which required 33 hours including the round 
trip for its installation...and 23 hours on bottom. 
It is, therefore, apparent that not only does the 
drill bit of the invention drill faster but also a 
greater footage per bit can be drilled whereby 
material time is saved and the cost per foot of 
hole is greatly reduced. 
The word "ovoid' is used to state. that the 

Outer ends of the ... Wear resistant inserts are 
rounded or arcuate as distinguished from coni 
cal, pyramidal or chisel edged. It comprehends 
Spherical, ellipsoidal or...other rounded end con 
figuration as will further appear. . This feature : 
of construction. Serves to protect the inserts 
against breakage since the best wear resistant 
materials, Such as Carbides, are relatively brittle. 
At the same time, however, it provides adequate 
COverage of the bottom of the hole so that uni- i 
form disintegration of the bottom is effected. 
An embodiment of the invention, as shown in 

a three-cone drill bit in Figs. 1 and '2, comprises 
a head having a threaded shark 2 for attach 
ment to the lower end of a drill string or stem. 
Downwardly extending legs 3 on the head are 
provided with downwardly and inwardly extend 
ing shafts i 44, º one of which is shown insection in 
Fig. 2. Cutters 5 enclose* the finner rends of the 
shafts 4 and rotate upon suitable-bearings such 
as the roller bearing its at the base or heel of 
the cutter, ball bearings 7 inwardly therefrom 
and a friction bearing.8 at the innermost end 
of the shaft, as is well known in the art, the ball 
bearing 7 Serving both to assume radial load and 
axial thrusts and to retain the cutter on the 
shaft, 
Each of the Cutters 5 differs from the others of 

the Set. They are therefore further identified 
by the numerals 10, í í and í 2 and are known 

4 
respectively as the No. 1, No. 2 and No. 3 COnes. 
This designation is established from the fact 
that the innermost rows of cutting elements On 
the cones, beginning with the No. 1 cone, alre 
positioned successively outwardly from the axis 
of the bit. That is to say the Spearpoint 3 on 

... the cone operates on and proxiinate the axis 

0 

of the bit, the innermost row of cutting elements 
24 on the cone if being the next OutWardly 
therefrom, and successively, the innel'nost roW 
of cutting elements 2 on the cone 2 being the 
next outwardly from the axis of the bit. 
In the preferred form of the invention the re 

spective. cutters comprise a body 20 provided with 
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Spaced peripheral lands. On cone these allds 
are shown, outwardly from the Spearpoint 3, 
at 2 , 22, and 23. On cone í 4 they are shown at 
24, 25 and 28 and on cone 2 they are shown at 
27, 28 and 29. Each of the lands is provided 
with a row, or rows, of Wear l'esistant inserts 
individually identified as 38. These inserts ex 
tend inwardly into the body 23 and are held in 
place therein. With their outer ends proti'uding 
from the Surface of the aSSociated land. . The 
lands may be of substantially the Same width as 
the transverse dimensions of the inserts 33, but 
are preferably slightly wider, as shown. Ex 
cept for the heel lands. 23, 26 and 29, Such lands 
are so arranged on the respective cones that 
they are in confronting relation with the lands 
On the adjacent coines. That is to say, each 
edgeportion of a land on One cone is proximate 
or ovellies an edge portion of a land on an 
adjacent cone. Hence, the protruding ends of 
the inserts 3 are SO Oriented as to adequately 
Cover bottom and the inserts of a given row, have 
an interfitting relationship with the rows of the 
adjacent Cutters. This not only provides ade 
quate coverage of bottom but also provides effi 
cient utilization of the limited Space available 
for the various portions of the bit and also pro 
vides a self-cleaning action of the bit. 

Since the inserts contacting the rock support 
a weight of 40,000 pounds to 50,000 pounds 
weight or more while drilling with a drill bit 
8%' in diameter they must be held securely in 
place by some such method as a drive, press or 
shrink fit in holes drilled in the lands and bot 
toned in these holes to support high impact 
loading. Alternately, the inserts may be cooled 
to a relatively low temperature so that contrac 
tion thereof will facilitate placement into the 
holes in the lands, in which case the body 20 
may or may not be heated to further assist in 
providing the desired fit. The inserts may also 
be positioned in a mold so that the metal of the 
body 20 and the lands thereon when cast. Will 
bond With the inserts and provide an integral or 
unitary Structure. While, particular modes of 
Securing the inserts in place have been suggested, 
it is to be understood that the invention is not 
confined to any particular method of accom 
plishing this purpose. 
The luse of ovoid protruding ends on the in 

SertS 33 provides relatively blunt surfaces for en 
gagement with the Surface to be disintegrated. 
This feature, it would appear would lead to a 
slow rate of, drilling. Unexpectedly, however, it 
has been found that the drilling rate in chert and 
other formations having similar drillability is 
greatly enhanced over that of conventional bits 
provided With cutter teeth having edges intended 
to penetrate the formation being drilled. Also, 
the ovoid protruding ends of the inserts 30 are 
relatively resistant to breakage and for this rea 
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Son the inserts have a long life since normal wear, 
aS compared With disintegration from breakage, is 
extremely slow. Furthermore normal wear is 
of Such nature that the ovoid Surfaces or ends 
Continue to be ovoid and for this reason cutting 
effectiveneSS remains substantially constant over 
a long drilling period. 

Further attention is directed to the spearpoint 
f$ On cone 0, the No. 1 cone. This spearpoint 
is preferably made larger than the extension of 
the balance of the cone to provide an adequate 
volume of metal to effectively carry a sufficient 
number of inserts 39 that it will disintegrate the 
earth formation at the center of the hole and Will 
resist wear as long as other cutting elements on. 
the Cones. 

Severest conditions to be met by the cutting elle 
ments of the bit are encountered at and proxi 
mate the juncture of the Well bottom and the ad 
jacent Wall. At the juncture the botton and 
the sidewall are mutually self-Supporting and for 
this reason the force applied to effect disinte 
grating action must be greater than elsewhere on 
the well bottom. Furthermore, a relatively large 
volume of formation material must be removed at 
and adjacent this juncture and, at the Same time, 
gage of the hole must be maintained. To meet 
these conditions the lands 23, 26 and 29 have roWS 
of wear resistant inserts rolling in the Same or 
substantially the same track on bottom. These 
portions of the cutters also provide the major 
portion of traction for the cutters thereby as 
suring that the cutters will rotate when upon bot 
tom or even when reaming is necessary. 
As shown in Fig. 2 the gage insertS may be SO 

oriented that their axes are directed toward the 
juncture of the wall of the well bore and the bot 
tom thereof. In such case it is preferable that 
the ovoid ends of the inserts have their Surfaces 
substantially tangent to both the gage surface 3 
and the bottom cutting surface of the cutter 
body. In the preferred structure, and as shown, 
the axes of the gage inserts are so directed that 
they substantially bisect the angle formed by the 
bottom cutting surface of the cutter and the gage 
surface 3:. Alternately the gage cutting inserts 
in one or more of the cutters may be positioned 
slightly outwardly from the position shown in 
Figs. 1 and 2, as shown in Fig. 3, in which case the 
outermost surfaces may be flattened at 32 so that 
a greater area is presented to effect disintegrating 
action at gage and assure uniform gage. 
A still further modification of the gage cut 

ting structure is shown in Fig. 4 wherein the gage 
inserts are positioned substantially parallel to the 
gage surface 3 and are substantially flush with 
such surface. With this gage structure the ovoid 
projections of the heel inserts cut bottom at the 
juncture of the bottom of the well bore and the 
side walls, and the body portions contribute to 
maintaining uniform gage throughout the useful 
life of the bit. If desired, the bodies of the in 
serts may be flattened to provide surfaces 33 for 
gage cutting surfaces instead of the cylindrical 
surface indicated at 34. 
The modification of the cutting structure shown 

in Fig. 5 is similar to that of Fig. 4 but the insert 
3) is so positioned lengthwise of the cutting Sur 
face that the ovoid end 35 serves to maintain gage 
and the side surface 36 contacts the bottom of the 
hode to effect disintegrating action thereon. 

Fig. 6 shows a modified form of insert that 
may be used when practicing the invention. In 
this form the shank 3 of the insert 3)' is non 
circular. The outer end of the body is rounded 
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6 
to present an ovoid surface 38 for protrusion from 
the surface of the cutter body in which the insert 
is Secured to obtain the advantages of the inven 
tion. 
In Fig. 7 the invention is shown as embodied in 

a generally cylindrical type of cutter 39. The cut 
ter body shown at 20' has annular lands 40 and 
4f at its opposite ends and an intermediate spiral 
land 62. Each land is provided with a series of 
Wear resistant inserts 30 as already explained. 
It is to be understood that any desired arrange 
lment of the lands and Spacing of inserts therein 
may be used Without departing from the spirit of 
the invention. 

Inserts 3) have been referred to as comprising 
a Wear resistant material. Preferably such ma 
terial is a metal carbide such as chromium, 
molybdenum, tantalum, titanium, tungsten or 
vanadium used either as single or multiple car 
bides. More specifically sintered tungsten car 
bide inserts have been found to satisfactorily 
Serve the intended purpose. It has also been 
found that inserts having a transverse dimension 
of approximately three eights inch and extending 
into the body 2 a distance approximately equal 
to Such dimension are subject to a minimum of 
breakage and loSS from their locations in the 
body. 
The cutter body 20 is preferably a carburiz 

ing grade of steel. However, such material has 
Substantially twice the thermal coefficient of ex 
pansion of a metal carbide. This wide disparity 
of temperature characteristics requires consider 
ation inasmuch as bottom hole temperatures are 
frequently in excess of 212 Fahrenheit and hence 
there is a tendency for the inserts 30 to loosen and 
become displaced from their locations in the body 
20. There must be adequate holding power at 
all times between the metal of the body and the 
inserts that they will be held in place regardless 
of temperature and the extreme stresses to which 
the cutters 5 are Subjected. One manner of pro 
viding Such holding power is to have the inserts 
39 larger than the openings 43 to receive them. 
An interference as great as 0.006 inch may be 
used. When the insert is forced into the opening 
43 there is necessarily an expansive force which 
causes the interfaces of the body metal and the 
lnsert to become conjugate whereby necessary 
holding power is provided. To facilitate entrance 
of the inserts into their respective openings each 
insert is preferably provided with a slight bevel 
84 at its inner end. This feature of construction 
not only facilitates entrance of the inserts into 
their respective openings 43 but also provides a 
minute Space to receive such metal as shears 
from the wall of the opening 43 as the insert is 
forced to its terminal position. 
While materials and relative dimensions of 

elements of Structures embodying the invention 
have been mentioned, it is to be understood that 
such information is intended as illustrative only 
and does not constitute a limitation of the inven 
tion. 
The invention claimed is: 
1. A rotary Well drill comprising, a head, in 

Wardly extending shafts thereon, rolling cutters 
rotatably mounted on said shafts, at least one of 
Said cutters comprising a body having peripheral 
lands, and a row of Wear resistant inserts in each 
of Said lands, each of Said inserts having an OVoid 
outer end protruding from the periphery of its 
asSociated land to present a rounded Surface 
to produce disintegrating action upon the forma 
tion being drilled. 
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2, In, at rotary disillbit comprising a head hay 
ing inwardly extendingshafts:thereon and rolling 
cutters. Imounted on; the shafts, the improvement 
comprising Spaced peripheral lands on each of 
Saids cutters, and, a row, of Wear resistant inserts 
in each of said lands, the ends of said inserts 
protruding from the surface of the land and Said 
ends, being- ovoid to present rounded. Surfaces 
to produce disintegrating action upon the forma 
tion being drilled. 

3. In a well drill having a plurality of rotatable 
cutters thereon, the improvement comprising, a 
plurality of wear resistant inserts in each cutter, 
said inserts having ovoid protruding outer ends 
presenting. arcuate Surfaces to engage and pro 
duce disintegrating action upon the formation be 
ing, penetrated by the drill. 

4. A rolling cutter for rock drills comprising, 
a body, and a plurality of wear resistant inserts 
in said bogy, and having their Outer ends pro 
truding.from the - Surface of the body, Said pro 
truding ends being ovoid So that arcuate surfaces 
are presented for engagement with and disinte 
gration of material, to be removed by the Cutter. 

5. A rolling cutter for rock drills comprising : 
a body, a plurality of spaced peripheral lands 
thereon, and a... row. of Wear resistant inserts in 
each of said lands, the Outer ends of Said insertS 
protruding from the lands and presenting ar 
cuate surfaces for engagement with and disinte- 3 
gration of material, to be removed by the Cutter. 

6. In a rolling cutter for drill bitS comprising, 
a body having, a bottom cutting surface and an 
intersecting gage surface, the improvement com 
prising aroW of Wear, resistant insertS Secured in 
the body at the intersection of said surfaces, said 
inserts extending in a direction to approximately 
bisect the angle formed by Said SurfaceSandha,V- 
ing their outer ends ovoid and protruding from 
the surface of the body whereby the inserts ef 
fect cutting away of both the bottom and Side 
wali of a well bore. at their juncture. 

7. A conical cutter for rotary drill bitS COm 
prising, a conical body, a plurality of cutting ele 
ments spaced longitudinally along the peripheral 
surface on said body, a row of Wear resistant in 
serts secured in said body at the base thereof and 
in a direction to approximately bisect the angle 
formed by the cutting surface and the base of 
the cone, said inserts having portions protruding 
from the body to effect disintegration of the earth 
formation, at the juncture of the bottom and Side 
wall of an earth bore being drilled and to main 
tain gage of the bore. 

8. A roller cone for rock bits comprising a 
body, cutter elements on said body between the 

5 

10 

5 

20 

2 5 

40 

45 

55 

8 
apex and, the base: thereof, a spear, point at the 
apex of Said body, and a plurality of Wear re 
Sistant inserts: in said spearpoint, Said inserts 
having their outer ends protruding from the Sur 
face of the spearpoint and contoured to present 
arcuate Surfaces to engage and effect disinte 
gration of material to be removed by the Spear 
point. 

9. A. rolling cutter for drill bits comprising, a 
body, there being: a plurality of circumferentially 
and axially spaced cylindrical openings in Said 
body, a formation disintegrating insert in each 
of said openings, each of Said inserts, having a 
cylindrical portion and all ovoid end portion, the 
cylindrical portion of each of the inserts having 
an interference fit in its opening to retain the 
insert in the opening, the ovoid end of the insert 
protruding from the surface of the body to effect 
formation disintegrating action. 

10. In a well drill having a plurality of rotatable 
cutters thereon the improvement comprising, 
Spaced annular lands: on Said cutters, there being 
a plurality of spaced cylindrical openings in each 
of said lands, a wear resistant insert in each of 
said openings, each of Said inserts having a cy 
lindrical portion securing the insert in its asso 
ciated opening by an interference fit therein, and 
each of said "inserts having an ovoid outer-end 
protruding from the surface of the land and 
presenting an arcuate surface to engage and pro 
duce disintegrating, action upon the formation 
being penetrated by the drill. 

11. A rolling, cutter for rock drills comprising, 
a body, and a plurality of wear resistant inserts 
immovably secured in saidbody and having a por 
tion of the surface thereof protruding beyond 
the surface of the body, said protruding portion 
being, ovoid so that each insert presents an ar 
cuate. Surface for engagement. With and disinte 
gration of material to be removed by the cutter. 
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