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UNITED STATES PATENT OFFICE 
2,533,260 

ROTARY DRILL BIT AND CUTTER 
THEREFOR 

Henry B. Woods, Houston, Tex, assignor to 
Hughes Tool Company, Houston, Tex., a cor 
poration of Delaware 
Application October 7, 1946, Serial No. 701,743 

(C. 255-71) 9 Claims. 

This invention relates to rotating cutters for 
deep Wells and pertains more particularly to 
the construction and arrangement of cutter 
elements on Such cutters. 
A difficulty experienced with rotating cutters 

in roller boring driis is that the normal Wearing 
away of the cutting edges presents cutting Sur 
faces which constantly enlarge throughout the 
useful life of the drills. For this reason pres 
sure, which is applied to effect drilling, is dis 
tributed over a constantly enlarging area, 
whereby disintegration of the earth material is 
effected through crushing action rather than 
cutting action. The progressing condition dur 
ing drilling decreases the drilling rate, requires 
increasing weights or drilling pressures and 
eventually leads to a cessation of effective drill 
ing or the use of excessive and destructive 
stresses in the drill itself or associated equip 
ment. 

It is also important that the configuration and 
arrangement of cutting elements upon the ro 
tating cutters be such as Will provide efficient 
drilling in various formations and that Such 
action will obtain throughout the useful life of 
the drill or bit. 

It is an object of the invention to provide a 
drill cutter having cutting elements thereon of 
such configuration that the cutting surfaces can 
not exceed a predetermined area as they wear 
away during the normal life of the cutter. 
Another object of the invention is to provide 

cutters having substantially uniform CrOSS Sec 
tion throughout their depth, such elements ter 
minating at their outer ends in elemental teeth 
so that the initial cutting rate is high during 
the wearing away of such teeth, the inner por 
tions of such elements being adapted to pro 
duce efficient cutting action as the elemental 
teeth have been worn away and until the cut 
ting elements are entirely destroyed. 

Still another object is to provide a set of cut 
ters having segmental cutting elementS Spaced 
longitudinally of the cutters, such elements be 
ing provided with elemental teeth forming the 
crests thereof. 
Another object is to provide a set of cutters 

having Segmental cutting elements Spaced cir 
cumferentially of the cutter bodies and stag 
gered along such bodies in a manner that the 
cutting elements of adjacent cutters interfit, at 
least Some of Such elements being provided with 
elemental teeth on their crests. 
The invention also comprehends the provision 

of cutters having cutting elements of the type 
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above indicated, such elements Supplementing 
and cooperating With an Outer row of heel teeth 
which assure rotation of the cutters. 
The foregoing objects together with other ob 

jectS and advantages of the invention will be 
more fully apparent from the following descrip 
tion considered in connection with the accom 
panying drawings in which: 

Fig. 1 is a bottom perspective view of a three 
cone type of drill bit embodying the invention. 

FigS. 2, 3 and 4 are end views of the individual 
cones of the bit shown in Fig. 1. 
A cone type of drill bit embodying the invention 

is shown as in Fig. 1 and such bit comprises the 
body 2 having the usual threaded Shank 3 for 
attaching the bit directly to a drill stem or to an 
interposed drill collar used in the conventional 
rotary method of drilling wells. The cones or 
cutters 4 are rotatably mounted upon the legs 
5 which extend downwardly from the body 2. 
The drill bit is illustrated as having three 

cones 6, 7 and 8, which are usually designated 
as COines NoS. 1, 2 and 3, respectively, and are 
numbered in this sequence because the first has 
the farthest in Wardly disposed cutting element, 
the second has the next adjacent radially dis 
posed cutting element while the inner cutting ele 
ment of the third is outwardly disposed from that 
of either of the first two. 
Cone No. 1 to which the reference character 6 

is applied (FigS. 1 and 2) is of a generally conical 
configuration and is provided with an outer row 9 
of longitudinal heel teeth 0 having crests or 
cutting edges which extend generally longitudi 
nally of the cone. The outer ends of these heel 
teeth are joined in groups by interrupted webs 
f2 whereby there are formed a plurality of gage 
blocks f3 presenting cutting edges 4 which en 
gage the earth formation at the juncture of the 
bottom with the side wall of the well bore and 
thereby tend to prevent the formation of upward 
ly extending rock teeth in the bottom of the bore. 
The tendency for the formation of Such teeth is 
further discouraged by providing a prime number 
of teeth O in the row 9 in which case the gage 
blocks 3 are not all symmetrical with the tooth 
or teeth with which they are united, or there is 
provided, in the series of gage blocks one or more 
blocks of a shorter or longer span such as that 
shown at 3". Such an arrangement prevents 
tracking during succeeding revolutions of the bit 
of which the cone is an element. 

Disposed inwardly of the row of heel teeth O 
On the cone 6 are longitudinally spaced cutter 
elements shown at 5, 6 and 7. Each of these 
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cutter elements is shown as Subtending an arc 
less than 180° about the cone but the elements 
are of Such combined extent that they at least 
Span the entire circumference of the cone body. 
Preferably their individual SpanS are equal to 
or greater than 12U and in any event they are 
So arranged that the cutting effort per unit area 
over the well bottom is substantially uniform. 
The cutter elementS 5, 6 and ii are of Such 

configuration that their bases 8 merge with 
the Surface of the cone and their sides 9 and 
2 extend outwardly from the cone body in Sub 
stantiaily parallei relation as best Seen in Fig. i. 
The Side Iaces may taper slightly but it is in 
tended that they aire So related that the croSS 
Section is Substantially constant outwardly from 
the surface of the body of the cone whereby, 
as showin, these elementS comprise fractional 
discs upon the cone body. 
The crests of the cutter elements 5, 6 and 
comprise elemental teeth 2 which terminate 

in cutting edges or crests 22 extending longi 
tudinally of the cone. These teeth are herein 
termed "elemental' ina.Smuch as they comprise 
Only the outermost portion of the respective 
cutter elements 5, is and if on cone . Similar 
elementai teeth are provided on the cooperating 
cutter elements or cones 7 and 8 to be more fully 
described. A suitable range of depth of these 
teeth is approximately one-third to two-thirds 
of the total height of the cutter elementS al 
though it is to be understood that these relative 
dimensions aire offered as illustrative and not by 
way of limitation. 
The cone 6 to which attention has been Speciii 

cally directed has a cutting structure 25 (Figs. 
1 and 2) at its inner end and Such Structure 
comprises a Spear point 26 which presentS tapered 
cutting edges 27. This spear point is flanked 
by teeth 28 having Segmental cutting edges 23. 
The No. 2 coine shown at (FigS. i and 3) 

has cutter elements 35, 36, 3 and 38 of a struc 
ture Similar to that just described in Connection 
With the elements 5, 6 and ii of the No. 1 cone. 
Inasmuch as this cone is not intended to renlove 
the core that tends to form at the axis of rota 
tion of the bit the cutting structure shown at 
25 in cone No. 1 is omitted. The cutter elements 
are, however, four in number and are SO Spaced 
longitudinally of the cone body that they inter 
fit with the cutter elements of the cones i and 3. 

Ihe No. 3 cone shown at 8 (Figs. 1 and 4) 
has but three cutter elements 33, 4 and 32 
in Wardly of the row of heel teeth 9. It is to be 
understood that the cutting element 42 is spaced 
further from the axis of rotation of the bit 
than is either of the cutter elements is or 38 
of the cones 6 and . The cutter elements on 
the cone 8 likewise Subtend Substantially the com 
plete circumference of the cone and are so spaced 
longitudinally thereof as to interfit with the cut 
tel' element of the adjacent cones. 

Cooperating with the Segmental cutting ele 
mentS On the cones 6, and 8 are, of course, tha 
rows 9 of heel teeth 0 which not only effect cut 
ting of the earth material proximate the periph 
ery of the well bore but also sever the earth ma-. 
terial at the junction of the bottom and side wall 
whereby the formation of rock teeth on the bot 
ton is prevented while a uniform and smooth 
bore is maintained. At the same time the heel 
teeth l'esist slippage of the respective cones upon 
the bottom of the well bore, whereby a maximum 
in efficiency of cutting action is brought about. 
A bit constructed in accordance with the fore 
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going description is capable of and is of a special 
utility in the drilling of relatively hard forma 
tions. At the Same time, however, if it be used 
in Softer or tough formations it will function 
comparable with bits specially designed for such 
formations. 
An important feature of the invention resides 

in the fact that the elemental teeth 2 f are com 
parable in dimensions with the tips of conven 
tional cutter teeth having the same height as the 
cutter elements of the present invention. As dis 
tinguished from Such conventional cutter teeth, 
however, this invention provides a base for the 
teeth, such base comprising a part of the cutter 
element of Substantially uniform cross section. 

During the initial use of the bit the wearing 
a Way of the elemental teeth 2l is quite com 
parable to that Where conventional teeth are 
used. AS Such Wear progreSSes the area pre 
Sented to effect cutting action from applied pres 
Sure increases, such applied pressure being So 
regulated to compensate for the additional Sur 
face presented for cutting. However, the struc 
ture of the cutter elements is Sugh that the area, 
of the cutting Surfaces becomes constant when 
the teeth. 2 are entirely worn away. At Such 
time there is considerable usable material re 
maining in the lower base portion of the cutter 
elements and hence the cutter possesses con 
Siderable usefulness in continued drilling. The 
area, presented for the application of cutting 
pressure remains Substantially constant through 
out the period of further wear upon the cutter 
elements and in this manner efficient continued 
drilling operations may be had. 
The invention is not confined to the forming 

of cutter elements, as described, upon conical 
shaped cutters but it is to be understood as ap 
plicable to roller cutters of all types. When cut 
ter elements are formed upon cutters in accord 
ance With the invention fast and uniform cut 
ting action is obtained and such action is had 
throughout the entire useful life of the cutters 
and without the necessity of applying excessive 
drilling pressures thereto. 

Broadly the invention contemplates a bit of 
the rotary type having at least some cutter ele 
ments of Substantially uniform cross section and 
terminating outwardly in elemental teeth, such 
cutter elements acting in cooperation with se 
ries of heel teeth which maintain the gage of 
the bore and resist Slippage of the cutters on 
bottom during rotation of the bit. 
What is claimed is: 
i. A rotary cone type drill comprising a body, 

a plurality of cones rotatably mounted thereon 
to roll upon the Well bottom, cutter teeth lon 
gitudinally of said cones including at least one 
row of heel teeth, a plurality of segmental cut 
ter elements on at least one of said cones inward 
ly of the heel teeth thereon, each of said cutter 
elements comprising a projection disposed cir 
cumferentially of the cone, and a plurality of ele 
mental cutter teeth on each of said projections 
and extending outwardly therefrom. 

2. A rotary cone type drill comprising a body, 
a plurality of cones rotatably mounted thereon 
to roll upon the well bottom, cutter teeth lon 
gitudinally of Said cones including at least one 
rOW of heel teeth, a plurality of segmental cut 
ter elements on at least one of said cones in 
Wardly of the heel teeth thereon, each of said 
cutter elements comprising a projection disposed 
circumferentially of the cone, a plurality of ele 
mental cutter teeth on said projections and ex 
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tending outwardly therefron, each of said cutter 
elements in successive rows being staggered cir 
cumferentially of the cone. 

3. A rotary cone type drill comprising a body, 
a plurality of cones rotatably mounted theire01. 
to roll upon the Well bottom, cutter teeth lon 
gitudinally of said cones including at least one 
row of heel teeth, a plurality of segmental cutter 
elements on at least one of said cones in Wardly 
of the heel teeth thereon, each of said cutter 
elements comprising a projection disposed cir 
cumferentially of the cone, a plurality of ele 
mental cutter teeth on said projections, each of 
said cutter elements merging into the coine Sui 
face and all side surfages thereof being Substan 
tially parallel. 

4. A rotary cone type drill comprising a body, 
a plurality of cones rotatably mounted thereon 
to roll upon the well botton, cutter teeth ion 
gitudinally of said cones including at least one 
row of heel teeth, a plurality of Segmental cut 
ter elements on at least one of said cones in 
wardly of the heel teeth thereon, each of said 
cutter elements comprising a projection disposed 
circumferentially of the cone, a plurality of ele 
mental teeth on said projections, each of said 
cutter elements merging into the cone Surface 
and all side Surfaces thereof, together with said 
elemental teeth, being Substantially parallel. 

5. A rotary type of drill comprising a body, a 
plurality of cutters, rotatably mounted thereon 
to roll upon the well bottom, cutter elements 
thereon, said cutter elements comprising annur 
larly arranged projections integral with and ex 
tending outwardly from the surfaces of the cones, 
and elemental teeth on and extending outWardly 
from the periphery of each of said projections. 

6. A rotary type of drill comprising a body, a 
plurality of cutters rotatably mounted thereon 
to roll upon the Well bottom, cutter elements 
thereon, said cutter elements comprising annu 
larly arranged projections integral With and ex 
tending outwardly from the surfaces of the cones, 
and elemental teeth. On and extending outwardly 
from the periphery of each of said projections, 
the cutter elements on each cone being spaced 
relative to the cutter elements of the adjacent 
cone so as to interfit. 

7. A rotary type of drill comprising a body, a 
plurality of cutters rotatably mounted thereon 
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to roll upon the well bottom, cutter elements 
thereon, said cutter elements comprising annu 
larly arranged projections integrai with and ex 
tending outwardly from the surfaces of the cut 
ters, elemental teeth oil and extending out 
Wardly from the peripheiy of each of said pro 
jections, the cutter elements on each cutter be 
ing spaced relative to the cutter elements of the 
adjacent cutter so as to interfit, and a row of 
peripheral longitudinal cutting teeth. On each of 
Said cutters. 

8. A combination fractional disc and cluster 
tooth drill cutter comprising a body, a plurality 
of circumferentially extending segmental frac 
tional disc cutter elements thereon at least some 
of said elements including a plurality of ele 
mental cutter teeth along the Crests thereof 
and having their cutting edges extending trans 
versely of the crests. 

9. A combination fractional disc and cluster 
tooth drill cutter comprising a body, a plurality 
of circumferentially extending segmental frac 
tional disc cutter elements thereon at least some 
of said eiements including a plurality of ele 
mental cutter teeth along the crests thereof and 
having their cutting edges extending transversely 
of the crests, the depth of Said elemental teeth 
being approximately one-half the depth of the 
cutter elements so that the teath Will effect a 
high initial rate of cutting and the fractional 
disc portion extending inwardly therefrom will 
Continue to cut until worn substantially to the 
cutter body. 
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