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The present invention relates to drill bits especially 
useful in the drilling or coring of bore holes, such as 
mining holes and well bores. 
An object of the invention is to provide an improved 

drill bit having a longer useful drilling life than bits 
heretofore available. 

Another object of the invention is to provide a drill 
‘bit embodying diamond and diamond-like cutting ele 
ments disposed over the cutting face of the bit, in which 
the cutting elements are so arranged as to obtain ap 
proximately uniform wear of the bit over the radial ex 
tent of its cutting face. 
A further object of the invention is to provide an 

improved drill bit that centers and stabilizes itself in the 
hole which it is producing, and which runs smoothly as 
drilling of the hole progresses. 

This invention possesses many other advantages, and 
has other objects ‘which may be made more clearly ap 
parent from a consideration of a form in which it may 
be embodied. This form is shown in the drawings ac 
companying and forming part of the present speci?ca 
tion. It will now be described in detail, for the purpose 
of illustrating the general principles of the invention; but 
it is to be understood that such detailed description is 
not to be taken in a limiting sense, since the scope of 
the invention is best de?ned by the appended claims. 

Referring to the drawings. 
FIGURE 1 is a longitudinal section through a drill bit 

embodying the invention, with the lower portion there 
of shown in side elevation; 

FIG. 2 is a bottom plan View of the bit shown in FIG. 
1, with a portion thereof shown in section; 
FIG. 3 is an isometric projection, on an enlarged scale, 

of one of the cutter blades forming part of the drill 
bit; 

FIG. 4 is an enlarged section, with its cutter blade 
shown in front elevation, of the drill bit drilling a bore 
hole; 

FIG. 5 is a bottom plan View of the drill bit, as seen 
along the line 5—-5 in FIG. 4. ' 
The drill bit A speci?cally disclosed in the drawings 

is adapted to be rotated by a drilling string B, such as 
a string of drill pipe, that extended to the top of the 
hole being drilled. As shown, the bit employs diamonds 
D as primary cutting elements for operation upon the 
formation, and is of the drag type. 
The drill bit A includes a main body or shank it} 

having a central ?uid passage 11 and an upper threaded 
box 12 by means of which the body is threadedly secured 
to the lower pin end 13 of the string of drill pipe B. 
The body has a plurality of circumferentially spaced 
and generally radial sockets or grooves 114 extending up 
wardly from its lower end 15, these grooves opening out 
wardly through the periphery of the body. A cutter 
blade 16 is mounted in each of these grooves, making a 
snug ?t therewithin. 
Each cutter blade has a leading cutting face 17 con 

tiguous one side of the groove 14 and a trailing face 18 
contiguous the other side of the groove. The blade 
extends laterally inwardly within the groove 14 to the 
extent desired, depending upon the use to which the bit 
is to be put, and the outer end 19 of the blade preferably 
extends outwardly beyond the periphery of the body it} 
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of ‘the bit, at least to a small extent. Each groove 14 has 
a substantial length, and each cutter blade also has a 
substantial length, each blade being movable longitudinal 
ly in the body groove so that its lower end face 2% pro 
jects outwardly beyond the lower end 15 of the body. 
Each blade is secured to the bit body 10, in the position 
to which it has been adjusted within the body groove 
14, in any suitable manner, as by lock screws 21 threaded 
in companion bores 22 in the body and bearing against 
one face 17 of the blade. All of the blades 16 will be 
adjusted within the body 10 of the tool, so that their 
lower end faces 20 extend axially beyond the lower end 
15 of the bit body to the same extent, whereupon their 
respective lock screws 21 are tightened against the blades 
to ?rmly secure them in place. 

Rotation of the drill pipe B and bit A attached there 
to, with the proper drilling weight imposed on the bit, 
will cause the blades 16 to operate upon the formation 
and cut the same. The cuttings are ?ushed from the 
bottom of the hole by circulating drilling fluid down 
‘through the drill pipe B, which will flow downwardly 
through the central passage ‘11 of the body, and then 
through suitable nozzles or ?uid channels 23 in the body 
communicating with the central passage 11, and prefer 
ably opening through the lower end 15 of the bit body 
in advance of the leading faces of the blades, so that 
the drilling fluid discharging from the nozzles will flush 
the cuttings from the drilling region, and will also main 
tain the blades free from cuttings and effect their cool 
ing. The cuttings are carried by the drilling ?uid up 
wardly around the exterior of the body ll} of the bit and 
the string of drill pipe B to the top of the hole, in a 
known manner. 
The drill bit A can be used to drill the entire cross 

sectional area of the hole, the inner end 24- of each blade 
being spaced from the axis of the hole, and the central 
portion of the hole being removed by a suitable plug 25 
mounted in the lower portion of the central passage 11 
of the bit body and secured to the latter in any suitable 
manner, as by welding or brazing. The plug 25 may 
include diamond cutting elements embedded in a matrix, 
the diamonds and matrix being of an extended length so 
that diamonds are available for operation upon the forma 
tion as the central plug portion wears away. Thus, the 
blades 16 will cut the outer and main portion of the hole 
being drilled; whereas the central portion is removed 
by the diamond impregnated plug 25. 

If the drill bit is to be used for securing a core, then 
the plug will be omitted so that the core passes upwardly 
into the central passage 11 of the bit. For that matter, 
the diameter of the core produced can be greatly in 
creased by spacing the inner ends 24 of the blades :16 
further away from the axis of the bit body, and by mak 
ing the central opening ll of the ‘bit body of a corre 
spondingly greater diameter. 
Each cutter blade 16 is preferably elongated in char 

acter and has sections of diamonds impregnated matrices 
secured thereto in any suitable manner, as by brazing. 
As disclosed, each blade body 3G has a plurality of 
spaced longitudinal extending grooves 31, 32, 33, 34 
opening outwardly through its forward or leading face 
17, in which diamond impregnated sections 35, 36, 3:7, 
38 are disposed. Each of the grooves extend from the 
lower end 26 of the blade body to a substantial extent, 
and each of the diamond impregnated sections disposed 
in its groove has a corresponding length. As shown, 
the sections 3S—38 and the grooves 31—34 in which 
they are received are of varying widths and of varying 
depths, but preferably have substantially the same length 
so that all of the sect-ions are available for operation 
upon the bottom of the hole during the entire useful 
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drilling life ‘of a blade. Each section includes a matrix 
containing diamonds D of a suitable size or mesh, the 
diamonds preferably being substantially uniformly dis 
persed throughout the matrix. Matrix materials of any 
suitable type can be used. For example, the matrix 
may include tungsten carbide or tungsten powder held 
together by a suitable binder, such as cast iron, nickel, 
copper, or the like. Various matrix materials are well 
known in the art and, per se, form no part of the present 
invention. 

The diamond impregnated sections 35—-33 lie flush 
with the leading face 17 of the blade body, the outermost 
section 38 preferably having gauge stones 49 in its side 
face for insuring proper reaming ‘action of the outer sec 
tion upon the walls of the well bore and the maintenance 
of the bore hole to a proper gauge. The radially sep 
arated sections 35, 36, 37, 38 have different widths and 
depths. Thus, an inner section or sections 35 each have 
a width and depth which is less than the next adjacent sec 
tion or sections 36; whereas the latter have a lesser depth 
and width than the section or sections 3-7 radially dis 
posed outwardly thereof, which, in turn, have a lesser 
Width and depth than the outermost section 38-. Thus, 
the outermost section or sections 38 will have a greater 
diamond impregnated area operating upon the bottom of 
the hole than the section or sections 37 inwardly thereof, 
which, in turn, will have a greater diamond impregnated 
area for operation upon the bottom of the hole than the 
section or sections 36 adjacent thereto and inwardly 
thereof. The latter section or sections will also have a 
greater diamond impregnated area operating upon the 
bottom of the hole than the innermost section or sec 
tions 35. 
The progressive increase in areas of the sections op 

erating upon the bottom of the hole, as their distance 
from the axis increases, insures the approximately uni 
form wear of the sections 3i5—3'8, since the sections have 
progressively a greater cutting action to perform the fur 
ther they are removed from the axis of rotation of the 
bit. The outermost section 38 operates upon a much 
greater hole area during each revolution of the bit than 
the sections 37 radially inwardly thereof, these latter sec 
tions, in turn, covering a much greater area for each rev 
olution of the bit than the sections 36 inwardly thereof, 
and the latter sections operating upon a greater circumfer 
ential extent of hole than the sections 35. The bottom 
of the hole traversed during each revolution of the bit 
body by each section is progressively less as its distance 
from the axis ‘of rotation of the drill bit decreases. Thus, 
more cutting elements D are presented for operation upon 
the bottom of the hole in the outer portions of each blade 
'16 than in the intermediate portions, which, in turn, pre 
sent more cutting elements D for operation upon the bot 
tom of the hole than the inner cutting segments. The re 
suit is a substantially uniform wear of the cutting seg 
ments 3\5—3*8 as the hole is being drilled. The lack 
of such approximately uniform wear would result in one 
or a plurality of segments being worn away more rapidly 
than other segments, with attendant lack of penetration 
of the entire cutter blade in the formation and its cessa-v 
tion of effective drilling, thereby requiring the entire drill 
bit to be removed from the hole prematurely and re 
placed with another bit, or with new cutter blades. 

It ‘is to be noted that the leading face '17 of each cutter 
blade '16 does not lie on a radial plane 45 of the bit 
body, ‘but is disposed forwardly of such radial plane to 
a small extent. In fact, a radius 45 can be drawn from 
the axis of the drill bit through substantially the mid 
portions of all of the impregnated diamond sections 
35—38. \In other words, the central portion of each dia 
mond section will lie on a radial plane of the bit body, 
which results in a smoother operation of the drill bit than 
if the sections possessed a more predominant negative 
rake or a more predominant positive rake. The cutting 
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action of each segment 35——38 on the bottom of the hole 
averages out to a substantially zero rake. 

Stability in the operation of the drill bit and its main 
tenance in a centered condition in the bore hole are ob 
tained by the spacing of the diamond impregnated sections 

from one another generally radially of the axis of 
the drill bit. The spacing 46 is of such an extent that the 
sections do not collectively cover the entire radial extent 
of the hole being drilled by the blade. in fact, there are 
intermittent areas of the hole bottom that are not oper~ 
ated upon by any diamond impregnated sections. As 
represented in ‘FIG. 5, annular areas of the hole bottom 
are not acted upon by the sections at all. As a result, 
during the operation of the cutter blades .16- on the bot 
tom of the hole, the formation material is removed by 
them leaving annular or circular ribs 47 in the hole be 
tween adjacent diamond impregnated sections. These 
ribs assist in maintaining the drill bit in a centered con 
dition in the hole so that the drill bit operates smoothly 
and with stability. The formation material, however, 
even when very hard, does not possess su?‘icient strength 
as to cause the radially separated impregnated sections 
to produce ribs ‘47 of any substantial length. During the 
drilling operation, the ribs or ridges 47 are only formed 
to a relatively short degree, whereupon they will break 
down or off by thmemselve-s, and be removed by the 
drilling ?uid from the drilling region. 

In insuring the formation of the centering ridges or 
ribs 47 in the bottom of the hole, the adjacent diamond 
sections must be spaced apart su?iciently such that a cir 
ole 48 drawn from the axis of the bit to a trailing corner 
49 of one section is spaced from a circle 50 drawn from 
the axis of the bit through the leading corner 51 of an 
adjacent section, the radial distance between the two 
circles determining the thickness of the ridge 47 between 
the sections. Actually, such radial distance should be 
relatively small so that each rib is relatively thin, where, 
by it readily and automatically breaks down into pieces 
that are removable from the bottom of the hole by the 
drilling rfluid. 
The stabilizing ribs or ridges 47 could be formed by 

having the sections 35—38 made with arcuate sides, 
rather than straight sides. However, it is more economi 
cal to form each section with parallel straight sides, ca 
pable of ?tting within grooves 31——34 in the blade body 
39 that ‘also have straight parallel sides. Each groove 
can be formed economically by use of a milling cutter 
having the proper width, and which will produce the 
groove of the desired depth extending inwardly from the 
leading face 17 of the blade body 3t}. 
‘When the drilling bit A is ?rst inserted in the hole, 

each cutter blade ‘16 projects beyond the end 15 of the a 
bit body to the desired extent. After the end portions 
of the blades have worn to a substantial extent as the 
result of drilling the hole, the bit can be removed there 
from, the screws 21 loosened and the cutter blades 216 
moved downwardly within the body pockets 14, so that 
the blades again project below the end 15 of the body 
to the desired extent, whereupon the lock screws 21 are 
again tightened against the blades to secure them ?rmly 
to the bit body ‘10. The drill bit is then run back into _ 
the hole for continued drilling action upon its bottom. 
The blades '16 can be moved axially outwardly of the 

body 10 by loosening and then retightening the lock 
screws substantially the entire length of the dia 
mond impregnated sections 35-38 has been worn away, 
after which the blades are discarded and a new set 
mounted in the body in their place. 
By virtue of the drill bit described above, no wear is 

encountered on the body *10 of the drill bit, inasmuch 
as the blades '16 project beyond its lower end 15, and also 
radially outwardly thereof to ream the hole to the desired 
and proper diameter. The blades have a long life inas 
much as ‘the impregnated diamond sections 35-68 can 
have an extended length, if desired. The long life is 
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is also attributable to the fact that approximately uni 
form wear is secured by virtue of gradually increasing 
the widths and depths of the impregnated diamond sec 
tions as they are disposed at greater distances from the 
axis of rotation of the drill bit. Moreover, the spacing 
of the sections 35 to 38 from each other laterally of the 
bit, so that the sections produce the circular ridges 47 in 
the bottom of the hole, insures the automatic center 
ing of ‘the bit in the hole. The sections 35-33 need not 
extend downwardly beyond the blade body 30 for the 
ridges to be formed. vInasmuch as the blade body 30 is 
made of a suitable steel or other material that does not 
have as great resistance to wear as the diamond im 
pregnated sections, the body material of the blade will 
wear away between the sections 35-38 leaving the sec 
tions exposed below the blade body 30. As the sections 
35-—'38 wear away, the body material itself will also wear 
away to a further extent, resulting in the tooth-like ex 
tensions of the sections below the blade body 30, for 
effective operation upon the bottom of the hole. 

I claim: 
1. A cutter blade for a rotary drill bit adapted to be 

disposed in a bore hole, including a body having gen 
erally parallel longitudinal grooves in its leading face ex 
tending upwardly from its lower end and spaced from 
each other across said leading face; and diamond im 
pregnated cutter sections in said grooves secured to said 
body and extending upwardly from the lower end of said 
body; the width and depth of each groove and cutter 
section therein progressively increasing in one direction 
across the face of said body. 

2. A cutter blade for a rotary drill bit adapted to be 
disposed in a bore hole, including a body having gen 
erally parallel longitudinal grooves in its leading face 
extending upwardly from its lower end and spaced from 
each other across said leading face; and diamond im~ 
pregnated cutter sections in said grooves secured to said 
body and extending upwardly from the lower end of said 
body, the width and depth of each of said grooves and 
cutter sections progressively increasing in one direction 
across the face of said body, the distance between ad 
jacent sections being such that said sections are adapted 
to form intervening circumferential ridges in the bottom 
of the bore hole when rotated therein. 

3. -In a drill bit: a supporting meber adapted to be 
rotated in a bore hole; a cutter blade mounted on said 
supporting member and including a body; said body 
having grooves in its leading face extending upwardly 
from its lower end and spaced from each other generally 
radially of the axis of ‘the supporting member; diamond 
impregnated cutter sections in said grooves secured to said 
body and extending upwardly from the lower end of 
said body, the width and depth of each groove and cut 
ter section therein progressively increasing as the dis 
tance of said sections and grooves from the axis of the 
supporting member increases. 

4. In a drill bit: a supporting member adapted to be 
rotated in a bore hole; a cutter blade mounted on said 
supporting member and including a body; said body hav 
ing grooves in its leading face extending upwardly from 
its lower end and spaced from each other generally ra 
dially of the axis of the supporting member; diamond im 
pregnated cutter sections in said grooves secured to said 
body and extending upwardly from the lower end of said 
body, the width and depth of each cutter section progres 
sively increasing as the distance of said sections from the 
axis of the supporting member increases, the distance be 
tween adjacent sections being such that said sections form 
intervening circumferential ridges in the bottom of the 
bore hole. 

5. ‘In a rotary drill bit: a supporting member adapted 
to be rotated in a bore hole; a cutter blade mounted on 
and extending generally radially of said supporting mem 
ber and including a body; said body having grooves in 
its leading face extending upwardly from its lower end 
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6 
and spaced from each other generally radially of the axis 
of the ‘supporting member; cutter sections in said grooves 
secured to said body and extending upwardly from the 
lower end of said body, the width and depth of each 
groove and cutter section therein progressively increasing 
as the distance of said sections and grooves from the axis 
of the supporting member increases, whereby a greater 
circumferential ‘extent of cutter section is operative upon 
the bottom of the bore hole the greater the cutter section 
is located from the axis of the supporting member. 

6. 1In a rotary drill bit: a supporting member adapted 
to be rotated in a bore hole; a cutter blade mounted on 
and extending generally radially of said supporting mem 
ber and including a body; said body having grooves in 
its leading face extending upwardly from its lower end 
and spaced from each other generally radially of the axis 
of the supporting member; cutter sections in said grooves 
secured to said body and extending upwardly from the 
lower end of said body, the width and depth of each 
groove and cutter section therein progressively increasing 
as the distance of said sections and grooves from the axis 
of the supporting member increases, whereby a greater cir 
cumferential extent of cutter section is operative upon the 
bottom of the bore hole the greater the cut-ter section is 
located from the axis of the supporting member, the gen 
erally radial distance between ‘adjacent sections being 
such that said sections form intervening circumferen 
tial ridges in the bottom of the bore hole during rotation 
of the drill bit therewithin. 

7. ‘In a rotary drill bit: a supporting member adapted 
to be rotated in a bore hole; circumferentially spaced 
cutter blades mounted on and extending generally ra 
dially of said supporting member, each of said blades in 
cluding a body having grooves in its leading face extend 
ing upwardly from its lower end and spaced from each 
other generally radially of the axis of the supporting mem 
ber; cutter sections in said grooves secured to said body 
and extending upwardly from the lower end of said body, 
the width and depth of each groove and cutter section 
therein progressively increasing as the distance of said 
sections and grooves from the axis of the supporting 
member increases, whereby a greater circumferential ex 
tent of cutter section is operative upon the bottom of the 
bore hole the greater the cutter section is located from 
the axis of the supporting member; the cutter sections 
of said blades being circurnferentially aligned and the 
generally radial distance between adjacent sections of each 
blade being such that said sections of said blades form 
intervening circumferential ridges in the bottom of the 
bore hole during rotation on the drill bit therewithin. 

8. In ‘a rotary drill bit: a supporting member adapted 
to be rotated in a bore hole; a cutter blade mounted on 
and extending generally radially of said supporting mem 
ber and including a body; said body having grooves in 
its leading face extending upwardly from its lower end 
and spaced from each other generally radially of the axis 
of the supporting member; cutter sections in said grooves 
secured to said body and extending upwardly from the 
lower end of said body, the width and depth of each 
groove and cutter sections therein progressively increas 
ing as the distance of said sections and grooves from the 
axis of the supporting member increases, whereby a 
greater circumferential extent of cutter section is opera 
tive upon the bottom of the bore hole the greater the 
cutter section is located from the axis of the supporting 
member, said sections being so disposed on said body 
that a radius drawn from the axis of said supporting 
member passes through substantially the mid-portions of 
all of said sections. 

9. A cutter blade for a rotary drill bit adapted to be 
disposed in a bore hole, including a body having gen 
erally parallel longitudinal grooves in its leading face ex 
tending upwardly from its lower end and spaced from 
each other across said leading face; cutter sections in said 
grooves secured to said body and extending upwardly 
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from the ‘lower end of said body, the width and depth of 
each groove and cutter section therein progressively 
increasing in one direction across ‘the face of said body, 
‘whereby a greater thickness of cutter section is adapted 
to be operative upon the bottom of the bore hole the 
greater the cutter section is located from the axis of 
the bore hole when disposed therewithin. 

10. A cutter blade for a rotary drill bit adapted to be 
disposed in a bore hole, including a body having gen 
erally ‘parallel longitudinal grooves in its leading face 
extending upwardly from its lower end and spaced from 
each other ‘across said leading face; cutter sections in said 
grooves secured to said body and extending upwardly 
from ‘the lower end of said body, the ‘width and depth of 
each groove and cutter section therein progressively in 
creasing in one direction across the face of said body, 
whereby a greater thickness of cutter section is adapted 

8 
to be operative upon the bottom of the bore hole the 
greater the cutter section is located from ‘the axis of the 
bore hole when disposed therewithin; the distance be 
tween adjacent sections being such that said sections 
will form intervening circumferential ridges in the bot 
tom of the bore hole when rotated therein. 
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