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(57] ABSTRACT 

A rotary drill bit, for drilling boles in subsurface formations, 
comprises a bit body having a shank for connection to a drill 
string, a number of circumferentially spaced blades on Lbe 
bit body extending outwardly away from the central axis of 
rotation of the bit, and a number of cuners mounted side­
by-side along tbe leading edge of each blade. 1l1e cutlers 
include primary cutters baviog cutting edges which define a 
primary cutting profile and secondary cutters having cutting 
edges wbich define a secondary cutting profile which is 
disposed inwardly of the primary cuning profile witb respect 
to tbe bit body. The secondary cuners may be on differen t 
blades from tbe primary cutlers, or may be mounted on the 
same blades, rearwardly of tbe primary cutlers. At least the 
majority of the cutters arc located al different distances away 
from tbe bit axis, so lhat as tbc bit rotates each secondary 
cutter follows a path whicb Lies in termediate the paths 
followed by two primary cutlers. 

54 Claims, 3 Drawing Sheets 
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ROTARY DRILL BITS 
2 

occurs. The secondary cutters will thus make some contri­
bution to tbe cutting of the formation at all times, the 
coo1ribution increa5ing as the primary cutters wear. When 
tbe drill bit is new, and the primary cutlers perform most of 

BACKGROUND OF THE INVENTION 

L Field of 1hc Invention 

The invention relates to rotary drill bits for use in drilling 
boles in subsurface formations, and of tbe kind comprising 
a bit body having a shank for connection to a drill string, a 
plurality of circumferentially spaced blades oa tbe bit body 
extending outwardly away from the central axis of rotation 
of the bit, and a plurality or cull ing clements mounted along 
each blade. 

s tbe cutting action, a high rate of penetration may be achieved 
particularly in softer formations. A t the same time, however, 
the fact that the secondary cutters lie on a lower profile may 
facilitate tbe 11ow of drilling fluid between the secondary 
cutlers and across the secondary blades, thereby reducing the 

10 tendency for bit "balling" to occur, where so(t sticky for­
mation accumulates oo the surface of tbc bi t around tbc 

2. Description of Related An 
cutters. 

A5 drilling progresses, and firmer forma tions arc met, tbe 
primary cutlers experience wear and the secondary cu tters The invention is part icularly, but not exclusively, appli­

cable to drill bits in which some or all of the cutters are 
preformed (PDC) cutlers each formed, at least ia part, from 
polycrystalline diamond. One common form of culler com­
prises a tablet, usually circular or part-circul ar, made up of 

15 begin to make a bigger cootributioo to the drilling action 
resulting ia a smoother bottom bole profile. This may 
improve the steerability of the drill bit when used with a 
steering system. 

a superhard table of polycrystalline diamond, providing the 
front cutting face of 1bc clement, bonded to a substrate 
which is usually of cemented tungsten carbide. 

The bit body may be machined from solid metal, usually 
steel, or may be moulded using a powder metallurgy process 
in which tungsten carbide powder is infiltrated with a metal 

The primary cutters may be mounted on primary blades 
20 and at least some of 1he second ary cutters mounted on 

separate secondary blades. The primary blades and second­
ary blades may be spaced alternately apart around the axis 
of rotation of the bit. 

alloy binder in a furnace so as to form a bard matrix. 25 

The cutlers on the driU bit have cutt ing edges which, 
together, define aa overall culling profile wbich defines the 
surface shape of the bollom of the bore hole which the bi t 
drills. Preferably the cutting profile is substantially cootinu-

30 ous over the leading face of the bit so as to form a 
comparatively smooth bottom hole profile. 

la some drill bits of the above kind, there are associated 
with at least some of tbe cullers further secondary cutters 
each ofwhicb is circumferentially spaced from an associated 35 
primary cutter but is disposed at substantially the same 
distance from the axis of the bit as the associated primary 
cutter, so as to " track" the primary culler as the bit rotates. 
That is to say, the secondary cutter follows tbe groove cut in 
the formation by its associated primary cutter as the bit 40 
rotates. la such arrangements the secondary cutters may be 
so disposed that their cuuiog edges lie inwardly of the profile 
defined by the primary cutters so that each secondary cutter 
serves as a back-up to its associated primary cutter and only 
performs ao effective cutting action oo the forma tion should 45 
the primary cutter become damaged or wom so that it is no 
longer effect ive. 

Tbere may be fewer secondary cutters oa each secondary 
blade than there are primary cutte rs on each primary blade. 
The primary blades may be longer than the secondary blades 
so as to extend into said central region of the bit body. 

Eacb secondary blade may be associated with a particular 
primary blade, each secondary cunter theo being located at a 
position, with respect to the bit axis, which is intermediate 
the positions of two adjacent primary cutters on its associ­
ated primary blade. la this case each secondary blade may 
be the next adjacent blade rearwardly of its associated 
primary blade with respect to tbc normal direction of rota­
tion of the drill bit. 

Ia aaother embodiment of the invention al leas! some of 
said secondary cutters may be mounted oa the same blades 
as at least some of the primary cutters. For example, tbe 
secondary cutters may be disposed rea rwardly of the pri­
mary cutters oo the same b.lade, with respect to Lbe normal 
direction of forward rotation of tbe drill bit. The secondary 
cutters may be mounted 011 an outer region of tbe blade. 

The number of secondary cutlers may be less than the 
number of primary cutters on tbe same blade. For example, 
the bit body may include a centra l region around tbe axis of 
rotat ion of the bit where only primary cutters are mounted. 

SUMMARY OF THE INVENTION 

According to 1be invention there is provided a rotar y drilJ 
bit for dri lling holes ia subsurface formations, comprising a 
bit body having a shank for coooectioo to a drill string, a 
plurality of circumfcreotially spaced blades on tbe bit body 
extending outwardly away from the ceotral axis of rotation 

The seconda.ry cutters may include cutters which are 
smaller or larger than at least the majority of the primary 

so cutters. At least the majority of the secondary cutters may be 
smaller or larger than al least the majority of the primary 

of the bi t, and a plurality of cutlers mounted along each ss 
blade, at least the majority of which cutters are located at 
different distances away from the bit axis, said cutters 
including primary cutters having cutting edges wbich define 
a primary cutting profile and secondary cutters having 
cutting edges which define a secondary cutting profile whicb 60 

is disposed i11wardly of lbc primary cutti11g profile with 
respect to the bit body. 

The arrangement according to the iovcotioo differs sig-
11ificaally from the prior art mentioned above io that at least 
tbe majority of the secondary cutters, instead of tracking 65 

associated primary cutters, are located at different positions 
as compared to the primary cutters so that oo tracking 

cutters. 

The secondary cutters may be of different sizes. For 
example, larger secondary cutters may be arraoged aller­
aately with smaller secondary cutters along the length of a 
blade. 

la any of the above arrangements at least some of the 
secondary cutters may be set at different back rake angles 
from al least some o( the primary cutters. They may be set 
at a greater or smaJJer back rake angle than the primary 
cutters. 

lo any of the above arrangements also, tbe distance 
between the primary cutting profile and the secondary 
cutting profi le may substantiaUy constant over the surface of 
Lhe biL, or may increase or decrease wi th distance from the 
axis of rotation of tbe bit. 
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The bit body may be provided wiih a plurality of nozzles 
for the delivery of drilling fluid to the surface of the bit for 
cool ing aod cleaning the cutlers, the nozzles including inner 
nozzles each of which is located to direct drilling fluid 
outwardly along the primary cutlers on a primary blade, and 
outer nozzles each of which is located to direct drilling fluid 
inwardly along the secondary cutters on a secondary blade. 

The inventioo also includes within its scope a rotary drill 
bit for drilling holes in subsurface formations, comprising a 
bit body having a shank for connection to a drill string, a 
plura lity of c ircumferentially spaced blades on the bit body 
extending outwardly away from the central ax is of rotation 
of tbc bit, and a plurality of cutlers mounted along each 
blade, said cutlers including primary cuuers, at least the 
majority of wbicb are located at different distances away 
from the bit axis, and secondary cutlers which are located a t 
different distances away from lbe bit axis, as compared to 
the primary cullers, so that no secondary cutler tracks a 
primary cutler, at least some of said secondary cutters being 
mounted on the same blades as a t least some of the primary 
cutters. 

In this embodiment of the invention said primary cutters 
may have cutting edges wbicb define a primary cutting 
profile and said secondary Cullers have cutting edges which 
define a secondary cutting profile which is disposed 
inwardly of the primary culling profi le with respect to the bi t 
body. 

BR1EF DESCRJP'TION OF TI-IE DRAWINGS 

4 
The secondary cutters 20 may be of the same type as the 

primary cutlers 18 or the primary and secondary cutlers may 
be of different types. 

Inner nozzles 22 arc mounted in the surface of tbe bit 
5 body and are located in a central region of the bit body, fa irly 

close to the axis of rotation of lbe drill bit. Each inner nozzle 
22 is so located that it can deliver drilling fluid to two or 
more of the channels 16, but is so orientated that it primarily 
del ivers drilling flu.id outwardly along a channel 16 on the 

10 leading side of one of lbe three primary blades 12. 
In addition, outer nozzles 24 are located at the outer 

extremity o( each cbanoel on the leading side of each 
secondary blade 14. Tbe outer nozzles arc orientated to 
direct drilling lluid inwardly along their respective channels 

!5 towards lbe centre of the drill bit, sucb inwardly flowing 
drilling fluid becoming entrained with the drilling fluid from 
the associated inner nozzle 22 so as to flow outwardly to the 
gauge region again along the adjacent channel. All the 
nozzles communicate with a central axia l passage (not 

20 shown) in the shank of the bi t to which drilling fluid is 
supplied under pressure downwardly through the drill string 
in known manner. 

Tbe outer ext remities of the blades 12, 14 are formed with 
kickers 26 which provide part-cylindrical bearing surfaces 

25 which, in use, bear against the surrounding wall of the bore 
bole and s tabilise the bi t in ihe bore bole. Abrasion-resistant 
bearing elements (not s hown), of any suitable known form, 
are imbedded in lbe bearing surfaces. 

FIG. 1 is a perspective view of a PDC drill bil in 30 

accordance with the present invention; 

Eacb of the channels 16 between the blades leads to a 
respective junk slot 28. The junk slots extend upwardly 
between the kickers 26, so that clrtUing fluid flowing out­
wardly along each channel passes into the associated junk 
slot and flows upwardly, between the bit body and the 

FIG. 2 is an end view of the drill bit shown in FIG. 1. 
FIG. 3 is a diagrammatic representation of one arrange­

ment of primary and secondary cutters on the drill bit. 
FIGS. 4 to 7 are similar views to FIG. 3 of alternative 

cutler arrangements. 
FIG. 8 is an end view of another form of PDC drill bit in 

accordance with the present invention. 

FIGS. 9 to 12 are diagrammatic sections through a blade 
in a dri ll bit of the kind s hown in FIG. 8, showing alternative 
configurat ions of primary and secondary cutlers. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIGS. 1 and 2, the drill bit comprises a bit 
body 10 having a leading face formed wilb six blades 
extending outwardly away from the axis of the bit body 
towards Lbe gauge region. The blades comprise three longer 
primary blades 12 alternately spaced with tb ree sborter 
secondary blades 14. Between adjacent blades there are 
defined fluid channels 16. 

Extending side by side along each of the primary blades 
12 is a plurality of primary cullers 18 and extending along 
each of the secondary blades 14 is a plurality of secondary 
cutlers 20. Tbc precise nature of the cuuers does not form a 
part of tbe present invention and they may be of any 
appropriate type. For example, as shown, they may comprise 
circular preformed culling elements brazed to cyl indrical 
carriers which are imbedded or otherwise mounted in lbc 
blades, tbc cutt ing clements each comprising a preformed 
compact having a polycrystalline diamond front culling 
table bonded to a tungsten carbide substrate, the compact 
being brazed to a cylindrical tungsten carbide carrier. 
Alternatively, substrate of the preformed compact may itself 
be of sufficient length to be mounted directly in the blade, 
the additional carrier then being omitled. 

35 
surrounding formation, into the annulus between tbe drill 
string and the wall of the bore bole. 

Each of lbe secondary blades 14 is associated with tbe 
immediately preceding primary blade 12. In other 
arrangements, however, the associated primary and second-

40 ary blades need not be immediately adjacent one another but 
may be in any relative positions on the leading face of the 
b it. 

FIG. 3 is a diagrammatic half section throu.gh the leading 
end of the drill bit showing one pos.siblc arrangement of 

45 primary cullers (shown in solid line) along their primary 
blade and also (in dolled lines) the corresponding positions, 
with respect to the bit axis, of the as.sociated secondary 
cutters. As previously explajned, the secondary cullers may 
be in any circumferential position on the clrill bit relative to 

50 the primary cutters. 
In the arrangement shown in FIG. 3, the primary blade bas 

mounted thereon six primary cU'lters 30 which are all of 
substantially the same size and a smaller outermost primary 
cutler 32 at the gauge. The primary cutlers are spaced 

55 substantia lly equally apa rt along the length of Lbe primary 
blade. The culling edges of the primary Cullers define a 
primary culling profile indicated diagrammatically at 34. 

The secondary cutters 36, 38 comprise four cutlers which 
are s ubstantially similar in size and type to the primary 

60 cutlers 30 and a single smaller outermost secondary cutter 
38. As may be seen from FIG. 3, eacb secondary cutter 36, 
38 is disposed at a position, with respect to the bit axis, 
wbicb is intermediate the positions of two adjacent primary 
cutlers, i.e. for each secondary culler the cutter which is next 

65 closest to the bit axis and the culler wbich is next furt hest 
from the bit axis are bolb primary cullers. The secondary 
cutlers define a secondary culling profile, indicated in solid 
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line at 40 in FIG. 3, which is spaced inwardly of the primary 
cutting profile 34. 

6 
cutlers. The primary cutlers may also be arranged at different 
back rake angles from tbe secondary cutters, and the back 
rake angle of the primary culters may be greater or less than 
tbe back rake angle of the secondary cutters. 

In the dr ill bit shown io FIGS. I and 2 tbc primary cutters 
are mounted on primary blades and the secondary cutters are 
mounted 011 separate secondary blades spaced circumferen­
tially Crom the primary blades. Fl G. 8 shows an alternative 
construction where the secondary cutters are mounted on the 

h will thus be seen that, when the drill bit is new, the 
primary cutters will cut grooves in the formation leaving 
upstanding kerfs between the grooves, and tbe top of the 5 

kerfs will then be removed by the following secondary 
cutters. Since tbe secondary cu1ters are set 10 define a lower 
cutting profi.le, drilling fluid delivered through the inner and 
outer nozzles 22, 24 can more easily flow over the secondary 
blades 14 and between the secondary cutters on the blades, 10 same blades as the primary cutters. 
so as to prevent the balling of cuttings in this region. 

As the primary cutters 30 wear, or become damaged, the 
secondary cutters 36 wiU take over a greater proportion of 
the cutting action and the profile of the bottom of tbc hole 
will become smoother as the primary cutting profile 34 
moves inwardly closer to the secondary cutting profile 40. 

Referring to FIG. 8, the drill bi t comprises a bit body 80 
having a leading face formed with seven blades 82 extend­
ing outwardly away from the ax:is of the bi t towards the 
gauge region. Between adjacent blades there are defined 

15 fluid channels 84. 

lo the arrangement of FIG. 3, tbe secondary cutters 36, 38 
could be set even further inwardly with respect to the 
primary cutters so as lo define a more inward cutting profile 
as indicated in dotted line al 42. 

111 the arrangement of FIG. 3, the spacing between the 
primary cutting profi.Ie 34 and secondary cutting profile 40 

Extending side-by-side along the leading edge of each 
blade 82 is a plurality of primary cutters 86. On each blade 
two secondary cutters 88 are mounted rearwardly of the 
primary cutlers 86 at the outer end of the blade 82. A 

20 diamond impregnated abrasion element 90 is also mounted 
in the blade outwardly of tbe secondary cutlers 88. 

is substantially constant over the face o( the drill bit. FIG. 4 
shows an arrangement where the distance between the 
primary cutting profile 44 and the secondary profile 46 25 

decreases with distance from the central axis 48 of 1he drill 
bit. 

As in the previously described arrangements, both the 
primary and secondary cutters may comprfr,;e circular pre­
formed cutting elements which are mounted in sockets in the 
blades, the ctitting elements each comprising a preformed 
compact having a polycrystalline diamond front cutting 
table bonded to a tungsten carbide substrate. The secondary 
cutters 88 may be of the same type as the primary cutters 86 In th is case, the outer secondary cutters 50 are displaced 

outwardly with respect to the primary cutters 52, the dis­
placement iocreasiog witb distance from tbe bit axis 48. 30 

or the primary and secondary cutters may be of different 
types. 

FIG. 5 shows an arrangement where the distance between 
the primary culling profile 54 and secondary profile 56 
increases with distance from the bit axis. This arrangement 
is otherwise generally similar to that of FIG. 3 in that each 
secondary cutter 58 is disposed at a location intermediate to 
primary cutlers 60 011 its associated primary blade. 

loner nozzles 92 are mounted in the surface of tbe bit 
body fairly close to the axis of rotation of the bit, and outer 
nozzles 94 are located at the outer extremities of some of the 

35 
flujd channel~ 84. 

The primary cutters 86 arc located at different distances 
from the bit axis so that, as the bi t rotates, the cutting edges 
of the primary cutters define a culling profile which extends 
over the whole of the bottom oft he borehole being drilled. 
The secondary cutters 88 are located at different distances 
away from the bit axis, as compared to the primary cutters 

FIG. 6 also shows an arrangement where the distance 
between the primary cutting profile 62 aod secondary profile 
64 decreases with distance from the bit axis. In this 40 
arrangement, however, the secondary cutters 66 are sma.ller 
io diameter than the primary cutters 68. As will be seen from 
FIG. 6, tbe overlap between the secondary cutters aod the 
primary cutters varies along tbe two blades. 

FIG. 7 sbows an arrangement of secondary cutters only, 45 
defining a secondary cutting profile 70, where tbe secondary 
cutters comprise larger cutters 72 alternating with smaller 
cutters 74. h is not necessary lbat all secondary cutlers (or 
indeed all primary cutters) be on the same culling profile and 
FIG. 7 sbows an arrangement wberc one of the smaller 50 
cutters 76 on a secondary blade has a cutting edge spaced 
iowardly of the secoodary cutting profile 70. Tbe primary 
cutters on the primary blades may have a similar arrange­
ment. 

86, so tha t none o( the secondary cutters 88 tracks a primary 
cutter. The secondary cutters may, in accordance with one 
aspect of the present invention, define a secondary cutting 
profile wbich is disposed inwardly, with respect to the bi t 
body, of the primary cutting profile defined by the primary 
cutters 86. However, the drill bit of FIG. 8 may also be 
constructed so that the culling edges of the secondary cutters 
88 lie on the same profile as the culling edges of the primary 
cutters 86. 

FIGS. 9 to 12 show diagrammatic sections th rough adja­
cent primary and secondary cutters 011 a drill bi t of the kind 
shown in FIG. 8. For convenience the secondary cutlers are 
sbowo lying in the same plane as the primary cutters but, in 
practice, in accordance with the present iavention, the 
secoadary cutlers will be mounted at a different distance 
from the axis of rota tion of the dri II bit so tha t the secondary 
cutter does not track the primary cutter. 

Referring to FIG. 9, there is shown a secondary cutter 88 
which is of larger diameter than tbe primary cutter 86 aod is 
disposed at tbc same back rake angle. FIG. 10 shows an 
arrangement where the primary cutter 86 is of greater 
diameter than the secondary cutter 88. 

In all of Lbe above described arrangements at least the ss 
majority, aod preferably all, of the primary cutters are 
located at different distances away from the bit axis, and at 
least be majority of the secondary cutters are located at 
different distances away from the axis, as compared to the 
primary cutters, so that, as may be seen from the drawings, 60 

oone of such secondary cutlers then tracks a primary cutter. 
Arraogemeots arc also possible where all of the secondary 
cutters are located at different distances from tbe bit axis, as 
compared to the primary cutters, so that no secondary cutter 
tracks a primary cutter. 

In the arrangement of FIG. 11 the primary cutter 86 aod 
65 secondary cutter 88 are both of tbe same size, but the fron t 

cutting face 88a of 1he secondary cutter is disposed at a 
greater back rake angle than tbe fron t cutting face 86a of the 

In any of the above arrangements the primary cutters may 
be of tbe same size, or larger or smaller, than the secondary 
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associated primary culler 86. FIG. 12 shows the opposi te 
arrangement where the back rake angle of the primary culler 
86 is greater tban tbe back rake angle of the secondary culler 
88. 

lo all of the arrangements shown io FIGS. 9- U the 
cutting edges of both the primary and secondary cutlers lie 
oo substan tially the same profile. However, as previously 
explained, io accordance with one aspect of the present 
iaveatioa, the culling edges of the secondary cutlers 88 may 
define a culling profile which is disposed inwardly of Lbe 
cutting profile defined by Lbe cutting edges o( the primary 
cullers. 

Whereas the present invention bas beeo described in 
particular relation to the drawings attached hereto, it should 
be understood that other and further modifications, apart 
Crom those shown or suggested herein, may be made within 
the scope and spirit of the present invention. 

Whal is claimed: 

8 
11. A dri.11 bit according to claim 1, wherein the bit body 

includes a central region around the axis of rotation of the bit 
where only primary cutlers arc mounted. 

12. A drill bit according to claim 1, wherein the secondary 
5 cutlers include cutters which are smaller than at least the 

majority of the primary cutters. 
13. A drill bit according to claim U , wherein at least tbe 

majority of tbe secondary cutlers are smaller than at least the 
majority of the primary cutters. 

10 
14. A drill bit according to claim 12, wherein at least the 

majority of the secondary cutlers are la rger than at least the 
majority of the primary cutters. 

15. AdrW bit according to claim l , wherein at least some 
of the seooodary cutlers arc sci at differen t back rake angles 
from at least some of the primary cutlers. 

15 16. A drill bit according to claim 15, wherein at least some 
of the secondary cutters are set at a greater back rake angle 
Lban al least some of the primary cu llers. 

17. A drill bit according to claim 15, wherein at least some 
of the secondary cutlers are set at a smaller back rake angle 

20 than al least some of the primary cutters. 

1. A rotary drill bit for drilli ng holes in subsurface 
formations, tbe bit having a central axis of rotation and 
comprising a bit body having a shank for connection to a 
drill string, a plurality of circum£ereotiaUy spaced blades on 
the bit body extending outwardly away from said central 
axis of rotation of the bit, and a plurality of cutters mounted 
along each blade, al least a majority of wbicb cutters are 
each located al a different distance from the bit axis than any 25 
other culler, said cutters including primary cutlers having 
cutting edges whicb define a primary culling profi le and 
secondary cutters having culling edges which define a 
secondary cutting profile which is disposed inwardly of the 
primary culling profile wi tb respect to the bit body wherein 

18. A dri ll bit according to claim 1, wherein the primary 
cutting profile is a distance from the secondary culling 
profi le which is substantially constant over the surface of the 
bit. 

19. A drill bit according to claim 1, wherein the bit body 
is provided with a plurality of nozzles for delivery of drilling 
tluid Lo a sur(ace of the bit for cooling and cleaning the 
cutters, the nozzles including inner nozzles each of which is 
located to direct driUing flu.id outwardly along the primary 

JO cutlers on a primary blade, and outer novJes each of which 
is located to direct drilling fluid iowardly along Lbe second­
ary cutlers on a secondary blade. 

tbe primary cutters are mounted on primary blades and at 
least some of Lbe secondary cu1ters are mounted oo separate 
secondary blades and there are fewer secondary cutters on 
each secondary blade than there are primary cullers on each 
primary blade. 

2. A drill bit according to claim 1, whereio lbe primary 
blades aod secondary blades arc spaced alterna tely apart 
around tbe axis of rotation o( tbe bit. 

3. A drill bit according to claim 1, wherein each secondary 
cutler is disposed at a position, with respect to the axis of 
rotation of Lhe bit, which is intermediate the positions of two 
adjacent primary cutlers with respect to the axis of ro tation 
of the bit. 

4. A drill bi t according to claim 3, wherein said two 
adjacent primary cutlers lie on the same blade as said 
secondary cutter. 

5. A drill bit according to claim 1, wherein each secondary 
blade is associated with a particular primary blade, each 
secondary culler then being located at a position, with 
respect 10 Lhe axis of rotation of the bit, which is in terme­
diate the positions of two adjacent primary cuiiers on its 
associated primary blade. 

6. A drill bit accord ing to claim 5, whcreio each secondary 
blade is Lbe next adjacent blade rearwardly of its associated 
primary blade with respect to a normal directioo of rotation 
of the drill bit. 

7. A drill bit accorcling to claim 1, wherein at least some 
of said secondary cutlers are mounted on the same blades as 
al least some of the primary cutlers. 

8. A drill bi t according to claim 7, wherein said secondary 
cutters are disposed reaf\vardly of the primary cullers on Lbe 
same blade, with respect to a normal direction of tclf\va rd 
rotation of the drill bit. 

9. A dril l bit accordiog Lo claim 7, wherein said secondary 
cutters are mounted on an outer region of the blade. 

10. A drill bit accorcling lo claim 7, wherein there arc 
fewer secondary cutlers than primary cutters on the same 
blade. 

20. A rotary drill bit for drilling boles in subsurface 
format ions, the bit baviag a central axis of rotation and 

35 comprising a bit body having a sbank for connection to a 
drill string, a plurality of circumferentially spaced blades on 
the bit body extending outwardly away from said central 
axis of rotation of the bit, and a plurality of Cullers mounted 
along each blade, at least a majori ty of which cutlers are 

40 each located at a different distance from the bit axis than any 
other culler, sa.id cuuers including primary cul!ers having 
cutting edges which define a primary cull ing profi le and 
secondary cutters having cutting edges whicb define a 
secondary cull ing profile which is disposed inwardly of the 

45 primary cuuiog profile with respect to Lbe bit body wherein 
the primary cutters are mounted on prima.ry blades and at 
least some of tbe secondary cullers are mounted on separate 
secondary blades, the primary blades are longer than the 
secondary blades so as to extend into said central region of 

50 the bit body. 
21. A drill bit according to claim 20, wherein tbc primary 

blades and secondary blades are spaced alternately apart 
around the axis of rotation of the bit. 

22. A drill bit according to claim 20, wherein each 
ss secondary culler is disposed al a position, with respect to the 

axis of rotation of the bit, wbicb is intermediate the positions 
of two adjacent primary cuuers with respect to the axis of 
rotat ion of tbe bi t. 

23. A drill bit according to claim 22, wberein said two 
60 adjacent primary cuucrs lie on tbe same blade as said 

sccoodary cutter. 
24. A drill bit according to claim 20, wherein each 

secondary blade is associated witb a particular primary 
blade, each secondary cutler lhea being located at a position, 

65 with respect to tbe axis of rotation of the bit, which is 
intermediate the positions of two adjacent primary cutlers on 
its associated primary blade. 
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25. A drill bit according to claim 24, wherein each 
secondary blade is the aexl adjacent blade rearwardly of its 
associated primary blade with rcspec1 to a normal d irect ion 
of rotation of tbe drill bit. 

26. A drill bit according to claim 20, wherein at least some 
of said secondary cutters arc mounted on tbe same blades as 
at least some of the primacy cu1tecs. 

27. A drill bit according to claim 26, wherein said sec­
ondary cutters are disposed rearwardly of 1be primary cullers 
on the same blade, wilb respect to a normal direction of 
forward rotation of tbe drill bit. 

28. A drill bi t according to claim 26, wherein said sec­
ondary cutters arc mounted on an outer region of the blade. 

29. A drill bit according to claim 26, wherein tbere are 
fewer secondary cutters than primary cutters oo the same 
blade. 

30. A drill bit according to claim 20, wherein the bit body 
includes a central region around the axis of rotation of the bit 
where only primary cutters are mounted. 

31. A drill bit according 10 claim 20, wherein the second­
ary cutters include cutlers whicb arc smaller than at least 1be 
majority of tbe primary culters. 

32. A drill bit according to claim 31, wherein at least lbe 
majority of the secondary cutters are smaller than at least tbe 
majority o f 1be primary cu11ers. 

33. A drill bit according to claim 31, wherein at least lbe 
majority of the secondary Cullers are larger 1han at least 1he 
majority of the primary cu1ters. 

34. A drill bit according to claim 20, wherein at least some 
of the secondary cutters are set at different back rake angles 
from at least some of the primary cutters. 

35. A drill bit according to claim 34, wherein at least some 
of the secondary cutters are set at a greater back rake angle 
than at least some of the primary cutters. 

36. A drill bit according to claim 34, wherein at least some 
of the secondary cullers are set at a smaller back rake angle 
than at least some of the primary cutters. 

37. A drill bit according to claim 20, wherein the primary 
culling profile is a distance from tbe secondary cutting 
profile which is substan tially constant over tbe surface of tbe 
bil. 

10 
42. A drill bit according to claim 40, wherein al least some 

of 1he secondary cullers are se1 at a smaller back rake angle 
than al least some of 1hc primary cutlers. 

43. A drill bit according to claim 39, wherein the primary 
5 culling profile is a distance from tbc secondary culling 

profile which is substantially constant over tbc surface of the 
bit. 

44. A drill bit according to claim 39, wherein the bit body 
is provided with a plura lity of nozzles for de livery of drilling 

10 
fluid to a surface of the bit for cooling and cleaning the 
cutlers, the nozzles including inner nozzles each of wbicb is 
located lo direct drilling fluid outwardly along the primary 
cutters on a primary blade, and outer nozzles each of which 
is located to direct drilling flu id inwardly along the second­
ary cutters on a secondary blade. 

15 45. A rotary drill bit for drilling boles io subsurface 
formations, tbe bit baving a ceo1ral a}dS of rotation and 
comprising a bit body having a s hank fo r connection to a 
drill string, a plura lity of ci rcumferentially spaced blades on 
the bit body extending outwardly away from said central 

20 axis of rotation of the bit, and a plurali ty of cutters mounted 
along each blade, al least a majori1y of which cutlers are 
each located at a different distance from 1he bit axis than any 
other culler, said cutlers including primary cutters having 
culling edges wbich define a primary culling profile and 

25 secondary cutlers having culling edges whicb define a 
secondary culling profile which is disposed inwardly of tbe 
primary culling profile with respect to the bi1 body wherein 
the secondary Cullers are of different size and larger sec­
ondary cutters arc arranged alternately with smaller second-

JO ary cutters longitudinally of a blade. 
46. A drill bit according to claim 45, wherein al least some 

of tbe secondary cutters are set at differen1 back rake angles 
from at least some of the primary cutlers. 

47. A drill bit according 10 claim 46, wherein at least some 
3S of tbc secondary cu1ters arc set at a greater back rake a ogle 

than at least some of the primary cutlers. 
48. A drill bit according to claim 46, wherein at teas I some 

of tbe secondary cullers are set at a smaller back rake angle 
1hao at least some of the primary cutlers. 

49. A drill bit according to claim 45, wherein tbe primary 
culling profile is a distance from tbe secondary culling 
profi le which is substantially constant over the surface of the 
b it. 

SO. A drill bit according to claim 45, wherein the bit body 

38. A dril l bit according to claim 20, wherein 1he bit body 40 

is provided with a plurality of nozzles for delivery of drilling 
fluid to a surface of the bit fo r cooling and cleaning 1he 
cutters, the nozzles including inner nozzles each of which is 
located to direct drilling fluid outwardly along the primary 
cutters on a primary blade, and outer nozzles each of which 45 is provided w ith a plurality of nozzles for delivery of drilling 

fluid to a surface of lhe bit for cooling and cleaning the 
cutlers, tbe nozzles including inner nozzles each ofwbicb is 
located lo direcl dril ling fluid outwardly along the primary 
Cullers on a primary blade, and outer no7.zles eacb of wbicb 

is located to direct drilling fluid inwardly along the second­
ary cutters on a secondary blade. 

39. A rotary drill bi1 for drilling boles in subsurface 
formations, tbe bit baviag a central axis of rota1ioa and 
compris ing a bit body having a shank for connec1ion io a 
drill s tring, a plurality of circumferentially spaced blades oo 
1hc bit body extending outwardly away from said central 
axis of rotation of tbe bit, and a plurality of cutters mounted 
along each blade, at least a majority of which cutters are 
each located at a different distance from the bit axis than any 
other culler, said cutters including primary cutlers having 
cutting edges wbich define a primary culling profi le and 
secondary cutlers having culling edges which defioe a 
secondary culling profi le which is disposed inwardly of tbe 
primary cutting profile wi th respect to the bi t body wherein 
tbe secondary cutters arc of different sizes. 

40. A drill bit according to claim 39, wherein at least some 
of the secondary cutters are set at diffe rent back rake angles 
from at least some of the primary cutters. 

41. A drill bit according to cla.im 40, wherein al least some 
of tbe secondary cutlers are set al a greater back rake angle 
than at least some of the primary cullers. 

50 is located to direcl drill ing fluid inwardly along the second­
ary cutters on a secondary blade. 

51. A rotary drill bi l for drilling holes in subsurface 
forma1ioos, lbe bit having a ceo1ral axis of rotation and 
comprising a bit body having a shank for connection 10 a 

55 drill s tring, a plurnlity of circumferentially spaced blades on 
tbe bit body extending outwardly away from said central 
axis of rotation of the bit, and a pl.urali1y of cuuers mounted 
along eacb blade, al least a majority of which cutlers arc 
each located at a different distance from Lbe bi l axis than any 

60 other culler, said cullers including primary cullcrs having 
cutting edges which define a primary culling profile and 
secondary cutlers having culling edges which define a 
secondary culling profile wbicb is disposed inwardly of the 
primary cutting profile with respect to the bi1 body wherein 

65 the primary culling profile is a distance from the secondary 
culling profile wbich increases with dislance from the axis of 
rotat ion of the bit . 
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52. A drill bit according to cla.im 51, wherein the bit body 
is provided with a plurality of ooz2'1es for delivery of drilling 
flujd to a surface of the bit for cooling and cleaning the 
cutters, the nozzles including inner nozzles each of wbicb is 
located to direct drilling fluid outwardly along the primary 
cutters on a primary blade, and outer nozzles eacb of wbich 
is located to direct drilling fluid inwardly along the second­
ary cutters on a secondary blade. 

53. A rotary drill bit for drilling boles in subsurface 
formations, tbe bit having a central axis of rota tion and 
comprising a bit body baviog a sbank for connection to a 
dri ll s tring, a plurality of circumferentially spaced blades on 
tbe bit body extending outwardly away from said central 
axis of rotation of the bit, and a plurality of cutters mounted 
along each blade, at least a majority of whlcb cutters arc 
each located at a different distance from tbe bit axis than any 
other cuuer, said cutters including primary Cullers having 

12 
cutting edges which define a primary cull ing profi le and 
secondary cutters having culling edges which define a 
secondary culling profi le wbicb is disposed inwardly of the 
primary cutting profile witb respect to the bit body wbereio 

s the primary cutting profile is a distance from the secondary 
cutting profile wbich decreases with distance from the axis 
of rotation of the bit. 

54. A drill bit according to claim 53, wherein the bit body 
is provided with a plurality of nozzles for delivery of drilling 

10 fluid to a surface of the bi t for cooling and cleaning the 
cutters, tbe nozzles including inner nozzles eacb of wbicb is 
located to direct drilling fluid oULwardly along the primary 
cutters on a primary blade, and outer nozzles each of whlch 
is located to direct drilling fluid inwardly along the sccond-

15 ary cutters on a secondary blade. 

* * * * * 


