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(57) ABSTRACT 

A culling a~embly comprised of first and second supera­
brasive cutting elements including at least one rotationally 
leading cutting element having a culling face oriented gen­
erally io a d i.rection of intended rotat ion of a bit on which the 
a~crnbly is mounted to cut a subterranean forma tion witb a 
cutting edge at an outer pcripbcry of the cutting face, and a 
rotationally trailing cutting element oriented substantially 
transverse to tbe direction of intended bit rotation aod 
including a relatively thick superabrasive table configured to 
cut the formation witb a culliog edge located between a 
beveled surface at the side of the superabrasive table and an 
end face thereof. A rotationally trailing cutting element may 
be a~ociated with and disposed .al a Jocatioo oo tbe bit at 
least partially laterally intermedia te locations of two rota­
tionally leading culling elements. Drill bits equipped with 
the cutting assembly arc also disclosed. 

40 Claims, 9 Drawing Sheets 
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SUPERABRASIVE CUTTING ASSEMBLIES 
INCLUDING CUTTERS OF VARYING 
ORIENTATIONS ANO ORlLL BITS SO 

EQUIPPED 

BACKGROUND OF THE lNVENTION 

1. Field of Lhe Ioveotioo 

The ioveoLioo relates generally to rotary drag bits for 
drilling subterraaeaa formations aad, more particuJarly, to 
rotary drag bits employing superabrasive backup cullers 
rotationally trai ling superabrasive primary cutlers oa 
selected areas over tbe bit face. 

2. State of tbe Art 

2 
of tbe secondary elements varying wilb distance from the 
aose portion of Lbe bit face. U.S . Pal. No. 5,303,785 to Duke 
discloses lbe use of ribs carrying PDC cutting elements at 
rotationally leading cods thereof, the ribs carrying diamond 

s or other ultra-bard segments embedded in tbe outwardly 
facing surfaces thereof aod rotationally behind the PDC 
culling elements. U.S. Pat. No. 5,595,252 to O'Hanloo 
discloses tbe alternative use of structures either rotationally 
trailing or leading preform cutting elements to control 

10 penetration of tbe latter into a formation being dri lled. 
Drill bits carrying conventional structures to reduce wear 

resistance fa il to provide sullicient enhancement of the 
volume of supcrabrasive material in critica l areas over tbe 
bit face, and arc not effective in providing a dynamically 

15 stable culling action due to tbc ir radial aggressiveness. So-called "backup" cutters have beea coaveatioaally 
employed for some time on rotary drag bits employing 
superabrasive primary cutters in the form of polycrystalline 
cliamoad compacts, or PDC's, Lbe primary cutters being 
oriented witb Lbei r superabrasive culling faces oriented 
geoerally in the direction of intended bit rotation. Backup 20 
cutters are typically employed for drilling applications 
involving penetration of bard or abrasive subterranean for­
mations. Tbe use of backup cutters bas proven to be a 
coaveaieot technique for gaining more superabrasive vol­
ume bearing on tbe formation to extend tbe life of a bit and 25 
eabance its stability without the necessity of desigaiag the 

BRIEF SUMMARY OF T HE INVENTION 

The present iaveatioa provides a radially unaggressive, 
tangentially efficient supplemental cutting element exhibit­
ing a relatively large volume of supcrabrasive material for 
enhanced impact and wear resistance of an associated, more 
aggressive, differently oriented cutting element on tbe body 
of a rotary drag bit, as well as affording protection for the bi t 
body aad enbaaced stability during drilling. The supplemen­
tal cutting element is configured and mounted on tbe bi t 
body so as to minimize additiona1 torque required to rotate 
the bit by providing a bearing surface under forces pushing 
the supplemental cutting element against tbe formation 
being drilled in a direction substantially perpendicular to tbe 
bit face profile at Lbe location of tbe supplemental culling 
element while affording the capability of cutting the forma­
tion being drilled with tbe supcrabrasivc material of tbc 
supplemental culling elemeot ia the direction of bit rotation 

bit witb excess blades to carry more PDC's, tbe presence of 
additional blades increasing the design complexity and 
fabrication cost of tbe bit as well as potentially compromis­
ing bit hydraul ics due to reduced flow area over ibe bit face 30 
and less-than-optimum nozzle placement. However, con­
ventional back'Up cut ters arc fairly aggressive, and tbeir 
placement and orientation on a blade, in combination witb 
associated primary cullers, may lead to ba lling of tbe blade 
area witb formation material 35 

sbouJd one or more associated primary cutting elements 
unduly wear or fail during drilling. 

Various approaches have been taken to increasing tbe 
wear-resistance of rotary drag bits using bard or superabra­
sive stmctures on the bit face in addition to superabrasive 
cutters. For example, U.S. Pal. No. 4,554,986 to Jones 
discloses tbe use of "relatively bard" wear elements sucb as 
tungsten carbide or diamond on ridges rotationally leading 
an associated row of superabrasive cutters. U.S. Pat. Nos. 
4,718,505 and 4,823,892 to Fuller disclose tbe use of 
so-called "abrasion elements" trailing a primary cutting 
structure, tbc abrasion elements comprising superabrasive 
particles embedded in a stud trailing a preform syntbetic 
diamond culler or embedded in a stud carrying a preform 
synthetic diamond cutter. U.S. Pal. Nos. 4,889,017 and 
4,991,670 to Fuller et al. disclose tbe use of so-called 
'·second" cutting structures carrying embedded superabra­
sive particles and rotationally trailing "first" cutters com­
prising preform synthetic diamond. U.S. Pat. No. 4,942,933 
to Barr et al. discloses ·'back-up" assemblies comprising, for 
example, bosses of cemented tungsten carbide impregnated 
with natural diamonds and rotationally trailing other culler 
assemblies. U.S. Pat. No. 5,186,268 to Clegg discloses Lbe 
use of so-called "secondary e lements" rotationally trailing 
"primary" cutting elements and alternatively comprising 
superabrasive particles embe{lded in a stud, a single supera­
brasivc body embedded in lbc outer tip of a stud, or a 
domed-end stud or "button" over wbicb is applied an outer 
layer of polycrystalline diamond. U.S. Pat. No. 5,222,566 to 
Taylor et al. depicts, but does not appear to discuss, struc­
tures rotationally trailing cutter assemblies carried on lead­
ing edges of blades oa a bit. U.S. Pat. No. 5,244,039 to 
Newton et al. discloses the use of ''secondary elements" 
rotationally trailing primary cutting elements, tbe exposure 

Tbe present invention comprises a cutting assembly for 
use ia rotary drag bits, sucb cutting as.<;embly comprising, in 
one embodiment, a first, relatively more aggressive culling 

40 element baviog a superabrasive table with a cutting face 
oriented generally ia a djrectioa o f intended bit rotation, and 
a second, rela tively lcs.<; aggressive cutting element rotation­
ally trailing the first cutting e lement, at substantially tbe 
same radia l position over the bit face aod having a supera-

45 brasive table oriented generally perpendicular to tbe profile 
of Lbe bit face. The superabrasive table of tbe second cutting 
element may be carried on tbe outer ead of a substrate 
configured as a stud-like carrier element over which tbe 
superabrasive table is fom1ed and extends over tbe ent ire 

50 cross-section of Lbe carrier elemeot. Ii is preferable that tbe 
superabrasive table of tbe second cutting element exhibit a 
substantial thickness, a beveled, semifrustocoaical rake face 
(a t least facing in tbe direction of intended bit rotation) of 
considerable dimension, and a clearance face at a radially 

55 inner periphery oftbe rake face. The rake face may comprise 
a continuous, arcuate surface, or a series of laterally adjacent 
facets together simulating an arcuate surface. 

lo another embodiment of Lbe iaventioo, the second 
culling clement may be located at a position along the profile 

60 of the bit intermediate, or al leasl partially lying between, 
two first, relatively more aggressive, rotationally leading 
culling elements. 

Tbc second cutting element is preferably sligbtly tilted 
with respect to a perpendicular to the profile of the bit face 

65 at the location of the second culling e lement in a direction 
away from the intended direct ion of bit rotation so as to fom1 
a smaJl clearance angle between tbe clearance face and tbe 
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face of a formatio n being cul when tbe bit is dri ll ing. Further, 
the second cutting element may be underexposed relative to 
its associated first cutting element; that is to say, the second 
culling element protnides from tbe bit profile a lesser 
d.istaoce than the first cutting clement. lo addition, the 
second culling element may be side raked with respect to an 
associated first culling clement or elements. 

Rotary drag bits including a plurality of cutting assem­
blies as described above are also within the scope of the 
present invention. Such bits may particularly feature such 
culling assembl ies on the sbouldcr region of the bit profile, 
allhough the invention is not so Limited. I.I is contemplated 
that cutt ing assemblies of both of the foregoing configura­
tions may be employed on the same drill bit. Stated another 
way, cutting assemblies comprising a single first culling 
element and a single second cutting element may be 
employed on a bit in combination with culling assemblies 
wherein two first, radially offi,et cull ing elements have a 
second, at least part ially radially intermediate cutting ele­
ment associated therewith. 

In various embodiments, the second cutting clements of 
the cutting assemblies of the invention provide significant 
protection against wear of the material of the bit body, and 
particularly on vertically, or axially, oriented portions of the 
bit body profile. If a first culling element breaks, a trailing, 
second culling element takes over to cut the formation. 
While performance may be diminished in such si tuations, 
the presence of the second cutting element prevents ring-out 
or groove-out of the bit body or blade on the profile, thus 
permitting replacement of the failed first culling element 
when the bit is tripped from the weU bore and renioning of 
the bit. lo addition, the placement and orientation of Lhc 
second cutting elements promote enhanced bit stability even 
in situations where breakage of the first cutting e lement does 
oot occur. 

Other features and advantages of the present invention 
will become apparent to those of ski ll in the art through a 
consideration of the ensuing description, tbe accompanying 
drawings, and the appended claims. 

BRIEF DESCRIPTION OF TME SEVERAL 
VIEWS OF THE DRAWINGS 

4 
FIG. 8 comprises a perspective elevation o( a second 

embodiment of a rotary drag bit according to the invention, 
inverted from a normal drilling orientation fo r clarity; 

FIG. 9 comprises an enlarged perspective elevation of a 
5 second embodiment of cutting as.<;;cmblies according to the 

invention as arranged on the bit of FIG. 8; 
FIG. 10 comprises a perspective elevation of cu tting 

elements arranged according to the invention as depicted in 
FIG. 1, wherein a second culling element is disposed at a 

10 side rake; and 

15 

FIG. 11 comprises a schematic side elevation of one side 
of a bit mold for fabrica tion of a bit according to the 
invention, illustrating the manner in which the side rake of 
a second cutting element may be achieved. 

DETAI LED DESCRIPTION OF THE 
INVENTION 

In all of the drawing figures, similar features and c lements 
will be identified with the same reference numerals fo r 

20 
clarity. 

Referring now to FIGS. 1 through 7 of the drawings, a 
first embodiment 10 of a drill bit according to the present 
invention comprises a bit body 12 having a bit face 14 at one 

25 end thereof and being secured at an opposing end to shank 
16 with bearing threads 18 thereon for connecting the bit 10 
lo a drill string for rotation thereof and application of weight 
thereto, as known in the ari. Ui t 10 includes a plurality of 
generally radially extending blades 20 above (as t~c bit is 

30 oriented in FlG. 1) tbe bi t face 14 and extending to integral, 
laterally extending gage pads 22 at the side of the bit body 
12. The profile of the bit 10 or, more specifically, of the body 
12, lies along outer edges of the blades 20 between the 
centerline CL of the bit 10 to gage pads 22. A plurality of 

35 generally radia lly extending fluid passages 24 extends 
between blades 20 from locations proximate the centerline 
CL of the bit 10 to junk slots 26 located between gage pads 
22. 

A plurality of nozzles 28 is disposed in apertures in the bit 
40 face 14, as known in the art, noz:1Jes 28 being at the distal 

ends of passages leading from ao interior plenum or other 
passage communicating with the hollow in terior of shank 
16, which in use receives drilling fluid from a drill string to 

In the drawings, which illustrate what is currently con­
sidered to be the best mode for carrying out the invention: 45 

FIG. 1 comprises a perspective elevat ion of a first 
embodiment of a rotary drag bit according to the invention, 
inverted from a normal drilling orientation for clarity; 

which bit 10 is secured, as well known in the art. 
Each blade 20 carries a plurality of first cutting elements 

30 disposed in pockets 32 opening onto the outer edge as 
well as the rotational ly leading edge of the blade, and so are 
exposed above the blade. First culling elements 30 prefer­
ably comprise POC culling eleme nts comprised of substan-FIG. 2 comprises a face elevation of the rotar y drag bit of 

claim l, looking upward at the bit face from below as the bit 
is normally oriented for drilling; 

FIG. 3 is an enlarged perspective view looking upward 
and to tbe rear from a position below and rotationally 
leading a blade of the bit of FIG. 1 as normaUy oriented for 
drilling; 

FIG. 4 is an enlarged perspective view looking slightly 
upward and rotationally forward from a posi tion below and 
rotationally behind a blade of the bit of FIG. 1 as normally 
oriented for drilling; 

FIG. 5 comprises a line drawing showing cutting clement 
positions on a blade of tbc bit of FIG. l ; 

FIG. 6 is a side elevation of one suitable configuration of 
a second culling element for use according to lhe invention; 

FIG. 7 is a side elevation of one embodiment of a cutting 
assembly comprising first and second cutting elements in 
accordance with the invention; 

50 tially disc-shaped polycrystalline diamond compact supera­
brasive tables 34 formed on substantially cylindrical 
supporting substrates 36, typically (but by way of example 
only) of cemented tungsten carbkle. First culling elemeot 30 
bas a longitudinal axis L (see FIG. 3), which, in the disclosed 

ss embocliment, also comprises a ceaterl ine for cutting element 
30. First culling elements 30 are conventionally negatively 
back raked, having their cutting faces 38 tilted to the rear, 
away from the direction of intended bit rotation, to reduce 
aggressivi ty of the cutting edges 40 engaging tbe formation 

60 as the bi t rotates and weight on bit (WOB) is applied. 
Exemplary back rakes for first culling clement 30 place 
longitudinal axis Lal an angle in the range of from about 10° 
to about 45° to a reference plane tangent Lo the bit face 
proximate the location of lhe rotationally trailing end of first 

65 culling element 30 and an associated second culling element 
130, as illustrated in HG. 7 and as furtJ1er described below. 
Bit body 12 as depicted in FIGS. 1 through 4 comprises a 
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so-called "matrix" bit body of particulate metal (typically 
tungsten carbide, steel or a mixture of both) infiltrated wi th 

6 

a bardened liquid binder (typically copper based). First 
cutting clements 30 are brazed in pockets 32 by their 
substrates 36. However, tbc present invention is not limited s 
to matrix-type bits, but may also be employed witb steel 
body bits wherein cutting clements are also brazed into place 

the clearance face 142 lo tbe boun dary 148 between supera­
brasive table 134 and substrate 136 at tbe side wall 144 of 
superabrasive table 134, is preferably at least about 0.030 
inch and, more preferably, about Q.'I 00 to 0.110 inch. The 
depth of the rake face 140, measured parallel to the longi­
tudinal axis of the cutter and between the clearance face 142 
and the side wall 144, is quite substantial, preferably on tbe 
order of at least about 0.030 inch a nd, mme preferably, about 
0.050 inch. Rake face 140 is also oriented at an angle to a 

as with matrix-type bits, or can be secured to studs, the ends 
of which are inserted in apertures formed in tbe blades or 
elsewhere in Lbe steel bit body. 

AJso secured to blades 20 and in the shoulder region of the 
bit face 14 (see especially FIGS. 3 and 4) is a plurality of 
second cutting clcmcots 130, also each preferably comprised 
of a disc-like superabrasive table 134 formed on a substan­
tially cylindrical, supporting cemented carbide substrate 
136. Second culling elements 130 are each mounted in 
pockets 132 rotationally behind and in substantial radial 
alignment over the bit face 14 (in this embodiment, on the 
same blade 20) with a rotationally leading first cutting 
element 30, each such pairing of a first cutting element 30 
with a second cutting element 130 comprising a cutting 
as.5embly according to the invention. Unlike first cutting 
clements 30, however, second cutting elements 130 are 
oriented substantially transverse to tbe bit face (or, for 
simplicity, to the aforementioned reference plane), with tbe 
sides of superabrasive tables 134 facing in an intended 
direction of bit rotation. 

Second cutting elements 130 may preferably comprise 
cutting elements as described in U.S. Pat. No. 5,706,906 to 
Jurewicz ct al. , assigned to the assignee of the present 
invention, the disclosure of which is hereby incorporated 
bcrein by this reference. With specific reference to FIGS. 6 
and 7 of the drawings herein, such cutting elements 130 
preferably have a superabrasive table .L34 comprising a 
disc-like polycrystalline diamond compact formed on and 
extending across tbe end of a substantially cylindrical sub­
strate 136, second cutting element 130 having a longitudinal 
axis L. 

Second culling elements 130 are preferably oriented on 
Lbe bit face at a s lig ht angle to tbe perpendicular to tbe bi t 
face (or reference plane) at the culling clement location, 
preferably tilled to the rear and away from the imencled 
direction of rotation at a slight angle a. (see FIG. 6), which 
angle also results in a so-called ·'clearance angle" ~ between 
second culling element 130 and the formation being cul as 
explained in more deta.iJ below. 

Superabrasive table 134 preferably bas a rake face 140, at 
least on the part of tbe superabrasive table facing in the 
direction of intended bit rotation. Rake face 140 may com­
prise a bevel ai the lateral periphery of the superabrasive 
table 134 extending completely thereabout and defining a 
frustoconical surface, or merely lie along a portion of the 
periphery, defining an arcuate, semifn1stocooical surface as 
depicted on the left-hand side o[ FIG. 6. Alternatively, rake 
face 140 may comprise a series of laterally adjacent facets 
together simulating a frustoconical or semifrustoconical 
surface as depicted on tbe right-hand side of FIG. 6. 

The outer, or encl, face of s uperabrasive table 134 com­
prises a clearance face 142 oriented perpendicularly to the 
longitudinal axis of second cutting element 130, and rake 
face 140 extends from clearance face 142 to side wall 144 
of supcrabrasive table 134. A cutting edge 146 is defined 
along the arcuate boundary (or, in tbe case of a faceted rake 
face, substantial ly arcuaie boundary) between rake face 140 
and clearance face 142. Tbe thickness of the superabrasive 
table 134, measured parallel to loagitudioal axis Land from 

10 longitudinal axis of cutting eleme nt 130, for example at a 
45° angle thereto, although other angles between about 
10°aocl 80°, and more preferably between 30° and 60°, may 
also be suitable. Of course, the tilt angle of second culling 
element 130 or of clearance face 142 may be varied in 

15 combination with the orientation of rake face 140 to provide 
tbe desired degree of aggressiveness to cut the format.ion 
tangentially without being uncluJy radially aggress ive. 

Second cutting elements 130 may be underexposed (i.e., 
be vertically farther from tbe formation) re lative lo cutting 

20 edges 40 of first cut ting clements 30 by a given dimension, 
for example 0. LOO iocb. The degree of underexposure may 
vary, as desired, to preclude tangential, substantially aggres­
sive engagement of a second culling element 130 witb a 
formation being drilled until such time as its associa ted fust 

25 cutting element wears to a given degree. Alternatively, 
exposure of second culling element 130 may be selected to 
act as a penetration limiter for associa ted first culling 
element 130, or may be selected so that second culling 
element 130 immediately engages a formation, providing 

JO additional superabrasivc material volume bearing on Lbe 
formation from the incept.ion of drilling. As may be readily 
observed by reference to FIGS. 3, 4 and 7 of the drawings, 
second cutting elements 130 may be mounted to protrude 
significantly above the surfaces of blades 20 while s ti ll being 

35 underexposed with respect to cutting edges 40 of first culling 
elements 30 so as to facilitate fluid movement and formation 
debris clearance about second cutting elements 130. As 
perhaps best shown i.n FIG. 5, tbe exposure of second cutting 
clements 130 with respect to the cutting edges 40 of first 

40 culling elements 30 may vary with each respective cutting 
as.sembly. 

It is significant that the exposure of second culling ele­
ment 130 should be such 1ba1 the depth of cuL taken of the 
formation should not exceed the 1bick:oess of the superabra-

45 sive table 134 al the side wall 144. Otherwise, damage to the 
second cutting element 130 may result from delamination of 
superabrasive table 134 from substrate 136, or abrasive or 
impact damage to substraie 136 may result. Further, and as 
noted above, second cutting elements 130 are preferably 

50 tilted away from the direction of intended bit rotation so as 
to elevate culling edge 146 above clearance face 142 in tbe 
direction of intended bit ro tation and facilitate shearing of 
the formation material. Jo the disclosed embodiment, this till 
comprises a till of longitudinal axis L of second cutting 

55 element 130. The ang le of tilt a of the second cutting 
element 130 also Lilts the clearance face, which is perpen­
clicu.Iar to longitudin al axis L, resuJLing in the aforemen­
tioned clearance angle~ between the clearance face and the 
formai ion. Tilt angle a., and thus clearance angle ~' may 

60 range from about 3° to about 25° degrees. Optionally, a 
clearance angle~ may be achieved by fo rming the clearance 
face 142 to exhibit a slant or tilt away from a plane 
perpendicular to loogituclioal axis L aocl rotationally orient­
ing second cutting element 130 appropriately so tbal it may 

65 be mounted without ti lt. A tilt angle a. of less than 3°, and 
thus a similar clearance angle~. performs substantially as if 
ao clearance angle is provided. 
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Second culling elements 130 may also be configured, by 
way of example, as certain superabrasive gage cutters dis­
closed in U.S. Pat. Nos. 5,287,936, 5,346,026, 5,467,836 
and 6,050,354 and U.S. patent application Ser. No. 09/212, 
057, all assigned to the assignee of the present invention and 
tbc disclosure of each of wbicb is hereby incorporated herein 
by this reference. One particularly suitable configuration for 
second cutting element 130 is disclosed in the aforemen­
tioned U.S. Pat. No. 6,050,354, FIG. 13, wherein the supera­
brasive table 134 exhibits multiple chamfers at its periphery. 
Yet another suitable configuration for second cutt ing ele­
ment 130 is disclosed in U.S. patent application Ser. No. 
09/205,138, assigned to the assignee of the present 
invention, Lbe disclosure of which is hereby incorporated 
herein by this reference. lo the ' L38 application, a sheath or 
jacket of superabrasive material extends from tbe table over 
and along one side of the substrate. A complex, grooved 
interface-geometry between the superabrasive material and 

8 
IQrsional) loading adjacent an area of tbe formation exhib­
iting re latively high strength, as discussed in greater detail in 
U.S. Pat. No. 5,435,403 to TibbitL5 ct al., assigned to the 
assignee of the present invention and the disclosure of which 

5 is hereby incorporated herein by this reference. Thus, bits 
equipped in tbc shoulder area of at least some of the blades 
with culling assemblies according to the present invention 
exhibit enhanced durability in combination wilb effective 
cutting act ion enhanced as required by the second cutting 

10 elements 130 clue 10 excessive wear of, damage to or faiJure 
of fi rst culling elements 30 during drilling and without 
requiring compromises io bit design which may increase bit 
cost and degrade hydraulic performance. The second cutting 
clements 130 also provide a robust, superabrasive bearing 

15 surface under so-called bit '·whirl" or other lateral bit 
precession or vibration, tbe bearing surface inhibiting the 
tendency of relatively more aggressive first cull ing e lements 
30 to "bite" into the well bore wall. 

the substrate is employed on both the substrate end and Lhe 
substrate side covered by the superabrasive materia l. As 20 
shown in FIG. 7 of the drawings in broken lines, the sheath 

The cutting assemblies of the present invention, both as 
previously as well as subsequently described herein, may be 
employed in coovcntiooal , substantially laterally balanced 
drill bits as well as so-called .. anti-whirl" bits wherein a 
directed, lateral, imbalance force is ioteotiooally established 
to push a side of the bi t against the well bore wall to ride 

or jacket 139 would be placed to face generally in the 
direction of intended bit rotation for protection of the 
substrate 136. 

Other suitable configurations for second cutting element 
130 are disclosed in U.S. Pat. No. 6,003,623 to Miess. 

In operation, a cull ing assembly (sec FIG. 7) comprising 
a first culling element 30 and a second cutting element 130 
according to the invention cuts a formation being drilled 
with the culling edge 40 of the first, rotationally leading 
cutting element 30 as the bit rotates and WOB is applied, the 
second cutting clement 130 then engaging the formarion if 
lbe depth of cut of the first cuning element 30 is sufficient 
(presuming the two culling edges 40 and 146 arc no t at the 
same exposure, such arrangement also contemplated as 
being within the scope of the invention). Due to the sub­
stantially transverse orientation of tbe second cutting ele­
ment 130 to lbe bit profile at the location of tbe second 
cutting element 130, the clearance face 142 and adjacent 
rake face 140 in the direct ion of biL rotation together provide 
a very radially unaggressive strucrure to the formation, 
while the cutting edge 146 located between tbe clearance 
face 142 and rake face 140 cuL5 the formation tangentially 
(to tbe arc traversed by the cutting edge as the bit rotates) in 
a very efficient manner. lbe clearance angle ~ provided by 
tbe preferable slight Li lt of Lbe second cutting element 130 
(or, alternatively, a slanted clearance face 142) precludes tbe 
format ion from merely riding on the clearance face 142 of 
the second cutt ing element 130, promotes drilling tluicl Dow 
bcbiod the cutting edge 146 of tbe second cutting element 
130, and thus facilitates cooling of the superabrasive table 
134 and removal of formation fines. The presence of tbc 
robust superabrasive tables 134 of the second cutting ele­
ments 130 provides, in contrast 10 conventional bits and 
even those employing so-called "baclrnp cutlers", substan­
tially enhanced superabrasive volume to reduce wear on the 
superabrasive table 34 and on adjacent port.ions of Lhe bit 
body 12, such as blades 20 . Thus, life of the superabrasive 
table 34 is prolonged, and reduced wear of the bit body 12 
prolongs its life and enhances repairability of tbe bit 10. 

25 thereon substantially continuously on a bearing surface on 
the bit body, such as an enlarged, smooth gage pad or pads. 
The lateral imbalance force and smooth bearing surface are, 
in combination, intended Lo preclude destructive bad .. -ward 
rotation, or .. whirl", offset from the well bore axis, of tbe bi t 

30 within the well bore. Jo an anti-whirl bi t, the bi t face 
circumferentia!Jy adjacent and below (as the bit is oriented 
for clri!Liog) the beariog surface oo tbe gage is ofteo referred 
to as the "culler devoid region" of tbe bit face, as the number 
of culling elements is substantially reduced, or Lbeir pres-

35 eocc even eliminated. Such a bit design may consequently 
incur undue damage to the bit face in tbe Clltter devoid 
region. Cutting assemblies of the present invention may be 
placed in the culler devoid region and specifically on the 
shoulder of the bit profile adjacent the gage, with first cutting 

40 elemeots 30 being substantially underexposed in C(Jmpari ­
son with fi rst cutt ing elements 30 over the remainder of the 
bit face 14. Second cutting elements 130 associated wi th first 
cutting elements 30 in tbe cutter devoid region arc under­
exposed with respect to their associa ted first cutting elc-

45 meots 30, as described herein. When such a bit is running 
smoothly, aod bas not initiated a tendency toward whirl, 
neither the first cull ing elements 30 nor their associated 
second cutting elcmenL5 130 in the cutler devoid region 
contact the forma tion. When, however, bit stability begins to 

50 be compromised aod an off-centering whirl tendency is 
exhibited, the cull ing assemblies in the culler devoid region 
engage the forma tion, culling tbe formation and protecting 
the bit body while providing enhanced stability through 
contact of the superabrasive material of second cutting 

55 elements 130 with the formation. 
Referring aow to FIG. 8 of the drawings, a second 

embodiment 110 of a drill bi t according lo tbe invention wi ll 
be described. For clari ty, elements and features of drill bit 10 
wh ich bavc previously been described arc identified by tbc 

60 same reference numerals with respect to drill bit llO. 
The location of cutting assemblies of the invention in the 

shoulder area of a bit, as disclosed herein, presents addi­
tional superabrasivc volume to the formation in locations 
over the bit face where culling element travel and speed are 
close to a maximum (clue to location at radii close to tbe gage 65 

diameter of tbe bit) and cutting elements are subjected to 
from sigoificaat to extreme tangential (also known as 

FIG. 8 shows, in perspective, drill bit 110 is similar to bit 
10 and includes a bit body 12 having a bit face 14 at one encl 
tbcreof and being secured at an opposing cod to shank 16 
wiib bearing threads 18 thereon. Bil 110 includes a plurali ty 
of genera.Hy radia lly extending blades 20 above (as the bit is 
oriented in FIG. 8) the bil face 14 and extending to integral, 
laterally extending gage pad5 22 at the side of the bit body 
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12. The blades 20 define a plurality of generally radially 
extending fluid passages 24 therebetween extending from 
proximate a centerline CL of the bit 110 to junk slots 26 
defined between gage pads 22. 

A plurali ty of nozzles 28 is disposed in apertures in the bi t 
face 14, as known in tbe art, nozzles 28 being at tbe distal 
ends of passages leading from an interior plenum or other 
passage communicating witb tbe hollow interior of shank 
16, which in use receives drilling fluid from a dri ll string to 
which bit 110 is secured, as is well known in the art. 

Each blade 20 carries a plurality of first cutting elements 
30 disposed io pockets 32 opening onto the rotationally 
leading edge of tbe blade. First cutting clements 30 prefer­
ably comprise PDC cutting elements comprised of substan­
tially disc-shaped polycrystalline diamond compact supera­
brasive tables 34 formed oo substaotia Uy cylindrical 
supporting substrates 36, typically (but by way of example 
only) of cemented tungsten carbide (see FIG. 3). First 
culling elements 30, and thei r structure, configura tion and 
orientation on drill bi t 110 may be as previously described 
with respect to drill bit 10. Bit body 12 as depicted in FIG. 
8 comprises a so-called ''matrix" bit body of particulate 
meta l (typically tungsten carbide, steel or a mixture of both) 
infiltrated with a hardened liquid binder (typically copper 
based), so that first cutting elements 30 are brazed in pockets 
32 by thei r substrates 36. However, and as previously noted 
herein, the present invention is not Limited to matrix-type 
bits, but may also be employed with steel body bits wherein 
cutting elements are also brazed in to place or may some­
times be secured to studs, the ends of wbicb are inserted io 
apertures formed in the blades or elsewhere io the steel bit 
body. 

Also secured to blades 20 and in the shoulder region of the 
bit face 14 is a plurality of second culling elements 130, also 
each preferably comprised of a disc-like superabrasive table 
134 formed on a substantially cylindrical, supporting 
cemented carbide substrate 136 (see FIG. 3). Second culling 
elements 130 are each mounted in pockets 132 rotatiooaJJy 
bebind and (in this embodiment , on the same blade 20) at a 
location on the bit profi le at least partially intermediate two 
associated, rotationally leading firs t culling elements 30, 
each sucb combination of two first culling clcmcols 30 with 
a second cutting clement 130 comprising a cutting as.5cmbly 
according to the invention. Unlike first cutting elements 30, 
however, second cutting clements 130 are oriented substan­
tially transverse to the bit face (or, fo r simplicity, to the 
aforementioned reference plane), with the sides of supera­
brasive tables 134 facing in an intended direction of bi t 
rotation. 

It will be appreciated by tbose of ordinary skill in tbe art 
that, al some locations along the bit profile, which extends 
from the centerline CL of tbc bit along the outer face surface 
or profile of blades 20 10 gage pads 22, the at least partiaJJy 
intermediate location of a second culling element 130 will 
be somewhat more radially than longitudinally (in the direc­
tion of centerline CL) intermediate the locations of associ­
ated first cutting elements 30. On the other hand, when 
adjacent or near gage pads 22 as on the shouJder of the bi t 
face 14, tbe at least partially in termediate location of a 
second cutting clement 130 may approximate the radial 
locations of its associated first cutting clements 30 wbilc 
being somewhat more longitudinally intermediate first cut­
ting elements 30. Second cutting elements 130 may be 
structured, configured and oriented as previously described 
herein with respect to drill bit 10. 

FIG. 9 of the drawings is an enlarged depiction of first 
cutting elements 30 and second cutting clements 130 

10 
arranged in accordance with the second embodiment of the 
invention as on blade 20a of bit 110 of FIG. 8, and oriented 
in the same direction (i.e., the bit being inverted) for clarity. 
The bit body 12, and s pecifically blade 20a, has been 

5 omitted for clarity. The view of FIG. 9 is taken from 
rotationally behind first cutting elements 30. From Ibis view, 
one of ordinary skill in the art may observe and appreciate 
that the intermediate placement of second culling elements 
130 in this embodiment of the invention affords protection 

10 to the outer edges of the blades latera lly between first culling 
elements 30, which outer edges have been observed to wear 
undu ly in certain drilling s ituat io ns involving bit v.ibration 
and precession, including whirl. Such situations may occur 
frequently during directional drilling when the centerline of 

15 a bit is often canted or tilted, or offset, with respect to the 
axis of the borehole, and side loading of the bit is of 
substantial magnitude. Thus, in addi tion to the aforemen­
tioned advantages provided by the culling assemblies of the 
first embodiment of the invemioo, the cutting assemblies of 

20 the second embodiment of the invention provide an addi­
tional advantage in terms of bit body protection witb respect 
to prevention of first cutting element loss due to failure of 
tbc surrounding blade material. 

FIGS. 10 and 11 of the drawiags illustrate yet another 
25 featwe of the present invention. As may be observed in FIG. 

10, which is similar to FIG. 9 io that it omits bit body 12 and 
blade 20 of bit 10 (rather than bit 110 as in FTG. 9), second 
cutting elements 130a, 130b and 130c are shown to be 
rotat ionaJJy trailing respective associated first cuttiog elc-

30 meats 30a, 30b, and 30c and io substantial alignment 
therewith io the direction of bit rotation. Clearance faces 142 
of second cutting clements 130a and 130b are oriented, 
taken in a radial direction extending from the bit centerline 
CL, substantial ly perpendicular 10 centerl ines 131 of the 

35 cutting faces 38 of associated first cutting c lements 30n and 
30b, centerlines 131 being taken perpendicular to the bit 
profile at the respective locations of first cutting elements 
30a and 30b. On tbe other band, second cutting element 
130c is oriented with its clearance face 142 canted or lilted 

40 with respect to centerline 131 of associated first cutting 
clement 30c. The reason for this orientation may be more 
easily appreciated with reference to FIG. 11, which is a 
schematic illustration of, for examµle, locatioos in a bit mold 
200 of a first cuuiog as.5embly comprising first and second 

45 cutting elements 30a and 130a and a second cutting assem­
bly comprising first and second cutting elements 30c and 
130c. As is well known to those of ordinary skill io the an 
of matrix bit body fabrication, pockets 232 and 332 repre­
senting cutting element locations are milled into the inside 

so surface 202 of the bit mold cavity 204, the pockets then 
being filled with displacements sized and shaped as the 
culling clements to be later placed on the bit face 14 aocl 
specifically on blades 20 in a blade-type bi t, to defi.ne 
pockets 32 and 132 on bit body 12 by preventing particulate 

55 tungsten carbide or other matrix material and molten binder, 
usually copper-based, from filling the intended locations of 
pockets 32 and 132 during an infiltration operation used LO 

form the bit body 12. 
As may be conf:irme<l with reference 10 FIG. 11, the 

60 pocket 332 for the displacemeot defining tbe locatioo of 
sccood cutting elcmeot 130n bas a longitudinal axLs L 
parallel to the centerline 131 of tile location of first cutting 
clemeot 30a to be located at pocket 232 and, thus, clearance 
face 142 of second cu tting clernem 130a is at a 90° angle to 

65 centerl ine 131. The milling tool employed to machine 
pocket 332 may be oriented to easi ly clear the lip 206 of bit 
mold 200 and achieve the desired mill angle, along line M1 . 
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However, when it is desired to mill a pocket 332 for a 
displacement at the location of second culling element 130c 
bigh on the shoulder of a blade 20, it is evideot that ooe 
cannot mill at a desirable mi ll angle, taken along line M2, as 
tbc milling tool would be interfered with by the opposing 
side (oot showo) of bit mold 200. As ao alternative and to 
provide an acceptable angle for clearance face 142 of secood 
culling element 130c, the mill a ogle is adjusted, for example, 
about 10°, to lie a long line M3 so as to clear mold 200. Tbis 
provides an angle between clearance face 142 of second 
cutting element 130c aod centerline 131 of its associated 
first cull ing element 30c of about 80°. T his minimal "side 
rake" of secood cutting elemeot 130c, as such tih or caot is 
defined for purposes of clarity in description in the present 
applicatioo, still enables supcrabrasive table 134 of secood 
cutting element 130c to serve as a radial bearing surface and 
10 cut tangentially, as required. Wbile illustra ted with respect 
lo placement of second culling elements 130 in the cutting 
assembly configuration of bit 10, this aspect of the invention 
has equal utility with respect 10 placement and or ientation o( 
second culling elements 130 io the culling assembly con­
figuration of bit 110. 

The term ·'su perabrasive" as used herein is not limited to 
polycrystallioe diamood compact (PDC) structures 
employed on the preferred embodiment. Rather, the term 
includes, without limitation, thermally stable PDC' s (also 
termed "thermally stable products," or ·'TSP's") and cubic 
boron ni tride. Moreover, as used herein, ihe term '"supera­
brasive table" means a mass or volume of mutually bonded 
superabrasive particles, as dist ingu is bed from super abrasive 
particles distributed within a carrier matrix of another mate­
rial such as tungsten carbide. 

12 
2. l11e cutting assembly of claim 1, wherein the al least 

one first culling e lement further comprises a first substrate 
having an end face carrying the first superabrasivc table and 
the second cutting element comprises a second substra te 

5 having an encl face carrying tbe second superabrasive table. 
3. Tbe cutting assembly of claim 2, wherein the first aod 

second substrates are substantially cylindrical and the first 
and second superabrasive tables are generally disc-like in 
shape. 

10 
4. The culling assembly of claim 1, wherein the rake face 

comprises at least a semifrustoconical surface. 
5. The cutting assembly of claim 4, wherein the al least a 

semifrustoconical surface comprises al least one of a 
smooth, arcuate surface or a plurality of flat, laterally 
adjacent facets. 

15 6. Tbe culling assembly of claim l , wherein the rake face 
comprises a plurality of adjacent, arcuate surfaces. 

7. 1be cutting assembly of claim 1, wherein the at least 
one first cutting e lement and the second cutting clement are 
cooperatively mounted so that the first culling edge of the a t 

20 least one first culling clement is exposed to a greater degree 
than the second culling edge of the second culling element. 

8. The culling assembly of claim 1, wherein the first 
superabrasivc table is mounted 10 a first substra te having a 
first longitudinal axis, the second superabrasive table is 

25 mounted 10 a second substrate having a second longitudinal 
axis, the at least one first culling e lement is positioned with 
the first longitudinal axis or the first substrate oriented at an 
acute angle of less than abou t 45° to a reference plane, and 
the second culling c lement is positioned with the second 

JO longitudinal axis of the second substrate posi tioned substan­
tially transverse to the reference plane. 

9. The culling assembly of claim 8, wherein the first 
cutting edge lies Carther away from the reference plane than 
the second culling edge. 

10. The culling assembly of claim 8, wherein the second 
longitudinal axis is tilted at an angle of less than about 25° 
to a l ine perpendicular to the reference plane. 

While the present invention has been disclosed in the 
context of a rotary fixed cutter bit, it is not so limited. The 
present invention may be employed with any drilling tool, 35 
including by way of example and without limitation 
reaming-while-drilling tools, eccentric and bi-centered bits, 
any other reaming apparatus, and core bits. 11. The culling assembly of claim 10, wherein the second 

longitudinal axis is tilted away from the at least one first 
40 culling e lement. 

While the present invention bas been described and 
illustrated in the context of a curren tly preferred 
embodiment, those of ordinary skill in the art will recognize 
and appreciate that it is not so limited. Rather, add itions, 
deletions and modifications to the embodiment as disclosed 
herein may be made without depart ing from the spirit and 
scope of the invention as defined by the claims hereof. 

What is claimed is: 
1. A culling assembly for a drill bit for drill ing subterra­

nean formations, the culling assembly comprising: 
at least one first cutting element comprising a first supera­

brasivc table having a cutting face, a side and a first 
culling edge defined at the side along a peripheral 
portion of the cutting face, the first superabrasive table 
being positioned in an orientation suitable for engaging 
a formation with the first culling edge; and 

a second cutting e lement positioned adjacent the at least 
one first cutting element, the second culling element 
comprising a second superabrasive table having a c lear­
ance face exhibiting a first lateral extent along a portion 
thereof, a side edge exhjbi ting a second lateral extent 
greater than the first lateral extent and in proximity to 

12. Tbe culling assembly of claim 11, wherein the first 
cutting edge lies farther away from the reference plane than 
the second culling edge. 

13. The culling assembly of claim 1, wherein the second 
45 superabrasive table is at least about 0.030 incb thick, mea­

sured at a side thereof between the clearance face and a 
boundary of the side edge thereof opposite the clearance 
face. 

14. The culling assembly of claim 1, wherein the second 
50 superabra-;ive table includes a side wa.11 extending from the 

rake face to a boundary with a supporting substrate. 
15 . The culling as.sembly of cla:im 14, wherein the second 

cutting element is positioned so tbat engagement of the 
second cutting edge with the formation is limited to a depth 

55 so that tbe supporting substrate remains out of contact with 
the formation. 

16. The cutting assembly of claim 1, wherein the at least 
one first culling clement comprises a sioglc first culling 
e lement and the second cutting e lement is located substan-

60 tially in alignment with the single first culliog element, taken 
io a direction of intended movement of the culling assembly the first lateral extent, a rake face located between the 

clearance face and the side edge along a peripheral 
portion of the clearance face, and a second cutting edge 
defined bet ween the clearance face and the rake face, 
the second cutting e lement being posi tioned in an 65 

orientation sui table for engaging the formation with the 
second cutting edge. 

in use. 
17. The culling assembly of claim 1, wherein the at least 

one first cutting e lement comprises two, substantially later­
ally adjacent first cull ing e lements, and tbe second cutting 
e lement is located at least partially laterally intermediate the 
two first culling clemeots. 
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18. The cutting assembly of claim 1, wherein the cutting 
face of the al least one first culling element bas a centerline, 
and the clearance face of lbe second culling element is 
oriented substantially perpendicular 10 the centerline of Lbe 
culling face of the a t least one first culling clement. 

14 
second cutting e lement has a second longitudinal axis and 
the second superabrasive table is mounted to a second 
substrate, the a t least one first cutling element is posi tioned 
with the first longitudinal axis oriented at an acute angle of 

5 less than 45° 10 a reference plane, and the second cutting 
element is positioned wi1b the second longitudinal axis 
positioned substantially transverse lo the reference plane. 

28. The rotary drill bit of claim 27, wherein the first 
cutting edge lies farther away from the reference plane than 
the second culling edge. 

19. Tbe culling assembly of claim 1, wherein the culling 
face of the at least one first cull ing element has a cemerline, 
and the clearance face of the second culling e lement is 
oriented at an acute angle lo a line perpendicular 10 the 
cemerline o( the culling face o( lhe al least one first cutting 10 

element. 29. The ro tary dri ll bit of claim 27, wherein the second 
longitudinal axis is tilled al an angle of less than about 25° 
to a line perpendicular lo tbe reference plane. 

20. A rotary drill bit for drilling subterranean formations, 
comprising: 

a bit body carrying at least one culling assembly, com­
prising: 
at least one first culling element comprising a first 

superabrasive table having a cu lling face, a s ide and 

30. The rotary drill bit of claim 29, wherein the second 
15 longitudinal axis is tilted away from the at least one first 

culling e lement. 

a first culling edge defined at the side along a 
peripheral portion of the culling face, the first 
superabrasivc table being posit ioned with the culling 20 
face oriented generally facing in an intended direc­
tion of bit rotation and suitable for engaging a 
formation with the first cutting edge; and 

31. The rota.ry drill bit of claim 30, wherein the first 
cutting edge lies farther away from the reference plane than 
the second culling edge. 

32. The ro tary dri ll bit of claim 20, wherein the second 
superabrasive table is at least about 0.030 inch thick, mea­
sured al a side thereof between the clearance [ace and a 
boundary of the side edge thereof opposite the clearance 
face. 

33. The rotary dri ll bit of claim 20, wherein the second 
superabrasive table includes a side wall extending from the 
rake face lo a boundary with a supporting substrate. 

a second cutting element positioned adjacent and rota­
tionally behind the a t least one first cutting element, 25 

the second culling elemem comprising a second 
superabrasive table having a clearance face exhibit­
ing a first lateral extent along a portion thereof, a side 
edge exhibiting a second lateral extent greater than 

34. The ro tary drill bit of claim 33, wherein the second 
cutting elemem is positioned so that engagement of the 

JO second culling edge with the formatio n is limi ted to a depth 
so that the supporting substrate remains out of contact with 
the formation. 

the first latera l extent and in proximity to the first 
lateral extent, a rake face located between the clear­
ance face and the side edge along a peripheral 
portion of the clearance face, and a second culling 
edge defined between the clearance face and the rake 
face, the second cull ing element being positioned 
with al least a portion of the rake face generally 
facing in the intended direction of bit rotation in an 
orientation suitable for engaging the formation with 
the second culling edge. 

21. The rotary drill bit of cla im 20, wherein the at least 
one first culling element further comprises a first substrate 
having an cod face carrying the first supcrabrasive table and 
tbe secood cutting element comprises a second substrate 
baviog an end face carrying the second superabrasive table. 

22. The rotary drill bit of claim 21, wherein the first and 
second substrates are substan tially cylindrical and the first 
and second superabra~ive tables are generally disc-like in 
shape. 

23. The rotary drill bi t of claim 20, wherein the rake face 
comprises al least a semifrustoconical surface. 

24. The ro tary drill bi t of claim 23, wherein the at least a 
semifrustoconical surface comprises at least one of a 
smooth, arcuate surface or a plurality of flat, laterally 
adjacent facets. 

25. The rotary drill bil or claim 20, wherein the rake face 
comprises a plurali ty of adjacent, arcuate surfaces. 

26. The rotary drill bil of claim 20, wherein the at least 
one first and the second culling e lements are cooperatively 
mounted so that the first cutting edge of the al least one firs t 
cutting element is exposed 10 a greater degree than the 
second culling edge of the second cutting element. 

27. The rotary drill bit of claim 20, wherein tbe at least 
one first cutting element bas a first longitudinal axis and the 
first superabrasive table is mounted to a first substrate, the 

35. The rotary dri.11 bit of claim 20, wherein the at least 
one culliog assembly is located on a blade projecting from 

35 the bit body. 
36. The rotary driU bit of claim 35, further including a 

plurality of blades projecting from the bit body, the at least 
one culling assembly comprises a plurality of cutting 
assemblies, and wherein al least some blades of the plurality 

40 carry at least one culling as.5cmbly of tbe plurality of cutting 
assemblies. 

37. The rotary drill bit of claim 20, wherein the at least 
one first cutting element comprises a single first culling 
element and the second cutting element is located substan-

45 tially in alignment with the single first cutting element, taken 
in the direction of intended bit rotation. 

38. The rotary drill bit of claim 20, wherein the al least 
one first culling element compri.ses two, !.-ubslantially later­
ally adjacent, first culling clements, and ihe second culling 

50 element is located al least partially laterally intermediate the 
two first cull:ing elements. 

39. The ro tary drill bit o( claim 20, wherein the cutting 
face of the al least one first culling element bas a centerline, 
and the clearance face of the second cutting element is 

55 orieoted substantially perpendicullar 10 the centerline of the 
culling face of the at least one first culling element. 

40. The ro tary dri ll bil of claim 20, wherein the culling 
face of the al least one first cutting element has a centerline, 
and the clearance face of the second culling e lement is 

60 oriented al an acute angle to a line perpendicular to the 
centerline of the culling face of lbe al least one first cutting 
clement. 

* * • • * 


