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Field of the Invention This invention relates generally to fixed cutter
dr}\‘ll b ts of the type typically used in cutting rock formation such as

used infdrilling an oil well or the like. Mre particularly, the invention
rel'ates to bits utilizing polycrystalline diamond cutting el enents that are
nmounted on the face of the drill bit, such bits typically referred to as
"PDC' bits. Background.of the Invention In drilling a borehole in the
earth, such as for the recovery -of hydrocarbons or for other applications,
It is conventional practice to connect a drill bit on the |lower end of an
assenbl y of drill pipe sections wiich are connected end-to-end so as to
forma "drill string." The drill string js rotated by apparatus that is
positioned on a drilling platforn1locateh at the surface of the borehole.

Such apparatus turns the bit and advances it downwardly, causing the bit to
cut -through the formation material by either abrasion, fracturing, or

shearing action, qhﬁl&‘r ’ on of all cutting nethods. Wile the
bit is rotated, dri NOwWrrH 4 STRUCAURE string and
directed out of the dril

. THT o Pl are positioned in the
bit face. The drilling fluid is pI’OVI ded to cool the bit and to flush
cuttings away fromthe cuttlngwﬁﬁ%{q&the bit. The drilling fluid and
cuttings are forced fromthe bo orehole to the surface through
the annul us tTiks inventon relites RALMMBER ke colfel Lilin $ R{bﬁﬁ, nd the borehol e. Many

di ff erent types of drill bits and bit cutting s Puct
devel opeguttingirock formation such as used in drilling an 011 well or the like. More particularly the

invention relates to bits utilizing polycrystalline diamond cutting elements that are mounted on"
the face of the drill bit, such bits typ1cally referred to as "PDC" bits.

mmmmm
o In drilling a borehole in the earth, such as for the recovery of hydrocarbons or for other
applications, it is conventional practice to connect a drill bit on the lower end of an assembly
- of drill pipe sections which are connected end-to-end 50 as to form a "drill: string.” The drill
string is rotated by apparatus that is positioned on a drilling platform located at the surface of
. the borehole. . Such apparatus turns the bit and advances it downwardly, causing the bit to cut
through the formatmn material by either abraslon, fracturing, or shearing action, or through a
combination of all cutting methods. While the bit is rotated, drilling fluid is pumped through
the drill string and dlrected out of the drill bit through nozzles that are positioned in the bit face.
The dnllmg fluid is provxded to cool the bxt and to flush cuttings away from the cutting structure
of the bit. The drilling fluid and cuttmgs are forced from the bottom of the borehole to the
surface through the annulus that is formed. between the dnll string and the borehole.

Many different types of drill bits and bit cuttmg structures have been developed and -

found useful in drilling such boreholes. Such bits mclude fixed cutter blts and roller cone bits,

The types of cutting structures include milled tooth bits, tungsten carblde insert ("TCI") bits



"fagund yuseful in drilling such boreholes. Such bits include fixed cutter

bits and
tooth bjt

nat:ur als di anond bits.
structure for a given application depends upon many factors.

nost i nportant of these factors is the type of formation that
and nore parti cul arly, t he hardness of the formation that wll
i nportant consideration is the range of hardnesses

dri-ll ed,

encountered Anot her

that will

roller cone bits. The types of cutting structures include milled

s, tungsten carbide insert ("TCI") bits,- = 2 PDC bits, and
The sel ection of the appropriate bit and cutting
One of the

is to be

be encountered when drilling through | ayers of differing

be

formati gn hardness. Dependi ng upon formation hardness, certain conbinations

of the above-described bit types and cutting structures wll
efficiently and effectively against the formation than others.
amlled tooth bit generally drills relatively quickly and effectively in

soft- formations, such as those typically encountered at shallow depths.

Bt oth hits e relatively ineffective in hard rock
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be encountered when drilling through layers of differing formation hardness.

Depending upon formation hardness, certain cqmbinations of the above-described bit

. types and cutting structures will work more efficiently and effectively egainst the formation than

others. For example, a milled tooth bit generally drills relatively quickly and effectively in soft

formauons, such as those typically encountered at shallow depths, By contrast, nulled tooth b1ts

- >are relatively ineffective i in, hard rock formations as may be enconnterqd at greater depths. For

drilling through such hard formatlons, roller cone bits having TCI cl@ng structures have proven
to be very effective. For cemm haxd formations, fixed cutter bits havmg a natural diamond
cutting structure provide the best combination of penetration rate and durability. In formations
of soft and medium hardness, fixed cutter bits having a PDC cutting structure have been
employed with varying degrees of success.

The cost of drilling a borehole is proportional to the length of time it takes to drill the

“borehole to the desired depth and location. The drilling time, In turn, is greatly affected by the

number of times the drill b1t must be changed, in order to reach the targeted formation. This
is the case because each time the bit is changed, the entire drill string — which may be miles
long — must be retrieved from the borehole section by section. Once the drill string has been
retrieved and the new bit installed, the bit must be lowered to the bottom of the borehole on the

drill string which must be reconsl_ructed again, section by section. As is thus obvious, this



‘enpl oxgd Wi th varying degrees of success. The cost of drilling a borehole
i s_proportional to the |l ength of tine it takes to drill the borehole to the
desired” depth and location. The drilling time, in turn, is greatly affected
by .t he znunber of times the drill bit nust be changed, in order to reach the
targeted formation. This is the case because each tine the bit is changed,
the entire drill string - which nmay be mles long - nust be retrieved from
t he borehol e section by section. Once the drill string has been retrieved
and-the new bit installed, the bit nust be |owered to the bottom of the
borehol e on the drill string whi ch nust be reconstructed again, section by
section.. As is thus -obvious, this -3 process, known as a "trip" of the
drill string, requires considerable tinme, effort and expense. Accordingly,
it is always desirable to employ dril] bits which will drill faster and
| onger and which are usable over a wider range of differing formation
har dnesses. The length of tinme that a drill bit nay be enpl oyed before the
drill string nust be tripped and the bit changed depends upon the bit's
s.well as its durability or ability to
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of the b|t resist vibration. The npbst severe
type or node o ftl)ra?l on feém%eﬂtprepp Y qpH bits which, wilkqdri &stadaltddomsmdl be the

pheno neno r\vMélﬁﬁ'@ ubEovdr'a Wil rﬁ&re 3 S%er?x;[g t%rmatlon hardnesses.

'I‘helength oftlmethatadxillbitmaybeemployedbeforethedrillsh'ing must be tripped
and the bit changed depends upon the bit’s rate of penetration ("ROP"), as well as its durability
or ability to maintain a high or acceptable ROP. Additionally, a desirable characteristic of the

| bit is that it be "stable” and reelst vibration. The most severe type or mode of vibration is

"whirl,” which is a term used to describe the phenomenon where a drill bit rotates at the

. bottom of the borehole about a rotational axis that i is offset from the geometric center of the drill

bit. Such whirling subjects the cuttmg elements on the bit to increased loading, which causes
the premature wearing or destruction of the cutting elements and a loss of penetration rate.

In recent years, the PDC bit has become an industry standard for cutting formations of
soft and medium hardnesses. The cutter elements used in such bits are formed of extremely
hard materials and include a layer of thermally stable polycrystalline diamond material. In the
typleal PDC bit, each cutter element or assembly comprises an elongate and generally cylindrical
supportmemberwluehlsmewedandsecuredmapocketformedinthesurfaceofthebitbody
A disk or tablet-shaped, preformed cutting element havmg a thin, hard cutting layer of
polycrystallme diamond is bonded to the exposed end of the support member, which is typically
formed of tungsten carbide. Although such cutter elements historically were round in cross
section and included a disk shaped PDC layer forming the cutting face of the clement,
improvements in manufacturing techniques have made it possible to provide cutter elements

having PDC layers formed in other shapes as well.



_bottom of the borehole about a rotational axis that is offset fromthe
geonetkic center of the drill bit. Such whirling subjects the cutting-

el.ements on the bit to increased | oading, which causes the premature

wearing or destruction of the cutting elenments and a | oss of penetration

rate. Fn recent years, the PDC bit has becone an industry standard for

cutting formations of soft and nedi um hardnesses. The cutter el ements used
in such bits are forned of extrenely hard materials and include a | ayer of
thermal |y stable polycrystalline dianond material. In the typical PDC bit,
eaCh cutter element or assenbly conprises an elongate and generally
cal support nenber which is received and secured in a pocket forned
in the surface of the bit body. A disk or tablet-shaped, preformed cutting

cyl'i ndri cal

el ement having a thin, hard cutting L@yer of polycrystalline dianond is
bonded to the exposed end of the support nenber,
of tungsten carbi de.

which is typically forned
Al t hough such cutter elenents historically were round

in ¢cross section and included a di sk shaped PDC | ayer formng the cutting
face of the el eARBinmon BRRANRMASHEOH the PDCFRUIAE éleihdts Vi@ at 6 itheltoqsiack Giém ifmde it
possible to provide cutter elenents having PDC | ayers formed i n other
shapes as \aedpiral confighration.O/Nere specifiodlly £ tie hitted feleinbrts Rife pladed iat gpleeted neiil S Was

at one time to place themin a spiral configuration. Mre specifically,

cutter el erpositionswmitheespichtoabe eentral akie of theibit, adthahch element being placed at a slightly

more remote radial position than the preceding element. So positioned, the path of all but the

center-most elements partly overlapped the path of movement of a preceding cutter element as

- the bit was rotated. Thus, each element would remove a lesser volume of material than would

be the case if it were radiaily positioned so that no overlapping occurred, or occurred to a lesser
extent, because the leading cutter element would already have removed some formation material
from the path being traveled by the following cutter element. Using this arrangement of cutters,
each cﬁtter tended to remove a comparatively small amount of material from the formation
during each revolution, and was subjected to substantially the same loading as the other cutter
c;lements on the bit face.

Although the spiral arrangement was once widely employed, this arrangement of cutter

elements was found to wear in a manner to cause the bit to assume a cutting profile that

presented a relatively flat and single continuous cutting edge from one element to the next. Not
only did this decrease the ROP that the bit could provide, it but also increased the likelihood of
bit vibratioh. Both of these conditions are undesirable. A low ROP increases drilling time and
cost, and may necessitate a costly trip of the drill string in order to replace the dull bit with a
new bit. Excessive bit vibration will itself dull the bit or may damage the bit to an extent that

a premature trip of the drill string becomes necessary.

Thus, in addition to prbviding a bit capable of drilling effectively at desirable ROP’s

through a variety of formation hardnesses, preventing bit vibration and maintaining stability of

t he



'posi ti,ons with respect to the central axis of the bit, with each el ement
bei ng placed at a slightly nore renote radial position than the preceding
el éent. So positioned, the path of all but the center-nopst elenents partly
overl agped the path of novenment of a preceding cutter elenent as the bit
was rotated. Thus, each elenment would renove a | esser volunme of material
than would be the case if it were radially positioned so that no
over |l appi ng occurred, or occurred to a | esser extent, because the |eading
cutter elenment would al ready have renoved sone fornmation material fromthe
pat-h being traveled by the followi ng cutter elenent. Using this arrangenent
of cutters, each cutter tended to renove a conparatively small anmount of
material fromthe formati on during each revol ution, and was subjected to
substantially the same | oading as the -other cutter elenents on the bit
face. Although the spiral arrangenent was once w dely enployed, this
arrangenent of cutter elenents was found to wear in a manner to cause the

bit to asPDTEbiG Kas ldnk beenPd @dsirhife t S ed a |atively flat and single
conti huous cutting edge from onek(gﬁeb#g{rﬁé ‘?‘g&tﬁ% nﬁéé?".aysl\?ﬁ"" %ﬁwey%n Bitt hi s
decrease tivetiofimay becur inay Bipk of Rkthdtion) bAMk 4B h%, imaiths i i QL lick eased. the
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| ow ROP- i iéideseribed aliovel thie cogter elemerstil n2fiy briordRPDTWits e Stitofldtn 2 (5oL Y tTip
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Excessi ve Ttionshinywhiels, svdrillidg progressddf wokslid a ineDivictPéau 8 YnedoPGSiekBRe DI t € O
an extent &%ﬂa{ﬁ a premature trip of the drill string becones necessary.
Thus,. in Vhihslsa igcreased, the likelihopdioif bit wibpeibh.e of drilling effectively at .

desirabl e ROP t%gug&ﬂa var i etty of formation hardnesses, preventing bit
vi bration and M § ARG ymbey of degignsfproposed for PDC cutting structures that were

meant to prfwide a PDC bit capable of drilling through a variety of formation hardnesses at

eff_ective ROP’s and with acceptable bit life or durability. For example, U.S. Patent No.
5,033,560 (Sawyer et al.) describes a PDC bit having mixed ‘sizes of PDC cutter elements which
B = are arranged in an attemp:: to provide improved ROP while maintaining bit durability. The *560
patent is silent as to the ability of the bit to resist vibration and remain ;table. Similarly, U.S.
Patent No. 5,222,566 (Taylor et al.) describes a drill bit which emploj's PDC cutter elements
of differing sizes, with the larger size elements employed in a first grou'p.of cutters, and the
smaller size employed in a second group, This design, however, .s.uffers from the fact that the
cutter elements do not share the cutting load equally. Instead, the blade on which the larger
sized cutters are grouped js loaded to a greater degree than the blade with the smaller cutter
elements. This could lead to blade failure. U.S. Patent No. Re 33,757 (Weaver) describes still
another cutting structure having a first row of relatively sharp, closely-spaced cutter elements,
and a following row of widely-spaced, blunt or rounded cutter elements for dislodging the
fonnaﬁmnmteﬁalbetwewﬂlekerfsorgtwvamatmformedbyﬂleslmrpcuuers. While this
design was intended to enhance .drilling performance, the bit includes no fmtutesldirected



5-PDC.bits has |ong been a desirable goal, but one which has not always
been achieved. Bit vibration may occur in any type of formation, but is
most detrimental in the harder formations. As described above, the cutter

el enent,s in many prior art PDC bits were positioned in a spiral

ret ati onship which, as drilling progressed, wore in a manner which caused
the ROP to decrease and which also increased the |ikelihood of bit
vibration. There have been a nunber of designs proposed for PDC cutting
structures that were neant to provide a PDC bit capable of drilling through
a variety of formation hardnesses at effective ROP's and with acceptable
bit tife or durability. For exanple, U S. Patent No. 5,033,560 (Sawyer et
al.) describes a PDC bit having m xed sizes of PDC cutter elenments which
are arranged in an attenpt to provide énproved ROP while naintaining bit
durability. The '560 patent is silent as to the ability of the bit to
resisst vibration and remain stable. Simlarly, U S. Patent No. 5,222,566
(Taylor et al_.) describes a drill bit which enploys PDC cutter elenments of
di f f er i ngto¥pKsiabilizing the bitorice wearhas FonpmenbeireRirthers N Y Eeltting studthr Bhs 9 OUP Of
cutters, @nd thg spel | er size enployed in a second group, This design,
however, 25P{Qnd tq limit the bit’srapplication 4o relatively buittle formhtiment s do not share the

cutting | oad ual lé' ttlnstead, t he bl ade on which the |arger sized cutters .
are grouped i sgg?agﬁﬂ dOth aftepts e begn gnade af iselming thit ibratien wid inctelings nal | er

cutter a1
stability. For example, U.S. Patent No. Re 34,435 (Warren et al.) describes a bit intended to

 resist vibration that includes a set of cutters which are disposed at an equal radius from the
center of the bit and which extend further from the bit face than the other cutters on the bit.
According to that patent, the set .of cutters extending .furthest from the bit face are provided so
as to cut a circular groove within the formation. By design, the extending cutters ride in the |
groove which tends to stabilize the bit. Similarly, U.S. Patent No. 5,265,685 (Keith et al.)
” - *discloses a PDC bit that is designed to cut a series of grooves in the formation Such that the
reslilting ridges formed between each of the conceﬁtric grooves tend to stabilize the bit. U.S.
Patents Re 34,435 and 5,265,685 both disclose using the same sized cutter elements. U.S.
Patent No. 5,238,075 (Keith et al.) also describes a PDC bit having a cutter element
arrangement which employs cutterl elements of different sizes and which, in part, was hoped to
provide greater stabilization. However, many of these designs aimed at minimizing vibration
required that drilling be conducted with an increased weight-on-bit ("WOB") as compared with
bits of earlier designs. Drilling with an increased or heavy WOB has serious consequences and
is avoided whenever possible. Increasing the WOB is accomplished by adding additional heavy
drill collars to the drill string. This additional weight inm the stress and strain on all drill
string components, causes stabilizers to wear more quickly and to work less efficiently, ;nd
increases the hydraulic pressure drop in the drill string, requiring the use of higher capacity (and
typically higher cost) pumps for circulating the drilling fluid. i



‘el.ements. This could lead to blade failure. U S. Patent No. Re 33, 757

- (Weavel) describes still another cutting structure having a first row.of
relatively sharp, closely-spaced cutter elenments, and a foll ow ng row of

wi tel y:spaced, blunt or rounded cutter elenments for dislodging the
formati on material between the kerfs or grooves that are forned by the
sharp cutters. Wiile this design was intended to enhance drilling
performance, the bit includes rio features directed 6 toward stabilizing
the:bit once wear has comrenced. Further, the bit's cutting structure has
been found to limt the bit's application to relatively brittle formations.
Separately, other attenpts have been made at solving bit vibration and

i ncreasing stability. For exanple, .U S._ Patent No. Re 34,435 (Warren et
al.) describes a bit intended to resist’vibration that includes a set of
cutters which are di sposed at an equal radius fromthe center of the bit
and-whi ch extend further fromthe bit face than the other cutters on the

bi . Accor di ngTh, tispke Bkl and s @il fide 7 13 o hEAJHAGL VLRSS Trom

the bit face are provided so as to cut a circular gtoove W

f or mati on.a Byeddwgerghit having aximproed) cotet irk@pdineni Uich Wi i.ch tends
to stabilize the bit. Simlarly, US. Patgnt No.l 5%%ﬁg;§§imt al .)

' di scl ose<Hiactivelg abpeonerical ROP’cia] igleallyl, foQiriliih fetmadnk Bsvik a Hir@fﬂyseédﬁé? ‘the
formation such that the resulting ridges fornmed between each of the
concentri c!fﬂgr%\mh%mwow BBCbitg cantble @mbployed. WM& specifically, there is a need

for a PDC bit which can drill in soft, medium, medium hard and even in somé hard formations
while maintaining an aggressive cutter profile so as to maintain acceptable ROP’s for acceptable
lengths of time and thereby lower the drilling costs presently experienced in the industry. Such
abitsfxotﬂdalsbprovideanincrased measure of stability as wear occurs on the cutting structure
of the bit so as to resist bit vibration. Ideally, the increased stability of the bit should be
) achle\;ed without having to employ substantial additional WOB and suffering from the costly

; !
consequences which arise from drilling with such extra weight.

ummary of the Invention

Accordingly, there is provided herein a,drill bit particularly. suited for drilling through
a variety of formation hardnesses with normal WOB at improved penetration rates while
maintaining stability and resisting bit vibration. The bit may be successfully employed in
formations of greater hardness than can typically be drilled using conventional PDC bits.

The bit generally includes a cutting structure having groups or sets of cutter elements that
are mounted in spaced apart relationship on the bit face. The cutter elements in each set are
likewise spaced apart along the bit face. Each set includes a cutting profile that is defined by
the cutting profiles of the cutter elements in the set when viewed in rotated profile, and includes

a number of regions of differing diamond density along the segment of the bit face that is



‘Ratents Re 34,435 and 5, 265, 685 both di scl ose using the same sized cutter

el ements. U S. Patent No. 5,238,075 (Keith et al.) also describes a PDC bit
hayt-ng a cutter el ement arrangenment which enploys cutter el ements of

di fferent sizes and which, in part, was hoped to provide greater
st.abi | i zati on. However, many of these designs aimed at minimzing vibration
required that drilling be conducted with an increased weight-on-bit ("WB")
as conpared with bits of earlier designs. Drilling with an increased or
heavy- WOB has serious consequences and is avoi ded whenever possible.

| ncreasing the WOB is acconplished by adding additional heavy drill collars
to the drilll string. This additional weight increases the stress and strain
on all drill string conponents, causes st&bilizers to wear nore quickly and
to work less efficiently, and increases the hydraulic pressure drop in the
drill string, requiring the use of higher capacity (and typically higher
cost.) .punps_for cul ating the dr|II|ng fluid. 7 Thus, despite attenpts
and cert ai TPHEe4 ﬁ% rheptineprofle  Fath sef pusting prafilgiindludgs A gegiont of maximemed
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formations
elements in a set are spaced such that the centerline of the cutting profile of each cutter element

intersects the region of maximum diamond density.

The sets may be spaced so that the set cutting profiles of adjacent sets overlap when
viewed in rotated profile. The area of overlap of the set cutting profiles forms a border region
which has a diamond density equal to or less than the diamond density of the region of
maximum diamond density of the sets. |

Depending upon the hardness and composil:ion' of the formation that is to be drilled, as
well as other factors, the cutter elements in a set, and: the sets themselvés, may be spaced apart
at various distances so as to position the regions of maximum diamond density and border
regions at predetermined radial locations on the bit face that may be most desirable in a given
application. Also, depending upon .various design factors, the cutter elements employed may
have cutting profiles of various sizes and shapes. For example, in certain situations, it may be
desirable to have a first set of cutter elements having round cutting profiles and the second set
having scribe cutters with pointed cutting proﬁle Likewise, the sizes and shapes of the cutter
elements within any set may be varied. For example, it may be desirable to employ two or
more scribe shaped cutters in a set and position a round cutter element in the same set. Further,
depending upon the application, the cutter elements in a set may be mounted so as to have

varying exposures heights relative to the formation material being cut by the bit.



.whil e maintai ning an aggressive cutter profile so as to nmmintain acceptable
ROP' s‘dor acceptable lengths of time and thereby |ower the drilling costs
presently experienced in the industry. Such a bit should alsb provide an

i ncr eased neasure of stability as wear occurs on the cutting structure of
the bit so as to resist bit vibration. ldeally, the increased stability of
the bit should be achieved w thout having to enploy substantial additional

WOB and suffering fromthe costly consequences which arise fromdrilling
wi th such extra weight. Summary of the Invention Accordingly, there is
provided herein a.drill bit particularly suited for drilling through a

variety of formation hardnesses with nornmal WOB at inproved penetration
rates while maintaining stability and 5esi sting bit vibration. The bit may
be successfully enployed in formations”of greater hardness than can
typically be drilled using conventional PDC bits. The bit generally

I ncl udes a cutting structure having groups or sets of cutter el enents that
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cutter el ene In rotated profile, and includes a
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ace that I\,vi,ll-defined in rotated profile and suffer from less wear than the adjacent regions haying lesser
diamond densities. Thus, the bit face presents varying diamond densities and different wear
gradients along the bit cutting structure profile. As drilling progresses, this design creates a
pattern of alternating grooves and ridges in the formation material tending to stabilize the bit,
without requiring the increased WOB as was often necessary to dnll with prior art bits where
mcreased stability was desired. .
The invention may also iniclude cutter elements having elongate cutting profiles with
terminal ends most exposed to the formation material and root ends opposite the terminal ends.
In such an embodiment, the elongate elements are positioned such that, in rotated profile, their
terminal ends overlap to form the region of r;laximum'diamond density. The root ends of the
cutting profiles of cutters in adjacent sets may also overlap to form a border region of multiple
diamond density between the regions of maximum diamond deﬁsity. This arrangement results
in a series of highly defined peaks and recesses to éﬁccessfully counter any lateral instability of
the bit. Such elongate cutters may have a variety of shapes such as, link shape, rectangular
shape, teardrop shape or others. |
Thus, the present invention comprises a combination of features and advantages which
enable it to substantially advance the dnll bit art by providing apparatus for effectively and
efficiently drilling through a variety of formation hardnesses at economic rates of peneﬁaﬁon

and with superior bit durability. The bit drills more economically than many prior art PDC bits -



Spanhed by the set cutting profile. Each set cutting profile includes a
regi on of maxi mum di anond density that is defined by the area of

i nt'ersection of the cutting profiles of each of the cutter elenents in the
set.” the cutting profile of each element partially, but not totally,

overl apping the cutting profile of each of the other cutter elenents in the
sane set. The cutter elenents in a set are .spaced such that the centerline
of the cutting profile of each cutter elenment intersects the region of
maxi mum di anond density. The sets may be spaced so that the set cutting
profiles of adjacent sets overlap when viewed in rotated profile. The area
of overl:ap of the set cutting profiles fornms a border region which has a
di anond density equal to or |ess thadf% he dianond density of the region of
maxi mum di anond density of the sets. Depending upon the hardness and
conposition of the formation that is to be drilled, as well|l as other

fact-ors, aﬂded:nutv}i@qesglvg,pgﬁgﬁ and:the sets thensel ves, nay be
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it may bemgéglmmthamwahﬂedmthe%ﬁh A,,ﬁ,{'e ving round
cutting pr |Ies and the second set haV| ng t“gé:a cut te W@W"B&‘nt ed

cutting eEbodiments ofithe ipvention, &mdgy&aa@a th gég(gm el ement s
Wi t hin any set nay be varied. For exarrpl e, it my % %H%gfi%wf“é *enpl oy

two or nore scribe shaped cutters in a set and position a round cutter
element in the same set. Further, . _
Bri ription of the Drawin
For a detail ipti .
ed descqpuon of the preferred embodiment of the invention, reference will

now be made to the accompanying drawings, wherein:

Figure 1 is a perspective view of a drill bit made in accordance with the present
invention.

Figure 2 is a plan view of the cutting end of the drill bit shown in Figure 1.

Figure 3 is an elevational view, partly in cross-section, of the drill bit shown i in Figure

1 with the cutter elements shown in rotated profile collectively on one side of the central axis
of the drill bit,

Figure 4 is an enlarged view of a portion of Figure 3 showing the overlapping of the
cutting profiles of the cutter elements that are located adjacent to the bit axis.



‘deperidi ng upon the application, the cutter elenments in a set may be nounted
so as to have varying exposures heights relative to the formation materi al
bei-ig cut by the bit. 9 As the bit rotates in the borehole, a portion of
thé-cufting profile of each cutter element in the set is partially hidden
fromthe formation material by a portion of each of the other cutter
elenments in the same set. As the-bit wears, the regions of maxi num di anond
density remain well-defined in rotated profile and suffer fromless wear
than the adj acent regions having | esser dianond densities. Thus, the bit
face presents varying dianond densities and different wear gradients al ong
the bit cutting structure profile. As ggilling progresses, this design
creates a pattern of alternating groov and ridges in the formation
material tending to stabilize the bit, without requiring the increased WOB
as was often necessary to drill with prior art bits where increased

stabi ity was i mFQﬁ inventipnhpggralso i nclude cutter elenents

havi ng el ongat e )gcut iqsng SHaErd Wew o i showing schrmatieallpoimemtated t he

formati on prBfie) thédelaBialii : ' ostte the term nal ends. In such an
embodi nent, the elongatelQl §§§§§§&%$3° ggFFFBﬂQE”@U@ﬁmﬁﬁhﬂﬂmﬁﬁﬂwhmated

profile, tdﬂ&h’buﬂt&l’dﬂtﬂ@.ﬂﬁlﬁﬁ@lﬁlo@“%b@&eﬁo formthe region of maxi num di anond
density. The root ends of the cuttrng profiles of cutters in adjacent sets

may also overlap to forma border region of nultiple

Figures 6-9 are views similar to Figure 5 showing altenative embodiments of the present

invention.

| Figure 10 is a view similar to Figure 5 showing another alternative embodiment of the |
present invention which includes cutter elements with elongahe cutting faces and cutting profiles

Figure 11 is a view similar to Figure 10 showing the cutting profiles of the cutter
elements of Figure 10 after wear has occurred. |

Figures 12-16 are views similar to Figure 10 showing still further alternative

embodiments of the present invention.

A drill bit 10 embodying the features of the present invention is shown in lsigures ‘1-3.
Bit 10 is a fixed cutter bit, 'someﬁmes referred to as a drag bit, and is adapted for dnlhng
through formations of rock to form a borehole. Bit 10 generally includes a bit body 12, shank

13, and threaded connection or pin 16 for connecting bit 10 to a drill string (not shown) which



-dianmond density between the regions of maxinum di anond density. This
arrangenent results in a series of highly defined peaks and recesses to
successfully counter any lateral instability of the bit. Such el ongate
cutters may have a variety of shapes such as, |ink shape, rectangular
shape, "teardrop shape or others. Thus, the present invention conprises a
conbi nati on of features and advantages whi ch enable it to substantially
advance the drill bit art by providing apparatus for effectively and
effjciently drilling through a variety of formation hardnesses at econom c
rates of penetration and with superior bit durability. The bit drills nore
economcally than many prior art PDC bits 10 and drills with |ess
vibrati on and greater stability, evap after substantial wear has occurred
to the cutting structure of the bit. Further, drilling with the bit does
not al so require additional or excessive WOB. These and vari ous ot her
char.acteristics and advantages of the present invention will be readily
appar ent is empidyed o rofatel thechiit fondillisg the boretiplen Bitckdfunipr ifeRadésal defivdl Bgis et ai | ed
description of the preferred enbodi ments of the invention, and by referring
to the atebdBRR\utge srusrenlfs. Brief Description of the Drawings For a
detailed description of the preferred embodi ment of the invention,

ref erence wi | Bod}dginsndesaeentry) lengitudinel bare AT (Fignge A fonperguitting dridling fiwid
to flow from the drill string into the bit. A pair of oppositely positioned wrench flats 18 (one

shown in Figure 1) are formed on' the shank 13 and are adapted for fitting a wrench to the bit
to apply torque when connecting and disconnecting bit 10 from the drill string.

Bit body 12 includes a bit face 20 which is formed on the end of the bit 10 that is
opposite pin 16 and which supports cutting structure 14, described in more detail below. Body
12 is formed in a conventional manner using powdered metal tungsten carbide particles in a

. bmder material to form a hard metal cast matrix. Steel bodied bits, those machined from a steel
block rather than a fo‘rmed matrix, may also be employed in the invention. In the preferred
embodiment shown, bit face 20 inclu&és six angularly spaced-apart blades 31-36 which are
integrally formed as part of and Which extend from body 12. Blades 31-36 extend radially
across the bit face 20 and longitudinally along a portion of the periphery of the bit. Blades 31-
36 are separated by grooves which define drilling fluid flow courses 37 between and along the
cutting faces 44 of the cutter elements 40, which are mounted on bit face 20 and described in
more detail below. Again in the preferred embodiment shown in Figure 2, blades 31, 33 and
35 are équally spaced 120° apart, while blades 32, 34 and 36 lag behind blades 31, 33 and 35
by 55°. vaen this angular spacing, blades 31-36 may be considered to be divided into palrs
of "leadixig" and “lagging" blades, a first such blade pair conipr_ising bladés 31 and 32, a second
pair comprising blades 33 and 34, and a third pair including blades 35 and 36.



"Figutre 1 is a perspective viewof a drill bit nade in accordance with the
present invention. Figure 2 is a plan view of the cutting end of the dril
bit-shown in Figure 1. Figure 3 is an elevational view, partly in
cross-section, of the drill bit shown in Figure 1 with the cutter elenents
shown in rotated profile collectively on one side of the central axis of
the drill bit. Figure 4 is an enlarged view of a portion of Figure 3
showi ng the overl apping of the cutting profiles of the cutter el enents that
are. l-ocated adj acent to the bit axis. Figure 5 is an enlarged view
simlar to Figure 4 showi ng schematically, in rotated profile, the relative
radi al positions of certain of the cutter elenents and cutter el enent sets
that aré mounted on the drill bit shbwn in Figure 1. Figures 6-9 are views
simlar to Figure 5 showi ng alternative enbodi nents of the present

I nvention. Figure 10 is a viewsimlar to Figure 5 show ng anot her

alternative e di nent .of . the present invention which incl 'ude_s cutter
el ements wit hxogﬁ‘ﬁgg'?"@‘% 18Rty bpdyclesis alspiprovided; with dammwerdlysextentliggiflow 11 i s a

el ront o Tk 21 s 2 YRt ek i’ e et embodimen,
bit 10 includes six such flow passages 21 and nozzles 22. The flow passages 21 are in fluid
communication with central bore 17. Together, passages 21 and ﬁoz'zles 22 serve to distribute
drilling fluids around the cutter elements 40 for flushing formation cuttings from the Bottom of
the borehole and away from the cutting faces 44 .of cuttef elements 40 when drilling.
Referring now to Figure 3, to aid in an understanding of the more detailed description
which follows, bit face 20 may be said to be divided into three different zones or regions 24,
26, 28. The central portion of the bit face 20 is identified by the reference numerai 24 and may
be concave as shown. Adjacent central porti_on 24 is the shoulder or the upturned curved portion
o -r26. Next to shoulder portion 26 is the gage portion 28, which is the portion of the bit face 20
which defines the diameter or gage of the borehole drilled by bit 10. As will be understood by
those skilled in the art, regions 24, 26, 28 are approximate and are identified only for the
purposes of better describing the distribution of cutter elements 40 over the bit face 20, as well
as certain other inventive featufes of the present invention. |
As best shown in Figure 1, each cutter element 40 is mounted within a pocket 38 which
is formed in the bit face 20 on one of the radially and longitudinally extending blades 31-36.
Cutter elements 40 are constructed by conventional methods and each typically includes a base
or support member 42 having one end secured within a pocket 38 by brazing or similar meuﬁs.
The support 42 is comprised of a sintered tungsten carbide material having a hardness greater
-than that of the body matri_x material. Attached to the opposite end of the support member 42
is a layer of extremely hard material, preferably a synthetic polycrystalline diémond material



‘Figures 12-16 are views simlar to Figure 10 showing still further
alternati ve enbodi nents of the present invention. Description the-Preferred
Enmbedi ment A drill bit 10 enbodying the features of the present invention
is-shown in Figures 1-3. Bit 10 is a fixed cutter bit, sonetines referred
to.as-a drag bit, and is adapted for drilling through formati ons of rock to
forma borehole. Bit 10 generally includes a bit body 12, shank 13, and

t hreaded connection or pin 16 for connecting bit 10 to a drill string (not
shawn) whi ch 12 is enployed to rotate the bit for drilling the borehole.
Bit..10 further includes a central axis 11 and a PDC cutting structure 14.
Body 12 includes a central |ongitudinal bore 17 (Figure 3) for permtting
drilling fluid to flow fromthe drilll&tring into the bit. A pair of
oppositely positioned wench flats 18 (one shown in Figure 1) are forned on
t he shank 13 and are adapted for fitting a wench to the bit to apply

torque wh ting apd di sconnectin it 10 fromthe drill string. Bit
body 121 e RS g e B4 SRl Sk et Somenthad. sl Yo A ¢ 10
that i-s ﬁhﬂ@ ggq I cuttin ure 14, descri bed
in nore d%t%Ji E | g@ orﬁggﬂﬁbai%%ﬁvgﬂ 8& fom & ng
powder ed fRiLRt of dﬁﬁﬂﬁﬁﬁclﬁﬁ{gpfdil%xﬁﬂﬂet, islefe §ii Mbgltiamond, Inc. or General Electric -
Company, which markets compacts under the trademark STRATAPAX.

As shown in Figures 1 and 2, the cutter elements 40 are arranged in separate rows 48
along the blades 31-36 and are positioned along the bit face 20 in the regions previously
described as the central portion 24, shoulder 26 and gage portion 28. Cutter elements 40 are
mounted on the blades 31-36 in selected radial positions relative to the central axis 11 of the bit
10. The cutting faces 44 of the cutter elements 40 are oriented in the direction of rétaﬁon of
the drill bit 10 so that the cutting face 44 of each cutter element 40 engages the earth formation

" as the bit 10 is rotated and forced downwardly throush the formation. ‘
Referring again to Figures 2 and 3, each row 48 includes a number of cutter elements:
40 radially spaced from each other relative to the bit axis 11. As is well known in the art, cutter
elements 40 are radially spaced such that the groove or kerf formed by the cutting profile of a
guuer element 40 overlaps to a degree with kerfs formed by one or more cutter elements 40 of
<'>th§r rows 48. Such overlap is best understqod in a general sense by referring to Figure 4
which schemaﬁcally shows, in rotated proﬁle,' the relative radial positions of the most centrally
located cutter elements 40, that is, those elements 40 positioned closest to bit axis 11 which have
been 1dent1ﬁed in Figures 2 and 4 with the reference characters 40a-40g. As shown, elements
40a, 40d and 40g are radially spaced in a first row 48 on blade 31. As bit 10 is rotated, these
elements will cut separate kerfs in the formation material, leaving ridges therebetween. As the

bit 10 continues to rotate, cutter elements 40b and 40c, mounted on blades 33 and 35,



binder material to forma hard nmetal cast matrix. Steel bodied bits, those
machi ned froma steel block rather than a formed matrix, may al so be
enptoyed in the invention. In the preferred enbodi ment shown, bit face 20
i nel-udes six angul arly spaced-apart bl ades 31-36 which are integrally
formed as part of and which extend from body 12. Bl ades 31-36 extend
radially across the bit face 20 and longitudinally along a portion of the
peri phery of the bit. Blades 31- 36 are separated by grooves which define
driitling fluid flow courses 37 between and along the cutting faces 44 of
the.cutter elenents 40, which are nmounted on bit face 20 and described in
nore detail below. Again in the preferred enbodi nent shown in Figure 2,

bl ades 31, 33 and 35 are equally spaced 120 apart, while bl ades 32, 34 and
36 | ag behind bl ades 31, 33 and 35 by 55. G ven this angul ar spaci ng,

bl ades 31-36 may be considered to be divided into pairs of "l|eading" and
"l aggi ng" bl ades, a first such blade pair conprising blades 31 and 32, a

second pai respestiely,switl gubthe ddge tBR islefl bebeenahelkeafs initidé By Bitief elem&lid 4tiakga bl ades
35 and 36. 13 As best shown in Figure 3, body 12 is also provided with
downwar di y 486t Eikawisg elemenis #lesand dofualiul minmted og blades A8 and 25 rekpsciadHGutthe t hei r

| onernost ends, In the preferred enbodi nent, bit 10 includes six such flow
passages 2FUIBHbrtVis2 shederty formed-hy elamenis #0kand 40 With shieraitial dveslipchf catperddi cat i on

W th centralfﬁorg /. Together, passages 21 and nozzles 22 serve to
di st ri but e Profes, the bit cutting’profile may be generally represented by the relatively smooth curve 29

formed by the outer-most edges of cutting faces 44 of cutters 40 as shown in Figure 3, which
depicts the cutter elements 40 of the bit 10 in rotated profile collectively on one side of central
bit axis 11. |

As will be understood by those skilled in the art, certain cutter elements 40 are positioned
on the bit face 20 at generally the same radial position as other elements 40 and therefore follow

. in the same swath or kerf cut by a preceding cutter element 40. As used herein, such elements
' may be referred to as "redundant” cutters. In the rotated profile of Figure 3, the distinction
between such redundant cutter elements cannot be seen. Further, as explained below, the
present invention provides that some of the cutter elements 40 be disposed relatively close in the
radial sense to other cutter elements 40 such that, in rotated profile, the cutting faces 44 of these
elements present partially overlapping cutting profiles. These sometimes small differences in
radial position are not visible in Figure 3, but are described in more detail below.

In addition to i;eing mounted in rows 48, cutter elements 40 in the present invention are
also arranged in groups or sets 50, each cutter set 50 including cutter elements 40 from various
rows 48. Cutter sets 50 may include two, three or any greater number of cutter elements 40.
In one preferred embodiment of the invention, each cutter set 50 include§ three elements 40,
each of which is positioned on a different blade 31-36. For illustrative purposes, two of such

sets S0A, 50B are generally shown enclosed by dashed lines in Figure 2. : -



"deilling fluids around the cutter elements 40 for flushing formation
cuttirngs fromthe bottom of the borehole and away fromthe cutting faces 44
of~cutter elenments 40 when drilling. Referring nowto Figure 3, to aid in
an-under st andi ng of the nore detailed descripti-on which follows, bit face
20 may’ be said to be divided into three different zones or regions 24, 26,
28. The central portion of the bit face 20 is identified by the reference
nunmeral 24 and nmay be concave as shown. Adjacent central portion 24 is the
shoul'der or the upturned curved portion 26. Next to shoul der portion 26 is
t he gage portion 28, which is the portion of the bit face 20 which defines
t he dianmeter or gage of the borehole drilled by bit 10. As will be -
understood by those skilled in the ad®, regions 24, 26, 28 are approxinate
and are identified only for the purposes of better describing the

distribution of cutter elenents 40 over the bit face 20, as well as certain
resent invention. As best shown in Figure

$Cachurt SIS ER T BRSTi FU pwmcm om gt r120 |
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polycrystal l'i ne di anond nateri al ’
_the centerline 41 qf a cutting profile refers to the line that is defined by the centroid 46 of the
element cutting profile, and the point 47 on the element cutting profile that lies on the bit cutﬁng-
profile 29. Points 47, sometimes generally referred to as the cutting tips of cutter elements 40,
are those points on the cutting face 44 that are most exposed to the formation materiél and that,
3 “::ollectively, define the bit cuiting profile 29. As shown in Figure 5, centerline 41h of the
cutting profile of element 40h Passes through centroid 46h and point 4';h. Similarly,icenterlines
41i-m pass through their respective centroids 4d-m and the points 47i-m on bit wtﬁng profile
29. In the case of a Symmetrically shaped cutting profile, such as the profiles of elements 40h-m
of Figure 5, the centerline 41 will bisect the profile.
Referring to Figures 2 and 5, the cutter elements 40 of each set 50 are mounted in
different blades of the bit. More specifically, elements 40h, 40i and 40j are mounted on blades
31,32 and 33, respectively. Elements 40k, 401 and 40m are mounted on biades 34, 35 and 36,
respectively. Although this embodiment of the invention is deplmd in Figures 1 and 2 on a six-
bladed bit 10, the principles of the present invention can of course be employed in bits havil;g
any number of blades, and the invention is not limited to a bit having any particular number of
blades or angular spacing of the blades, Further, although the arrangement of Figure 5 shows

each cutter elements 40 in a set to be positioned on a different biade, depending on the number



"14_which forns the cutting face 44 of el enment 40. Such cutter elenments 40,
generdlly known as pol ycrystalline dianond conposite conpacts, or PDC s,

are commercially available froma nunber of suppliers including, for
exanple, Smth Sii Megadi anond, Inc. or Ceneral Electric Conpany, which

mar ket's conpacts .under the trademark STRATAPAX. As shown in Figures 1 and

2, the cutter elenents 40 are arranged in separate rows 48 al ong the bl ades
31--36 and are positioned along the bit face 20 in the regions previously
described as the central portion 24, shoul der 26 and gage portion 28.

Cutter elenments 40 are nounted on the bl ades 31-36 in selected radial
positions-relative to the central axis 11 of the bit 10. The cutting faces .
44 of the cutter elenents 40 are oriekted in the direction of rotation of
the drill bit 10 so that the cutting face 44 of each cutter elenent 40
engages the earth formation as the bit 10 is rotated and forced downwardly

t hreugh t formation _Referring again to Figures 2 and 3, each row 48

i ncl udes ggﬁul?%{)g?am&?’ Wn ﬁ'@lsete'l"%ﬁierﬂ%él!e elementa,find tHeydesired spadiaf relationski bf ot her

relative %%Wh@iﬁmgéis 11.l As |s well known in the art, cutter elenents
40 are radially Spaced 8 ehSERAL 104 et HIvRsRosifioned op thersamerblddoy t he cutting
profile of a cAd{eSish 4 verlans to a degree with kerfs fornmed by

one or nore cutter e errgiﬁl'flémﬁg’tg °%§7m?‘5\@%8‘?°h8ﬂ(§93&/@9¥@&d$§sbest

under st 00 Havie'differif€ RARbos TSRS Elath .ring to Figure 4 which schematically
shows, in rotat edgprofl l'e, the ré%giii%{'/{ehr’gﬂ‘?' ’Hgéf?m“’dﬁd‘?lwéﬂh@st
central | ybétweantebsihefitd 140GH a@e@fﬁeﬁtﬁmﬂr&y sﬁmtsuch%hat,t ﬂ%&eﬁ 'p?orﬁ?erfteich4c%n305i-t | oned

closest to bit axis 11 which have
element 40 in a set 50 has a cutting profile that partially overlaps the cutting profile of each of
the other cutter elements 40 in the same set 50. The area of the cutting proﬁle of an element
may be the same as or different from the area of the element’s cutting.faoe 44, depending on
the degree of rake at which the cutter element is mounted in the bit face. The common area of

. intersection of the overlapping élement cutting profiles form a region of maximum diamond
density 60 as the bit is rotated in the borehole. Tﬁ provide the most desired or optimilxm
diani_ond density for a set 50 of cutters, it has been found that the cutter elements 40 within ‘set

| 50 should be relatively closgly spaced in the radial sense with respect to bit axis 11 such that the
centerline 41 of the cutting profile of each element 40 in the set 50 intersects or passes through
the region 60 of maximum diamond density. As shown in Figure 5, the region 60 of maximum
diamond density in set 50A is defined by the common area of intersection (in rotated profile)
of the cutting profiles of elements 40h, 40i, 40j. Likewise, region 60 in set 50B is defined by
the common area of intersection of the cutting profiles of elements 40k, 401, 40m.l
In addition to area 60 having maximum diamond density, each set S0A, 50B includw'two

regions 62 which 'are formed by the overlapping cutting profiles of two elements 40 and which
thus have a diamond density less than the diamond density of. region 60, but a greater diamond

density than that provided by a single cutter element 40. In the embodiment shown in Figure



been'identified in Figures 2 and 4 with the reference characters 40a-40g.
As shown, el enments 40a, 40d and 40g are radially spaced in a first row 48
on-blade 31. As bit 10 is rotated, these elenments will cut separate kerfs
in“the formation material, |eaving ridges therebetween. As the bit 10
continues to rotate, cutter el enents 40b and 40c, mounted on bl ades 33 and
35, respectively, will cut the ridge that is left between the kerfs mde
by cutter elements 40a and 40d. Likew se, elenents 40e and 40f (also
nouht ed on bl ades 33 and 35, respectively) cut the ridge between the kerfs
formed-by el enments 40d and 40g. Wth this radial overlap of cutter 40
profiles; -the bit cutting profile may be generally represented by the
relatively snmooth curve 29 formed by the outer-npst edges of cutting faces
44 of cutters 40 as shown in Figure 33 which depicts the cutter elenments 40
of the bit 10 in rotated profile collectively on one side of central bit
axis. 11. As will be understood by those skilled in the art, certain cutter

el errents 40 are _positioned qQn the bit.face 20 at nerally the same radial
posi t i on =t e9Ph 8 elﬁ"'resf"t'fj t°3l9"°aﬁd°"cbifeﬁ"€?%¥’edq‘w{ o'ﬁ#el regippfedesignatedsmat h or

ker f t refferfde .el t. 40. As d h el t
nggl bgur ‘ée?er r eg tﬁo as ea %’E?Ee;% egﬁ?'nls‘é‘f" “‘Fﬁ“ﬁ“ﬁéprf’g\%;’?lg\g*ﬁs"gqnﬁ gf g][regl ;ur e
3, the d t t t b
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Further, as explai ne present i nve

the cutt giited |v3ﬂiﬁﬁﬁessaﬂ9sé?§0.dk§ R%ﬁ%ﬂ ot ChrtéPley S(FA,%E irlcfhals' & own cutting
profile which comprises the sum of the regions 60, 62 and 64 and which thus includes various

regions of differing diamond density. formed along that segment of bit face 20 that is spanned
by the set cutting profile.
The present invention also contemplates having a plurality of cutter element sets 50 with
cutting profiles that, in rotated profile, overlap to varying degrees the cutting profiles of adjacent
- -cutter element sets 50. Cutter element sets SOA!, S0B thus include cutting profiles which overlap
to form a border region 70 of multiple diamond density. In the embodiment shown in Figure
5, border region 70 has the same diamond d;ansity as regions 62. In each set, the diamond
density of a border region 70 will be less than or equal to the diamond density of the region of
maximum diamond density 60 of each set 50, but will not have a greater diamond density than
region 60. Also as shown, due to the shape and size of the cutting profile of cutters 40h-40m
shown in this exemplary embodiment, border region 70 will have the same shape as regions 60,
but will have a width less than the width of regions 60. |
Referring still to Figures 1, 2 and 5, as the bit 10 is rotated about its axis 11, the blades
31-36 sweep around the bottom of the borehole causing the cutter elements 40 to each cut a
trough or kerf within the formation. material.  Assuming a rotation of bit 10 in the
counterclockwise direction as viewed in Figure 2, cutter elements 40i and 40j partially follow
in the kerf initially cut by cutter clement 40h. Thus, because elements 40i and 40j are not called



.adi al. sense to other cutter elenents 40 such that, in rotated profile, the
cutting faces 44 of these elenents present partially overlapping cutting
profiles. These sonetines small differences in radial position are not
visiFble in Figure 3, but are described in nore detail below. In addition to
bei'ng “nounted in rows 48, cutter elenents 40 in the present invention are
al so arranged in groups or sets 50, each cutter set 50 including cutter

el enents 40 fromvarious rows 48. Cutter sets 50 may include two, three or
any: greater nunber of cutter elenents 40. In one preferred enbodi nent of
the invention, each cutter set 50 includes three elenents 40, each of which

is positioned on a different blade 31-36. For illustrative purposes, two of
such sets 50A, SOB are generally shown §:nc| osed by dashed lines in Figure
2. 16 Referring nowto Figure 5, cutfer element sets 50A, 50B are shown

in rotated profile in relation to bit axis 11. Cutter element set SCA
I ncl.udes cutter elenments 40h, 40i, 40j and set 50B incl udes el enents 40k,

‘401 and 4 It cale Fak | . ces 44 of, el enents 40h-m are
rount ed wi T zore i Enne Sl B torhdiin it ¥ e SR 01 nertpe o coione

el enment s 4fades 44 of elefbdtC40i ahd 4 'sﬁ&ed){u%gi] e) i nt.s_40h-m i ncl ude
centerlines 4l1h-m As used he‘?rgiﬁ%@ﬁ]de center iyﬁgldﬁgf ?P?"SE‘EE?'P‘F%ﬂ bﬁfr ofile
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! g profile, and the point 47 on the elenment Cutting profrie~that |ies

on t he bi tthesg Pprtions that are entirely exposed to the formation. In the identical manner, because of

the overlapping cutting profiles of the cutter elements in set S0A, portions of elements 40h and

40j, are hidden from the formation material by element 40i, and portions of elements 40i and

40h are hidden by element 40j. Thus, as bit 10 is mmtéd, cutting faces 44 of elements 40h-40m

engage the formation material and cut kerfs in the formi}tion as the bit is rotated. Because of

their overlapping cutting profiles, the swaths cut by elem;nts 40h-40r;1 also overlap to the extent

: . . , Tepresented by the overlapping cutter element profiles sh,own in Figuti'e 5. As the bit continues

to drill, the cutt;r elements 40 will begin to wear as the result of ab.rasion from the formation

material; however, because of the overlap of cutting profiles of the ele;nmts 40 in sets 50A, 50B

and the resulting varying diamond densities across bit face 20, certain portions of the cutter

elements 40h-40m will wear faster than other portions. More specifically, those portions of

elements 40h-40m which, in rotated profile, fom regions 60 having maximum diamond density

will wear less than those portions forming regions 62 and 64 where the diamond density is less.

As is apparent, region 64 having only a single diamond density wiil wear the fastest, whereas

regions 62 and 70, which in the embodiment shown in Figure 5 include regions of double

diamond density, will wéar quicker than region 60, but not as fast as region 64,
Providing this variable diamond density across the span of a set cutting profile and across
the bit face 20 helpé the bit maintain an agéressive cutting structure and prolongs the life of the

- bit. Simultaneously, the variable diamond density provides a stabilizing effect on the bit and



prefi'ke 29. Points 47, sonetines generally referred to as the cutting tips
of _cutter elements 40, are those points on the cutting face 44 that are
nost exposed to the formation material and that, collectively, define the
bit:- cutting profile 29. As shown in Figure 5 centerline 41h of the cutting
profil’e of el enent 40h passes through centroid 46h and point 47h.
Simlarly, centerlines 4li-m pass through their respective centroids 46i-m
and: the points 47i-mon bit cutting profile 29. In the case of a
synmfetrically shaped cutting profile, such as the profiles of elenents
40h-m of Fi.gure 5, the centerline 41 will bisect the profile. Referring to
Figures 2 and 5, the cutter elenents 40 of each set 50 are nounted in
different blades of the bit. Mre spe@iofically, el enents 40h, 40i and 40j
are mounted on bl ades 31, 32 and 33, respectively. Elenents 40k, 401 and
40m are nounted on bl ades 34, 35 and 36, respectively. Although this )
enbodi nent the.invention is depicted in Figures 1 and 2 on a six- bl aded
bit 10, t#"’esg%‘ﬁ‘i‘pn“'gﬂ"ﬁp’é@gﬁ dpmaging bits vibrationrneeuntingoas theubitofeaso UStalTiZforeR D! Oy ed
in bits hawy:adg er. of bl ades, and the inventionis not limted to a
bit having any g%?‘%s?%a%mg?'@%ﬁmwmdﬂmﬁ%w reMtivély €

bl ades. FuhivB@l Thadel . rrangenent of Figure 5 shows each cutter
elements 40 in a set to Ee&'%g%'ﬁ%tdfno Teigps 60 a5 spaged apart apgcthe bitlGpesdh ng on

t he nunbenhat, in tofat&f rgﬂg’ttﬁébiﬂ@ .40.in the set, the size of the
el emerits, and the desi red spaci ai %%"?’é?f’%ﬁﬁ?‘r‘ﬁcpgfs?ves that are separated by well
deﬁned ndges that are formed between the regions of maximum density 60 of adjacent cutter

sets 50. These ridges will tend to make the bit highly resistant to lateral movement due to
increased side loading provided by the ridges on the cutter elements 40 of sets 50. The bit 10
will thus tend to remain stable and resist bit vibration.
Although sets 50A, B are depicted in Figure 5 as consisting of-three elements 40 per set
- . 30, the invention is in no way limited to any specific number of cutter elements 40 in a set 50.
That is, a set 50 rilay include two, three, or more elements 40 in the same set 50, Also,
although each set 50 is shown in Figdfe 5 to include an equal number of cutter elements 40, the
number of cutter elements in the sets 50 may vary on the same bit. For example, at a radial
position on the bit face that is subjected to particularly severe loading, it may be desirable to
position ?. greater number of cutter elements 40 in a set 50 than at a radial position that is not
as highly loaded. Similarly, the degree or extent of overlap of cutting profiles of elements 40 .
in sets 50‘may be varied from set to set 5.cross the bit face 20. For example, the number of
cutter elements 40 in a set may increase, and the spacing between adjacent sets 50 decrease,
upon moving from bit axis 11 toward gage portion 28, |
Also, it is preferred that the cutting structure 14 and bit 10 of the present invention
include additional cutters 40 and sets 50 in redundant positions to those of cutter elements 40h-m

and sets 50A, 50B shown in Figure 5. For example, a set 50 of three cutter elements 40 that



the €lenments, nore than one elenent in a set may be positioned on the sane
bl ade.” As best shown in Figure 5, the cutter elements 40 in each set 50 are
mounted so as to have differing radial positions relative to bit axis 11;
hoﬁévef, the difference in radial position between elenents 40 in a set 50
is relatively slight such that, in rotated profile, each cutter elenment 40
in a set 50 has a cutting profile that partially overlaps the cutting
profile of each of the other cutter elenents 40 in the sane set 50. The
area of the cutting profile of an elenment may be the sane as or different
fromthe area of the elenent's cutting face 44, depending on the degree of
rake at which the cutter elenment is nmounted in the bit face. The common
area of intersection of the overlapping elenent cutting profiles forma
regi on of maxi mum di anond density 60 as the bit is rotated in the borehole.
To provide the nost desired or optinmmdianond density for a set 50 of
cutters, it has been found that the cutter elenments 40 within set 50 should

be rel at i #%€ITyduadags to the positionchfictemedtedokan oPLuttBeRES0B Inky be MR onle 3 { X1 S
11 such tggéﬁﬁhe centerline 41 of the cutting profil’e of each el'enent 40 in
the set 5 ) Sych Jhatsingptated prafile, therautiing ptoffite ofctisse Addiforaf B 49UPRuEl anond
density. &inﬁctéoyn@}j n Fiqqrgre 5, the regi on 60 of maxi num di anond density in
set 50A iS derin h’ﬂ?-‘f emegis 9k mar Such an armngemens cvdulinprovide fatiaéradeddr Of i | €)
of the cupti i of elenents 40h, 40i, 40j. Likew se, region 60 in
set 50B i g'a'ﬁg'?‘. %é%‘f’bd;ﬁ%“‘c HIFBIOn Hiabis spanned-hycthe cuttingoprofike df Iset S0Bf hid1g
profiles Qbul®bRNRRL Iér é 1. 40m JIn .addition to area 60 having maxi mum
di anond densi ?y, e’a@htﬂige %A%%“Wlmg maxEnunk dirmend d@asitytG0ckhid e f or ned
by the ovefec@RB wshld ihblehdd Ihedighd f t e] enents 40 and whi ch thus have
a dianond density less than {'%édnhiﬁgnrgr'&ﬂ ‘Eééf??i"ﬁpfo?‘e Pit d3c8 20 ¢ twipgithata gr eat er
di amond  provided by single region 60, Alternatively, a set 50 may have three cutters 40 that are

positioned as elements 40k-m but at the same respective radial positions as elements 40k-m but

at exposure heights such that they are more exposed (or less exposed) to the formatioh material

- %

% than elements 40k-m. Within the limits imposed by the physical size and other design
parameters of the bit 10, any number of reduildaxllt cutters 40 and sets 50 (or cutters 40 and sets
50 having the same radial positions but varying exposure heigﬂts) may be positioned on the bit
to yield desirable diamond densities at predetermined radial positions along the bit face;
however, in accordance with the present invention, the cutting profile of each set 50 lies at least
partially outside the cutting profile of each éutter element 40 on the bit 10. In other words,

- cutter elements 40 are mounted on bit 10 such that, in rotated profile, a set’s cutting profile does
not fall entirely within the cutting profile of a single cutter element. It is believed that such an
arrangement of cutters and cutter sets will provide for increased stability of the bit and enhanced
ROP’s initially and after wear has occurred, and will do so without the necessity of drilling ﬁm
the increased WOB typically required for prior art bits that were intended to provide some

measure of improvement in bit stability.



‘densfty than that provided by a single cutter elenent 40. In the enbodi nent
shown in Figure 18 5, regions 62 may be said to have a doubl e di anond
density. The regions designated by reference nuneral 64 have a single
diarond density, as the cutting profile of those portions of the cutter

el ements 40 which define regions 64 do not overlap with the cutting profile
of any cutters within the sane seét 50. As is apparent, each cutter set 50A,
50B includes its own cutting profile which conprises the sum of the regions
60;:62 and 64 and whi ch thus includes various regions of differing di anond
density formed al ong that segnment of bit face 20 that is spanned by the set
cutting profile. The present i-nvention also contenplates having a plurality
of cutter elenment sets 50 with cutti%p profiles that, in rotated profile,
overlap to varying degrees the cutti'ig profiles of adjacent cutter el enent
sets 50. Cutter elenent sets 50A, 50B thus include cutting profiles which
overlap to forma border region 70 of nultiple dianond denS|ty In the

embodi ment  shoG#rtaimpifegred evadiatioisoor dlteriafe EfbodihelidSto HE 4 G R densi ty
as regions 62. In each set, the dianond density of a bor er reglon 70 will

be less t ﬁawzsm%qmuﬂxﬁmmmm indgaestoy1 60 fin Hé%&xﬁi:@h&@eﬂﬁodi%ighnn y

di anond dens 60 of each set 50, but will not have a greater
density tR: W%%chmbmbemwmwﬁfghkh&p@nﬁmﬂefdméﬁsm t he

cutting profil cutters 40h-40m
9P Refel fernng #10w 1 Figure 6, a bit 10 is shown having three cutter element sets 50C, 50D,

50E, éuch of which includes two cutter elements 40, Sets 50C-E collectively include elements
40n - 40s. Elements 40n - 40s are identical in sfructure as those elements 40 previously
described with ;'eference to Figures 1-5.. As shown in Figure 6, each set S0C-E includes two
cutter elements 40 having cutting profiles which overlap to form region 66 of maximum diamond
density. The ceaterline 41 of each element cutting proﬁle intersects the region of maximum
_ dlamond density 66 in its respective cutter set 50. In this arrangement, region 66 having
! maximum diamond density has a diamond density that is double that of region 68 which has only
. asingle diamond density. The cutting proﬁles of cutter element sets 50C-E overlap one another
to form border regions 72 which, in this arrangement, have diamond densities identical to the
diamond densities of regions 66.
Although as described below, the invention is not limited to bits with cutter elements
having cutting ppﬂes of the same size and shape, when cutter elements 40 are employed in a
cutter element set 50 and do have profiles of the same size and shape, the w1dth of the region
of maximum diamond density 66 is greater than one-half the width of the cutting proﬁle of the
cutter element 40 employed in the set. As used herein, the width of the cutting profile of an
element 40 is measured perpendicular to the centerline 41 of the profile at the profile’s widest
point. Specifically, referring to Figure 5, the width of region 60, represented by arrow 80, 'is
greater than one-half the diameter of the cutting profile of each of the elements 40h-40j. -



-shown_in this exenplary enbodi ment, border region 70 will have the sane
shape as regions 60, but will have a width I ess than the width of regions
60::~Referring still to Figures 1, 2 and 5, as the bit 10 is rotated about
its.axis 11, the blades 31-36 sweep around the bottom of the borehole
causi ng the cutter elenents 40 to each cut a trough or kerf within the
formation material. Assumng a rotation of bit 10 in the countercl ockw se
direction as viewed in Figure 2, cutter elenents 40i and 40j partially
follow in the kerf initially cut by cutter element 40h. Thus, because

el enents 40i and 40; are not called 19 upon to cut as great a volunme of
formation material as el enents 40h, portions of the cutting faces 44 of

el enent s 40i and 40] may be consi der ed partially "hidden" fromthe
formation by el enment 40h. The hidden $drtions of cutter elenents 40i and
40 will not wear as quickly as those portions that are entirely exposed to
the formation. In the identical manner, because of the overlapping cutting

profiles of Likéwise; witherefeRngdRMBigurt B, &8 twiD Anovhby: b9tV 86 o A&k and
40j, are hidden fromthe formation materi al by);e | ement °4g+, and po&{al ons of

el ement s 40densitycregi@h66:is dikbistogreatds Yhat loReRAIN theBlametdr b Swidth of Bielcuthifly proafeOt at ed,
cutting faces 44 of elenents 40h-40m engage the formation materl al and cut

kerfs in thef chitereiemensn4Qus 40dacA bit baving theatratgenient BE anteSelerdntst40Qhd cdiéLielsappi Ng
cutting profiles, the swaths cut by elenents 40h-40m al so overlap to the

ext ent . 50 as shown in Figure 6 will maintain an aggressive and effective cutting structure and will

provide enhanced bit stability even as the cutter elements wear during use.

Referring now to Figure 7, as described i)rieﬂy above, the scope or application of the

present invention is not limited to any particular size, shape or number of cutter elements 40 or

sets of elements 50. For example, shown in Figure 7 are two sets SOF, 50G of cutter elements

40. Set 50F will be understood to be comprised of cutter elements 40h-40j and to include a

iy . region 60 having maximum diamond density, all as previously described with refemence to Figure

5. In rotated proﬁle, set 50G is dlsposed adjacent to set S0F and includes three scribe cutter.

elements 40t, 40u, 40v. In the embodiment shown in Figure 7, elements 40t:40v include cutting

faces 44 having symmetrical cutting profiles of the identical size and shape that are bisected by

“centerlines 41t-v, respectively. As known to those skilled in the art, scribe cutters 40t, 40u, 40v

present a relatively sharp point at the cutting tips 45 on bit cutting profile 29. In this

embodiment, tips 45 of elements 40t-40v are aligned in rotated profile; hc;wever, elements 40t-

40v are radially spaced apart relative to bit axis 11 such that the cutting profile of each element

partially overlaps the cutting profile of each of the other elements 40 in set 50G. As such, the

common area of intersection of the cutting profiles of elements 40t-40v created a region of

maximum diamond density as represented by reference numeral 90. Elements 40t-v are spaced

such that their cutting profile cénterlines 41t-41v pass through region 90, Similarly, adjacent

-to region 90 in rotated profile are regions 92 that are formed by the intersection of the cutting



‘represented by the overlapping cutter elenent profiles shown in Figure 5.
As the bit continues to drill, the cutter elenments 40 will begin to wear as
thé-result of abrasion fromthe fornmation material; however, because of the
overlap of cutting profiles of the elements 40 in sets 50A, 50B and the
resul ting varying dianond densities across bit face 20, certain portions of
the cutter elenents 40h-40mw ||l wear faster than other portions. Mre
specifically, those portions of elenments 40h-40m which, in rotated profile,
f orom-regi ons 60 havi ng maxi num di anond density will wear |ess than those
por.tions formng regions 62 and 64 where the dianond density is less. As is
apparent., .region 64 having only a single dianond density wll wear the

f ast est,” whereas regions 62 and 70, which in the enbodi nent shown in Figure
5 include regions of double dianmond d#hsity, will wear quicker than region
60, but not as fast as region 64. Providing this variable dianond density
across the span of a set cutting profile and across the bit face 20 hel ps

the bit rmofilesofiwaof heeen&fs 400f 6l 506N this emsadnﬁ&.:ﬁs%iongrgﬁ'img life of
the bit. Sinultaneously, the variable dianond density provi gghgﬁh

st abi | i zidiagoed Hiensity. oRegloneodirt adieht to regiéhs o2 SiFHAGe bridPa kihdielibhGRtieRly damagi ng
bit vibration occurring as the bit wears. Stabilization is achieved because
as the bit wears,. the regions of maximum di anond density 60 remain
relatively unworn. These maxi num di anond density regions 60 are spaced
apart -al ong t [ruttas; sets 5Q meay heapdially positioned from one another so as to form regions of

varying diamond density between the areas of maximum diamoﬁd density. For example, as
shown in Figure 7, sets 50F and 50G are radially positioned such that, in rotated profile, the
cutting profiles of cutter elements 40 of sets 50F, 50G intersect to define three separate border
regions of diamond density 73, 74, 75. Region 74 has a double diamond density as defined by
the cutting profiles of elements 40t and 40j. Regions 73 and 75 have a diamond density that is .
o zdenﬁcal to the diamond density of region 60 of cutter set SOF and region 90 of cutter set 50G.
Region 73 is defined by the intersectiqn of the cutting profiles of elements 40i, 40j and 40t.
Similarly, region 75 is defined by the intersection of the cutting profiles of elements 40t, 40u,
and 40j. |
The cutter sets 50 employed in the present invention may also include cutter elements of
differing sizes. Shown in Figure 8 is a cutter element set SOH having cutter elements 40h and
40j identical to those previously described with reference to Fiéure 5. The arrangement of
Figure 8 includes a third cutter element 40w having a generally circular cutting face 44 and
cuttipg profile that is smaller in diameter than the cutting faces 44 and cutting profiles of
elements 40h, 40j. Element 40w is disposed at a radial position between the radial positions of
elements 40h and 40 such that the cutting profile of elements 40h, 40w, 4f of set SOH define
a common region or area of intersection 96 having maximum diamond density which, in this

arrangement will have triple diamond density. Elements 40h, 40w, 40j are radially spaced



‘that ,"-in rotated profile, the bit 10 cuts a series of concentric grooves
that are separated by well defined ridges that are forned between the
regions of maxi mum density 60 of adjacent cutter sets 50. These ridges wll
tend to nmake the bit highly resistant to |ateral novenent due to increased
side lvading provided by the ridges on the cutter elenents 40 of sets 50.
The bit 10 will thus tend to remain stable and resist bit vibration.

Al t hough sets 50A, B are depicted in Figure 5 as consisting of three

el epents 40 per set 50, the invention is in no way limted to any specific
nuber -of cutter elenents 40 in a set 50. That is, a set 50 may include
two, three, or nore elenments 40 in the sane set 50. Also, although each set
50 is shown in Figure 5 to include an .gqual nunber of cutter el enments 40,

t he nunber of cutter elenents in the sets 50 may vary on the sane bit. For
exanple, at a radial position on the bit face that is subjected to

par ti cul arrLlXtEvsg(\F/er.e oa](F:Ii na It may be desirable to position a greater
number of “tUTCAr 8t L thalythe pyiterprofle canterlinen hlha 1w andielij adterpesickiond6 t hat i s

not as hi . d Sim.|ar t he degree or extent of overlap of cutting
profiles %? h’é?‘é‘?r@%?aémﬂgd‘?"ﬁ“ys é{%}@ﬂ" ths Futise argageement showninsEigure 8 aleyieldgr 0SS t he
bit face @ee SOUIR nunper of cutter elenments 40 in a set may
i ncrease, and %ne spac%'%‘éo“%ie%?mgﬂy‘f?ﬂ?‘ﬂc@ﬂfw%%“w of single dinmondgrnsityrrovi ng
frombit #xing ehbodiRMRLER ' LOn ﬁwjusm it is preferred that the
cutting structure 14 anofggtlg?’ % o%lg?eﬂé r’égm VAt ig fess exppsedito theldi t i onal

cutters 4mmaﬁbnaﬁtaiaﬁaaﬁae,ﬁmgggg .ositions to those of cutter elenents
40h-m and sets 50A, 50B shown in Figlre 5. For exanple, a set 50 of three

cutter el ementThe4iBgred1af exposure of elements 40h, 40w, 40j may be varied from that shown in
Figure 8. For example, element 40w may be set in bit face 20 so as to have an exposure to the
formation material that is greater than that shown in Figure 8. More particularly, cutter element
40w may be mounted on bit face 20 such that the cutting profile of elemer;t- 40w intersects with
- _ _ the cutting profiles of elements of 40h and 40j at point 99. In that instance, the. region 96 of
maximum diamond density will be shifted to a position héving greater exposure to the formation
; material compared with the embodiment of Figure 8, as may be desirable in certain formations
or at particular radial locations on the bit face 20. |
Another embodiment of the invexition is shown in Figure 9. In this embodiment, set 507
includes three elements having differing shaped cutting faces and profiles. More specifically, -
set 507 includes an element 40x havihg a generally circular cutting face 44 and cutting profile,
and scribe elements 40t, 40v having a shape and structure as described above with reference to
Figure 7. Elements 40t, 40x, 40v include cutting profile centerlines 41t, 41x, 41v, respectively,
and are spaced apart radially with respect to bit axis 11. Elements 40t, 40x, 40v are posiﬁo-ned
on bit face 20 so that the cutting profile of each element 40 partially overlaps the cﬁtting profile
of each of the other elements in the set so as to create a zone or region 100 having maximum

diamond density, region 100 being defined by the intersection of the cutting profiles of elements



21 ar'e redundant to the positions.of elenents 40k-mof cutter set 50B may
be nounted on the bit face 20 such that, in rotated profile, the cutting
profile of these additional cutters 40 woul d coincide with those of

el ements 40k-m Such an arrangenment woul d provide for increased di anond
density throughout the region that is spanned by the cutting profile of set
50B, and would provide, in this exanple, two aligned regions of nmaximum

di anond density 60 which effectively would increase the dianond density at
the-regions of the bit face 20 to twice that provided by single region 60.
Al ternatively, a set 50 may have three cutters 40 that are positioned as

el enment s 40k-m but at the sane respective radial positions_.as el enents
40k- m but at exposure heights such that they are nore exposed (or |ess
exposed) to the formation material thatf el ements 40k-m Wthin the linits

i nposed by the physical size and other design paraneters of the bit 10, any
nunmber of redundant cutters 40 and sets 50 (or cutters 40 and sets 50

havi ng t he4®Baflx, dbdwhen piswed inOoated Wrofl@! WinfiGs ei.ght.s) Jmay pe
positioned on the bit to yield des#&%ble dian%ﬁgﬁ%gﬁgp ﬂggggﬁgﬂ?@éﬂfernined

radi al posYensityisfosmesdhy thevigtetsedtion aftthe cuhmg?mres of é?en?éﬁ&%f‘ ?@g{s}fgq@_ ltl{é 51tg l?se

pr esent m@%gg the cutting profile each set 5
partial |y OUt V%q?@lemmepimﬁdmmmﬁagmﬁukfseduoﬁd&rzﬁ'é%m%ggﬁ, the bit
10 s '

10. I'n othgr words, cutter elements 40 are nounted on bit Jthat, 1n
rotated prafiEs go:gvgﬁw e ening paefilgs o eiftersleioat40n ot 40valAre o kiﬁ%é Siatbrlg! N the
cut ting Pr fhdity G fepfsdhted By reforoe mumare o6, 'Pmlﬁtle clae?ltegsmlesl 21Vte Slxt an?it4lfrua(l:lh -
intersect the region 100 having maximum diamond density. As is now understood, by varying
the radial spacing of cutter elements 40 within the sets 50, the radial spacing between sets 50,
the ‘size, shape, cutting profile, and exposure height of the elements 40, any of a variety of
diamond densities can be achieved across the bit face as may be desirable for drilling in various
= . ‘typés of formations and formation hardnesses. | |
Anothell' alternative ;mbodime_,nt of the present invention is shown in Figure 10. In this
embodiment, bit 10 includes cutter element sets 50L, 50M and 50N. Each set S0L, 50M, 50N
includes two cutter elements 140 having elongate and symmetrical cutting faces 144 and cutting
profiles. The cutiing profiles of elements 140 include a root end 142 and a terminal end 143
opposite root end 142. Cutter dmmm 140 having such elongate shaped cutting faces are
available from various manufacturers such as Smith Sii Megadiamond, Inc. and General Electric
- Company. Elements 140a, l40c, 140e are preferably positiéned on the same cutter blade, for
exgmple blade 31 shown -in Figure .2, while elements 140b, 140d, and 140f are preferably
positioned on a second blade, such as blade 32, which follows behind blade 31 as bit 10 is
rotated in the borehole. As shown in Figure 10, each of sets S0L, 50M, 50N include a region
of maximum diamond density 110 formed by the overlap or intersection of the cutting profiles

of the cutters 140 in the respective sets 50. More specifically, a teardrop shaped region of



.arrangenent of cutters and cutter sets will provide for increased stability
of "the bit and enhanced ROP's initially and after wear has occurred, and

wild do so without the necessity of drilling with the increased WOB
typically required for prior art bits that were intended to provide sone
measure of inprovenent in bit stability. 22 Certain preferred variations
or alternative enbodinents to the drill bit and cutter arrangenent

previ ously described are shown in Figures 6-16. In describing these

enbodi ments, simlar reference nunerals and characters will be used to

identify |like or coomon el enents. Referring nowto Figure 6, a bit 10 is
shown having_three cutter elenent sets 50C, 50D, 50E, each of which

i ncludes ' two cutter elenments 40. Seéz 50C-E col l ectively include el enents
40n - 40s. Elenents 40n - 40s are identical in structure as those el enents
40 previously described with reference to Figures 1-5. As shown in Figure
6, each set 50C-E includes two cutter elenents 40 having cutting profiles

whi ch  ove iaihuinQidnfnd dénsity 110 iSOk adfiocht’td! e thrialefldsiaB of élyngattlelememnt er | i ne
41 of -each element cutting profile intersects the region of maxi num di anond
densi ty 6@40.NIni this atrgaRdnt, réglors U110 Raving ee nekimunndidrhend dessitp fymithat portioegi on 66
havi ng maxi nrum di anond density has a dianond density that is double that of
r egi on 68 ofithe chitingastruptukey14cthatiismbst exjioseduie the dermationymatariab  The cantegingldt i | es of
cutter elenent sets 50C-E overlap one anot her

of the cutting profiles of elements 140 intersect regions 110 in their respective cutter sets 50 as

shown.

The cutting profiles of sets S0L, 50M, 50N themselves oyerlap in rotated profile to the
extent represented by border regions 112. As described with reference to the previous
embodiments, the diamond density of the border regions 112 formed by the overlap of cutting
profiles of adjacent cutter sets 50 is equal to or less than the diamond density of the region 110.

. In the embodiment of Figure 10, region 112 has a teardrop shépe and a double diamond density,
| and thus has the same diamond density as region lj10. Between regions 110, 112 of double
diamond density, central portions 114 of the cutting profiles of cutter el;aments 140 provide only
single diamond density. Although not shown in Figure 10, additional elongate cutter elements
140 (or other shaped. cutter elements) could be employed in sets SOL-50N to have cutting profiles
overlapping with region 110 to increase the diamond density in region 110 should it be desirable
ina partlcular design; however, the diamond density of boardei" regions 112 will be less than

or equal to the diamond density of regions 110.

The embodiment of Figure 10 will maintain an aggressive cutting profile useful in
relatively hard formation drilling and one in which stability of the bit is maintained as wear
occurs, Referring momentarily to Figure 11, there is shown a representation of the cutting
profile of sets S0L, S0M and 50N after substantial wear has occurred to the cutting structure of

the bit 10. As shown, because of the overlapping cutter profiles and higher diamond densities



‘to-formborder regions 72 which, in this arrangement, have di anond
densifies identical to the dianpond densities of regions 66. Al though as
descri bed below, the invention is not limted to bits with cutter el enents
having cutting profiles of the same size and shape, when cutter elenents 40
are enployed in a cutter elenment set 50 and do have profiles of the sane
si ze and shape, the width of the region of nmaxi mum di anond density 66 is
greater than one-half the width of the cutting profile of the cutter

el erent 40 enployed in the set. As used herein, the width of the cutting
profile of an elenment 40 is neasured perpendicular to the centerline 41 of
the profile at the profile's widest point. Specifically, referring to _
Figure 5, the width of region 60, regresented by arrow 80, is greater than
one-half the dianmeter of the cutting profile of each of the el enents

40h- 40j . 23 Likewise, with reference to Figure 6, the wi dth shown by
arrow- 80 gf il%”lh&“] nd density.region 66 is |ikew se greater than
one- hal f thé di aneter T JESRT QFFUTE i these: segions thanoin deatrad fportionst £44, &renment s

40n, 400. ex4n E.twlﬁ&vﬂaggoﬁlygn g\r‘;ma-n?ne%?t of cutter elements 40 and cutter

sets 50 as shown in Figu T ¥ai n an aggressive and effective
Ut e e ARRgR0R i oA i LARRE S0k 5l i bec
bri _ef |y aheivieagtii, ARy 6£9RieR of BB éhﬁﬂh ieBHga%f cubdl€ may likewise be employed. For

example, bit 10 may include sets of cutter elements 500, 50P, 50Q shown fn Figure 12 wherein

cach of the cutter elements 140g-1 includes a "link" or "dogbone" shaped cutter element and

cutting profile. The cutting profile of elements 140g-1 have root ends 142 and terminal ends 143 )

that are wider than the central portions 111, Referring momentarily again to Figure 11, it is

shown that the cutter elex:nents 140a-f of Figure 10 tend to assume the same or similar link or

_ _:dogbone profile after some wear has occurred. For this reason, and to maintain the stability of

the bit, both initially and after wear has occfm‘ed, cutter elements 140g-1 with cutting profiles

as shown in Figure 12 may be particularly desirable.

As another alternativq to the cutter arrangements shown in Figures 10 and 12, cutter
elements 140 may have generally rectangular shaped cross sections and cutting profiles as with
elongate cutter elements 140m-q shown in Figure 15. A still further alternative is shown in
Figure 14 where elongate cutter elements 140r-v include a generally teardrop shape. The width
of the cutting profile of each teardrop shaped cutter element 140r-v is greater at the terminal end
143, the end most exposed to the formation material, than at the root end of the cutter. Region
120 defines the region of maximum diamond density of each set 50 and is intersected by cu&ing
profile centerlines 141 of each cutter 140 in the set 50. The teardrop shape of eleménts 140r-v
and the overlapping of cutting profiles shown will obviously save the material costs assoclated

with making the PDC cutter elements having largér cutting profiles, but will still provide the



‘pr-esent invention is not limited to any particular size, shape or nunmber of
cutter. elenents 40 or.sets of elenents 50. For exanple, shown in Figure 7
are two sets 50F, 50G of cutter elements 40. Set 50F will be understood to
be .conprised of cutter elenments 40h-40j and to include a region 60 having
maxi mim di anond density, all as previously described with reference to
Figure 5. In rotated profile, set 50Gis disposed adjacent to set 50F and

i ncl udes three scribe cutter elenents 40t, 40u, 40v. In the enbodi nent
shown. in Figure 7, elenments 40t-40v include cutting faces 44 having
symmetrical cutting profiles of the identical size and shape that are

bi sected. by centerlines 41t-v, respectively. As known to those skilled in
the art, scribe cutters 40t, 40u, 40v present a relatively sharp point at
the cutting tips 45 on bit cutting %%ofile 29. In this enbodi nent, tips 45
of elenments 40t-40v are aligned in rotated profile; however, elenments 40t-
40v--are radially spaced apart relative to bit axis 11 such that the cutting

profi| e dncreasehdisinenedensiyatt jegibsy 120VaT dedifblet 1€ pfovidide"G) &'g&fséli e each of
the other elenents 40 in set 50G As such, the conngn area d%’?ﬁ%@rsection

of the cU¥PFtHG apd Beinkisingstabilityerfehetbit ad Gtar 66ourss BALAT, Bs hBFh RIFigle FRXI MUM

di anond deﬁesri%% s_represented by reference nuneral 90. El enents 40t-v are
spaced sUBHt é&ﬂ%"?"“&f?ﬁfﬁ{yﬂpﬂt@l‘mﬁVdﬂiHhMﬁngepsoﬂektpréyidﬁslpamihrough

region 9G. Sinhlarly, adjacent to region 90 in rotated profile are regions
92 t hat Angure g{) Ry %fp%cﬁé apazk Q1 g,e@!t,&? su¢h thatcthe extentrog overlapdetween the
profiles of cutter element sets SO0L, 50M, 50N is minimized, or at least less than the more
extensive region of overlap 112 shown in Figure 10. The partial or less extensive overlap shown
in regions 116 of Figure 13 will nevertheless help protect the bit body from abrasion by
providing a region of diamond density higher than would be provided if the sets did not overlap
one another. The greater overlap in regions 110 and the resulﬁng longer-wearing areas will
,again help maintain the stability of the bit.
The present invehtion may be practiced in a bit and cutting structure having cutter
_ elements that, in rotated'profile, have more than a single point on the bit cutting profile. For
example, Figure 16 shows bit 10 having a cutter set SOV which include§ three cutter elements
240a-cspacedapartsoas_tomaregionofméximum dimnonddensityZﬁOinrolatedprqﬁle.
In this embodiment, each cutter 240a-c has a symmetrical cutting profile which includes a pair
of points 247 that lie on the bit cutting profile 29. As shown, the c;anterlines 241a-c of cutting
profiles of cutters 240a-c, respectively, intersect the region of maximum diamond density 260.
As used herein, the term centerline, when applied to a cutting profile having more than a single
point on the bit cutting profile 29, is a line that passes through the centroid 246 of the cutting
profile and that is substantially normal to the bit cutting profile 29. In the embodiment shown,
because the cutting profiles of elements 240a-c are symﬁeﬁml, centerlines 241a-c bisect the

cutting profiles of their respective cutter elements. -



'pnoffies of two of the elements 40 of set 50G In this enbodi ment, regions
92 in¢lude a doubl e dianmond density. Regions 94 are adjacent to regions 92
and have only a single dianond density. Cutter sets 50 may be radially
positizoned from one another so as to formregions of varying di anond
denhsity between the areas of maxi mum di anond density. For exanple, as shown
in Figure 7, sets 50F and 500 are radially positioned such that, in rotated
profile, the cutting profiles of cutter elenents 40 of sets 50F, 50G

i ntersect to define three separate border regions of dianond density 73,
74,7 75. Region 74 has a doubl e di anond density as defined by the cutting
profiles. of elenents 40t ~and 40j. Regions 73 and 75 have a di anond density
that is identical to the di anond denégty of ‘region 60 of cutter set 50F and
region 90 of cutter set 50G Region is defined by the intersection of
the cutting profiles of elenments 40i, 40; and 40t. Simlarly, region 75 is

def i-ned by thew sect | of the cytting profiles of elenments 40t, 40u,
fandI 48j . &1&&2@%@%@?@%{2‘3&?@@& i% f“ﬁ%‘%ghég‘@r&w? thgﬂml S'?t .
i nclude c eRb [ Sk ZES. wn jn Figure iS a cutter
el ement set 5OH r?gvi ngiscgﬁt?e?c{eg glr'fé\;%[l@ﬁ'éﬁe%‘&‘ A?Bﬁdel’ad%'?& the gpiritand s o

previ ous! Vteadsifgsof BRGnvehton. FrRé I el rrangenent of Figure
8 includes a tghki rd cutter el e%ﬂeﬁaﬁ%aévgﬁg{llﬁgggﬁg%en%&dﬁw@rﬂ?laéer“%utti ng

face 44 arihitingt tMang viriatibislafd ibdificatisnsSITb kvEntiof arf Lpe cutting
faces 44 ‘and cutting profiles of elenents 40h, 40j. %lr‘r’“;'é%?ﬂ%&?ﬁelr?" di sposed
at a radi aremhlem@mmmmofmdmﬁmsmom%l ) ftheSoSTTR ;gnd 40j
such that the cutting profile of elements 40h, 4 Wy,0 40] “of ggot'e%@&ﬁdefi ne a
conmon  r e@Piolimited by thedesofiption tsetrotrbbven but Konlyelinkid bieicIkHAS i iidly, FSRS| t Y
which, inthis . ’

scope including all equivalents of the subject matter of the claims.




rarrangenment will have triple dianond density. Elenents 40h, 40w, 40j are
radial |y spaced 25 relative to axis 11 such that the cutter profile
ceinterlines 41h, 41w and 41j intersect region 96 of nmaxi mum di anond
density. As shown, the cutter arrangenent shown in Figure 8 also yields

t hf ee* regi ons 97 havi ng doubl e di anond density, and two regi ons 98 of
single dianond density. In the enbodi nent of Figure 8, cutter el enent 40w
is disposed so that it is | ess exposed to the formation material than

el enrents 40h and 40j. The degree of exposure of elenments 40h, 40w, 40] may

be.varied fromthat shown in Figure 8. For exanple, el enent 40w may be set
in bit face 20 so as to have an exposure to the fornmation matertd that is

greater ‘than that shown in Figure 8.3)\bre parti c”" I,I 1 enment 40w
may be nounted on bit face 20 such that the cuttli E Jﬂﬂ“ﬂn uwﬂ'emant 40w
intersects with the cutting profiles of el enents "of “40R and #40j+ at poi nt

99...In that instance, the region 96 of maxi mum di anond density wll be
shifted to a position having greateClamposure to the formati on materi al
conpared with the enbodi ment of Figure 8, as nmay be desirable in certain
forrrationg’hﬁr’“é’t“mﬁwsiicul ar radial locations on the bit face 20. Anot her

enbodi men]Ej gfdfih?,e i gﬁ\{iﬁm ion is shown in Figure 9. In this enbodinent, set
50J i ncl ude 1 for drilling thraugh formation ayaferial whey saidhbibisdotated abionjitsfaaiscmidand

profil es.big\&rm%ﬁgggezci fically,

a bit body;

a bit face on said body;

at least one set of cutter elements mounted on said bit face, said cutter element set
comprising a plurality of cutter elements having cutting faces with cutting profiles for engaging
and cutting formation material; '
. wherein said cutter elements of said set are mounted on said bit face at differing radial
-positions relative to the bit axis; and

wherein, in rotated profile, each cutter element in said set has a cutting profile that
partially overlaps the cutﬁng profile of each of the other cutter elements in said same set 50 as
to form a region of maximum diamond density, said region of maximum diamond density being
the common area of intersection of said cutting profiles of said cutter elements of said set; and

wherein the centerlines of the cutting profiles of said cutter elements in said set all
intersect said region of maximum diamond density; and

wherein the element cutting. profiles of the elements in said set define a set cutting
profile; and |

wherein said set cutting profile does not fall entirely within fhe wtﬁné profile of any

other cutting element on said bit.



iset 50 includes an el enent 40x having a generally circular cutting face 44
and cutting profile, and scribe elenents 40t, 40v having a shape and
stiucture as described above with reference to Figure 7. Elenents 40t, 40x,
40v-include -cutting profile centerlines 41t, 41x, 41v, respectively, and
ar€ spaced apart radially with respect to bit axis 11. El enents 40t, 40x,
40v are. positioned on bit face 20 so that the 6U?Frﬁ§_ﬁF6TTT§‘6T‘EaCh

el enent 40 partially overlaps the cutting profil ot her

el ements in the set so as to create a zone or reg'm,mnﬂmg[lmgmﬁm mum

di anond density, region 100 being defined by the fnterdecti om of the
cutting profiles of elenents 26.40t,- 40x, 40v when viewed in rotated
profile. Simlarly, a region 102 of doubte dianond density is fornmed by the
intersection of the cutting profiles of elenents of 40t and 40v. Regi ons
104 al so have doubl e di anond density and are forned by the intersections of
the“cuttingbprofile_of el enents 40x with the cutting profiles of either

el enent 40t2-ofhexdsill bivefclaim dwhereinghescugting profiles @b sid eufterglesnents of eaitbset bave by
reference nuperal %RG. Profile.centerlines 41t, 41Ix and 41v all intersect
the region ﬂ%%“ﬁﬂ@? Yohmit: m di anond density. As is now understood, by
varying the radial spacing of cutter elenents 40 wthin the sets 50, the
radi al spacing between sets 50, the size, shape, cutting profile, and

hej A . f : | f dj iti
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vari ous in shape. '

4. The drill bit of claim 2 wherein the cutting profiles of said cutter elements of said set vary

in size,

S. The drill bit of claim 1 wherein at least two of said cutter elements of said cutter set are
scribe cutters having a cutting profile that includes a cutting tip, and wherein said cutting tips

of said scribe cutters, in rotated profile, are aligned.

6. The drill bit of claim 1 wherein at least two of said cutter elements in said set are mounted

on said bit face at different exposure heights.

7. The drill bit of claim 3 wherein said set includes at lwsi one round cutter element having
a generally circular shaped cutting profile and at least one scribe cutter element having a cutting
profile that includes a cutting tip, and wherein the terminal edge of said cutting profile of said

round cutter is aligned with said cutting tip of said scribe cutter when viewed in rotated profile.



*types. of formati ons and formati on hardnesses. Another alternative

enbodi nent of the present invention is shown in Figure 10. In this

enbodi nent, bit 10 includes cutter el enent sets 50L, 50M and 50N. Each set
50L; 50M 5ON includes two cutter elenents 140 having el ongate and
symetrical cutting faces 144 and cutting profiles. The cutting profiles of
el ements 140 include a root end 142 and a term nal end 143 opposite root

end 142. Cutter elenments 140 havi ng such el ongate shaped—cutting faces are
avai | abl e from various manufacturers such as Sgj i i apond, | nc.
and General Electric Conpany. El enents 140a, 1%”[{'%&% ferably
positioned on the sane cutter blade, for exanple a in Figure

2, whilé elenents 140b, 140d, and 148% are preferably positioned on a
second bl ade, such as bl ade 32, which follows behind blade 31 as bit 10 is
rotated in the borehole. As shown in Figure 10, each of sets 50L, 50M 5ON
i ncl.ude a rﬁgi&mqf maxi num dj anond density 110 formed by the overlap or

i nt er sect PoRiYrt itofclaim i whergin seid pes inclydes aHeastiwoicattes elerhnts avingeloguspect i ve
sets 50. g%%F S citicalg¥ a_ teardrop shaped region of 27 maxi mum :
di amond d€l ﬁﬁ?d‘”fhsm?t dseand teomingl epds, gaisl terminal endsibeing mereckspdsaBtoalie el ongat e

el ements 440, EeGhIstP rsral%grﬁoettréﬁ%’gﬁj{egi ons 110 havi ng the maxi num di anond

density formthat portion ting structure 14 that is nost exposed
tot h? for mat iyRBreBhR tlflinal QE'&? of:sgxﬁte?ornlga{tenceum%é %)roﬁles overlap in rotated profile to

define said region of maximum diamond density.

9. The drill bit of claim 8 wherein said elongate cutting profiles are wider at said terminal ends

than at a central location between said root and terminal ends.

— 10. The drill bit of claim 9 wherein said elongate cutting profiles dre link shaped.
. ! .

11. The drill bit of claim 9 wherein said elongate cutting profiles are teardrop shaped.

12. The drill bit of claim 8 wherein said region of maximum diamond density is teardrop
 shaped.

13. A drill bit for cutting a borehole in formation material when said bit is rotated about its
axis, said bit comprising:

a bit body;

a plurality of cutter element sets'disposed on said bit body, each of said cutter element

sets including a set cutting profile and a plurality of cutter elements;



:of the cutting profiles of elenments 140 intersect regions 110 in their
respective cutter sets 50 as shown. The cutting profiles of sets SO., .SOM
50N t hensel ves overlap in rotated profile to the extent represented by
border regions 112. As described with reference to the previous

enbodi nents, the dianond density of the border ] d by the

overlap of cutting profiles of adjacent cutter sets 50 | | to or less
than the di anond density of the region 110. IN\“M“&M}*M@\“\M Figure 10,
region 112 has a teardrop shape and a doubl e RAE U + and thus has
t he sane dianond density as region 110. Between regions 110, 112 of double
di anond .density, central portions 114 of the cutting profiles of cutter

el ements 140 provide only single dianmond density. Although not shown in
Figure 10, additional elongate cutter 8 ements 140 (or other shaped cutter
el enments) could be enployed in sets 50L-50N to have cutting profiles

over.l apping with region 110 to increase the dianond density in region 110

shoul d it be dggddbiof Qid%u Lol ap . 0N o he di anpnd density
of boarder regions 11201:NI ?:m%ga%%%&sé°?%é‘ﬁ£§r&%gﬁgéﬁ@é§#ﬁ%ﬂa&"§ﬁ%ﬁﬂnﬁ nsity of
regi ons 1 buing AR THGHKE Alke'in (hib Wthftioh Mnaliribl; afiRI Nt @i N an aggr essi ve

cutting profile useful in relatively hard fofmation drilling and one in

whi ch stabi | i t whedin ki cubied elérientsBif Bdid bekole iSpodRIPdt spiebddpart pREdAL bh Bed
nonentarily to Figure 11, there is shown a representation of the cutting
profil-e ofitdedssudiOhat, itated grofifa)thefelement Suking profile aF edok dkttel ABmEHE Gl depd t O t he
cutting structure of the bit 10. As shown, because of the overl apping
cutter pr @tiplsoveriaps Hieglementdnttingprufild efich oftbe other cutter elements in the same set

and forms a common area of intersection of element cutting profiles, said common area of
intersecﬁon defining a region of maximum diamond density in the set;

wherein the centerlines of the cutting profiles of each cutter element in a set pass through
said region of maximum diamond density in the set; and

wherein, in rotated profile, said set cutting profile of a first cutter element set overlaps
with said set cutting profile of at lést one other of said cutter element sets and forms at least
one boarder region having a diamond density that is not greater in diamond density than the
diamond density of said region of said maximum diamond density of either said first or said
second Sets; and

wherein, in rotated profile, the set cutting profiles of said first and second sets each lies

at least partially outside the cutting profile of each cutter element on said bit.

14. The drill bit of claim 13 wherein one of said border regions has a diamond density that is

equal to the diamond density of said region of maximum diamond density of said first or second
set.



-28 in regions 110 and 112, | ess wear occurs in those regions than in
central portions 114, for exanple, which have only single dianond density.
Al'though the cutter elenments shown in Figure 10 have a generally uniform
wi-dt h al ong their length, any of a variety of other shaped el ongate cutters

may -l +kewi se be enpl oyed. For exanple, bit 10 qg%~gﬂg%ggg_§gLs,oL—cutter

el emrents 500, SOP, 50Q shown in Figure 12 wher et ach of the cutter

el ements 140g-1 includes a "link" or "dogbone" s ﬂ\“mnt and
cutting profile. The cutting profile of elenents Hmmﬂ tlends 142
and termnal ends 143 that are wi der than the centkalc portion§ 111.
Referring. nomentarily again to Figure 11, it is shown that the cutter

el ements 140a-f of Figure 10 tend to 3ssune the sanme or simlar link or

dogbone profile after sonme wear has occurred. For this reason, and to
mai ntain the stability of the bit, both initially and after wear has

occurred, t.er, el.ements 140g-1 with cutti rofiles as shown in Figure
12 may be f[;sgr |%cu é’ﬁﬁ%‘%&&?&ﬁfr&"’ °ﬁ%&a’ﬁ‘gtbﬂgagé$§‘%ﬂsﬂ‘éf 2 giamopd demgitythatt or

' [ ' .and. 12 I 0 h
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el ongat e Glalil&bnfieiMents 140m g shown in Figure 15. A still further
alternative is shown in Figure 14 where elongate cutter elenments 140r-v

i nclude a generally teardrop shape. The width of the cutting profile of
each t.eardrop shaped cutter elenment 140r-v is greater at the term nal end

16. The drill bit of claim 13 whexjein the number of cutter elements in said first and second sets

is different.

17. The drill bit of claim 13 wherein said cutting profiles of said cutter elements in said second
set have a different shape than said cutting profiles of said cutter elements of said first set.

i

; 19. The drill bit of claim 13 wherein said border region and said regions of maximum diamond

density have substantially the same shape, and where the area of said regions of maximum

diamond densify is larger that the area of said border region.

20. The drill bit of claim 13 wherein said cutter elements of at least one of said sets include

cutter elements having cutting profiles of differing shapes.

21. The drill bit of claim 13 wherein said bit includes cutter elements mounted on said bit body

in redundant positions to the cutter elements of said first set.

22. The drill bit of claim 13 wherein a given ‘cutter set includes cutter elements disposed at

varying exposure heights relative to the formation material.



"143, *the end nost exposed to the formation material, than,at the root end
of the cutter. Region 120 defines the region of maxi num di anond density of
each set 50 and is intersected by cutting profile centerlines 141 of each
cutter 140 in the set 50. The teardrop shape of elenents 140r-v and the

overl &pping of cutting profiles shown will fﬁﬁﬂlggggi_ggle_Lhe_nateriaI
costs associated with making the PDC cutter—elenents having | arger cutting
profiles, but will still provide the =~ 29 i M|mmmn |Eensity at
regions 120 as desirable for providing an agaﬁRENﬂ t tructure and
mai-ntai ning stability of the bit as wear occurs.CSihilérl§, as ‘'shown in
Figure 13, cutter sets 50.-N having cutter elenments 140a-f with the cutting
profiles previously shown in Figure 10 may be spaced apart on the bit face
such that the extent of overlap bet weth t he profiles of cutter elenent sets

50L, 50M 50N is mnimzed, or at |east |ess than the nore ext-ensive region
of overlap 112 shown in Figure 10. The partial or |ess extensive overlap
'shown i n r28gi Thesdrilrl8ic 6 cHin® §hehcdn Wid bi help protect the bit
body from abrasi on by providing a reg#%%ﬁ% d?gﬁgﬁﬁﬁdﬁhgrgv“ﬂﬁ BPE t han
woul d be pnttiug prefiles that 43 diflient ifl isighpg) Ot Overl ap one another. The greater

overlap in regions 110 and the resulting longer-wearing areas wll again
hel p maintain the stability of the bit. The present invention may be
practiced _in a bit and cutting structure having cutter
_ 24. A fixed cutter drill bit for drilling through formation material when said bit is rotated about
its axis, said bit comprising:
a bit body;
a bit face on said body, said bit face including a plurality of cutter elements mounted
thereon and protruding therefrom, said cutter elements having cutting faces and cutting profiles
for cutting kerfs through the formation material and being arranged in a plurality of spaced apart

' : ]

- . cutter sets;

wherein said cutter elements in a given one of said sets are angularly spaced from one-
another on the bit face; and

wherein said cutter elements in said given set are mounted on said bit face such that each
cutter element in said given set has a cutting profile that cuts a kerf that at least partially
overlaps the kerfs cut by each of the other cutter elements in the same set so as to form a region

* of maximum diamond density, said region of ﬁlaximum diamond density being the common area

of intersection of the cutting profiles of said cutter elements in said given set when said cutting
profiles are viewed in rotated profile; and

wherein the centerline of the cutting profile of each cutter element in said set passes
through said region of maximum diamond density; and

wherein the element cutting profile of the elements in said given set define a set cutting

profile; and ' - -



el ements that, in rotatedprofile, have nore than a single point on the bit
cufting profile. For exanple, Figure 16 shows bit 10 having a cutter set
500 whi ch includes three cutter el enents 240a-c spaced apart so as to
create a regi on of nmaxi mum di anond density 260 in rotated profile. In this
enbodiknent, each cutter 240a-c has a symmetrical cutting profile which

includes a pair of points 247 that lie on Wile 29. As
shown, the centerlines 24la-c of cutting profiles of C 40a- c,
respectively, intersect the region of naxi m(jrmﬂm i 260. As used
herein, the termcenterline, when applied t m:'m ?mre havi ng nore
than a single point on the bit cutting profil’% 29, tiswva t hat passes

t hrough the centroid 246 of the cutting profile and that is substantially
normal to the bit cutting profile 2937In the enbodi nent shown, because the

cutting profiles of elenents 240a-c are symmetrical, centerlines 24la-c

bi sect. the cutting profiles of their respective cutter elenents. 30

Wil e the prefiefetithe Ebamtingrifife d¥lsaid fiveni stt\iizfitils panidily autsie of khe\wattisg d
described, nodifications thereof can be nmade by one skilled in the art

Wi t hout degfile dfegerf catier b &idhit.r it and teachi ngs of the invention. The
enbodi nents descri bed herein are exenplary only, and are not limting. Many
variations and nodifications of the invention and the principles disclosed
herein are possible and are within the scope of the invention. Accordingly,
t he scope 258f The drilkbit ¢fsipimn 34 wherein all the cutter elements in a given set have cutting profiles

of substantially the same size, and wherein the width of said region of maximum diamond

density is greater than half the width of the cutting profiles of the elements in said given set.

26. The drill bit of claim 24 wherein said sets include set cutting profiles, and wherein the set
cutting profile of a first set overlaps with the set cutting profile of a second set when viewed in
_Totated profile, the area of intersection of the overlapping set cutting profiles forming a border
region having a diamond density that is not greater than the diamonjd density of said region of

maximum diamond density of either said first or said second sets.

27. The drill bit of claim 26 wherein said border region comprises a plurality of areas of

differing diamond density.

28. The drill bit of claim 24 wherein at least one of said sets includes elements having cutting
profiles that differ in width, and wherein said region of maximum diamond density of sa1d set

has a width not less than the one half the width of the smallest element in said set.



,hot .limted by the description set out above, but is only limted by the
‘clai m; which follow, that scope including all equivalents of the subject
matter of the clains. What is claimed is: 1. Adrill bit for drilling
t hrough formation material when said bit is rotated about its axis, said

bit canprising: a bit body; a bit face on said-body;—at least one set of

cutter elenents nounted on said bit face, said cutter elenent set
conprising a plurality of cutter elenents haxluﬂl ﬁu uutﬁﬂ with cutting
profiles for engaging and cuffing formation y said cutter

el éments of said set are nounted on said bit face at ferlng radi al
positions relative to the bit axis; and wherein, in rotated profile, each
cutter elenent in said set has a CLntggng profile that partially overl aps
the cutting profile of each of the other cutter elenments in said same set
so as to forma region of maxi mum di anond density, said region of maximum
di anond density being the commobn area of intersection of said cutting

profil es 29f HEheiddlldittof elaine 2 whereis opé of sidoareastof differing\iamendrdepsily afsdid er | i nes

of the cuffing profiles of said cutter elenents in said set_ al
border region has a diamond density equal to the diamond density of said region of maximum

diamond density of one of said first or second sets.

30. The drill bit of claim 24 wherein the number of cutter elements in adjacent sets increases

upon moving in a radial direction away from the bit axis.

31. The drill bit of claim 24 wherein said regions of maximum diamond density are more
closely spaced in the shoulder portion of the bit face than in the central portion.
;
B 33 The drill bit of ciaim 26 wherein said regioﬁs of maximum diamond density of séid jﬁrst

and second sets each have widths that are greater than the width of said border region.

34. A fixed cutter drill bit for drilling through formation material when said bit is rotated about
its axis, said drill bit comprising:

a bit body including a bit face having a plurality of radially disposed blades angularly
spaced from one another;

cutter elements disposed in rows on said blades, each of said rows including a plurality
of cutter elements radially spaced from each other reiative to the bit axis, said cutter elements

in said rows haVing cutting faces with cutting profiles for cutting formation material;



J ntersect said region of maxi num di anond density; and wherein the el enent
cufting profiles of the elenents in said set define a set cutting profile;
and-wherein said set cutting profile does not fall entirely within the
cutting profile of any other cuffing elenment on said bit. 32 2. The
dri-l| <bit of claiml wherein the cutting profiles of said cutter elenents
of said set have substantially the sanme shape. 3- ' It of claiml
wherein the cutting profiles of said cutter el enent ' t ry in
shape. 4. The drill bit of claim2 wherein the cuf nmmﬂw m\umsai d
cutter elenents of said set vary inze. 5. The drill% ol asm 1 wherein
at least. two of said cutter elements of said cutter set are scribe cutters
having a cuffing profile that includesga cuffing tip, and wherein said
cutting tips of said scribe cutters, in rotated profile, are aligned. 6.
The drill bit of claim1l wherein at |east two of said cutter elenents in
said set are nounted on said bit face at different exposure heights.

. wherein said cutter elements in said rows are arranged in sets, each of said sets

comprising a first cutter element on a first blade and a second cutter element on a second blade;:
and

wherein said first and said second cutter elements are mounted at differing radial
positions relative to the bit axis and have cutting profiles that, when viewed in rotated profile,
fall partially within and partially outside of the. cutting proﬁle' of each of the other cutter
elements in the same set so as to define a region of maxirﬁum diamond density for the sét; and

wherein each of the cutter elements in said same set is positioned such that the centerline
of its cutting profile intersects said region of maximum diamond density of the set; and

wherein the cutting profiles of said ﬂr;t and second cutter elements define the cutting
;proﬁle of said set; and

wherein said set cutting .proﬁlé lies partially outside the cutting profile of every cutter

element on said bit.

35. The drill bit of claim 34 wherein at least two cutter elements in the same set are positioned

on the same blade.

36. The drill bit of claim 34 wherein a first of said blades includes a row of cutter elements

comprising cutters having substantially circular shaped cutting faces.

37. The drill bit of claim 36 wherein a second of said blades includes a row of cutter elements

comprising cutters having pointed cutting faces.



7. -Ttre drill bit of claim3 wherein said set includes at |east one round
cutter el enent having a generally circular shaped cutting profile and at
| ea$t one scribe cutter elenment having a cutting profile that includes-a
cutting tip, and wherein the term nal edge of said cuffing profile of said

roundcutter is aligned with said cutting tip\cﬁ\sa.i\d%ib?%tter when
viewed in rotated profile. 33 8. The drill of claim erein said
set- includes at |east two cutter elenments ha ”Q ing profiles
wi t-h root ends and term nal ends, said termna g’fre exposed to
term nal ends

the formation material than said root ends; and \/\herel n gal
of said elongate cutting profiles overlap in rotated profile to define said

regi on of maxi mum di anond density. 9. he drill bit of claim8 wherein said
. elongate cutting profiles are w der a% said termnal ends than at a central
| ocati on between said root and termnal ends. 10. The drill bi't of claim9

wher-ei n Sab&/ﬂ | opgat e cuttlng profiles are |link shaped. 11. The drill bit
of claim9 M‘ﬁ W@@thgofpm@ioﬂs&ﬁm&feﬁel&:ﬁ@iﬂﬂ&ﬂiéb gd. 12.
The drill ﬁi of cl a| wher ein said region of maxi num di anond denS| ty is

8
teardrop s apeta f‘i"ge’ CoEts having gircyle cutting gndsa ipoond Ipbiraityi of chidr @Rk
material Wagh Sdinthadhdin |§a [otated about its

39. The drill bit of claim 34 wherein said first and second cutter elements are scribe cutters
having pointed cutting tips, and wherein said pointed cutting tip§ are aligned with each other

when viewed in rotated profile.

40. The drill bit of claim 34 wherein said first and said second cutter elements have elongate
' . cutting profiles having a root end and a terminal end, said terminal erd being more exposed to

the formation material than said root end, and wherein said cutting pro‘ﬁles of said first and

second cutter elements overlap in the region of said terminal ends, and wherein said @t ends

of sa1d first and second cutter elements do not overlap.

41. The drill bit of claim 34 wherein said sets include set cutting profiles, and wherein the set
cutting profile of a first set oveﬂaps with the set cutting profile of a second set when viewed in
rotated profile, the area of intersection of the overlapping set cutting profiles for;ning a border
reglon having a diamond density that is not greater than the diamond density of said region of

maximum diamond density of either said first or said second sets.

42. The drill bit of claim 41 wﬂerein said first and said second cutter elements in a set have

. - elongate cutting profiles having a root end and a terminal end, said terminal end being more



.axis,, said bit conprising: a bit body; a plurality of cutter el enent sets
di sposed on said bit body, each of said cutter elenent sets including a set
cutting profile and a plurality of cutter el enents; 34 wherein each of
said cutter elements of said sets includes a cutting face having-an el enent
cuttinmg profile for cutting a kerf in the formation material; and wherein
said cutter elenents of said sets are disposed at spaced-apart positions on
said bit body such that, in rotated profile, the el enent cuttlng profil e of
each cutter elenent in a set partially overla ﬂuﬂnj“ﬁl “l ting profile
of _.each of the other cutter elenents in the s a conmon
area of .intersection of elenment cutting profilés;, ‘salfd Confron area of
i ntersection defining a region of maxi mum di anond density in the set;
wherein the centerlines of the cutting profiles of each cutter elenent in a
set pass through said region of maxi4hum di anond density in the set; and
wherein, in rotated profile, said set cutting profile of a first cutter

el enent s Semdli rhmi%‘ia? ot her of
said cuttgﬁmeleng%? seté an g?ﬁ%m£#% éﬁ oné&%bar uﬁ% hglon %§1ng a
di anond  dafg kddkedold butlePeldintstvafip & thé Fegféh afm%ﬂmaw wt&ﬁﬁle daldfregion

of said maximum diamond density, and wherein said root ends of said first and second cutter

elements do not overlap; and
wherein said border region is defined by the overlap in cutting profiles of the root ends

4

of cutter elements in adjacent of said sets.

43. The drill bit of claim 42 wherein the cutting profile of at least one of the elongate cutting

profiles is wider at the terminal end than at the root end.

44. The drill bit of claim 42 wherein at least one of said cutter elements has an elongate cutting
profile that includes a central region disposed between said root end and said terminal end, and

wherein said central region is narrower than said root end and said terminal end.

45. The drill bit of claim 42 wherein said cutter elements having elongate cutting profiles have
rectangular shaped cutting faces.

46. The drill bit of claim 42 wherein said region of maximum diamond density and said border

region have substantially equal areas.

47, .The drill bit of claim 42 wherein said region of maximum diamond density has an area that

is greater than the area of said border region.



«fi-anmond density of said region of said maxi mum di anond density of either
said first or said second sets; and wherein, in rotated profile, the set
cuttifng profiles of said first and second sets each lies at |least partially
outside the cutting profile of each cutter elenment on said bit. 14. The
drill cbit of claim 13 wherein one of said border regions has a dianond

density that is equal to the dianond density of §a%d~#egLQn\gLT¥E§qum
di anond density of said first or second set. The dri tt of
claim 13 wherein one of said boarder regions has !& that is
| ess than the dianond density of said region of sa nd
density of said first and second sets. 16. The drill bi t oﬂ ckaim 13
wherein the nunber of cutter elenments in said first and second sets is
different. 17. The drill bit of claim 13 wherein said cutting profiles of

said cutter elements in said second set?2 have a different shape than said
cutting profiles of said cutter elements of said first set. 19. The drill

bit of clai4h TEhevdnillrbit of Mndobﬂkriﬁrsardaeglﬂﬂoﬁiﬁﬂuﬁﬁh%aﬁr%ﬂm gP{s Lyum
di anond- density ‘have substantially the sane shape, he area of

said regio -« maxi num

49. The drill bit of claim 34 further comprising a first given set of cutter elements; and

additional cutter elements mounted in redundant positions to at least some of the cutter elements

of said first given set.

50. A drill bit cutting structure for drilling a borehole in formation material when the bit is
rotated about its axis, said cutting structure comprising:

. a plurality of spaced 'sets of cutter elements mounted on a bit face, each of said sets
including at least two cutter elements having el!ement cutting profiles radially spaced from one
another relative to the bit axis; | |

wherein said cutter elements in each set are positioned such that, when viewed in rotated
profile, portions of each cutter element profile are hidden from the formation material by
portions of each of the other cutter elements in the same set; and

wherein a region of maximum diamond density for each set is defined By the area of
intersection of the cutting profiles of all the cutter elements in the set; and

wherein the cutting profile of each of the cutter elements includes a centerline which
subsmnnally bisects the cutting profile; and

wherein said centerlines of the cutting_ profiles of each of the cutter elements of a set

intersect said region of maximum diamond density of that set; and



di amand density is larger that the area of said border region. 20. The

drill .Jbit of claim13 wherein said cutter elenents of at |east one of said
sets include cutter elements having cutting profiles of differing shapes.
2. . The drill bit of claim1l3 wherein said bit includes cutter elenents
mount éd on said bit body in redundant positionrs-to the cutter elenents of
said first set. 22. The drill bit of claim 13 wherein a given cutter set

i ncludes cutter elenments disposed at varyi ngt”im "I ' ﬁﬂ! 'ﬂLreI ative to
the formation nmaterial . 36 23. The drill erein said
given cutter set includes cutter elenents haV|ng cuttlng proflles that are
different in shape. 24. A fixed cutter dri-ll bit for drilling through

formati on material when said bit is rotated about its axis, said bit

conprising: a bit body; a bit face on4szaid body, said bit face including a
plurality of cutter elenents nounted thereon and protruding therefrom said
-cutter elements having cutting faces and cuffing profiles for cuffing kerfs
t hrough the fovhv;min@phofmrdmetamwdﬂawnagr@hmwﬂnwﬁpgwmﬁlﬁswﬁm spaced

apart cutter sets;
cutter elements in said set; and

wherein the set cutting profile of each set lies at least partially outside the cutting profile
of each cutter element 6n .;said cutting structure; and

wherein said cutting profiles of at least two of said cutter sets overlap to a partial extent
when viewed in rotated profile, said overlap forming at least one border region having a
diamond density that is not greater than the diamond density of said region of maximum

diamond density.

- 51. A cu'tting structure for a bit face of a fixed cutter drill bit, said cutt':ng structure comprising:
sets of cutter elements mounted in spaced relationship on the bit:face, each of said. cutter
sets having a set cutting profile and comprising a plurality of spaced cutter elements having
element cutting profiles, wherein each set cutting profile is defined by the rotated cutting profiles
of the cutter elements in the set and includes a plurality of regions of differing diamond density
disposed along the segment of the bit face that is spanned by the set lcutting profile; and
wherein said set cutting profiles include a region of maximum diamond density, and
wherein the centerline of the cutting profile of each of the cutter elements in a set intersects said
region of maximum diamond density of the set; and |
whérein the cutting profile of each cutter element in a set partially but not totally overlaps

with the cutting profile of each of the other cutter elements in the same set; and



ko

*+ o wherein said cutter elenments in a given one of said sets are
angulquy spaced fromone another on the bit face; and wherein said cutter
elepents in said given-set are nmounted on said bit face such that each
cutter elenment in said given set has a cuffing profile that cuts a kerf
that at |east.partially overlaps the kerfs cut by each of the other cutter
elenments in the sane set so as to forma region of maxi mum di anond density,
sai d regi on of maxi mum di anond density being the common area of

i ntersection of the cutting profiles of said cutter elenents in said given
set..when said cuffing profiles are viewed | mmmnmg”ﬂle and wherein
the centerline of the cutting profile of eL““ln: t in said set
passes through said region of maxi num di anoiAd Ben'sit"y; *and wherein the

el ement cutting profile of the elenents in said given set define a set
cuffing profile; and - 37 wherein th®# set cutting profile of said given
set |lies at |east partially outside of the cutting profile of every cutter

P 0t ven seRihale S dling B ofth s b 1ol BBl Qe ufﬂréi’@.f‘ﬂzei' “and
wher ei n tSFéﬁﬂ6Eﬁké&mﬁ?&ﬂmﬁﬁﬁhﬂgs&mmﬂﬁx'"“"]d'a"Dnd

p




depsity is greater than half the mndth of the cutting profiles of the
elenents in said given set. 26. The drill bit of claim?24 wherein said sets
i nclude set cutting profiles, and wherein the set cutting profile of a
first set overlaps with the set cutting profile of a second set when vi ewed
in-rotated profile, the area of intersection of the overl apping set cutting
profiles form ng a border region having a,gi anond density that is not
greater than the dianond density of said region of maxi mum di anond density
of ‘either said first or said second sets. 27. The drill bit of claim 26
wherein said border region conprises a plurality of. areas of differing

di anond density. 28. The drill bit of claim24 wherein at |east one of said

aherei n sai d r SJon BT A %W%W%%ﬁ@mﬁ&wm

| ess than the one half the wldth ofpraito Pmlgql enent in said set.

29. The drill bit of claim?27 V\/nereln one of sald areas of differing

di anond density of said border region has a dianond density equal to the
di anond density of said region of nmaxi num di anond density of one of said
first or secABSTRAGT 30. The drill bit of claim 24 wherein the nunber of
cutter elenents in adjacent sets increases upon noving in a radial
direction away fromthe bit axis.

A fixed cutter drill bit (10) includes a cutting structure having radially-spaced
sets of cutter elements (40). Each cutter in a set has a cutting profile that, in rotated
profile, partially overlaps_the cutting profiles of each of the other cutters (40) that are in
the same set so as to create a region of maximum diamond density (60). The region of
maximum diamond density (60) in a set is deﬁned such that the centerlines (41) of the
cutting profiles of the elements in the set pass through the region of maximum diamond
density (60). The cutting profiles of the spaced set of cutters also may overlap to create
border regions (70) of multiple diamémd density. The diamond density of border
regions (70) is less than or equal to the density in the region of maximum diamond
density (60). Providing such regions of varying diamond density along the bit fact (20)
tends to increase the bit's ability to resist vibration.

Fig. 1.



‘31?~ﬁhe drill bit of claim24 wherein said regions of nmaxi mum di anond
density are nore closely spaced in the shoul der portion of the bit face
than Pn the central portion. 33. The drill bit of claim26 wherein said
regi ons of maxi mum di anond density of said first and second sets each have

~widthg that are greater than the width gf said border region. 34. A fixed
cutter drill bit for drilling through (ornation material when said bit is
rotated about its axis, said drill -bit conprising: a bit body including a
bit face having a plurality of radially disposed blades angul arly spaced
fromone another; cutter elenents.disposed in rows on said bl ades, each of
said rows including a plurality of .cutter elenents radially spaced from
each other relative to the bit axis, said cu r elenments in said rows

having cutting faces with cutting prof|I r cutting formation materi al ;
39 wherein said cutter el emedOs in sai dfff op&\sr Qrr ed in sets, .each of
said sets conprising a %lrst cutter el afir bl adgandOa second
cutter elenent on a se n erlet ' § and said second
cutter elenents are npunt t | ' r Si W elative to the
bit axis and have cuttin 1| es ) yewgd m r ted profile,
‘ y 44
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fall "partially within and partially outside of the. cutting profile of each
of the other cutter elenents in the sane set so as to define a region of
maxi mum di anond density for the set; and wherein each of the cutter

el enents in said sane set is positioned such that the centerline of its
cuffifg profile intersects said regioQ/§ maxi mum di anond density of the
set; and wherein the cutting profiles of said first and second cutter

el enents define the cutting profile of said set; and wherein said set
cuffing profile lies partially outside the cuffing profile of every cutter
el ement on said bit. 35. The drill bit of claim34 wherein at |east two
cutter elenents in the sane set are positioned on the sane bl ade. 36. The
drill bit of claim34 wherein a first of said blades includes a row of
cutter elenments conprising cutters having substantially circul ar shaped
cutting faces. 37. The drill bit of claim36 wherein a second of said

bl ades includes a row of cutter elenents conprising cutters having pointed
cutting faces. 40 38. The drill bit ofg ckgi m 34 wherein at |east one of
said rows of cutter elements includes affirsy pp@rality of cutter elenents
having circular cutting faces and a




havi ng pointed cutting faces. 39. The drill bit of claim 34 wherein said
first sand second cutter elenents are scribe cutters having pointed cutting
tips, and wherein said pointed cutting tips are aligned with each ot her
when viewed in rotated profile. 40. The drill bit of claim34 wherein said
first ¥and said second cutter elenents Qﬁ¥p el ongate cutting profiles having
a roof end. and a terminal end, said terfinal end being nore exposed to the
formation nmaterial than said root end, and wherein said cutting profiles of

said first and s verlap in the region of said

term nal ends, and ej [ e[vds of(zéi fyrs d second cutter

el enents do not oveértaps . Ah I1lbit g aj rein said sets

i nclude set cuttin ofA'l e, An erein the's profile of a
first set overlaps|¥tH tHe get i ng—gdrofli d set when vi ewed
In rotated profile e/ar ga dmigr secti on erVdppirm set cutting
profiles form ng apbopdey” r Qi ying a di j that is not
greater than the d ngA t saj d reg h di anmond ﬁgpsity
of either said fir§t Or ASai C seks. 43 t of T mY41
wherein said first|[dng/sard ge gutkt ef Zel t have el ongate
cutting profiles hauwrngsa ¥o and' a ter ild term nal end

bei ng nore //ji//
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1

exposed to the formation material than said root end, and wherein said
cuttimg profiles of said first and second cutter elenents overlap in the
region of said termnal ends to define said region of said maxi mum di anond
density, and wherein said root ends of said first and second cutter

el eménts do-not overlap; and wherein sgy border region is defined by the
overlap in cutting profiles of the root” ends of cutter elenents in adjacent

of sai.d sets. 43. The drill bit of claim42 wherein the cutting profile of
at | east one of the elongate cutting profiles is wider at the term nal end
than at the root end. 44. The drill bit of claim42 wherein at | east one of

said cutter elenents has an elongate cutting profile that includes;a
central region disposed between said root end and said term nal end, and
wherein said cerntral region is narrower than said root end and said

termnal end. 48. The drill bit of claim4Zherein said cutter ellenents
havi ng el ongateticutting profiles have rectargul ar shaped cutting /faces. 46.
The drill bit ofl claim42 wherein said region of nmaxi mum di anong’ density

- claim42 wherein sal (€958 X RthnBﬂg density has/aﬁ area that is
S 7’

and sai d border |Psgi on have 4ps bh;fally equal areas. 47. The,drill bit of
8 théh
greater than thT area o

q 41r 4]s




42 48. The drill bit of claim40 wherein said region of maxi num di anond
density is teardrop shaped. 49. The drill bit of claim34 further
conprising a first given set of cutter elenments; and additional cutter

el enents nmounted in redundant positions to at |east sone of the cutter

el emerts of said first given set. 50. A&,gdrill bit cutting structure for
drilling a borehole in formation material when the bit is rotated about its
axis, said cutting structure conprising: a plurality of spaced sets of
cutter elenents nounted on a bit face, each of said sets including at |east
two cutter ellenentdbhaving el ement cutting profiles radially spaced from
one anot her relatjve to the bit QﬁQs;4ﬂpe£fin said cutter elenents in each
set are positioned ch khat vigwed’ [ rotat ed profile, portions of
each cutter ilenent gro v8dgh fYomthe formation naterial by
portions of each of, RTre ‘ nts in the sane set: and wherein
a region of naginuﬁﬂﬁ A ; 2 E&h—séf’%s defineqﬁ% C;he §7ea of

i ntersection of‘théQﬁj 92 the cutter elenents in the set;
and wherein tlhe 4ofthad Fif) g : f94 he cutter elenents includes a
centerline which su6@ e cutting profile; and wherein
sai d centerlijnes &F-the ich--of"the cutter el enents of
a set inters%§}1faid regi dgpsity of that set; and

FIG. 8

FIG. 9




43 wherein each of said sets include a cutting profile defined by the
cutting profiles of said cutter elenents in said set; and wherein the set
cuffing profile of each set lies at |east partially outside the cuffing
profile of each cutter element on said cutting structure; and wherein said
cuttimy profiles of at least two of said cutter sets overlap to a parti al
extent when viewed in rotated profile®/8aid overlap formng at |east one
border region having a dianond density that is not greater than the di anond
density of said region of maxi num di anond density. 51. A cuffing structure
for a bit fage of a fixed cutter drill bit, said cutting structure
conprising: $e of catltde eldditent s mounted in spaced rel ationship on the
bit:face, each of “sa dTGMer sets havi nd& set cutting profile and
conpr|S|ng a pIuraI -f1 Halc¥ cutter el ements having el ement cutting
profiles, aAt 1n@1ﬁﬁbflle is defined by the rotated
cutting proflles o S IWar Yo n_the-set and i nclfalfeG a pl lity
of regions of dif 4i{y }di sposed al ong t he ségient of the
cutting profile; and wherein said set

bit face that ,i s/spag
| 1642;

cutting prof % g Vide/ a g7 ON feitgum di anond density, and wherein
the centerlin gp- 1Bt /0 i) ' 4 of each of the cutter elenments in a
set intersec s sa‘ 140e

FIG. 11
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regi on of maxi mum di anond density of the set; and wherein the cutting
profile of each cutter element in a set partially but not totally overl aps
with the cuffing profile of each of the other cutter elenments in the sane
set; and 44 wherein the set cutting profile of each set lies at |east
partialy outside the cutting profH<afy8each cutter elenent on said
cutting structure. :

FIG. 13
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