COVPACT FOR EARTH BORING BIT WTH ASYMVETRI CAL FLANKS AND SHOULDERS 5
Field of the Invention This invention relates in general to rolling cone
earth boring bits, and in particular to the shapes of carbide conpacts used
on the cones. Background of the Invention 10 A rolling cone earth boring bit
has a bit body with typically three legs. A bearing pin depends from each
|l eg. A cone nounts rotatably to the bearing pin. The cone has a plurality of
rows of cutting elenments. In one type, the cutting elenments conprise teeth
machi ned into the surGANMPAGET FOR EARIH BORING BEF WP, the cutting

el ements conprise carASYRIMBTRACAS. HILANKSeAND SHOHLDERS pressed-fitted into
mating holes in the cone surface. 15 Each conpact has a cylindrical base
inserted into a hole and a protruding cutting tip. The cutting tips nmay
have chi sel, hem spherical, ovoid or other shapes. Particularly on the heel
row,s \MM&HBpﬁ&tﬁﬁﬁh@Q near the gage surface of each cone, the conpacts may
have asymmetrical shoul der surfaces for engaging the sidewall of the bore
hol e. Dependi ng upon the formation being drilled, different shapes are

utilized forﬂﬁgﬁﬁ’ﬁﬁﬁ’r Vl%ﬂf‘eé%n g% e?éﬂé C@qul %%{tﬁgbﬂlﬂgt Hits, ?n?d (AR GOTRACE S

are very har itt us su je racturing’ Inprovenents in

reducin st i nt 1 ning t he desired aggressiveness particularly in
the inn mgwgcoﬁﬁgﬁ?ﬁﬁggnﬂi‘§ﬁﬁh&ry of the Invention

Background of the Invention

10 A rolling cone earth boring bit has a bit body with typically three legs. A bearing pin
depends from each leg. A cone mounts rotatably to the bearing pin. The cone has a plurality of
rows of cutting elements. In one type, the cutting elements comprise teeth machined into the
surface of the cone. In another type, the cutting elements comprise carbide compacts or inserts

that are pressed-fitted into mating holes in the cone surface.

15 Each compact has a cylindrical base inserted into a hole and a protruding cutting tip. The
cutting tips may have chisel, hemispherical, ovoid or other shapes. Particularly on the heel row,
which is located near the gage surface of each cone, the compacts may have asymmeirical
shoulder surfaces for engaging the sidewall of the bore hole. Depending upon the formation

being drilled, different shapes are utilized for aggressiveness of cutting and durability.

20 Carbide compacts are very hard, but brittle, thus subject to fracturing. Improvements in
reducing stress while maintaining the desired aggressiveness particularly in the inner rows are

desirable.



The conpact of this invention has a cylindrical base with an asymetri cal
cutting tip protruding fromthe base. The cutting tip has a substantially
flat first surface on a first side and a substantially flat second surface
on a second side opposite fromthe first side. The first and 5 second
surfaces or flanks join each other at a crest through which the axis of the
base extends. Wen viewed in an axial section plane perpendicular to the
crest, an included angle between the first surface and the axis is greater
t han anSumalaugdetithadgventioat ween the second surface and the axis. A convex
third surface or shoulder joins the first and second surfaces at one end of
the 10 crest, and a convex fourth surface aor. shoul der joins _the first and
second surf alt GAMRER! efg mventioanbpsgy cYlpdried) dwpe Wil HYBWRAIGaH CRng BPal
section plane parallel to the crest, the third surface has a radius that is
gr eat er pichading fromdhebasef Thaeuttiog tip hasw sibatzotialiphibg dirst swizcton adiret sdecindraabl y
useful in inner rows of the cone. The conpacts may be nounted to the cone
in a vagibetytiadly fuskddndnsirfadeon ax@ogldesidd bepositd fivanpachirstreife beaherfirendrdd Wi t h
the first and second surfaces parallel to the direction of rotation. In
thats i NSLENEEnfabfiorl finkd ]d?ﬁ ch@ GREr 4i adirdt tﬁHﬁ%a\Qﬁch @i?eyggs bhgelgadlagagur f ace
while the fourth and sna er radlus surface becones the trailing surface,

or vicey,yers sur f r th t.he second urface
may | oo MHE" Vlewe-h{é“ a@a o PR ““’n%‘c“&%?“%h@ar 5 ¢S 8fetsﬁ 5P ieg et Rl S ERd the
second surface closer to the center of the bit, or vrce versa.  Further,

cert ai niiishietase apd fheapis, ist grerieropr pn inshiied Angle khetteep g ssopnd pafacas fehal f

of the cone nmay have the |arger radius shoul der on one side, and a row or
rows i natihe outer half of the cone may have the larger radius shoul der on

t he opposite side.

A convex third surface or shoulder joins the first and second surfaces at one end of the

10 crest, and a convex fourth surface or shoulder joins the first and second surface at an opposite
end of the crest. When viewed in an axial section plane parallel to the crest, the third surface has

a radius that is greater than a radius of the fourth surface. These compacts are preferably useful

in inner rows of the cone.

The compacts may be mounted to the cone in a variety of positions. For example, the

15  compact may be oriented with the first and second surfaces parallel to the direction of rotation.
In that instance, the third or larger radius surface, may be the leading surface while the fourth and
smaller radius surface becomes the ftrailing surface, or vice versa. The first surface, which is
smaller than the second surface, may locate on the side of the compact closer to the borehole

wall, and the second surface closer to the center of the bit, or vice versa. Further, certain rows

20 may vary from other rows. A row or rows in the inward half of the cone may have the larger
radius shoulder on one side, and a row or rows in the outer half of the cone may have the larger

radius shoulder on the opposite side.



2 In anot her enbodi nent, the conpact is oriented with the crest

perpendi cular to the direction of rotation. In that position, the first
surface may becone the | eading surface, while the second surface becones
the trailing surface. In that orientation, the third surface becone the

i nner side of the conpact while the fourth surface becones the outer side of
the conpact. 5 Alternately, the first surface could becone the trailing
surface and the second surface the leading surface. If so, the third
surface beconmes the outer side of the conmpact while the fourth surface
becones t he nn#wihesicabodungst.i e Eawest jst pravtesf withehpreasit mgwemigilpetor thes g
side view of an earth boring bit having conpacts constructed in accordance
wi t h t hdisectiow efioiation. Fi et mpsRionstha fire sevae nmydlecarne thedéadorpssudhcd, bile hrer row
conpacts of Figure 1, showing a 5 side that contains the larger flank, wth

the | ar gesnd agiaus bsdvasds drg u@iing Rerfh@f tinSheteorpmehtibheths MRikd Sfirfack d@dbdise shoul der
on the right side. Flgure 3 is an el evational view of the conpact of Figure

: h
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t he conpact of Figure 2, shown |n cone and seen from a
surface. If so, the third surface becomes the outer side of the compact whﬂe the fourth surface

becomes the inner side,



inner side, with the crest shown perpendicular to the direction of rotation.
Figure 7 is a side view of the conpact of Figure 2, shown in a cone and seen
froman 15 inner side, with the crest shown parallel to the direction of
rotation. Figure 8 is a layout of the drill bit of Figure 1, show ng the
rows of all three cones superinposed into a single plane. Figure 9 is a
side view of an alternate enbodi nent conpact, shown in a cone and seen from
an inner side, with the crest shown perpendicular to the direction of

r ot at i oBrief0eskiigtioe ofltheiBrawvisgsde vi ew of the conpact of Figure 9, shown in a
cone and seen from an inner side with the crest shown parallel to the
direction of _rotation, | ed Description of the Invention Referring to
Figure 1, bifigae lHag S&ieaeefy Oien r\irf'hboaingrbétaiermsﬁempé‘as sl énpqcprieticee as
shown in this enbodinment. A cone 17 rotatably nmounts to a bearing pin (not
shown) wfthéachvémgn. 5 15. Each cone 17 has a plurality of inner row conpacts
or carbide inserts 19, arranged in at |least one inner row. A plurality of

outer or . cts 2 are A nt. to a

Cone. 17, 1 HRue SIS GRRRtorhsM o RaBrt Fres s dptiss® aF Biginbe B viEavos o
al t hough different shapes could be used. The preferred shape for at | east
sone of sithiaj gaaerinsibovageampaek.ovitloih dargimedting shpulder aihe laf Sléﬁarefieﬁle sgllerhown
in Figures 2-7. Conpact 19 has a base 27 that is cylindrical and

pr ess- f fatitue ghoullder on ¢hemihit mde.hol e in the surface of cone 17 (Figure 1). Base
27 has an axis 29 and a bottom31. Conpact 19 is formed of cenented

carbide, t cal |y st en car bi that is_ usual]ly. :
’ ypI*L1gure ¥is an Ql%vatlonal v?ew 0 t%e compact of lglgure 2, ¥/1E:W6d at 90 degrees to Figure

1, and showing the larger radius shoulder.

Figure 4 is an elevational of the compact of Figure 2, seen from the side opposite the side

10 of Figure 2, and showing the smaller flank.
Figure 5 is a top view of a compact of Figure 2.

Figure 6 is a side view of the compact of Figure 2, shown in a cone and seen from an

inner side, with the crest shown perpendicular to the direction of rotation.

Figure 7 is a side view of the compact of Figure 2, shown in a cone and seen from an

15 inner side, with the crest shown parallel to the direction of rotation.

Figure 8 is a layoutf of the drill bit of Figure 1, showing the rows of all three cones

superimposed into a single plane.

Figure 9 is a side view of an alternate embodiment compact, shown in a cone and seen

from an inner side, with the crest shown perpendicular to the direction of rotation.

20 Figure 10 is a side view of the compact of Figure 9, shown in a cone and seen from an

inner side, with the crest shown parallel to the direction of rotation.



honmbgenous and fornmed in a die and consolidated by sintering techniques.
Optionally, at least one |layer of dianond naterial nay be fornmed on the
cutting tip. Also, as another option, 15 portions of the carbide materi al
placed in the die and sintered may be of different grades. The cutting tip
has a symmetrical conical surface portion 32 that joins base 27. A first
surface 33 (Figures 4 and 5) that is flat and fornms a flank is |located on an
upper portion of conical surface portion 32. A second flat surface
conprising a flank 35 is fornmed in conical surface 32 on the opposite side
fromflank 33. Flanks 33, 35 may be slightly concave or convex. 20 Fl ank 33
is smaller in surface area than flank 35. Flanks 33, 35 converge towards
each ot i I d crest 37 at the apex of conical surface
32. Oe@%ggyﬁg%%ggg??gﬁg@?%ﬁog‘m one end to the other, or it may be
slightly rounded with one or nore radii, as shown in Figures 2 and 4. 5 As
shown in Fi qufaridg t@ Fomay éxbic dlnded wdgouBdeith 30lchdtemdden s afpicahdihede r est
37 to conical surface 32. Shoul der 39 al so bl ends edges of flanks 33, 35 to
each otfighn YN NbEMBEN:. 1AcAHRE 7a%iafblyhOSHs ®8FLEdaAR gfn (Ebtﬁk%ﬁm%@f &bipibder 39
has a radius rl that has one end tangént to crest % and another end
t angent cpni.ca yurface.32...Shoul der 39 is sp .roundgd. J pl 5
por pondt e iR B B i ar T Kl Bl sPHR8 SR RE Sclle® D i
el evati onal vieM/éngi ure 3. S%nilarl , a_ convex rounded shoul der 4%
bl ends R G- EnRjUBfiyHodTer 87 hogl FHY EFRPAH 2IstiF pAiaeens ) 2 2455 sPHEP 4l cal
sectional plane of Figure 2, shoulder 43 has a radius r2 that is smaller
t han ragclusong |7. Bethawgdodimeanhshdver, deel roadiompaets 21gime genbedlly3noph elthaled a
snmoot her transition fromcrest 37

different shapes could be used.

The preferred shape for at least some of the inner row compacts 19 is generally chisel-

10 shaped, as shown in Figures 2-7. Compact 19 has a base 27 that is cylindrical and press-fitted
into a mating hole in the surface of cone 17 (Figure 1). Base 27 has an axis 29 and a bottom 31.
Compact 19 is formed of cemented carbide, typically tungsten carbide that is usually
homogenous and formed in a die and consolidated by sintering techniques. Optionally, at least

one layer of diamond material may be formed on the cutting tip. Also, as another option,

15 portions of the carbide material placed in the die and sintered may be of different grades.

The cutting tip has a symmetrical conical surface portion 32 that joins base 27. A first
surface 33 (Figures 4 and 5) that is flat and forms a flank is located on an upper portion of
conical surface portion 32. A second flat surface comprising a flank 35 is formed in conical
surface 32 on the opposite side from flank 33, Flanks 33, 35 may be slightly concave or convex.

20 Flank 33 is smaller in surface area than flank 35. Flanks 33, 35 converge towards each other,
forming an elongated crest 37 at the apex of conical surface 32. Crest 37 may be straight from
one end to the other, or it may be slightly rounded with one or more radii, as shown in Figures 2

and 4.



10 to conical surface 32 than shoulder 43. In the axial cross section of
Figure 2, a mdpoint of |arger radius shoulder 39 between crest 37 and
conical surface 32 is at a closer distance 47 to axis 29 than distance 49.
Di stance 49 is the distance fromthe m dpoint of smaller radius shoul der 43
to axis 29. Also, the mdpoint of larger radius shoulder 39 is at a | esser
di stance 51 to bottom 31 than distance 53. Distance 53 is the distance from
bottom 31 to the midpoint of smaller radius 15 shoulder 43. Referring to

Fi gure 3, s kleywif inaRigui*32 hasomex iroldad eRowddeg | 30 Wbndsed &ifi wiel bOcreayawt axi s
29. Included angle 55 is greater than an included angle 57, which is the

angl e bgiweefurast 32 2%h0@8& 193d18LF1chdsakes35T Nk 4BK 3533, cadPothaC §Viieh v@RRASI t e
directions in the preferred enbodi nent, but optionally they may be slightly
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r
slightly t Ining smaller radius s er 4

where ift_joins |arge radi us shoul der . Because, of the different radii of
Shout dey o aotb R kS renisnh SHIEF udecoOHGE c0 BroIR aHedeB fpldne

conpact 19 is asymetrical in all axial planes, which are planes that

contai nPeRinglicpbar testhesrasaecsion of kgytse?, 6% Parhcegen by Besbayatignag viggraf digre?. ways.
Figures 6 and 7 show two of the ways. In Figure 6, smaller flank 33 | eads
and cr eStmiBry] scqeepsndialdhanldeod 1 blenddi thedght@nd of crestd7atitlomnichewfach$2.ar r ow
59. Alternately, larger flank 35 could be leading smaller flank 33. In

Fi gure Jf, th 268611 sE@RinbiSp1 et 1d8ire 3sHoarEs 42 Rsk £F80k r3 that & PafiRt ihgh rddust he
direction of rotation, 5 shown by arrow 61. Alternately, smaller radius

shoul def, 43 could | ead | arger radius shoulder 39. Figures 9 and 10 show an
al ternat'é enbodi nrent conpact 19' with prine synbols used to

Because of the larger radius rl, shoulder 39 provides a smoother transition from crest 37

10 to conical surface 32 than shoulder 43. In the axial cross section of Figure 2, a midpoint of larger
radius shoulder 39 between crest 37 and conical surface 32 is at a closer distance 47 to axis 29

than distance 49. Distance 49 is the distance from the midpoint of smaller radius shoulder 43 to

axis 29. Also, the midpoint of larger radius shoulder 39 is at a lesser distance 51 to bottom 31

than distance 53. Distance 53 is the distance from bottom 31 to the midpoint of smaller radius

15 shoulder 43.

Referring to Figure 3, smaller flank 33 has an included angle 55 relative to compact axis

29. Included angle 55 is greater than an included angle 57, which is the angle between axis 29

and larger flank 35, Flanks 33, 35 face in opposite directions in the preferred embodiment, but
optionally they may be slightly skewed relative to each other. As shown in Figure 5, crest 37 has

20 a slightly fhinner width at its end joining smaller radius shoulder 43 than where it joins larger
radius shoulder 39. Because of the different radii of shoulders 39, 43 and the different included
angles of flanks 33, 35, compact 19 is asymmetrical in all axial planes, which are planes that

contain axis 29.



differentiate it fromthe first enbodi nent. Conpact 19' is the sane as
conpact 19 of Figures 1- 8, except for a reversal of shoulders 39, 43
relative to flanks 33, 35. That is, when facing larger flank 35, as shown
in Figure 10, larger radius shoulder 39° will be on the right side rather
than 10 the left side, as in Figure 2. Figure 8 is a layout of bit 11,
showing all three cones 17 rotated into a single plane. The rows of
conpacts 19 of the three cones 17 are |located at various distances fromthe
bit axis 58 GImpactt @manbe eriquiashin denadddiarvatictyol wops: Hokeres bued dgeovaed of
intermesh with each other. The radial direction toward bit axis 58 is
consi dethedvdyer & Mignee besmailsafldnk ahdeatlhend adstal7 dipegeihiionlaavwathefdientidbobi t
axis 58 toward borehole wall 62 is considered outward. In the exanpl e of

Figure BiatloReSRwarls arfoRH59. rﬁ%@{elwgwg@qtaﬁk 88 cofl@ befda Bef fiRfiess.eq to as

outer portion rows) that are fart he rom bit axis 58 than rows 73, 75, 77,

79 and §1%§I(er "?flg{%t%legadh% @Bufd&n% 1&gg%h<ggresg$ azyégelctgmﬂéufﬁre ¥ino of Bhigh, each

conpact er portion rows when ro ate Into the

ection ncl i nes,, downward and out owar wal |
oo i b b et S e S S L RSB R G S0 |

conpact axis 60 of each compact 19 |ncI|nes downward and i nward toward bit

axi s 58. Theyig;€09lfd be sEAWeH amATOERbLOJIINER: JBRIphEQMD’ rifid symbels ubdd 1079 and
81 and fewer Or nore outer portion rows 63, 65, 67 and 69. The difference in

7 incli Ql%eregp atg (Prg t&xﬁrﬁt ?r%bo%ﬁmélg ﬁon‘g)%t 190% 1519 \é\érﬁeo ggvg s d)%cta fyjoftfgguggéj { er

portion TOwW C resu At stTes8es aring
drillin ne enbodi uter ortl ws have
conpact & @f@epég rsaqwﬁsﬁr?rpeﬁ?ﬁ f%Telaﬁ%ltotﬂ?é‘ﬂF At FSoR My (IR Agraer
conpacts 19' as shown in Flgures 9 and 10.

flank 35', as shown in Figure 10, larger radius shoulder 39" will be on the right side rather than

10 the left side, as in Figure 2.

Figure 8 is a layout of bit 11, showing all three cones 17 rotated into a single plane. The
rows of compacts 19 of the three cones 17 are located at various distances from the bit axis 58 of
rotation to provide desired bottom hole coverage and intermesh with each other. The radial
direction toward bit axis 58 1s considered herein to be inward, and the radial direction away from

15 bit axis 58 toward borehole wall 62 is considered outward. In the example of Figure 8, there are
four rows of compacts 63, 65, 67 and 69 (referred to as outer portion rows) that are farther from
bit axis 58 than rows 73, 75, 77, 79 and 81 (referred to an inner portion rows). The compact axis
60 of each compact 19 in outer portion rows 63, 65, 67 and 69, when rotated into the common
section plane, inclines downward and outward toward borehole wall 62. On the other hand, in

20 inner portion rows 73, 75, 77, 79 and 81, the compact axis 60 of each compact 19 inclines
downward and inward toward bit axis 58. There could be fewer or more inner portion rows 73,

75, 77, 79 and 81 and fewer or more outer portion rows 63, 65, 67 and 69. The difference in



5 Alternately, cones 17 could contain only conpacts 19 or only conpacts 19
oriented as in Figures 6 or 9. In Figure 6, crest 37 is perpendicular to the
direction of rotation as indicated by arrow 59. Smaller flank 33 is shown
as the leading flank and larger flank 35 as the trailing flank. Wen
oriented as shown in Figure 6, larger radius shoulder 39 (Fig. 2) is
positioned on the outer side, which is the side of conpact 19 closer to
borehole wall 62 (Fig. 8). In this exanple, smaller 10 radi us shoul der 43
will be |ocated on the inner side, closer to bit axis 58 (Fig. 8). Conpact
19 coubdithonpf gt wgsion siaveergwrtion (oW Pemppsts didathk @B [peEinNwseragts | ank
33 and | arger radius shoulder 39 on the outer side. A cone 17 with outer

por ti ornresudtasn Gidferdabstrasses dnichg GRplhaviunge dolpgct s 19 oriented as in Figure 6
optionally may have inner portion rows 73, 75, 77, 79 and 81 with conpacts
19" as 15 shown in Figure 9. S I}&% flank 33" is still Ieaqbn?, and, | arger
flank 35' trlAioNF APLAEITERL FoPEPERAIEOT HEREIFE POTUGR FoREhaYe FaP@ags 1P 4F RV iRdi us
shoul der 39' is now | ocated on the inner side, closer to the bit axis 58
(Fi g. 8yigwssrat], emdriheliloger ghooiidrdeawsqaBave (compapls i 19° Ris gghowo)ini Bigiee 2t el &h t he
outer side, closer to borehole wall 62. The orientation of conpacts 19
coulsd ahkankielyr @ved sechuldvkdrinin balygemphdtanko3hly taqghictyd Sandertal gyan Figaekisus
shoul der 39' being on the outer side. The conbi nation 20 of conpacts 19 and

19' is gBde IaridRre eI al ¢s pdiserdicuf-8 tLME alrBGohRatdiRsh Kfinddas BParfdw 80, 8)
between the innéer row portion and the outer row portion. Referring to Figure

7, conp r r i ; n 9
(i o BT Hin 43 MR egbl 10 SRR g Uk P epiing Ploni? Grmel
direction of rotation_as i ndi cated by, a 6l.. Alternately, cones 17
havi ng ‘&Telntefimﬁ%‘%‘hf“aﬁﬁ’ﬁ ,&%ﬁﬁg&fg}gs %‘@u%jref é%ﬁ‘év& ésls positioned on the otter Slae’
which is the side of compact 19 closer to borehole wall 62 (Fig. 8). In this example, smaller
10 radius shoulder 43 will be located on the inner side, closer to bit axis 58 (Fig. 8). Compact 19

could be oriented in reverse, with larger flank 35 leading smaller flank 33 and larger radius

shoulder 39 on the outer side.

A cone 17 with outer portion rows 63, 65, 67 and 69 having compacts 19 oriented as in

Figure 6 optionally may have inner portion rows 73, 75, 77, 79 and 81 with compacts 19’ as

15 shown in Figure 9. Smaller flank 33’ is still leading, and larger flank 35’ trailing as in Figure 6.
However, unlike Figure 6, larger radius shoulder 39” is now located on the inner side, closer to

the bit axis 58 (Fig. 8). Smaller radius shoulder 43' (shown in Fig. 10} is located on the outer

side, closer to borehole wall 62. The orientation of compacts 19' could also be reversed, with
larger flank 35' leading and larger radius shoulder 39" being on the outer side. The combination

20 of compacts 19 and 19’ is made to accommodate the different inclinations of axes 60 (Fig. 8)

between the inner row portion and the outer row portion.

Referring to Figure 7, compacts 19 of some or all the outer portion rows 63, 65, 67 and
69 (Fig. 8) could be oriented with crests 37 generally parallel to the direction of rotation as

8



in Figure 7 or conpacts 19' oriented as in Figure 10 could be used. In
Figure 7, larger radius shoulder 39 |eads and snall er radius shoul der 43
trails. Larger flank 35 (Fig. 2) locates on the outer side closer to
borehole wall 62 (Fig. 8), and smaller flank 33 | ocates on the inner side
closer 5to bit axis 58 of the bit. This orientation could be reversed with
smal | er radi us shoul der 43 |I|eading and snmaller flank 33 being on the outer
side. A cone 17 with outer portion rows 63, 65, 67 and 69 (Fig. 8) having
conpactisditBedby andvedl. adteimateh, gomes 17 bopig ol adwycomeamingvempauteld gomtddan r ows
73, 75, 77 and 79 (Fig. 8) with conpacts 19" as shown in Figure 10. Larger

radi us isreelrél@ror38mphds 301 biient«iogh ia Figware d o soBlllRruse@diin Fights BhawgkOrdivd3
trailing as in Figure 6. Larger flank 35" is nom1|ocated on the inner side,

.Cl oser sthLd]don tl%b&s .'91)8.' s?naﬁgr i(a'E_ﬂug shgl)ldersr@a&ior eh P!ﬁal%g’FS gﬁgo obﬂeslzérgﬂﬁ'ée 9)

is | ocat e outer side, closer orientation

of conpacts. 19, c ed, w li WS . shao 43
ead nt i RlogErio PPk i T HS SEAN ikt FEITY o CRftE ﬁ%ﬁ?lg%%"’%eés
significant advantages, The generally chlsel shaped conpacts of thjis
i nvent i BrPicas Adrd 1hgBitesH1Y BrignialiRy FAYIb beitrarrey W1H1 el eaur%ﬂlwh?&lqebﬁé t han
conventional chisel- shaped conpacts. The different included angles of the
f 1 anks laating dne sdiafléreitamht3 3 hatigionahe otier sidshoul ders al | ow for bal ance bet ween
aggressi veness and durability on a per row basis. \Wile the invention has
been shown in onl e of its for arent to those skilled
P the art ehamtity Vs ot nesia e 67 RS STRE 58 PBRRE Pambis o RS nges
wi thout 20 departing fromthe scope of the invention. The a[tlcular
i ncl uded T Kigues 7 andonsHy maydrave duieT PerHgn varsy’Y dSopt ¢4 Ze(Fagdy ¢e8i ¢emess and
durability for the type of formation being drilled. 9

19” as shown in Figure 10. ILarger radius shoulder 39’ is still leading, and smaller radius

10 shoulder 43’trailing as in Figure 6. Larger flank 35” is now located on the inner side, closer to
the bit axis 58 (Fig. 8). Smaller flank 33' (shown in Figure 9) is located on the outer side, closer
to borehole wall 62. The orientation of compacts 19' could also be reversed, with smaller radius

shoulder 43" leading and larger flank 35 being on the outer side.

The invention has significant advantages. The generally chisel-shaped compacts of this
15  invention cut more aggressively and more durably in certain formations than conventional chisel-
shaped compacts. The different included angles of the flanks and the different radii of the

shoulders allow for balance between aggressiveness and durability on a per row basis.

While the invention has been shown in only one of its forms, it should be apparent to
those skilled in the art that it is not so limited but is susceptible to various changes without
20 departing from the scope of the invention. The particular included angles and shoulder radii may

vary to optimize aggressiveness and durability for the type of formation being drilled.



CLAIMS: 1. A conpact for an earth boring bit, conprising: a cylindrical
base having an axis; a cutting tip protruding fromthe base, the cutting tip
having a substantially flat first surface 5 on a first side and a
substantially flat second surface on a second side opposite fromthe first
side, the first and second surfaces joining each other at a crest through
whi ch the axis extends; an included angle between the first surface and the
axi s being greater than an included angle between the second surface and

t he axi sCLLAIMES: axi al section plane perpendicular to the crest; 10 a convex
third surface joining the first and second surfaces at a first end of the

crest anﬂdg convex fourth surface %oLning the first and second surfaces at a
second ehd®§Pmpart iraa&arth Borne Bijh SOPTISRE sur f ace having a radius that is
greater than a radius of the fourth surface in an axial section plane
paral | el ®eylindecad bassthavipg ap axifhe conpact according to claim 1, wherein the
first surface is smaller in area than the second surface. 3. The conpact
accor di nga twatiad &p prdtrudiieefren nhabase dihe cating tipthaeing awubitagintly dze firss shrdact her
from the axis of the conpact than a distance fromthe axis of the conpact

to g m dpgh Rtir@kideRRd bRUbHantd By S e8GR suffacelfifa SQRBPAGH: 3SR IR the figdai m 1,
wherein a mdpoint of the fourth surface is farther from a bottom of the

base t hangg. dy$A0CH:d [RBhd NG tRAL QMR cabRSIRISE o Bl LSRR DhicRTind st N

sur f ace.

extends;

an included angle between the first surface and the axis being greater than an included angle

between the second surface and the axis in an axial section plane perpendicular to the crest;
10 a convex third surface joining the first and second surfaces at a first end of the crest and a

convex fourth surface joining the first and second surfaces at a second end of the crest; and

the third surface having a radius that is greater than a radius of the fourth surface in an axial

section plane parallel to the crest.

15 2. The compact according to claim 1, wherein the first surface is smaller in area than the

second surface.

3. The compact according to claim 1, wherein a midpoint of the fourth surface is farther from

the axis of the compact than a distance from the axis of the compact to a midpoint of the third
20 surface.

4. The compact according to claim 1, wherein a midpoint of the fourth surface is farther from

a bottom of the base than a distance from the bottom of the base to a midpoint of the third

surface.

10



10 5. The conpact according to claim11l, wherein the first and second
surfaces face generally in opposite directions. 5 6. The conpact according
to claim1, wherein the conpact is asymmetrical in all axial planes. 7. An
earth boring bit, conprising: a body having at |east one |leg; 10 a cone
rotatably nmounted to the |l eg and having a plurality of protrudi ng conpacts;
at least sone of the conpacts conprising: substantially flat first and
second flanks facing generally in opposite directions, the first flank
being smaller in surface area than the second flank and havi ng an i ncl uded
angle relative to an axis of the conpact that is greater than an incl uded

angl e of shahé béidpact badkdin@rdclditn f,iwiktei@ i HOGANWenadhdRes RO ORPAEI he
si des of the conpact from each ot her and extending between edges of the

first and s, a md-point of the second shoul der being farther
fromthe a@ﬁﬁﬂg r%ﬂgm%onpact than a md-point of the first shoulder. 8. The
bit according to claim?7, wherein the first flank | eads the second fl ank,
considering a 20 direction of rotation of the cone. 9. The bit according to
claim7, mhereln the second flank | eads the first flank, considering a
di r éct i onSof icotairRashagPrding i@ sk 13 wheeein fifecainpackh ot anEmRieah 16 2l Fhiat,
wherein the first shoul der | eads the second shoul der,

planes.

7. An earth boring bit, comprising:
a body having at least one leg;

10 a cone rotatably mounted to the leg and having a plurality of protruding compacts; at least
some of the compacts comprising:
substantially flat first and second flanks facing generally in opposite directions, the first flank
being smaller in surface area than the second flank and having an included angle relative to
an axis of the compact that is greater than an included angle of the first flank; and

15 first and second shoulders on opposite sides of the compact from each other and extending
between edges of the first and second flanks, a mid-point of the second shoulder being farther

from the axis of the compact than a mid-point of the first shoulder.

&. The bit according to claim 7, wherein the first flank leads the second flank, considering a

20 direction of rotation of the cone.

9. The bit according to claim 7, wherein the second flank leads the first flank, considering a

direction of rotation of the cone.

11



considering a direction of rotation of the cone. 5 11. The bit according to
claim?7, wherein the second shoul der |eads the first shoulder, considering
a direction of rotation of the cone. 12. The bit according to claim?7,
wherein the first shoulder has a | arger radius of curvature than the second
shoul der in an axial sectional plane. 10 13. The bit according to claim7,
wherein the second flank faces outward. 14. The bit according to claim7,
wherein the first flank faces outward. 15 15. The bit according to claim7,
wherein the first shoulder has a | arger radius of curvature than the second
shoul der in an axial sectional plane and faces outward. 16. The bit
according to claim7, wherein the second shoul der has a snaller radius of
cur vat ur elf.héie bhexctérdsip ®hdeind&r wihercan tlexfisl sbadddroeals fhk aweordnsholibless
outward. 20 17. The bit according to claim7, wherein a distance from an
axi s of thskienRastird®ion of FLARA Tthedné.he first shoulder is less than a

di stance fromthe axis of the conpact to a mdpoint on the second shoul der.
12 18. The bit according to claim7, wherein the conpact is asymmetrical in
all planes containing the axis of the conpact. 5 19. In an earth boring

bit,. havi body with at |e. bit | ' t at,ab
mourit ed t bC1 R BteckiuheC R Bang. ATy FRobLrEdesreFBuge o CoRpes, a

| east sonme of the _
considering a direction of rotation of the cone.

12. The bit according to claim 7, wherein the first shoulder has a larger radius of curvature

than the second shoulder in an axial sectional plane.

10
13. The bit according to claim 7, wherein the second flank faces outward.
14. The bit according to claim 7, wherein the first flank faces outward.

15 15. The bit according to claim 7, wherein the first shoulder has a larger radius of curvature
than the second shoulder in an axial sectional plane and faces outward.
16. The bit according to claim 7, wherein the second shoulder has a smaller radius of
curvature than the first shoulder in an axial sectional plane and faces outward.

20

17. The bit according to claim 7, wherein a distance from an axis of the compact to a
midpoint on the first shoulder is less than a distance from the axis of the compact to a

midpoint on the second shoulder.

12



conpacts conprising: a cylindrical base having an axis; a cutting tip
extending fromthe base, the cutting tip having a generally conical surface
with 10 first and second flanks formed therein that converge to an

el ongated crest, the second flank being smaller in surface area than the
first flank and having an included angle relative to the axis of the
conpact that is greater than an included angle of the second flank; a first
shoul der extending froma first end of the crest to the conical surface; and
a second shoul der extending froma second end of the crest to the conical
surface, the first 15 shoulder having a |l arger radius than a radius of the

second shoull Ogs bit2kbcortin® B telfh ! AhBlelkd theWb@hSIc 1§ N8yrhinksicas Ul dfbnek aces

outward in at |east one of the rows of conpacts and Taces inward in at

| east one 1. f s. 20 21. The bit of claim 19, wherein the
first f|aﬂﬁﬁ?ﬁb§§&§%%Vﬁﬁh ﬁﬁmgﬁﬁleast one of the rows of conpacts and faces

inwmard in at | east one of the rows of conpacts. 13

5 19. In an earth boring bit, having a body with at least one bit leg pin and a cone rotatably
mounted to the bit leg, the cone having a plurality of rows of compacts, at least some of the
compacts comprising:

a cylindrical base having an axis;

a cutting tip extending from the base, the cutting tip having a generally conical surface with
10 first and second flanks formed therein that converge to an elongated crest, the second flank

being smaller in surface area than the first flank and having an included angle relative to the

axis of the compact that is greater than an included angle of the second flank;

a first shoulder extending from a first end of the crest to the conical surface; and

a second shoulder extending from a second end of the crest to the conical surface, the first

15 shoulder having a larger radius than a radius of the second shoulder.

20, The bit of claim 19, wherein the first shoulder faces outward in at least one of the rows

of compacts and faces inward in at least one of the rows of compacts.

20 21. The bit of claim 19, wherein the first flank faces outward in at least one of the rows of

compacts and faces inward in at least one of the rows of compacts.

13



