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 Arolling 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 tépe, the cutti ng_ el ements conprise teeth

machi ned into the surGQYPAFTHQR HEBOREINe B WIEH the cutting

el enents conprise card$YMMERREAd: BEANKSeAND SHOMLINERS pr essed-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,5 OFisu efithe Bneatiahed 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 forTiagaResfiMMeRRSSn @bnpalltd kdlBn@PéhetidFRBbLAS Vits, 204 GRpL1iERacONRACT S
are very hard, but brittle, thus subject to fracturing. |Inprovenents in

r educi n%raﬁésro?%bmicloﬁlggﬁ%ge?iowt?@@fj'@g desired aggressiveness particularly in

the inner rows are e. mrary of the Invention The conpact of
this invention has a cylindrical base with an asymmetrical 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

Qibde 0PRLQik-Suld &b Mevenkioat side. The first and

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 aholeand a protruding cutting tip. The
cutting tips may have chisgl, hemispherical, ovoid or other shapes. Particularly on the heel row,

O which is located near the gage surface of each cone, the compacts may have asymmetrical
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.



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

per pendi cular to the crest, an included angle between the first surface and
the axis is greater than an included angl e between 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 or

shoul der joins the first and second surface at an opposite end of the
crest. Ywemavy efwheg Innerivnaxi al section plane parallel to the crest, the
third surface has a radius that is greater than a radius of the fourth
surface. These conpacts.are preferably useful, in.,nner rows .of the cone.
The conpact ?ﬁ?‘%@acﬁ{%ﬁﬂ?w"t@{}tl% 45cd }éhl}%ﬁw% Rasy ivd arb?syBHEV\%f‘Fadr%‘. NEQfP
exanple, the \ 15 conpact may be oriented with the first and_second

sur f aceRropadiag fram the basse Tar catting G hgs 2 pehstaphiglhy Nat fgstsyefcs oy Brsedde e ¢ hi r d
or larger radius surface, may be the | eading surface while the fourth and
smal | er subatditirdlysflat fsaemdbracione on tahsscondasiflé nppasite fimoe theofirsy iside. vBhestirst Fine
first surface, which is snmaller than the second surface, may | ocate on the
Si des of sekh@l aefipacss Mn@s §din teacH dlera raediad éhrowg Whicankle ftie of 6RMAGe stEddRce
closer to the center of the bit, or vice versa. Further, certain rows 20 may

vary froameptRQld iPue axiéil & Qﬁb@ﬁlaﬁ@ﬁ\épéﬂgiéuﬁ? t&d et halific1Rded AE1eaRNGeMTYe have

the larger radius shoul der oh one side, and a row or rows 1n the outer half

of the gope have the.larqger., radiu oul r.on the o sit.e si .2 1n
ot hor FRRETTRY alf Yt 1S ALRE! maf 85 Tyl e Plln ' BF QPRI SnlShe 2 1 1

e direction of rotation. In that position, the first surface may becone
t.be | eafithg surface, while the second surface becones the trailing surface.
In that orientation, the third surface become the inner side of the conpact

while the f OMl rcERva?c%fr@%ﬁrf&%QﬂrEﬁﬁulH%}goﬁ‘éttl?er fil%'t Elgi QJcoﬁ(F'gur%Q?théne &dno(ljC t}tlei'le

Al ternately, the rst surface cou econe t trailing surface a

secqp d grlélsft,f A% E(‘!v]neve)l( %gtgrll.hnscllrface 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.

Q In that instance, the third or lafger radius surface, may be the leading surface while the fourth and
smaller radius surface becomes the trailihg 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.



surface. If so, the third surface becones the outer side of the conpact
while the fourth surface becones the inner side. C 0 3 Brief Description
of the Drawings Figure 1 is a side view of an earth boring bit having
conpacts constructed in accordance wth this invention. Figure 2 is an

el evational view of one of the inner row conpacts of Figure 1, showng a 5
side that contains the Iarger flank, with the | arger radius shoulder on the
| eft side and the smal| radi us shoulder on the right side. ure 3 is an
el evati onal Wi 805 ftnﬁé)d%%a HIIRECY iy eﬂ@fe%.‘f\féﬂ%eﬁlea@res;opeaw#@@ Tt the gur e
1, and showi ng the larger radius shoulder. Figure 4 is an elevational of the
conpact disgetiph glirosation. dedat posstian; the fgstcﬁ@rprn@i basomp ghaslicerting awiage, Wiilguhe 2,
and showing the smaller flank. Figure 5 is a top view of a conpact of Figure
2. Fi guseeofd kiefage Hectanasi e naflidghwrfacnpicthanbridrtglone the, thid awrfa¢enbarosenke and
seen froman inner side, wth the crest shown perpendicular to the

di recti gReOkidk Qfahd %BmpEdt%'l'h?e thel Rufth %hﬁ@ce%@c%ﬁ@ tﬁé‘%uﬁ’c?@%%f ak dﬁhﬂ)ﬂ&e 2,
shown in a cone and seen froman 15 |nner side, with the crest shown

parad | e!&lt%l%ategrﬁthe'fr rse[Ct 'fgpe cofuldr 19%08%1 L %al %usru?fage A e S%(I)lHtSuI‘? (fekﬁetelggc{éln% nbl t

of super
pl ane ure_ 9 is a Si de view of an alter. enbodl rrent c act., own in
a cone ﬁﬁg"’%egrﬁo ﬁ%hﬁr%ﬁuffﬂr?ﬁ cpeseiic QpiEhst nef Hresompaniowis "E %’6{;‘8‘? to
the direction of rotation.

becomes the inner side.

O



20 Figure 10 is a side view of the conpact of Figure 9, shown in a cone and
seen froman inner side, with the crest shown parallel to the direction of
rotation. 4 Detailed Description of the Invention Referring to Figure 1, bit
11 has a body 13 with at least one leg 15, typically three as shown in this
enbodi nent. A cone 17 rotatably nounts to a bearing pin (not shown) of each
leg 5 15. Each cone 17 has a plurality of inner row conpacts or carbide
inserts 19, arranged in at |east one inner row. A plurality of outer or heel
row conPeict Beszttiptine ofithied®etingso a gage surface 23 of each cone 17. In the
enbodi nent shown, heel row conpacts 21 are generally ovoid, although

di f f t | d. b d. T f d shape f t t f th
nner  row caiBRESs 16 1o GRACAFTS BTG oS RABaE AR PRI o5

2-7. Conpact 19 has-a base 27 that is cylindrical and press-fitted into a
mat i ng WHh gis HVeHensur f ace of cone 17 (Figure 1). Base 27 has an axis 29 and
a bottom 31. Conpact 19 is formed of cenented carbide, typically tungsten

car bi de thatFiEn.elésig%hle}c’%fta@&ﬁ?lgﬁy AN tﬁeoiaﬁgggwgglggkg P@gﬁ%&@gg&h@gaﬁd by

sintering techni ques. I oha at |east no al

The Lar BEBerarg e o Bh e arger RS PReEEE o s SR ss ol el ©

grades. The cutting tip has a synmetrical conical surface portion 32 that
j oi ns bedes stpulderpp tharighi sideace 33 (Figures 4 and 5) that is flat and forns
a flank is | ocated on an upper portion of conical surface portion 32. A

on the opposi Eiea s PR OHp? s R ol RETE RO RO iBer WELREE 2%
éfynvex. 20 FJ ank g% i S sn&l Isgﬁof surface area than flank 35. Flanks 33, 35

conver gb NORPYES B dHest RER fi ng an el ongated crest 37 at the apex of
coni cal surface 32. Crest 37 may be straight from one end to the other, or
it may be 5'Fi§1§l’e'4yis LR ERASH W 6f*‘th9&§n19arct Wi@ur@@?&éenf%%ﬁlfé%m deoJfﬂe%Eﬁ&e 2

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

O 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, 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.



and 4. 5 As shown in Figure 2, a convex rounded shoul der 39 blends a | eft
end of crest 37 to conical surface 32. Shoul der 39 al so bl ends edges of
flanks 33, 35 to each other. Wen viewed in the axial cross-section of
Figure 2, shoulder 39 has a radius rl that has one end tangent to crest 37
and anot her end tangent to conical surface 32. Shoulder 39 is al so rounded
in a plane 5 perpendicular to the cross-section of Figure 2, as can be seen
by the elevational view of Figure 3. Simlarly, a convex rounded shoul der
43 bl ends the right end of crest 37 with conical surface 32. 1In the
vertical sectional plane of Figure 2, shoulder 43 has a radius r2 that is
smal | er IUS. Q e of the larger radius ri, shoul der 39
providegggmg%gggkgﬁm?fg%%??ﬁ%ﬁ&%?on1crest 37 10 to conical surface 32 than
shoul der 43. In the axial cross section of Figure 2, a mdpoint of |arger
radi us shoul Rieferria@ tb@tigween, blteldthad’a bold Gowtibat 1wy dcleg A2, typically shred aser

di stance 47 to axis 29 than distance 49. Distance 49 is the distance from

the m dagitin &fis &%&Ailﬁm adicyse BRUIAR nddnt @ a@&rﬁg%%q (ot SHRwd) fa@emldég)i nt

of larger radius shoulder 39 is at a l'esser distance 51 to bottom 31 han

di stanc .. D st e 53 i s di stance from battom 3 o the m dpqint of
armi T or [ obich o84 BB o wiol ) o Bap Bpid st OO Lnli el RIR! 3
has an included angle 55 relative to conpact axis 29. Included angle 55 is
gr eat er OHERFTAAY n%P]HHi'@’ oyt OS%FGI\KHY"&HWP%C‘[% pbagfdase de wease Hkiage 390t angd
| arger flank 35. Flanks 33, 35 face in opposite directions in the preferred
enmbodi neash coirui 7. dptheomaltddymenishowmyheplerosy ¢qrmpacts Blkewnegnerellnpyeid, aldoegich
her. As shown in Figure 5, crest 37 has 20 a slightly thinner width at its
d | oi diffe@nssmpdseouldadiussd. shoul der 43 than where it joins larger radius
shoul der 39. Because of the different radii of shoulders 39, 43 and the

different included angles of flanks 33, 35, conpact 19 is asymetrical in
all axial pl Threrefeqygd shapgrfar Bl lepst somp 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 fonne(i 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.



contain axis 29. 6 Conpacts 19 nmay be oriented in cones 17 a variety of
ways. Figures 6 and 7 show two of the ways. In Figure 6, snmaller flank 33
| eads and crest 37 is perpendicular to the direction of rotation, shown by
arrow 59. Alternately, larger flank 35 could be leading smaller flank 33. In
Figure 7, larger radius shoulder 39 |leads and crest 37 is parallel to the
direction of rotation, 5 shown by arrow 61. Alternately, smaller radius
shoul der 43 could | ead | arger radius shoulder 39. Figures 9 and 10 show an
al ter nat e enbodhoremin Egmpadt a tonvewi rohndsdishreuldgnPfoblends edeft end df fcfesr ¥nta at e
it fromthe first enbodi ment. Conpact 19' is the sane as conpact 19 of

Fi gur escdhicaBsuréxe8pt Shoiilder 3%ales Bizhdsoddgsheltflais $33%95 todadich ettat.iWRerd defbdnks
33, 35. That is, when facing larger flank 35, as shown in Figure 10,
larger padl Beahoulsd@lon3? 'Fi%l_ré b, BwIRE FNRis hirfis A11H& Ha@bREnd thddent hQrdshe

| eft side, as in Figure 2. Figure 8 is a layout of bit 11, showng all three

cones 17-r i i | | of ,compacts 19.0f the three
cones 1;7 gﬁ%%&%@g{ glgpéa;ﬁggﬂatpﬁgoﬁog PC&?%% gar?ggsg f rgggnl%\ﬁg%e%ﬁlmtn%g?(irgmg%dé a EIS %tion
i red_bottom hol e cov and int with_ each her . The

top ovidelggs erage r ‘%ﬁ )
radi Bl PAPFEEH P ORI BN SkF BV S b pR1eR PP rretinnal g ageod] %&Hﬁa; and
the radial direction away from 15 bit axis 58 toward borehole wall 62 is
consi debaalaglyt aveanaex rqvngdebshoxbleptt e blsndsthg ight @d of geesed Tawih comical spisaes 33
conpacts 63, 65, 67 and 69 (referred to as outer portion rows) that are
f ar t her Inf thonertibaltseaicngl @8nd dfalfigne\2s shtd]der 83 hdv'a rafPusafdh8 s fmaice thiaadadias an
i nner portion rows). The conpact axis 60 of each conpact 19 in outer
partion;rows 63, 65, 67 and 69, when rotated into the commobn section plane,
ﬂ? | i nes downward and outward toward borehole wall 62. On the other hand, in
20 inner portion rows 73, 75, 77, 79 and 81, the conpact axis 60 of each
conpact 19 iBehisved thelbvgoesrddusan dstionldsr 89 proweaded alsinootet fab@ionTinen eregolil d be
fewer or nore inner portion rows 73, 75, 77, 79 and 81 and fewer or nore
out 8F pwrdohienl dudfse BBtha® houbder aRdIHfle adihlecroisfst@ioa e Figufe 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 shightly hinner width at its end joining smaller radius s_houlder 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.



7 inclination of the axes 60 of inner portion row conpacts and the outer
portion row conpacts results in different stresses being applied during
drilling. In one enbodi nent, sonme or all of the outer portion rows have
conpacts 19 as shown in Figures 1-7, and the inner portion rows have
conpacts 19' as shown in Figures 9 and 10. 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 perpendlcular to the direction of rotation as

i ndi cat ed byCampesis Ebmay bergriewed i cggs B3 vasiebHfirnvas Fiewees| bcandi 7o tap Rt and

| arger flank 35 as the trailing flank. When C oriented as shown in Figure
6, |argér vadi Us Fhoelbdemal39 flabk g3 129dsiagd possi 87 anperponlidute toubedirgitide of whi ch
is the side of conpact 19 closer to borehole wall 62 (Fig. 8). In this
exanpl erotstionl kigfwn Blart@dis0s ASleeialedgarger Minkl3sh@uldosaleedingemb g flaakeB. g de,
closer to bit axis 58 (Fig. 8). Conpact 19 could be oriented in reverse,

with |ag Fe A ﬁgﬁ@ r 3aih S Al %%E&cﬁranfi'&g@f 393 %gﬂllep[cgﬁfe &1?ééhb'x§ of §$19%Hélder 39

on the o A cone 17 wth outer portion rows 63, 7 and

havi pg ¢co cts 19 or,i.ent ti e

port ?oncl? S abyﬂr, “?%P % a%gy’ hgr radm cgf% gf Oucf(Tgaad){agge %%A] ﬁer §9F| gure
9. Smaller flank 33" is still Ieadlng and | arger flank 35 tralllng as in

Figure 6. Hopgugs 9 aulliokBowiafWltembie ehdbigfent eshhphot SITQuikic m3 ymbdls R to
| ocated on the inner side, closer to the bit axis 58 (Fi Smal | er

8
7 IR e e, Sy Sy e e i 2 o
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e Gt 8 B B i ro
o s s SLEron T B3, b T e e (rlg o) sondte

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 is considered herein to be inward, and the radial direction aWa‘y from

15  bit axis 58 toward borehole wall 62 is considered outward. In the example of Figure 8, there are
Q four rows of cémpacts 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, ihplines 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



8 indicated by arrow 61. Alternately, cones 17 having all rows containing
conpacts 19 oriented as in Figure 7 or conpacts 19' oriented as in Figure
10 could be used. In Figure 7, larger radius shoulder 39 |eads and snaller
radi us shoulder 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 5 to bit axis 58 of the bit. This orientation could be
reversed with smaller radius shoulder 43 |eading and snaller flank 33 being
on the outisstioni afethe Axesofie of thngi phrtiontrew qeorRite and ¢l 08 p@BON BFW zethp8ds (Fi g.
8) having conpacts 19 oriented as in Figure 7 optionally may have inner

por t i onrdsaMsin Adfferdll strdséealbuing/shplikd Gurirfl) drilliigy conpacts 19' as shown in
Figure 10. Larger radius shoulder 39" is still |eading, and smaller radius
10 shoulder 43'trailing as in Figure 6. Larger flank 35 is now | ocated on
the inner si Heoneqmhodpigns Somf?é)r@ﬁtofé&fi Qutgrgpafipyrowsihavegampacts 19 ayhogy in
(shown in Figure 9) is located on the outer side, closer to borehole wall
62. TheFguient-at iwh thef ingenpertivs 1095 hevelcompiato 1Be ay ehers dal Figuresh9 samdl 10er
radi us shoul der 43" leading and larger flank 35 being on the outer side.
The §nvemkinarlshasnes i1grbildcantinadipainages.19thengeompatts Y9 cdiicaakd-as hapigdres
conpacts of this 15 invention cut nore aggressively and nore durably in

certai ngfRHMgf | : Lakah h Sl et SRAP aftt Lf4eer ent
Pt R R A e R e R i K

al l ow far hal an bet ween agar iven nd durabLblity on. LI Si s.
i et St A3 S NG 1S AERGHY RS TR HARCHS ol YosOHhifhnd oyt B
those skilled in the art_t ot so. limted but i

pparent to _ t it is J
Eﬂgcept PEPcd & $PaPPdEd l%ﬁ%ﬁdéggwadﬁwboﬂ% Belbig & HPYsHiRee RB REYPE 91 t he
invention. The particular included angles and shoul der radii may vary to
opt i m zehishgs dassidentsempard 18 wlabi 19 bareliale wal &2t (P 80f Ih dhigwrimplebanallgr
drilled. 9 10
10 radius shoulder 43 will be located on the inner side, closer to bit axis 58 (Iig. 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
sicie, 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



What is clainmed is: 1. A conpact for an earth boring bit, conmprising: a
cylindrical base having an axis; a cutting tip protruding fromthe base, the
cutting tip having 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 second surfaces joining each other at a crest through
whi ch the axis extends; the cutting tip having a conical portion symretri cal
in all planes about the axis and extending fromthe base to the first

sur f ac e indigated iy |agrgecd lanyitenselyygoags § hbaving al rogigopalemingepmmretsdycsicpstl ag
greater than an included angle between the second surface and the axis in
an axi ain Eigotei bor pingpvetspéY peieotied ak ar Figore Hecad bt usal. chnliguret hilargersadifigc e
joining the first and second surfaces at a first end of the crest and a

convex fiuideh 38 atiaeRd k@hlidrigdibdshouldes 83 aalls, SE&QBCN&K IdRs BHloatsenand end
of the crest; and the third surface having a radius that I1s greater than a

radius gt 06 OUF idbcrUidiags Eg (88 Xkl sungBECHIRT AbARS P! sid it

crest. 2. The conpact accor laim1, erein Irst surface 1Is

smal ler_ in areath t.h cond urface... 3. The, coppact. according .to. claim
T her 6t R AR S RGP B e S R EP D R CeS °t e
conpact than a_distance fromthe axis of the conpact to a m dpoint of the
third sirpfiggend smallerflanle3hbeipg onteomir §iget o claim 1, wherein the first and
second surfaces face generally in opposite directions. 5. The conpact
according to I : L It4oQf; 0 b S

AGhAL g ﬁvﬁh‘ﬁ(ﬂ%f; ﬁbﬁ%oﬁ“rmbse%sﬁ 53R 69%%&) %Jﬁﬁleg;é}gﬁﬂg% 19%r1e%t|ec§[l |

asymmetrical in axi al *pl anes. A conpact ring

gjnpr PSLR FigL?re c/yclﬂtigga{ﬂycr%gy Ee?vse%ngg\{aloprﬂmargng]g ,S ',;’5, 77 and 79 (Fig. 8) with compacts

19° as shown in Figure 10. Larger 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-

g: :‘1 shaped compacis. The different included angles of the flanks and the different radii of the
shoulders allow for balance between aggressiveness and durability on a per rtow 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.
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a cutting tip protruding fromthe base, the cutting tip having a
substantially flat first surface on a first side and a substantially flat
second surface on of the conical portion opposite fromthe first side, the
first and second surfaces joining each dher at a crest through which the
axi s 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 axi alWhads tlaimegal iane perpendicular to the crest; 11 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 qng&hﬁag@foﬁﬁﬁgiﬂhg(ﬂﬁlém rcgmfjﬂgiggpe having a radius that is greater
than a radius of the fourth surface In an axial section plane parallel to
t he crest a camflrichkbase hadngaulprisnt of the fourth surface is farther froma

bottom of the base than a.distance .fromthe . bottom of the base to

i dpoi nt BFUEAE Py e faBahe accfhe gt UBJRT g PSR L O Sty
havi ng - atfirkeidd ardNesubStantiAlyCRi Sedonl 3ldRleYon PIBs RIS AO o Rt BOnARE AR YR Jiha

pl uralltty of protrudi ng conpacts; at |east sone of the conpacts conprising:
subst antfirstiang s¢qoad stufaces jeinmesecvniier starkest thaenghgvihieh dreadxisextendspposi t e
direction the first.flank. being smaller in rface.area than the second
{1 ank. andti.soiig e vig e Rft@n SRineRice! P ALRARGGBMERe b Sl BERESE o
I s gr eatfeym fHedasaid thoGtdidadacrngl e of the first flank; first and second

shoul ders on opposite sides of the conpact from each other and extending

bet ween ed@isluged ppgle bpivween sheglissbausiage prdithr axisdeinzdsenter they an insluged angle

houl d ' £ | , : | dpoj.nt,. of th
Firat Ssurebe SEbiEioetclthd HiSuihdn ol 1R GOPRRE bk e e PR D! ey
from a bottomeafthiad hatee §diningehe firspand secoitbsurfabes atiadhiei eiid oifthd drestfabd at

shoul der to the pbottom_,of the hase.
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.

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

sutface.

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 surface.

4, The compact according to claim 1, wherein the first and second surfaces face generally in

opposite directions.

5. The compact according to claim 1, wherein at least a portion of the compact is asymmetrical in

all axial planes.

6. A compact for an earth boring bit, comprising:

a ¢cylindrical base having an axis;

a cutting tip protruding from the base, the cutting tip having a substantially flat first surface on
a first side and a substantially flat second surface on of the conical portion opposite from the first
side, the first and second surfaces joining each other at a crest through which the axis extends;

an included ahgle 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;



8. The bit according to claim?7, wherein the first flank | eads the second
flank, considering a direction of rotation of the cone. 9. The bit
according to claim7, wherein the secondiflank | eads the first flank,
considering a direction of rotation of the cone. 10. The bit according to
claim7, wherein the first shoul der | eads the second shoul der, considering

a directi Ia;l .t he ¢ H];% ' ' i ,
wherein t%@@%%é@f S %g‘f ﬁJeHrHBIQ Zlg:d@@f%ned IS%F?nst s@%%sl agg(r%?gt%gﬁgﬂf erc?%']sg aﬁ%z
di r ect i comvek fomttasirface pdininheheceandlecondhairfatés Aacocaidregdtod tied @esn 7, wherein

the first shou] der has .a | arger .radi us of, curvature than _ the second .
shoul der W%FA%&W&?%@E&PS ¥s thatis greates thapgra %ogt?{?g?uﬁ%au a5e o1 & fris

wher ei nsééﬁ%nﬁy%??@raﬁlh?ﬁ‘?hi&%&?m%‘t ward. 12 14. The bit according to claim
e I 'an

7, wherein t rst faces outward. 15. The bit according to claim7,
wher ei n t wherkinrsmidpoou lofitre fhadh surfae gefartherdirers adfottonr afaheibasetthean distagcesecond

shoul der, in_a xi al. sectional .pl ane .and. faces outward. 16. The bit
accor di #gn}@e@pﬁ?%o;}h%@?gqﬁwﬁglrgl@é@mhgﬁwﬁfgfgr has a snaller radius of
curvature than the first shoulder in an axial sectional plane and faces

outward. 17. The bit according to claim?7, wherein the conpact has a conical
sur f ace 7pAnteiatinbetiag bit, compyisimgt ri cal in all planes about the axis and

extends fr the.base to the first flank. 18. The bit according to claim?7,
wher ei n a?g%al&“%%g?aff%rhe%g’ the conpact is asymetrical in all planes

cont ai ni ngediRQotxdbly Mbuhtde t& MINEEind Haing dplarliesst frokedihg Goxlﬁpﬁots;'&@léhﬂgoﬁie_
body with at | east one bit leg pin and a cone rotatably nounted to the bit

| eg, thefthsrempasts agmarigngral ity of rows of conpacts, at |east some of the
corpact s su%?tqgtriélﬁ) {18 first and second Ranks 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;

first and second shoulders on opposite sides of the compact from each other and extending
between edges of the first and second flanks, a midpoint of the second shoulder being farther from
the axis of the compact than a midpoint of the first shoulder; and

wherein the midpoint of the second shoulder is farther from a bottom of a base of the compact

than the midpoint of the first shoulder to the bottom of the base.

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

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.

10. The bit according to claim 7, wherein the first shoulder leads the second shoulder, considering

a direction of rotation of the cone.

11. The bit according to claim 7, wherein the second shoulder leads the first shoulder, 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.

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



a cylindrical base having an axis; a cutting tip extending fromthe base,
the cutting tip having a generally conical surface that is symetrical in
all planes about the axis and extends fiemthe base, the cutting tip having
first and second flanks extending fromthe conical surface and converging
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
conpact that is greater than an included angle of the second flank; a first

shoul den4.ereesicicosrdingltd caifnl 7, SEhefiidl trRffirkthiink TR&E obfvdrte coni cal surface; and
a second shoul der extending froma second end of the crest to the conical

surface, the first shoulder having a | arger radius than a radius of the

c “shoul d g a larger ra ! :
cut war o syt s ing it 1 Sncf R onBE N el bl TR o

| east otle seorid@onldwsinah agpatiosal pline ahidades buwfard.l ai m 19, wherein the
first flank faces outward in at |east one of the rows of conpacts and faces
inward in at | east one of the rows of conpacts.

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.

17. The bit according to claim 7, wherein the compact has a conical surface portion that is

symmetrical in all planes about the axis and extends from the base to the first flank.

18. The bit according to claim 7, wherein at least a portion of the compact is asymmetrical in all

planes containing the axis of the compact.

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 baving an axis;

a cuiting tip extending from the base, the cutting tip hﬁving a generally conical surface that is
symmetrical in all planes about the axis and extends from the base, the cutting tip having first and
second flanks extending from the conical surface and converging to an clongated 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

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.

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.



