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1 ROTARY DRILL BIT WTH | MPROVED CUTTER '

AND SEAL PRGDbSA4190N TECHNI CAL FI ELD OF THE | NVENTI ON PCT/US95/03994 Thi s
invention relates in general to sealed rotary drill bits used in '
drilling a borehole in the earth and 5 In particular to protection of

the seal and bearing surfaces between the inside of the rotary cutter
and the : '
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ROTARY DRILL BIT WITH IMPROVED CUTTER
' AND SEAL PROTECTION

TECHNICAL FIELD OF THE INVENTION
This invention relates in general to sealed rotary
drill bits used in drilling a borehole in the earth and
5 in particular to protection of the seal and bearing
surfaces between the inside of the rotary cutter and the
spindle upon which the cutter is mounted.



spi ndl e upon which the cutter is nounted. WD 95/ 27120

PCT/ US95/ 03994 ' 2 BACKGROUND

OF THE | NVENTI ON ' One type of drill used in form.n borehole in ,
t he WRERN2s a roller cone bit. A typical roller con@cg'{qs”m”‘
conprises a body with an upper end adapted for connection 5 to a dril
string. Depending fromthe | ower end por2ion of the body are a
plurality of arms, typically three, each with a spindle protruding
radially inward and downward with respect to a projected rotational
axi s of the body. A cutter cone is nounted on each spindle and 10

support ed rotatab pbet ween t he spindle and the
i nsi de of a 2PENE Y the cutter. On the underside
of the body and redeat&pe of drill used in forming a borehole in the

earth is a roller cone bit. A typical roller cone bit
comprises a body with an upper end adapted for connection
5  to a drill string. Depending from the lower end portion
of the body are a plurality of arms, typically three,
each with a spindie protruding radially inward and
downward with respect to a projected rotational axis of
the body. A cutter cone is mounted on each spindle and
10 supported rotatably on bearings acting between the
spindle and the inside of a spindle-receiving cavity in
the cutter. On the ﬁnderside of the body and radially
inward of the arms are one or more nozzles. These.
nozzles are positioned to direct drilling fluid passing
15 downwardly from the drill string toward the bottom of the
borehole being formed. The drilling fluid washes away'
the material removed from the bottom of the borehole and’
cleanses the cutters, carrying the cuttings radially
outward and then upward within the annulus defined
20 between the bit body and the wall of the borehole.
Protection of the bearings which allow rotation of
the roller cone cutters can lengthen the useful service
life of a bit. Once drilling debris is allowed to
infiltrate between the bearing surfaces of the cone and
25 spindle, failure of the drill bit will follow shortly.
Various mechanisms have been employed to help keep debris
from éntering between the bearing surfaces. A typical
approach is to utilize an elastomeric seal across the gap
between the bearing surfaces of the rotating'cutter and
30 its support'on the bit. However, once the seal fails, it
again is not long before dr1111ng debris contaminates the
bearlng surfaces via the gap between the rotating cutter
and the spindle. Thus, it is important that the seal be
fully protected against wear caused by debris in the
35 borehole. '
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adjacent the gap, and thus prolong the time before the
seal is exposed to borehole debris. Another approach is

10 .= to construct the inner-fitting parts of the cutter and
the spindle support arm so as to produce in the gap a
tortuous path to the seal that is difficult for debris to
follow. An example of this latter arrangement is
disclosed in U.S. Patent No. 4,037,673.

15 ' An example of the first approach is used in a
conventional tri-cone drill bit wherein the base of each
cone cutter at the juncture of the spindle and the arm is
defined at least in part by a substantially frustoconical
surface, termed the cone backface. This cone backface is

20 slanted in the opposite direction as the conical surface
of the shell or tip of the cutter and includes a
plurality of hard metal buttons or surface compacts. The
latter are designed to reduce the wear of the
frustoconical portion of the backface of the cone on one

25 side of the gap. On the other side of the gap, the tip
of the associated support arm is protected by a
"hardfacing material. For definitional purposes, that
portion of the arm which is on the outside of the bit and
below the nozzle is referred to as a shirttail surface or

30 simply shirttail. More specifically, in referring to
prior art bits, radially outward of the juncture of the

. spindle with the arm, and toward the outer side of the
bit, the lower pointed portion of the shirttail is
referred to as the tip of the shirttail or shirttail tip.

35 During drilling with fotary bits of the foregoing
character, debris often collects between the backface of
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3 At |least two prior art approaches have been enpl oyed

to prote eal fromdebris in the well.

provi de ﬁéﬂ%ﬁl’g&sng and wear buttons on opp03| te si dggi.’glg&%‘?éggap

bet ween the spindle support arm 5 and the cutter, respectively, where
the gap opens to the outside of tfle bit and is exposed to
debris-carrying well fluid. These buttons slow the erosion of the
nmet al adj acent the gap, and thus prolong the tinme before the

seal is exposed to borehole debris. Another approach is 10 to construct
the inner-fi t|n ar t d f armso
as to produ bty 'difa Ui Yol ot the bUFalBIECLERRERTIY
difficult funthﬂmwhhq(area whexe | the gﬂpeﬂnﬁ®$et©ftbﬁ|bOIQPPéﬁ arr angement

'S Jnad % f@sﬁ% Nehe 4ufifdréide 48 the edge”BrexhEp! e of
the first ap roac |s use conveq%ional tri- cone drill bit
wherein the which Iepfis cinithe ?ﬁﬁt}8ﬂ095r5°§Ft§ﬁ@ &Fi ndl e

and tlge ar mgne bit duI.Ch'fq "l ELingasi. N, pené byadingbetge!,i eahy
frustoconlc%'come eroded. As this erosion progresses, the
hardfac;ng covering the shirttail tips eventually chips
off. This chipping expcses”underlyiﬁg softer metal to
erosion and thereby shortens the path that debris may
10 . take through the gap to the seal. This path shortening
| ultimately exposes the seal to borehole debris and
thereby causes seal failure.



surface, termed the cone backface. This cone backface is 20 slanted in
the opposite direction as the conical surface of the shell or tip of
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frustoconical portion of the backface of thg cone on one 25 side of the
gap. On the other side of the gap, the tip of the associ ated
support armis protected by a har df aci ng material. For definitional
purposes, that portion of the armwhich is on the outside of the bit
and bel ow the nozzle is referred to as a shirttail surface or 30
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bits, radially outward o e jupcture, of the spindle with the arm
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Shrtall tP, skeptiseind S0 A LRopHkbehOLBD) ol ctkells Lo 10
95/ 271205 the respective support arm for eaFhUSODE0O80ELter so as to :
‘better protect against erosion at the clearance gap
between each cone cutter and its respective support arm,
. and thereby better protect the seal which blocks well
. debris from damaging the associated bearing.

10 . In one aspect of the invention, a support arm and
cutter assembly of a rotary rock bit having a body
provides superior erosion protection. The assembly
includes an arm integrally formed with the body and
having an inner surface, a shirttail surface, and a

15 bottom edge. The inner'surface and the shirttail surface
.are contiguous at the bottom edge. A spindle is attached
to the inner surface and is angled downwardly with
respect to the arm. A portion of the spindle defines an
inner sealing surface. The assembly also includes a

20 cutter that defines a cavity with an opening for
receiving the spindle. A portion of the cavity defines
an outer sealing surface that is concentric with the
inner sealing surface. The assembly further includes a
seal for forming a fluid barrier between the inner and

25 = outer sealing surfaces. A gap has a portion formed

' between the cavity and the spindle, and has an opening
contiguous with the bottom edge. _
In a related aspect of the invention, the erosion
protection is achieved by removing the tip of the

30 - shirttail from the respective support arm and expanding

‘the backface of the associated cone in both radial and
axial directions relative to the spindle on vwhich the
cone is mounted. As a result, the position of the gap
opening is changed, the flow path through the gap between

35 the seal and the gap opening is lengthened and oriented
in an upward direction, and the backface of the cone aids



4 the cone cutter and the wall of the borehole generally
within the area where the gap opens to the borehole annul us.

‘result, Fﬁgﬂpﬂ'JSIde of the edge of the shirttail b@Tﬁﬂb&&Ph ads |n.

the direc rotation of 5 the bit during drilling,

| eadi ng edge, can beconme eroded. As this erosion progresses, the
har df acing covering the shirttail tips eﬁ%ntually chi ps off. This-
chi ppi ng exposes underlying softer nmetal to - erosion and thereby
shortens the path that debris may 10 take through the gap to the seal.
Thi s path shortening ultimtely exposes the seal to borehole debris

gg?_/ US95/ ogg%ie ecégffécéf% b2 LEAS f1uia fiow W/ﬁjén?q:he gap

opening and toward the well annulus.
In another related aspect of the inventlon, the
erosion protection is achieved by shortening the
5 shirttail tip. As a result, the position of the gap
opening is changed, the backface of the cone aids in the
deflection of well fluid flow away from the gap opening,
a first portion of the gap flow path is angled upwardly,
and a second portion includes the opening and is angled
10 downwardly.

'In another aspect of the invention, a composite cone
cutter for use with a rotary cone drill bit is provided
with the backface of the cone having a hard metal
covering such as hardfacing. Alternatively, a portion of

15 the composite cone including the backface is itself made
of hard metal so that the base portion of the composite
cone adjacent the gap is highly resistant to both erosion
and wear. In accomplishing this, an impo:tant and
preferred aspect of the invention is the formation of a

20 composite cone for a rotary cone drill bit which is
comprised of dissimilar materials normally incompatible
with each other under the usual processing steps required
for the manufacture of a rotary cone drill bit.
Specifically, the cone backface is formed of a hard metal

25 material that is more resistant to erosion and wear than
conventional hardfacing materials, and is also
incompatible with the usual heat-treating processes to
which the main portion or shell of the cone is subjected.

| The foregoing and other advantages of the present

30 invention will become more apparent from the following
deécription of the preferred embodiments for carrying out
the invention when taken in conjunction with the .
accompanying drawings.



SUMMARY OF THE | NVENTI ON The present invention contenplates an
| mpr oved rotary cone drill bit by novel construction of the

upport ar mYSPBIE"SOE Chier so as o - betier protecPCABEPRERS e

erosion at the clearance gap . bet ween each cone cutter and its
respective support arm "~ and thereby better protect the seal which

bl ocks wel | debris from damagi ng the associ ated bearing. 10

I n one aspect of the invention, a support arm and cutter assenbly of
a rotary rock bit haV|ng a body provides superior erosion
protection. I Ré S pRRwWS d\lntegrally formed with the
body and : 11 A fTttail surface, and a 15

bot t om edge.- The |nn%@rsqrmgxe gﬂmplﬁtesunderatanganga@6 the pregemt
contiguous at- t{RyORtisn) cahE- tﬁesaaodhea&;ésai:heeaeé referetneet NG IR

surface and is ‘angled downwar he arm A portion

of the spindle enkQ the f°f pr%ﬁeﬁe§gﬁﬁpﬁ§°§§r§§5€n e copjunation 5o
i ncl udes m 20 witlEUtheraédsaixpdnjringsdnawamgsy int whdehepeni ng for :
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The assenbly fubitecembodyingsthe novel features of the present

invention;
FIGURE 2 is an enlarged'cross-sectional view with
10 = portions broken away showing one of the rotary cone

cutters mounted on an arm of the drill bit illustrated in
FIGURE 1 in drilling engagement with the bottom of a

borehole;
FIGURE 2A is a portion of the rotary cone cutter
15 shown in FIGURE 2 enlarged for clarity of illustration;

FIGURE 3 is an elevational view with portions broken
“away of the arm and associated rotary cone cutter taken
substantially along line 3-3 in FIGURE 2;
FIGURE 4 is cross-sectional view taken substantially
20 .- along line 4-4 in FIGURE 2, and :
FIGURE 5 is a view similar to FIGURE 2 showing an
. alternative embodiment of the present invention.



seal for formng a fluid barrier between the inner and 25 outer sealing °

surfaces. A gap has a portion forned between the cavity and the
spi ndl e, gk, 335 an openi ng contiguous with the bot

In arel a{“?(pe% aspect of the invention, the erosion }%%@39‘1 S
achi eved by renoving the tip of the 30 shirttail fron1the respective
support arm and expandi ng the bac® ace of the associated cone in
both radial and axial directions relative to the spi ndl e on which
t he cone is nounted. As a result, the position of the gap

opening i s changed, the fIOM/path through the gap bet ween 35 t he seal
and the gap e - I n an upward

direction, anma tt :2N0) 5 cone aras ' WD 95/27120
PCT/U895/03994 The preferred embodlments of the pgesent invention

and its advantages are best understood by referring to
FIGURES 1-5 of the drawings, like numerals being used for
5 like and corresponding parts of the various drawings.

As shown in the drawings for purposes of
illustration, ‘the present invention is-embodied in a
‘rotary cone drill bit 10 of the type utilized in drilling
a borehole in the earth. Rotary cone drill bit 10 may

10 sometimes be referred to as a "rotary rock bit." Wwith
rotary.cone-drill bit 10, cutting action occurs as cone-
shaped cutters 11 are rolled around the bottom of the
borehole by rotation of a drill string (not shown) to
which bit 10 is attached. cCutters 11 may sometimes be

15 referred to as "rotary cone cutters" or "roller cone
cutters." |

As shown in FIGURE 1, cutters 11 each include .
cutting edges formed by grooves 12 and protruding inserts
13 which scrape and_gouge against the sideS'and bottom of

20 the borehole under the weight applied through the drill
string. The formation of material debris thus created is
carried away from the bottom of the borehole by drilling
fluid ejected from nozzles 14 (FIGURE 1) on underside 15
of bit 10. The debris-carrying fluid generally flows

25 radially outward between underside 15 or exterior of bit
10 and the borehole bottom, and then flows upwardly
toward the well head (not shown) through an annulus 16
(FIGURE 2) defined between bit 10 and side wall 17 of the
borehole. For some applications, spindles 23 may also be

30 tilted at an angle of zero to three or four degrees in
the direction of rotation of drill bit 10.

In considering the structure in more detail, bit 10
(FIGURE 1) comprises an enlarged body 19 with a tapered,
externally-threaded upper section 20 adapted to be

35 secured to the lower end of the drill string. Depending
from body 19 are three support arms 21 (two visible in




in the deflection of well fluid flow away fromthe gap openi ng and
toward the well annul us. I n anot her rel ated aspect of the.

i nvention, the erosion protection is achieved by shortening the 5
shirttail tﬁ%&’”ﬂ?’% result, the position of the gap opgﬁF 9503994
changed, the backface of the cone aids in the defl ection of well _
fluid fl ow away fromthe gap opening, 9 first portion of the gap flow
path is angl ed upwardly, .~ and a second portion includes the opening
and is angled 10 downwar dly. I n anot her aspect of the

I nvention, a conposite cone cutter for use with a rotary cone dril

bit is provide it e kfa he.,C ' a _hard |
‘covering such g@‘ﬁ%‘?ﬁfﬁm ngééﬁl Y’ggﬁa%i %gﬁ'ﬁal% g&??@ﬁw %\S) °°nﬂ$§tr£%t to
conposi te cone and|extending fuonrfaveinsidessurfagec24 (FIGURE 123rd net al

- SO that the ba%@fé%g()ﬁnaf al BRiFLEROS] biter sur£agaec 23d) a Itsihdteh%\tﬂ%&giesan

- highly resistant to er osi on and wear. In acconp

th er n In
inportant and 24 and shirttail, Qpter SWrfasge; gfcAreoFontigneusy atathen of
a 20 - §ONPOShéELENNedger of apmapy.cospifdies kot awe preferably angled

other under  neRURPRIECRER; RPePRR Vit PERIREY Ro"a cenpral whiE RS .

of a rotary conefdpit|bbdy.19 so th&beasfbikl 19 ishrotated,adthbienextiexrior

formed of a hardenEiteds 11 Eﬂgég%athéhﬁBtEBmUBFethESg&&%ﬂblkﬂ-e&%&i0” and
wear than ~convent1 onal rdfacing materials, and 1s also
i nconpati bl e mﬁ%ﬁm?hQPH%&€§tﬁ€a§ft$E&B¢2§5p33c8§¥e§1§6 be tilted at an
10 angle of zero to three or four degrees in the direction
- -of rotation of drill bit 10.

Within the scope of the present invention, each of
the three cutters 11 is constructed and mounted on its
associated spindle 23 in a substantially identical manner

15 - (except for the pattern of the rows of inserts 13).
" Accordingly, only one of arm 21/cutter 11 assemblies is
" described in detail, it being appreciated that such
description applies also to the other two arm-cutter
- assemblies. '
20 As shown in FIGURE 2, inserts 13 are mounted within
sockets 27 formed in a conically-shaped shell or tip 29
" of cutter 11. A base portion 30 of cutter 11 includes a
frustoconically-shaped outer portion 33 with grooves 12
formed therein. Outer portion 33 is preferably angled in
‘25 a direction opposite the angle of tip 29. Base portion
" 30 may also be referred to as a "backface ring" or
"matrix ring." oOuter portion 33 of base 30 defines in
part backface 31 of cutter 11. Base 30 also includes an
end portion 34 extending radially relative to central
30 axis 35 of spindle 23. Base portion 30 and tip 29
cooperate to form composite rotary cone cutter 11. .
~ 'Opening inwardly of end portion 34 is a generally
cylindrical cavity 36 for receiving spindle 23. A
suitable bearing 37 is preferably mounted on spindle 23
35 ahd engages between a bearing wall 39 of cavity 36 and an



which the main portion or shell of the cone is subjected. The

foregoi ng and ot her advantages of the present 30 I nvention will becone
nmor e appaqwydsHifm t he fol l ow ng description of the ﬁéﬁ{grﬁfﬁj o
enbodi ments for carrying out t he i nventi on when take cfiPdnction
with the acconpanyi ng draw ngs. 10 WD 95/ 27120

PCT/ US95/ 03994 _ 7 BRI EF
DESCRI PTI ON OF THE DRAW NGS For a nore conpl et e understandi ng

of the present i nvention, and the advantages thereof, reference is
now made to the follow ng descriptions taken in conjunction 5

with the accaﬁaﬁn&rn%ea&qw%rfawwysﬂbn spindle 23, Fl £18fla1
| sometric V|em13f etai t%%g %@P é¥w40 secures cutter 1 IQ e ile
features of © spindle 23.
Seallng across a gap 41 (FIGURES ‘2 and 2A) between
an outside wall 42 (FIGURE 2A) of spindle 23 and an
5 inside wall 45 (FIGURE 2A) of cavity 36 is an elastomer
" seal 43. Seal 43 is located adjacent the juncture of
spindle 23 with support arm 21 and protects against the
infiltration of debris from borehole annulus 16 through
gap 41 to the space between the relatively-rotating
10 bearing surfaces 38 and 39 of spindle 23 and cutter 11.
' such infiltration will eventually result in damage to
bearing 37 and malfunction of drill bit 1o0.
With an opening located adjacent outside surface or
_ shirttail 25 and contiguous with the bottom edge of arm
15 - 21, gap 41 is thus open to borehole annulus 16. It is
important that the width of gap 41 be kept relatively
small and the length of gap 41 between its opening to
annulus 16 and seal 43 be kept relatively long so as to
reduce the infiltration of debris that may wear against
20 seal 43 as bit 10 rotates. o
In accordance with one aspect of the present
invention, cutter 11 and support arm 21 are uniquely
constructed so base portion 30 of cutter 11 interfits
with spindle 23 so that gap 41 extends throughout its
25 length in a direction substantially parallel to spindle
axis 35. Specifically, gap 41 includes an outer
cylindrical segment 44 (whose direction is indicated by
the arc line in FIGURE 3), which intersects with
_ shirttail surface 25 and opens upwardly and outwardly
30 " from between spindle 23 and cutter 11 into borehole
annulus 16. As a result, hard metal disposed adjacent to
gap 41 better protects walls 42 and 45 against erosion.
The service life of seal 43 and thus bearing 37 is
lengthened, particularly over those prior art
35 arrangements having a shirttail tip,with an underside



I'nventi on; FIGURE 2 is an enlarged cross-sectional vieww th 10
portions broken amay showi ng one of the rotary cone cutters nounted

on an arm Ofolddgrdgi || bit illustrated in FI GURE 1 i n ROT/USISAP4
engagenent with the bottom of a bor ehol e; FIGURE 2A is a
portion of the rotary cone.cutter. 15 shgwn in FIGURE 2 enl arged for
clarity of illustration; FIGURE 3 is an elevational view wth
portions broken away of the arm and associated rotary cone cutter

t aken : substantially‘along line 3-3 in FI GURE 2; FI GURE 4
IS cross-sectional view taken substantially 20 along line 4-4 in FlI GURE
2, and : that VR imd S ray iy extposed by ¢¥a@iien 2tghberabois
alternative enbo i ient of the present invention. WD 95/ 27120

PCT/ US95/ 03994 debris. 8
S To help protect against erosion widening gap 41 by

' eroding arm 21, the bottom of shirttail 25 adjacent gap
5 41 may be covered with a layer 46 of conventional

" hardfacing material. A preferred hardfacing material
comprises tungsten carbide particles dispersed within a

“cobalt, nickel, or iron based alloy matrix, and may be
‘applied using well known fusion welding processes or

10 other suitable techniques. '

Additional protection against erosion is achieved by
spacing outer portion 33 and backface 31 of cutter 11
‘radially outward a distance X from hardfacing layer 46
(FIGURE 2A). Distance X allows backface 31 to deflect

15 the flow of drilling fluid within annulus 16 enough to

prevent the fluid from flowing directly into the opening
of gap 41. Distance X is a function of the borehole
diameter and the bit type (no seal, seal, or double

' seal), and ranges from 1/16" to 3/16". For the present

20 embodiment, X may be approximately 1/8".

o By virtue of this construction, a leading edge
portion 47 of shirttail 25 is protected from the
impingement of debris carried by the upwardly-flowing

" drilling fluid. This is illustrated most clearly in

25 FIGURE 3, wherein the direction of rotation of bit 10 is
indicated by the arrow y and the radially outward spacing
x.effectively blocks lower end portion 47 of arm 21 from

' being directly in the bath of debris carried by the
drilling fluid flow.

30 For enhanced wearability of backface 31 on the cone
side of gap 41, backface 31 is either provided with a
hard metal covering or made from hard metal. The hard

' metal covering which provides backface 31 is shown as
layer 49 (FIGURE 2A)'fofmed from hardfacing material.

35 = Layer 49 is preferably harder than the hardfacing
material comprising layer 46, and is attached to outer



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The preferred enbodi nents
of the present invention ~and its advantages are best understood by
ref erri nWQ95/27120 FI GURES 1-5 of the draw ngs, |ike nunmeP@rAISsH30% used
for 5 | i ke and correspondi ng parts of the various draw ngs.

As shown in the draw ngs for ‘purposes of12 il lustration, the present

I nvention . is enbodied in a- rotary cone drill bit 10 of the type
utilized in drilling a borehole in the earth. Rotary cone drill bit
10 may 10 sonetinmes be referred to as a "rotary rock bit." Wth
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10 tantalum, hafnium, zirconium, chromium or boron, diamond,
diamond composites, carbon nitride, and mixtures thereof.
For one application, tungsten carbide particles with the
size range given in Table 1 are used to form layer 49.
_ Preferably, backface ring 30 comprises an infiltrant
15 alloy comprising Mn 25 weight percent, Ni 15 weight
percent, 2n 9 weight percent, and Cu 51 weight percent.
This alloy has good melt and flow characteristics, and
good wettability for both tungsten carbide and steel. 2a
typical hardfacing layer 49 may comprise between 20% and -
20 40% infiltrant alloy by volume.
_ Technigues for the applicatlon of hardfacing layer
49 are well known in the art. One technique is an atomic
hydrogen or oxyfuel welding process using a tube material
containing ceramic particles in a Ni, Co, Cu or Fe based
25 matrix. A secbnd,technique is the Thermal Spray or
Plasma Transfer Arc process using powders chtaininé
ceramic particles in a Ni, Co, Cu or Fe based matrix.
This technique is discussed in U.S. Patent_4,93é,991.
Both the first and second techniques may be performed

30 either by hand or by robotic welder. . A third technique
is disclosed in U.S. Patent 3,800,891 (see Columns 7, 8
and 9).

Alternatively, hardfaclng layer 49 may be applied by
a slurry. casting process in which hard particles, such as
35 the alternative hardfacing materials described for the .
preferred embodiment, are mixed with a molten bath of



t'oward the well head (not shown) through ahfannulus 16 (FI GURE 2)

defined between bit 10 and side wall 17 of the borehol e. For sone
application ' es 23 may al so be 30 tilted at an anglﬁcﬁﬁ to
three or foﬁﬁ) eg?gts in the direction of rotation of dri $%??Q?O.
In considering the structure in nore detail_,_bit 10 (FI GURE 1)
conpri ses an enlarged body 19 with a taperéH? external | y-threaded
upper section 20 adapted to be 35 secured to the lower end of the dril
string. Depending from body 19 are three support arns 21 (two
visible in WD 95/ 27120

cach wi th a opi TP TH W re Altermativaly, the dolten parh sy BEol
i nsi de surface 2nigkadRCohalt, or ¢oppenibagadaadhey:)ai Thig: BAxEYrLace
25. Inside surffi€§oured into a mold and solidifies into a solid body.
If the mold is formed directly on cutter cone 11, the
5 body metallurgically bonds to cutter cone 11 as the body
solidifies to form layer 49. Grooves 12 may be molded
during the application of hard facing layer 49, or may be
cut into layer 49 after it has been applied.
In accordance with perhaps a broader and more
10 iﬁportant aspect of the present invention as illustrated
in the preferred embodiment of FIGURE 2, cutter 11 is a
composite body with base 30 formed separately from tip 29
and including a nonheat-treatable hard metal component
having a higher degree of hardness than found in prior
15 rotary cone cutters. In contrast, conical tip 29 is made
of a conventional heat-treated steel. With this
. construction, backface 31 is better able to withstand
both erosion and abrasive wear, thus not only providing
enhanced protection of seal 43, but also serving to
20 better maintain the gage diameter of borehole wall 17,
particularly when drilling a deviated or horizontal
borehole.
In the present instance, shell or tip 29 of cutter
11 may be manufactured of any hardenable steel or other
25 " high-strength engineering alloy which has adequate
strength, toughness, and wear resistance to withstand the
rigors of the downhole application. In the exemplary
embodiment, tip 29 is manufactured from a 9315 steel
having a core hardness in the heat-treated condition of
30 approximately HRC 30 to 45, and having an ultimate |
tensile strength of 950 to 1480 MPa (138 to 215 ksi).
Other portions of cutter 11, such as precision bearing
surfaces 39, may also be formed from this 9315 steel. 1In
prddﬁcing tip 29, the alloy is heat-treated and quenched
35 in a conventional and well known manner to give tip 29
the desired degree of hardness. '



24 and shirttail outer surface 25 are contiguous at the 5 botton1edge

of arm21. Spindles 23 are preferably angled downwar dl y and

i nwar dl y yblblef8sprect to a central axis 26 of bit bogy (1“183%/5 jhat as |
bit 10 is rotated, the exterior of cutters 11 engage t ottom of

t he borehol e. For sone applicatloga spindles 23 may al so be tilted

at an 10 angle of zero to three or fOUr degrees in the direction

of rotation of drill bit 10. Wthin the scope of the present

i nvention, each of the three cutters 11 is constructed and nounted

on its associated spindle 23 in a substantially identical manner 15

(except for the pahteha thherae\éa ehbodttidnt 1 Dase 30 cdiﬁ‘;‘y‘ﬁé’é gy, only
one of arm 21/cutter 11 as ri bed in, detail, |t bei ng

desc
appr eci at ed tR¥radiey Steei 88§8r éﬁt i( S CHRE 2@3 AP high 18 Rffived
armcutter contifnaeasbllager 8¢ coating 44s cthdiard met«dRE Core ns2rts 13

d with 7 I | |
fip 2o o sayfaige bp rof8RERUCLeanla Wansh s BRNS Vi TRTREIEY
frustosonicaStgeihhpsdbeuwsenpapproxlu@tﬁhﬂ1%yanﬂuiﬁ:MBight pe¥cemed
therein. Quig r&bpeeﬁ% ) Bogkthabliy MdkidNyy nn@-sfﬂ {564 | O

opp05|te the ang Base ,pqortion referred

to as a "bacRigee pfngheopame materﬁ&ﬂrﬁ?ﬂﬂqﬁ}t“qauﬁﬁ ?iﬂt?%wn@@td? base
30 defines i !Dess expeaaﬁwebaeb‘eacaubyofmmm dis kot Bafencld wardendsiedes

gg of spi ndl gug rtalsg ?§4ﬁ8ﬁ’?’?}gl tge 3 ?alnp%"%}‘{gvelgfe Ceﬁ athSO : S
10 exterior of steel core 32 is machined to size to receive _
the coating, and_plaéed into a prepared mold (not shown)
whose cavity is shaped to provide the desired coating
thickness for layer 49. | :
The prepared mold (not shown) is milled or turned
15 from graphite. Each internal surface that will contact
steel core 32 is painted with brazing stop off, such as
Wall Colmonoy’s Green Stop Off® paint. Also painted are
the surfaces of steel core 32 that will not be coated
with hardfacing layer 49. Preferably, the mold is
20 designed so that the thermal expansion of steel core 32
will not stress the fragile graphite mold parts.
Steel core 32 is assembled within the painted mold.
The hard particles which form hardfacing 1ayer'49 are '
then distributed within the mold cavity. TABLE 1 shows
25 typical sizes and distribution of the hard particles for
the preferred embodiment.




cboperate to formconposite rotary cone cutter 11. Openi ng
inwardly of end portion 34 is a generally cylindrical cavity 36 for

recei vi ng s

Y57 &3 A suitable bearing 37 is preferaql(%tl.,ﬁ%g}&ﬁg on
y and an

spindle 23 3 and engages between a bearing wall 39 of cavi
WD 95/ 27120 PCT/ US95/ 03994
10 . . annul ar bearing surface 38 on1§pindle 23. A conventiona

bal I retaining
Seal i ng across
42 (FlI GURE 2A)

system 40 secures cutter 11 to spindle 23.
a gap 41 (FIGURES 2 and 2A) between an outsi de wal |
of spindle 23 and an 5 i nside wall 45 (FlI GURE 2A) of

cavity 36 is an el astoner : seal 43Tﬁﬁfﬁ 3 is located adjacent the

juncture of
infiltration of
t he space bet

10

|
“ : ' =120 +170 ' 15 - 22
|

'lfsolndle 23 with support arm 21 and

protects aoalnst t he

=80 +120 S 10 - 18 "

=170 +230 : - 16 = 25

-230 +325 _ ' 10 - 18 |
=325 '

Next, a vibration is applied to the mold to compact
the layer of loose particles within the mold cavity. The
infiltrant alloy is then placed in the material

‘distribution basin above the hard particle layer in the

15

cavity. If the infiltration operation is performed in an

air furnace, powdered flux is added to protect the alloy.
If the operation is performed in a vacuum or protective

atmosphere, flux is not required.

20

In utilizing the mold, tungsten carbide powder or .
another suitable material is dispersed within the cavity

to £ill it, and an infiltrant alloy is positioned
‘relative to the mold. Then the infiltrant alloy and the

25

30

mold are heated within a furnace to a temperature at
which the alloy melts and completely infiltrates the mold
cevity, causing the carbide particles to bond together
end to steel core 32. . |
Alternatively, base 30 can be made as a casting of
composite material oomprlsed of hard partlcles, such as
boron carbide (B,C), sxllcon ‘nitride (S13N4), or silicon

carbide (SiC), in a tough ferrous matrix such as a high

strength, low alloy steel, or preclpltatlon hardened

‘stainless steel. In the form of fibers or powders, these

35

particles can reinforce such a matrix. This matrix may
be formed either by mixing the particles with the molten

;alloy and casting the reeultant slurry, or by making a



10 bearing surfaces 38 and 39 of spindle 23 and cutter 11. Such

infiltration will eventually result in damage to bearing 37 and

mal functiggdRhy@pi!l | bit 10. Wth an opening | o‘;ﬁtﬁ%s ?4 gecent
out si de surface or - shirttail 25 and contiguous with ottom edge
of arm 15 21, gap 41 is thus open to_ horehole annulus 16. It is

I nportant that the width of gap 41 be ke&? relatively smal | and the
| ength of gap 41 between its opening to annul us 16 and seal 43 be
kept relatively long so as to reduce the infiltration of debris t hat
may wear against 20 seal 43 as bit 10 rotates. '

accor dance i:EfSi‘ﬁ aapeab garttfiewseaem allowing W%&& ﬁua%fa%f 1goand
C

support arm ¢l are &Fqﬁg % tructed so base portion utter
11 interfi ts:“"fl Tagf ?ppﬁ'&lfé’r% sFAERC G ARG PoA ed eaghdRt its
25 | engt b9| byaiﬂertd.al weldlihgt ant isdi) ayartadimidues pand| gethods axi s

35. SIDeC|f|c a lindrical segment 44
(whose di rec |on Fg ?néﬂ’ %%%a% %S}%ecuatr% " in FIGURE 3), which

intersBcts with Once bgﬁhr basel 39ur(macle An ahdlazmms er.hewdtlyannthe
out war dl y 302\1;0\,&1‘-&&5%5%@ caabe,@h%ez&aadai-ﬁat tc?isé:ﬂng [}&Po@eégﬁ Oéﬁa .

annul us 16 result, hard petal dlsposed adj ace
better protecEiR #8I p¥esBadgy rhese,two senarahe parts arxe i@#’#@e life of
seal 43 and tbgathegr ingadhanher whicherg ukestanitidiDylweny over those

prior art 39ee¢hERIYE 8R! tnl7Kedd rAnil 'datldotd il Ae 0SS ST 08
10 Preferably, they are joined together along a weld line 50
(see FIGURE 2A) utilizing the process of inertia welding
wherein ohe part is held rotationally stationary while
the other is rotated at a predetermined speed that
generates sufficient localized frictional heat to melt
15 and instantaneously weld the parts together w1thout use
of a filler. _This process may employ a conventional
inertia welding machine that is configured to allow
variation of the rotating mass within'the'limitations of
the machine's mass-rotating capacity and to rotate the
20 mass at a controllable and reproducible rate. Once the
'rotating part is at the predetermined rotational speed,
the parts are brought 1nto contact with a predetermined
forging force. The rotational speed may be empirically
determined with test parts of the same size, alloy, and
25 prejoining condition. Complete deformation allows two
planar facing surfaces on the parts being Joined to come
into contact.
- In one example, hase 30 having a volume of 4. 722
cubic inches and a weight of 1.336 pounds was
30 “successfully joined to a tip 29 having a volume of 16.69
cubic inches and a weight of 4.723 pounds using a 44, 000
pound axial load and a rotational speed of 2200 rpm.
In an alternate emhodiment of the invention shown in
FIGURE 5 (wherein corresponding parts are identified by
35 ‘the same but primed reference numbers), rotary cone drill
' bit 10' is made of a conventional alloy steel material
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11 t hat over tine, nay be expased by rerosi on to borehol e

. debris. o hel p protect agalﬂSI iériosi on wi dening g

~eroding ar m‘g?gs’%ea_bottom of shirttail ‘25 -adjacent gap 5 %ﬁ#agxﬁa“
covered with a layer 46 of conventi onal hardf acing material. A
preferred hardfacing materi al conprlséz tungsten. carbi de particles
di spersed within a cobal t, nickel, i ron based alloy matrix, and
may be - applied using well known fusion wel di ng processes or 10
ot her suitable techniques. = . Addi ti onal protection against erosion

s acth eved bY ang pas8P3g: NGsthebabl! w,ﬂ.n?:%ﬁgn%gback&a%%&%@{vgjgg o

radi al |y outwar ance rom acin -
Di stance X al|dhsrﬁﬁgqiagemsteréaaéfF@étcomposites for layer 49' in the

FIGURE 5 embodiment include those described above for
hardfacing layer 46 of FIGURES 2, 2A and 3 as well as
5  solid oxide ceramics such as alumina or zirconia.
Although the present invention and its advantages
have been described in detail, it should be understood
that various changes, substitutions and alterations can
. be made therein without departing from the spirit and
10 scope of the invention as defined by the appended claims.



15 the flow of drl||IFr—TTTﬂTFN%44¥ﬁ¥j£££££

e R 5

s .16 enough to prevent
ng of gap 41. Di stance

r and. t he bi seal ,
es=Foml1/ 16" to 3/ 1%".9‘1&;2?’6%%
present 20 enbodlnent X may be apprOX|nateI 1/8" By
virtue of this construction a | eadi ng ed TMS$1 aced shirttai
25 is protected fromthe | |rrp|ngement of d in by the

upwar dl y-f | owi ng ' drilling fluid. This is st clearly in
25 FI GURE 3, mhereln the direction of rotatlon “of- bit 10 IS

I ndi cat ed by, r deghe radially outwar d-spaci ng . X

effectively rtion 47 of arm 21 from bei ng
directly in the phth oh uebar¥ eepe dyidy bis for fomming ianddrehale, ow

30 ggideabgngeﬂlﬁeabﬁprhgiﬁg@f backface 31 on the cone si de
of gap 41, backface therHBrOV| wth a . hard nmetal covering

i s
~or made fron1hardang?é¥ #ﬁ fin, gnders enépﬁ an, Bpaner; efd APEHARR des
backf age 31 adapbtednfer connectliepetold AFLTGIREtFANG dEoredduayidir df aci ng

material . 3pout éa¥gﬁt§gﬁlgxgﬁgggrggééagﬁager than the hardfacing

mat erial conprising rayer 46 "to outer
a number of angularly-spaced arms: 1ntegra11y formed

with said body and depending therefrom, each of said arms
having an inside surface with a splndle connected thereto
10 and an outer shirttail surface, said sﬁindle projecting
' generally downwardly with respect to $§id body and
inwardly with respect to said axis and'having a generally
cylindrical upper end portion connected to said inside
surface and an inner sealing surface on ‘said spindle
15 within said upper end portion;
"an outside wall formed on said upper end portion
between said outer shirttail surface and said inner

|—hﬂ-——.ﬂ_

seal ,

sealing surface;
a plurality of cone cutters equalllng said number of

20 arms and mounted respectively on one of saiad splndles, |
each of said cone cutters including a generally
cylindrical inside wall defining in part a cavity for
respectively receiving said spindle such that a generally
cylindrical gap is formed between said outside wall of

25 said spindle and said second wall of said cavity defined
by said inside wall and said outside wall, said gap
extending throughout its length in a direction
substantially parallel to a central axis of said spindle
and having an outer segment intersecting with said

30 shirttail surface and opening upwardly with respect to
said body and outwardly from said shirttail surface,.
including an outer sealing surface in said cavity
concentric with said inner sealing surface, and including
a seal element sealing between said inner and outer

35 sealing surfaces; and '



WD 95/ 27120 .
12 portion 33 of base 30 w t houi

Fingstencar oo o1 ol INARHIIEEI-

ni ckel, iron, or cobalt Baskd:5 " salroy'tfgi'ls'%f héceHasief L1 LY 10 base
portion 30 over . 'substantially the entTTe oute ’!ﬂrmﬁﬁcept abl e
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—f=es. material .

al ternative hardfacing materials include carbides, , bori des,
carbonitrides, silicides of tungsten, ni obi um van | ybdenum
silicon, titanium 10 tantal um hafnium zirconium chrom um or boron

di amond, L di'argil e sk EeRd iR R0Bubstahtgalandngtht rem khe eof .
For one application,, tungsten, carbj de ggitlcl si ze range

s with th .
given in Tabl e SRR S (TP ARHIEGE 9§ur§ace ¥°:sa§9réﬁéﬂéﬂﬂy,
backface ring Mdiementi ses an infiltrant 15 al I oy conprising M 25

wei ght percent, N 15 wei ght -percent, Zn 9 weight percent,. and Cu 51
wei ght percent. This alloy has good nelt and flow characteristics,
and 5 good wett2bil iThe idrikbbibit uagsdefiinedbbieCindmslevherain

typi cal hardf acd{fl | G¥eEers éFoh CONPIaEE RCHuREPaTY BBfical cutter body
' having a base defining a cavity opening and a tip pointed
" -away from said cavity opening, an outer portion of said
base having a generally frustoconical shape directed away
10 from said tip and surrounding said cavity opening, said
-outer portion having a circumferentially and radially
continuous layer of hard metal material disposed thereon
to form a backface. | ' '

15 " 3. The drill bit as defined by Claim 1 wherein
‘said cutters each include a generally conical composite
cutter body having a base formed of a conventional steel
material with a backface formed of a hard metal material
-disposed on an outer portion of said base and having a

20  tip formed of a conventional steel maﬁérial, wherein said
hard metal material is incompatible with heat-treating
processes for said tip. o



20 40% infiltrant_alloy by vol une. Techni ques for the
application of hardf-Q#ﬁgshgg?Fuﬁ‘BEEN'"49 are well known in the art. One _
Q N . : .

t echni quewiopsam2at o REPLA ogen |or oxylFHeLAAEULwc%l‘e%?mwng a
| gl partichgsn a N 1 or

D.

tube _mate

based 25 mat r second technlque g the If

Pl asrral\m‘mm“ céss using powders cont ai ram C

partic . + Cu or Fe based matrix. ni que is

di scusséd in U.S. Patent 4,938,991, Bot h t he flrst an second

t echni ques may be perforned 30 either by hand of by robotic wel der.

third technique 4. - A rottaxyl coae drillSbiRatfor fHrfindgod Esﬁeh@épnns
7, 8 9 atively, hardfacing |ayer 49 may be
applled by QQQd arll} bit casplng gbgcess in which hard particles, such as

35 t he al t er na@i beduawdtbc By undexsiides anss an pippemrendcportion

preferred enpagheBA! for! BofnedtiWn' ko aTRlriaN Ry 95/ 27120,
PCT/ US95/ 03954°P or = '9 for r°tati‘wp
5 about a central axis of said body;

. a number of angularly-spaced arms integrally formed
with said body and depending therefrom, each of said arms
having an inSide_surface_wiﬁh-a spind;e.connected_thereto
and an outer shirttail surface, said spindle projecting

10 generally downwardly with respect to said body and

' inwardly with respect to said axis and having a generally
cylindrical upper end portion cohnected to said inside
surface and an inner sealing surfacendn said spindle
within said upper end portion; and

i5 a plurality of cone cutters equalling said number of
arms and mounted respectively on one of said spindles,
each of said cone cutters including an internal generally
cylindrical wall defining a cavity for respectively
receiving said:spihdle such that a geherally cylindrical

20 gap is formed between said spindle and cavity wall, said
gap éxtending throughout its lehgth in a direction
substantially parallel to a central axis of said spindle
and having an outer segment intersecting with said
shirttail surface and opening upwardly with respect to

25 said body and outwardly from said shirttail surface,
including an outer sealing surface in said cavity wall
concentric with said inner sealing surface, and including
a seal element sealing between said inner and outer
sealing surfaces;

30 each of said cutters including a generally conical
composite cutter body having a base formed of a
conventional steel material with a backface formed of a
"hard metal material disposed on an outer portion of said
base and having a tip formed of a conventional steel

35 material, wherein said hard metal material is



ferrous alloy. (Alternatively, the molten bat h may be of a ni ckel,
cobalt, or copper based alloy.) This m xt.ure I's poured into a nold

and solrdrfbﬁ§9 sp & solid bady. emidis forned n
cutter cone 11, E _ boﬁy Fﬂ?FHEETkixjéL Pg&ﬁﬁﬁ%ﬁﬁ%ﬁ
Xs egn]geol ded
during the applrcatro |ng | ayer p ﬁ# into
| ayer 49 after |t M%{ I‘Hﬂ h per haps
p

t he body

-a broader and rm rtant aspect of the on as

il lustrated |nthe preferred enbodi nent of FIGUREZ cutter 11 is a
conposite body i m %ﬁ%%p@f&&ﬁi% PBbbsBed® i .

i nel uding a non eat r eat J?%I e hard neta corrp gnt bkBes -fﬁgvrsr?&d:%ﬁ?gher
degree of har d t han found in pri or rotary cone cutters.  In

c?nt Irasbw trc]otnihcal t ivhedein tt'@ﬁ(i?ach of Qila eatyepk ga&h B&%%l ti%teat ed
steel . I'S SL I uc ace I'S er. apl e (0]
wi t hst and genpnally o‘%‘{] %h%"%%@%‘%&ﬁﬂﬁ? sfﬁﬁgaﬁﬁﬁyo Ry 5pdg tden

enhanced %rotection of seal 43, but also serving to 20 -~ better maint ar n

t he gage di aneter of borehﬁtg %@ﬂ}_‘ll?it ag def?ﬁéﬁ' B?né?hh QQ%%I ,ling a

devi at ed or hori zont aT
i nst ance, shel |said (qyttersfeach tinclude a generally conical cutter body

having a base with a backface disposed on an outer
surface thereof, said base extending radially and axially

10 with respect to said spindle such that, proximate said
shirttail surface, said backface extends a distance
beyond said shirttail surface towards a side wall of said
--borehole.

15 " 6. The drill bit as defined by Claim 4 further
‘comprising hard metal surfaces formed on said shirttail
.surface and said cone cutters adjacent to said gap.

7. The drill bit as defined by Claim 4 wherein
20 said cutters each comprise a backface having a plurality
~ of grooves formed therein.



11 may be manufactured of any hardenable steel or other 25 hi gh-strength

engi neering alloy whi ch_has_adegtat-es= = strength, toughness and wear

T esi st anGeplogayieh hst an% trhes snzeT HABIBEENS fof 't he downhol e S%%ﬁ,’g In
the exenplary e oodln@mmmem@ 29 |§ manuf act ured froma St ee
havi ng a caore hardness a=tdre=heat=treat ico dition of 30 approxi mately

HRC 30 to 45, and havi ng an ul ti mate rmm§$mstl : RmmmaQSO to 1480

vee (30 ¢ IR Illllilllllllll day 8l S0 be ?‘Sfré& gl ?Zef”ef'ns' >

producing ti’p 29, “t he aﬁloy i's heat-treated and quenc e

conventional and wel |l knomn manner to give tip 29. X the deS|red degree
of hardness. _ 85/27120
PCT/ US95/ 03994 8- rotary cone cutter for bopﬁpg engagement with

a side wall and bottom of a borehole qompr;sing.
a generallxaconical alloy steel-quy having a

5 central axis, a tip having a plurality of embedded
inserts protnuding therefrom and a base connected to said
tip;

a cavity formed in said base along said central axis
and opening from said base into said tip;

10 said cavity and said central axis cooperating with
each other for rotatably mounting sald cone cutter on a
spindle; o

said cavity having an inside wall whlch cooperates
with an outside wall on said spindle,spch that a gap is
15 formed which extends throughout its full length in a
direction substantially parallel to said central axis and
said spindle when said cone cutter is rotatably mounted
on said spindle; and
said gap extending a substantial length within said
20 cavity. :

9. The rotary cone cutter as défined by Claim 8
wherein said cutter includes a generaliy_conical cutter
body having a base defining a cavity qpéning and a tip

25 pointed away from said cavity opening, an outer portion
of said base héving a generally frusto¢onica1 shape
directed away from said tip and surroﬁﬁding said cavity
opening, said outer portion having a circumferentially
and radially continuous layer of material disposed

30 thereon to form annular backface. |



In the illustrated enbodi rrént, bas# 0-—Corrpe | ow al | oy st eel
core 32 (FIGURE 2A) onto which is Rffi tﬁ nuous Iayer or

cqati ng 49. o@votyg;zgll tal. Core 32 e.ir eferred g B399
"matrix ring. (A IovaaIon B+ stee weLn iappr oxi rrate y 5 é 10

wei ght percerl_/aJJ_@y—eaﬁf—efnt ) Core 3 |s pr@fer?m*yT‘ng—shaped
pi ece of the sane materi al VT‘DOSI ‘tion as t 29, . bmis saéet Has Been ReB ﬁ&d

expensi ve st eeu‘mm“ mu not quench hardenabl e | ow
car bon st eel the 10 exteri re 32 is
machined to sizé tb recei vé the coating, and p repared

nol d (not shown) whose cavity is shaped to prOV|de the desired
‘coating t hi ckness f flprepared nol d (not

(0]
shown) is milled or %ﬁrne'H{‘TSrg%arl’r GRNG: SHkter aﬁa&? ined by Gaim& that
wi |l contact whereshesbldobas62extendsmradiultlly g iaxg.a3hap wiith such as

surfaces of o CEPEAFE S8"pAe RRErRY, Sl siRe Bl Hfnrace miningp

| ayer 49.5Pref caadigtance heyandsazghirttaddi gmase ttowards: a =sidelwall
expansion of st &gl s§Pa°pdfehole wikh! sBTl SbhdsSuthe:! iMMdtHAHY ¢ ol d

parts. core 32 |s _assenbl |n the pain

The hard parti cm%%anﬁnfS?WhﬁPaﬂﬁéPng | ayer 49 are " then -
distributed within the nold cavity. TABLE 1 shows 25 typi-cal sizes and
distribution of the hard particles for - the preferred enmbodi nent.
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15. ' ' TABLE I U S. Msh
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Phe 1 ool Flﬁlllmlumunul I 2 ﬁfsa'e%: : 225! L

ll ﬂl" to conpact
| nfiltrant
alloy is t heh p ackd Sin*the nateri al

11. An arm-cutter assembly of a rotary cone drill
bit having a body, the assembly comprising-
an arm integrally formed with the body and having an
inner surface, a shirttail surface, and a bottom edge,
5 'said inner surface and said shirttail surface contiguous
at said bottom edge; _
- a spindle attached to said inner surface and angled
downwardly with respect to said arm; |
a portion of said spindle defining an inner seallng
10 surface;
a cutter defining a cavity with an opening for
receiving said spindle; '
a portion of said cavity defining an outer sealing
surface concentric with said inner sealing surface;
15 a seal for forming a fluid barrier between said
inner and outer sealing surfacés;
a gap formed between said cavity and said spindle
with said gap extending throughout its full length in a
direction substantially parallel to a central axis of
20 said spindle, and said gap having an opening contiguous
with said bottom edge; and :
said gap extending a substantial length from said
bottom edge.

25 12. The assembly of Claim 11 wherein said gap
‘extends from said opening to said seal.

13. The assembly of Claim 11 wherein said cutter
comprises a generally conical cutter body having a base
30 with a backface disposed on an outer surface thereof, |
said base extending radially and axially with respect to
said spindle such that, proximate said shirttail surface,
said backface extends a distance beyond said shirttail
surface towards a side wall of said borehole.
35



distribution basin above the hard particle layer in the 15 cavity. If
the infiltration operatlon Is performed in an r furnace, powdered

flux is added ta ot ec he aI | oy. B‘TH]S SP&E& q)kgeBQge_r tion |j,&%sf9%;£gg in

a vacuum or P8 b’ “at nosfjher e, ‘equire
In utilizing _UJe_Lde.r—L&ngsJeen—car anot her suntabl e

material is dispersed within the caV|t 25 toTlI‘l ect;

infiltrant allﬂ |“ﬁmlmlmﬁm reI ative to t Im t he
infiltrant all u nmol.d are heated wt to a
tenperature at “whi ch the aIon melts and conpl etely |nf|Itrates t he

nol-d 25 cavity, usi t he ca bon.d to t her
and to steel core 32ii e’ ass ﬁgﬁl\t?é"r%y%ﬁbgl %e as a
casting of portmapooftsaidteawatycGmppmisganaﬂugutqnuhearzng surfaces

boron car bi de (§ﬁ§)a Skkbhan Bﬁﬁbﬁeo@sbﬁ wind‘ié :?d?%z%es a |0Wéj‘iel oy

-

(SiC, in atou ferrous malri x such.as a ngt h,
steel, or prec.bsﬁawenswfeeﬁeeoncentriaar i quter heaming or m of

fibers or spomdeéﬁrfaae§esa1d sealadiisposede Petwid HaA Vfeh hg'Hnd *said
This matri x may formed either by mxing the particles with the

nol ten 35 PFB‘y’laﬁdSBa§PPﬁ5 the resultant slurry, or by making a

15. The assembly of Claim 11 wherein said cutter

includes a generally conical cutter body having a base

10 definihg a cavity opening and a tip pointed'away from
said cavity opening, an outer portion of said base having
a generally frustoconical shape directed away from said
tip and surrounding said cavity opening, said outer
portion having a circumferentially and radially

15 continuous layer of hard metal material disposed thereon
to form a backface.

16. The assembly of Claim 11 wherein said cutter

comprises a generally conical composite cutter body

20 having a base portion with a backface and a tip extending
therefrom, said tip formed of conventional steel
material, said base comprising a core formed of said
conventional steel material, said core defining an outer
portion of said base, and said backface formed of hard

25 metal material, wherein said hard metal material is
incompatible with heat-treating processes for said tip.
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preform of .the partlcles and allowing the nolten alloy to

|nf|Itra% % : r_%]‘Eached to tip 55%@?§z&?6{12;;|a

ﬁfeforn1§:_
wel di_ ng _or S|rn ar te
On(.mé& Ha!‘Be%n LA ot her than

cone cutter

which i% substartidl |y non- destructlve :
characteristics of each 10 Preferably, they are JOlned_together along a
weld I'ine 50 é}f&é khpZ f

wel di ng vvherel n one pat t h#?ﬂhro?ggl g?l’gl ?5/’9??'3% %ngry \’\#]1%

the other iconprisingt a predetern1ned speed t hat gener at es

sufficient |ocal 'é%&%'ﬁitﬂnah bppért enaebbri:ion ‘adaptieds gyt aneously wel d
the parts together, wthout

a_fil ThIS r ss . may enpl oy
a convent i orfpnnection;ta a; ‘ir%\k}dPﬁgenaEﬂFnE ings 8 g’é&r @a"’c‘é" & | ow
vari atg on ofcdmeradtakisgofresaidi bédy;the linmtations of :

a number of angularly-spaced arms integrally formed
with and depending from said body, each of said arms

comprising:
an inside surface,
. 10 a spindle having a generally cy11ndrica1 end _

portion connected to said inside surface;
said spindle projecting generally downwardly
and inwardly with respect to said central axis;
said end portion having an inner sealing
15 surface thereon; and
a shirttail having an outer shirttail surface;
a plurality of cone cutters with each of said cone
cutters rotatably mounted on one of said spindles, each
of said cutters comprising:
20 : ' a generally cylzndrlcal inner wall def1n1ng a
' cavity for receiving said spindle, said cavity
having an end opening;
an outer sealing surface in said inner wall
‘concentric with said inner sealing surface; and
25 : a cutter end portion surrounding said end
opening;
a seal element for formlng a fluid barrier '
. between said inner and outer sealing surfaces; and
a gap formed by said inner wall and said spindle
30 having an opening between said shirttail surface and said
cutter end portion such that said gap extends throughout
its length in a direction substantially parallel with a
central axis of said spindle and said gap extending a
substantial length from said opening to said seal
35 element. '



t he machi ne' s mass-rotating capacity and to rotate the 20 mass at a
control | abl e and reproduci ble rate. rotating part is at the

pr.edet er m negg dRjgjdgonal are brought i W&/ﬁé&%ﬁ@ﬁ
1n4u44ﬁﬁﬂ—fﬂnﬁﬂr7ﬁr’

with a predeterm ned gi- y
errpl rically determned Wi th’ “t—e iﬂg&éb&m{e@d&@y’ and

prejo CﬁﬁﬁTete defornatlon pl anar
faC| ng surfiﬂ'ﬂﬂ#ﬂﬂ'@ﬂ”ﬁ bei ng jOI ned to cone m‘ﬂ“W“H act
I n one exanpl*e, thase awi ng a vol une of 4.722 es and a

wei ght of 1.336 pounds was 30 successfully joined to a tip 29 having a
vol ume of 16. 69 18.Cukihe irttay awhe dwilhtbid b dSE ved By Usidim a

44,000 nd.axial | ot atj f 2200, rpm

In an alternate grrt%‘(? TR € 5%(;‘[ %?is%}éﬁtﬁ)ér?%ovﬁwe_xo cc?mg_qﬁﬁ& 3

(wher ei n corresg@memngluanmmimaiidﬂhﬂﬁﬁihﬂﬂxnpdnprisinghsane but pri med

reference nunbers), ro | Rids, gﬂpqﬂk

conventional alloy st etglq' mﬁ’t%(el %3 éwlay fromv\g é%/ 2a7\} r?{né‘,

PCT/ US95/ 3994 a base, connected to said tip, for partially
defining said cavity opening;

said base having a backface surrounding said cavity

opening; | _
_ said backface having a generally frustoconical shape
10 directed away from said tip; and :

a circumferentially and radially continuous layer of
hard metal material disposed on an outer portion of said
base to form said backface.

15 19. The rotary cone drill bit as defined by
Claim 17 wherein each of said cutters further comprises a
generally conical composite cutter body with a tip formed
of a conventional steel material and a base coupled to
said tip having a backface formed of a hard metal
20 material, wherein said base comprises a core formed of
said conventional steel material, said core defining an
" outer portion of said base, and wherein said hard metal
material is incompatible with heat-treating processes for
said tip.
25 .
20. The rotary cone drill bit as defined by Claim
17 wherein said shirttail surface and said cone cutters
have hard metal surfaces adjacent to said opening for
said gap to minimize erosion of said shirttail and said
30 cone cutters. '



17 and base 30" is integral with tip 29'. Aternative

har df acing materials and conposites for |ayer 49" in the FI GURE 5
enbodi nment ?ﬂ@bgﬁﬁ‘fhose descri bed above for: har df aci npctasesesds of
Fl GURES 2, an % as well as 5 solid oxide ceram cs such as al um na
or zirconia. Al t hough the present invention and its advant ages
have been described in detail, it should be understood t hat vari ous
changes, substitutions and alterations can be made therein w thout
departing fromthe spirit and 10 scope of the invention as defined by
t he appended cl ai ns.
PCT/ US95/ 03994 ' 18
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VHAT IS CLAI MED | S: - 1. Arotary cone drill bit for formng a
bor ehol e, said drill bit conprising: a body with an
under si de and an upper end portion 5 adapted for connecti il
string for WRWY about a central axis of said body;ﬁr&é}smﬂt a
nunber of angul arly-spaced arns integrally forned wi th said body and
dependi ng therefrom each of said arns havi ng an inside surface with
a spindle connected thereto 10 and an outer shirttail surface, said

spi ndl e projecting generally downwardly with respect to said body
and inwardly with respect to said axis and having a generally
cylindrical upper end portion connected to said inside surface and
an inner sealing surface on said spindle #é/f wi thin said upper end
portion; and a pluraligsy of 460 utters equal lindg said nunber

of arns and rmunt,ed:j:r::é:s\” AL yﬁ }/on one of said spindlés, each

of said cone cutters ingkiddiugsa] i pt ¢f nal geneps cylindrical wall
' ?’II%WUL e such that a

CA AR NS

general I'y cylindrical 22 Y

A JAJA A YA

defining a cavity for ?I?Bﬁefél'}&‘ y
' 5P ndlie apd cavity

wal I, said gap exiendiag-fy hinadiiec?on
substantially parall el ;:t;p;ﬁ::c;éj}\t gyspindlld - . nd havi ng

shixttail surface and openi ng

an outer segnent i nter BTG
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concentric with said inner sealing surface, and including a seal

el ement sealing between said inner and outer 30 seal i ng surfaces;
egch of sai dyglsh®frg | Ncl uding a generally coni cal conpQsi §ﬂ£$§r
body having a base tornmed of a conventional steel material W a
backface formed of a hard netal material disposed on an outer portion
of said 35 base and having a tip forned of a conventional steel
material, wherein said hard netal material is _
i nconpatible with heat-treating processes for said tip; and
wherein for each of said cutters said base is general ly ring-shaped
and fornmed separately of said tip. 5
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',--31
’.--,-,- ..... /"""23
a e 12

2’ W “ N \7\?%
a-%%- :

12 : $

P
p
L1

T
bl

)

3

34 - u




2" The drill bit as defined by O aim 1 wherein Qthijsai oy tﬁe);so%gé 4

I.ncl ude a generalTy conical—cutter—body hawi base w/t

bkt I T L s
+ ¢Sk

proxi mate said rface, s3fd backface extends a dﬁstance

beyond said shirttail surface towards a side wall of said bor ehol e.
15 3. The drill bit as defined by Caim1 further
conprising hard nmetal surfaces forned on said shirttail surface and

sai d cone cutgﬁ#i%agﬁggggﬁugg_igkd gap. 4. The drill bit as
defined by d said cutters each conprise a.backface
having a plurality 1.  AcfofasBveoneodmddlt hdteifipr forming a borehole,
PCT/ US95/ 03994aid drill bit comprising:
a body with an underside and an upper end portion
5 adapted for connection to a drill string for rotation
about a central axis of said body;

a number of angularly-spaced arms integrally formed
with said body and depending therefrom, each of said arms
having an inside surface with a spindle connected thereto

10 and an outer shirttail surface, said spindle projecting
generally downwardly with respect to said body and
inwardly with respect to said axis and having a generally
cylindrical upper end portion connected to said inside
surface and an inner sealing surface on said spindle

i5 within said upper end portion; and

a plurality of cone cutters equalling said number of
arms and mounted fespéctively on one of said spindles,
each of said cone'cuttérs including an internal generally
cylindrical wall defining a cavity for respectively

20 féceiving said spindle such that a generally cylindrical
gap is formed between said spindle and cavity wall, said

- gap extending throughout its length in a direction
substantially parallel to a central axis of said spindle
and having an outer segment intersecting with said

25 shirttail surface and opening upwardly with respect to
said body and outwardly from said shirttail surface,
including an outer sealing surface in said cavity wall
concentric with said inner sealing surface, and including
a seal element sealing between said inner and outer

30 sealing surfaces; '

| each of said cutters including a generally conical
composite cutter body having a base formed of a
conventional steel material with a backface formed of a
hard_metal material disposed on an outer portion of said

35 base and having a tip formed of a conventional steel
material, wherein said hard metal material is

AMENDED SHEET



5. A'rotary cone drill bit for formng a boreholév;?v-a-ﬂ sald“d#lbkﬁbiﬁ Nl
conpri si ng: __—a-bedy with an underside and an upper end portion-
adapt ed f or¢onnection to ﬂrlll string for Pataﬁlon .5.. .about a central

axi s of sald “l““ a number of angil arfy-spaced arns~i ntegratdy
for med M““““““ and dependi ng t%erefrom each of said arns gg“
havi ng an |nS| ecsutfale With a spi ndl e connected thereto and an

‘outer shirttail surface, said spindle projecting 10 general |y downwardly
~With respect to said body and innardly with respect to said axis and

Therag® ge”eraﬁw%éﬁiﬂﬂéﬁé@%—&%ﬁﬁ&% 8CBRSEs 4oZpAAIE 157
“inside a pi ’
within said upp@d end portion; an outside wall forned on said
upper end portion o h of sa betme a|d Qut er
it surPsEe i P or et “eibn ytlaPrasaia BAsE AT
plurality of cgaaecratltlafr ¥ iggrehaped caand nfm@edoéeparateayrrpfamﬁd)mitpad
respectiyely on one of said spindles, 20 each of said cone cutters
including a generally cylindrical inside wall defining in part a

cavity for re@pect i VRIS, Griclel \hiy amideshned) BysGiaimhat Wﬁleg'é#é’r ally
cylindrical gaaaua &kﬂ&&@d@ﬁ&ﬂ@hﬂi@tﬁ Syéife¥@1 1yObonical eatterPibidye
and said InSIdﬁ ma Ofﬁggéjéx%ﬁtglbackface disposed on an outer
surface thereof, said base extending radially and axially
10 with respect to said spindle such that, proximate said
shirttail surface, said backface extends a distance
beyond said shirttail surface towards a side wall of said

borehole.

15 . 3. The drill bit as defined by Claim 1 further
comprising hard metal surfaces formed on said shirttail
surface and said cone cutters adjacent to said gap.

4. The drill bit as defined by Claim 1 wherein

20 said cutters each comprise a backface having a plurality
of grooves formed therein.

AMENDED SHEET



25‘ portion of said gap adjacent to said outer dyf "g -
ext endi ng m_g_QLLQQLLQQ,par-aH—eI to a central P /Hﬁ?s of %5 a{sb;) fﬁn 4
and havi ng an outer segnent i ntersecting with said shlrttaLI surface

200 oo o IR MKDAHY cospect, o e, Psbearmdot Mzg'y L R

cavity concentric “with §ai d inner seal i ng surface, and including-a
seal elenent sealing between said inner and outer sealing surfaces
and said gap extending fromthe exterior of said 35

shirttail surface tg sai n .
8, ﬂ §§% egngHgﬂﬁyll ﬁ%ﬂi#or form%%?n%ngrehole,

direction parall el W th sai axi's o
said drill bit comprising:

a body with an underside and an upper end portion
adapted for connection to a drill string for rotation

-5 about a central axis of said body;

a number of angularly-spaced arms integrally formed
with said body and depénding therefrom, each of said arms
having an inside surface with a spindle connected thereto
and an outer shirttail surface, said spindle projecting '

10 generally downwardly with respect to said body and _
inwardly with respect to said axis and having a generally
cylindrical upper end portion connected to said inside
surface and an inner sealing surface on said spindle
within said upper end portion;

15 an outside wall formed on said upper end portion of
each of said spindles between said outer shirttail
surface and said inner sealing surface;

a plurality of cone cutters equaling said number of
arms and mounted respectively on one of said spindles,

20 each of said cone cutters including a generally
cylindrical inside wall defining in part a cavity for
respectively receiving said spindle such that a generally
cylindrical gap is formed between said outside wall of
said spindle and said inside wall of said cavity, a

25 portion of said gap adjacent to said outer shirttail
surface extending in a direction parallel to a central
axis of said spindle and having an outer segment
intersecting with said shirttail surface and opening
upwardly with respect to said body and outwardly from

30 said shirttail Surface, including an outer sealing
surface in said cavity concentric with said inner sealing
surface, and including a seal element sealing between
said inner and outer sealing surfaces; and

said gab extending from the exterior of said

35 shirttail surface to said sealing element in said

BT 3R



o ohe JTLLh DLt 25 del e by Gam s wherel pedg s 9 613 ‘2“2“‘*

e 08 vl || nﬁlﬁﬁ!\\ﬁiﬂﬁfﬂl‘fﬂbﬂi\?gm said cavi 3 QERAPETIESS 86001035

parallel with ral axis of 23 d spindle, an outer portion of

10 sai d basé h&V|hg a generally frustoconi cal shape directed away
fromsaid tip and surroundi ng sai-d cavity opening, said outer '
portion having a circunferentially and radially continuous Iayér of
hard net al [ L herean to.form a backface,

7. The drill fr%gt:ggﬁ %’&gﬂs}e& &’H’r&‘s eﬁltral ax "'ssau‘gg c?ﬁ’f%rs each

i ncl ude a genespingleoni cal conposite cutter body having a base
fornmed of a conventional st eel material with a backface forned of a
hard netal material di spgsed on an outer portion of said base and
havi ng a tip ﬁornnﬁhﬁfdﬁléénpéﬁt?§néﬁ fined byaidaim 5 whexeinsaid

hard netsal natgdidlcuttérsogashi bhelwdehahgehelradadly Rbnical JUOESS SIBSAY O

said tip. having a base defining a cav1ty opening and a(%%éﬁ%ﬁ%SBQ 4
away from said cavity opening, said inside wall extending
from said cavity opening in said direction parallel with
said central axis of said spindle, an outer portion of

10 said base having a generally frustoconical shape directed

away from said tip and surrounding said cavity opening,
said outer portion having a circumferentially and
radially continuous layer of hard metal material disposed
thereon to form a backface.

15
7. The drill bit as defined by Claim 5 wherein

'said“cutters each include a generally conical composite
cutter body having a base formed of a conventional steel
material with a backface formed of a hard metal material

20 disposed on an outer portion of said base and having a
tip formed of a conventional steel material, wherein said
hard metal material is incompatible with heat-treating
processes for said tip.

AMENDED SHEET



8. An armcutter assenbl y of a rotary cone drill bi t QWD a ,
the assenbl y—conprising: an arminte ﬂprned quﬁ%qﬁggl*

L N R ot

sai d bottom a spindl e at 28ch

angl ed downwar dl y mnth respect to said arm a portion of
said spindle defining an inner sealing 10 surface; a cutter
defining a cavity with an opening for receiving said spindle; '

a portion of said cgvitysde | (o]
concentric with sal%‘ | nn%liii églg Bﬁ‘d@gﬁ %{ng m%?.? 9 a rOtarie;%&?%r i ng
‘a-fluid barri dithchawingsaibody, thej amsembiy compr isdaid:ng surfaces;

a gap formed betweedyn s fﬁfé&i‘aﬂ!? %akﬂeapw&%e the bodﬁﬁ téhé%é’vﬂ?@ an
extending fromsaid %ﬁ¥£%£% In“said di rection
I

subst anti al | y iner 'c%n§PéFt§§F§ EHrfaCGﬁ §£41§n99ﬁﬂQ¥ edf¥P sai d
gap havisng an saieliitther surfascéi suausaWdt Bhi#itdalia! supfRdEe catitiguous

at said bottom edge; _

a spindle attached to said inner surface and angled
downwardly with respect to said arm;

a portion of said spindle defining an inner sealing

10 surface;
' - a cutter defining a caVity with an opening for
receiving said spindle;

a portion of said cavity défininq an outer sealing
surface concentric with said inner sealing surface;

15 a seal for forming a -fluid barrier between said
inner and outer sealing surfaces;

a gap formed between said cavity and said spindle
with said gap extending from said opening in said cavity
in a direction substantially parallel to a central axis

- 20 of said spindle, and said gap having an opening
contiguous with said bottom edge; and

said gap extending from said bottom edge to said
seal in a direction parallel with said central axis of
said spindle.

25. | .. o

9. The assembly of Claim 8 wherein said cutter

comprises a generally conical cutter body having a base

with a backface disposed on an outer surface thereof,

said base extending radially and axially with respect to

30 said spindle such that, proximate said shirttail surface,
said backface extends a distance beyond said shirttail
surface towards a side wall of said borehole.

AMENDED SHEET



'sald ap extending fromsaid bottom edge to said eseal i d 2 i‘ j
par al Igelo Wi t h—sal—gr—ee%f ° said spPrgTéU 915&/ UBC% 9’“&.

The assenbly of O aim8 wherein said cutter gene
coni cal cutter. ”uu ﬂﬂﬁ"’”ﬂ'"m Wi th 5%395?&%’9?@? (é‘lﬁ‘fééhgus
outer surface t E d base ex2ending radially and aX|aIIy wth
"respect to 30 sald shirfdl & such that, proximate said shirttail surface,
sai d backface extends a di stance beyond said shirttail surface

towards a side wall .of said borehole.

AMENDED SHEET . §95/03994

10. The assembly of Claim 8 wherein a s&HoR
portion of said cavity comprises an outer bearihg surface
and a second portion of said spindle comprises an inner
bearing surface concentric with said outer bearing

5 surface, said seal disposed between said opening and said
bearing surfaces.

uJ‘E‘\ ALY



10. The assenbly of O aim8 wherein a second portion of said eavity

conprises an outer—bearing-surface and a Sgggz?gﬁ¥rF'°§? salg OJ?

rnc

spindl e conpris earing surface €
S T ===y e oo

beari ng surface

- PCT/ US95/ 03994 11. The assenbly of Claim8 wherein said
~cutter ~includes a generally conical cutter body having a base
- defining said cavity opening and a tip pointed away from said cavity

- opening, said Insidflval&hgxgggngQYfB%nbﬁgf% 8 wherein said gutter
includes a generally conical cutter body having a base
defining said cavity opening and a tip pointed away from
said cavity opening, said inside wall extending from said

5 = cavity opening in said direction parallel with said
central axis of said spindie, an outer portion of said
base having a generally frustoconical shape directed awvay
from said tip and surrounding said cavity opening, said
outer portion having a circumferentially and radially

10 continuous layer of hard metal material disposed thereon

to form a backface.

12. The assembly of Claim 8 wherein said cutter

comprises a generally conical composite cutter body

15 having a base portibn with a backface and a tip extending
therefrom, said tip formed of conventional steel
material, said base comprising a core formed of said
conventional steel material, said core defining an outer
portion of said base, and said backface formed of hard

20 metal material, wherein said hard metal material is
incompatible with heat-treating processes for said tip.

AMENDED SHEET
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5 cavity openi in said direction parallel with_.s e ?
of said spindle, gﬁxBUTer\ngLLgﬂ\gi\said Ehylng é?dgngki sﬁé 2*

f ¥ ust oconi cal

cavity openi ng,

radially 10

to form a backf ace.

cutter

havi ng a base portion with a backface and a tip extending

cont Fnuo

conprises a generally conical conposite cutter body 15

said tip fornmed of conventional stee

. erial, sai,d base conprisin
a core formed of sair r°§%ﬁ¥eﬂ??6nQFlégegaknﬁpgrF&rm¥§%(? Qégkﬁ?nlgg

an outer cqmpﬁﬂsmngﬁ sai d base, and said backface fornmed of hard 20
metal material, e atible
wi t h heat - treatlng procégség£$ sgﬁég% Hﬁ& bo@kloﬁ adapted'¥3¥n)

pCT/U595/0399¢onnectlon to a dr111 plpe, for rotating said bit about a

5

10

15

central axis of said body;

a number of angularly-spaced arms integrally formed
with and depending from said body, each of said arms
comprising:

an inside surface;

a spindle having a generally cylindrical end
portion connected to said inside surface;

said spindle projecting generally downwardly
and inwardly with respect to said central axis;

said end portion having an inner sealing
surface thereon; and

a shirttail having an outer shirtta11 surface;
a plurality of cone cutters with each of said cone

.cutters rotatably mounted on one of said spindles, each

20

25

30

35

of said cutters comprising:

a generally cyllndrlcal inner wall defining a
cavity for receiving said spindle, said cavity
having an end opening;

an outer sealing surface in said inner wall
concentric with said inner sealing surface; and

a cutter end portion surrounding said end
opening;

a seal element for forming a fluid barrier
between said inner and outer sealing surfaces; and
a gap formed by said inner wall and said spindle

having an opening between said shirttail surface and said
cutter end portion such that said gap extends from said
end opening in said cavity in a direction substantially
parallel with a central axis of said spindle and said gap
extending from said end opening to said seal element in
said direction parallel to said central axis of said
spindle. ' '

AMENDED SHEET

shapw’i”?/l/t ed away ' from sai d .t.i.p and surrounding said

t heref rom

rtion having i ci rcum‘erentlallyaandm—m«

mwll)@hard me2&l material di sposed theéreonw i

The assenbly of Caim8 wherein said
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1%._A rotary cone drill bit for form ng a borehol e, conprising: - -
a body with an- apted for wAasEeonnect i dnit @ a~ﬂr?k} +

el RN B Bacd PCRTG S 00Ti0%

depending froms said arne26 conpr|5|ng

an inside surface; a spindle having a generally
cylindrical end - portion connected to said inside surface;

sai d spindle projecting generally domnmardly and i nwardly mjth
respect to said central aX|s : en prtion haV|n

i nner sealing 15  14- h?uFﬂﬁﬁ¥%lﬁﬂﬂﬁn9r¥%&jb1t as geglned by, Cipd talr

havi ng an out e13skWherednl eachf afe;said cutters fuptherl cémppisesna cutters

with each of 58ége§95]§8f conlgdﬁuch%rt%rr cgoaér)p g&p%{ﬁz on one of sal d

spi ndl es, each Cutters conpri
general ly cyllndrlcaltlpnpplw&Bﬂ.@yhﬂnﬁn9M1sald cavity openiygfor

recei ving said sp' ngl Basddi donRlicdthd to said tiplA¥&E parenghppeni ng;
an outer sealin ur face |n sal d i nner wall concenttic with

sai d i nner sed??ﬁ nings gadd gAyity opening; a cutter end portion
surroundi ng said engaid base having a backface surrounding said cavity

opening;
said backface having a generally frustoconical shape
10 directed away from said tip; and
a circumferentially and radially continuous layer of
hard metal material disposed on an outer portion of said
base to form said backface.
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openi ng; a seal elenent for formng a fluid barrier.

bet ween said i nner and outer sealing surfaces; i d
by said inner wall and said spindlie 30 havi ngd:wg&ni ng%é %@Bsalc%nh

shirttail surfa cutter end

extends from saiﬂlﬂm’lm"mrumuluﬂ‘ﬂ ng in sad g'i'tﬁ tﬁf ?2?2?%1% 6%01— |995
substantially paratlelt wth a central axis of sald spi ndl e and sai d
gap extending fromsaid end opening to said seal elenent in 35

said direction parallel to said central axis of said spi ndl e.

14. The rotary cone drill b|t as defined 3 . wherein each-of
said cutters furthéP-conptg Ftary cone @E%%*é?%? EBn?EﬁFnEGtPXr body

conprising: cClaim 13 wherein each of said cutters further comprises a
generally conical composite cutter body with a tip formed
of a conventional steel material and a base coupled to

5 said tip having a backface formed of a hard metal
material, wherein said base comprises a core formed of
said conventional steel material, said core defining an
outer portion of said base, and wherein said hard metal
material is incompatible with heat-treating processes for

10 said tip.

16. The rotary cone drill bit as defined by Claim
13 wherein said shirttail surface and said cone cutters
have hard metal surfaces adjacent to said opening for
15 said gap to minimize erosion of said shirttail and said
cone cutters.
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a*tip pointed away fromsaid cavity opening;

5 a base, connected

to said tip, for partially defining said cavqmw1966n1hg~/{$ﬂ
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(§7) Abstract

A rotary cone bit (10) for forming a borehole having a body with an
underside (15) and an upper portion adapted (20) for connéction to a drili
string. The drill bit (10) rotates around a central axis (26) of the body. A
number of angularly-spaced arms (21) are integrally formed with the body
and depend therefrom. Each arm (21) has an inside surface (24) with a
spindle (23) connected thereto and an outer shirttail surface (25). Each
spindle (23) projects generally downwardly and inwardly with respect
to the central axis (26), has a generally cylindrical upper end portion
connected to the inside surface (24), and has an inner sealing surface
‘within the upper end portion. A number of rotary cone cutters (11) equal
to the number of arms (21) are each mounted on one of the spindles (23).
Each of the cutters (11) includes an internal generally cylindrical wall
‘defining a cavity (36) for receiving the spindle (23), a gap (41) with a
generdlly cylindrical first portion defined between the spindle (23) and
cavity wall, an outer sealing surface in the cavity wall concentric with the
inner sealing surface, and a seal element (43) spanning the gap (41) and
sealing between the inner and outer sealing surfaces.
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(54) Title:/ﬁOTARY DRILL BIT WITH IMPROVED CUTTER AND SEAL PROTECTION
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general ly conical conposite cutter body mﬁth atip formed of a

“conventional steel material and a base coupled to 5 said tip having a
backface forned of a hard netal material, wherein said base
conprises a core formed of - said conveéentional steel material, said
core defining an outer portion of said base, and wherein said hard
met al material i.s inconpatible with heat-treating processes for 10
said tip. 16. The rotary cone drill bit as defined by Caim
13 wherein said shirttail surface and said cone cutters have hard
metal surfaces adjacent to said opening for 15 said gap to mnimze
erosion of said shirttail and said cone cutters.
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