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ROTARY DRILL BIT WITH IMPROVED CUTTER

TECHNICAL FIELD OF THE INVENTION
This invention relates in general to rotary cone
drill bits used in drilling a borehole in the earth and
5 in particular to composite cone cutters with enhanced
downhole performance.



BACKGROUND OF THE | NVENTI ON One type of drill used in formng a

borehole in the earth is a roller cone bit. Atypical roller cone

bi t woes el ses a body with an upper end adapted for pOoVess3062 5
toadrill string. Depending fromthe |ower end portion of the body-
are a plurality of arms, typically three,a . each with a spindle -
protruding radially inward and downward with respect to a projected
rotational axis of t he body. A cone cutter is nounted on each
spindle and 10 supported rotatably on bearings acting between the

spi ndl e and the |n5|de of a spindle- rece|V|ng cavity in the cutter.
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again is not
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 respective roller cone cutters can lengthen the
useful service life of the bit. Once drilling debris is
allowed to infiltrate between the bearing surfaces of the

25 cone and spindle, failure of the bearing and the drill
bit will follow shortly. Various mechanisms have been
employed to help keep debris from enterin§ between the
bearing surfaces. A typical approach is to utilize an
elastomeric seal across the gap between the bearing

30 surfaces of the rotating cone cutter and its support on
the bit. However, once the seal fails, it again is not
long before drilling debris contaminates the bearing
surfaces via the gap between the rotating cutter and the.
spindle. Thus, it is important that the seal be fully

35 protected against wear caused by debris in the borehole.



Idng before drilling debris contam nates the bearing surfaces via the

gap bet vveenvg.@gs,%ﬁifitl ng cutter and the spi ndl e. Thus, péris8esnsez
i nportant that the seal be fully 35 prot ect ed agai nst wear caused by
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" | east two prior art approaches have been enpl oyed to protect the
seal fromdebris in the well. One approach is to provide hardfacing
and wear buttons on opposite sides of the gap between the spindle

support arm 5  and+CUldait S RRdidy Yrt M&éﬁ@s%’@v@%&ént%ﬂéyed
outside of the hit an e&o osed to debr&Gﬁ cgr rfl wel |
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4,037,673. 15 An_exanpl e the first approach Is use

conventional trifludfe dr"[ﬁqseolllufwﬁr%ﬁ?-‘?‘ﬁ&% Qfion @f the mekal cutter
at the junctureadfjacent’ €heegap,c and thus Prblong tlselmmé béporé €réi ned

at Ieast in partegx 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 respective spindle and
support arm is defined at least in part by a
substantially frustoconical surface, termed the cone

20 backface. This. cone backface is 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 on

25 the cone side of the gap. On the other side of the gap,

" the tip of the 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 simply shirttail.

30 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 t¢ as the
tip of the shirttail or shirttail tip.

35 During drilling with rotary bits of the foregoing
character, debris often collects between the backface of




substantially frustoconical surface, terned the cone 20 backface. This

cone backface is slanted in the opposite direction as.the conical
surface WOBREHhel | or tip of the- cutter and i ncl RISEUPSHBWRal ity
of hard netal buttons or surface conpacts. The latter are designed
to reduce the wear of the frustocdnical portion of the backface on
25 the cone side of the gap. On the other side of the gap, t he
tip of the armis protected by a hardfacing material. For
definitional purposes, that portion of the armwhich is - on the
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shirttai| sH®EONR HHHAYS Fad e wall of H_}Peb chﬁnfrﬁlﬁy
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4 ‘iggeuc{ﬂﬂe- cﬁt%er sthe [eading edge, ; FEN, BRCABE: eFodedal | ps
within the aisis wirosidmeprogresses: theshasdfacihgdcovelring theeach cone

cutter open 4%,lhe PP 0L e PditiaT1y "8nfps off. This chipping
exposes underlying softer metal to erosion and thereby
10 shortens the path that debris may take through the gap to
the seal. This path shortening ultimately exposes the
seal to borehole debris and thereby causes seal failure. .




result, the underside of the edge of the shirttail tips 5 which lead in

the di rectig‘;b;g‘lz,;1 tation of the bit during drilling, iP@l‘lUSJSFﬁB()z

| eadi ng edge, €ah Decone eroded. As this erosion progresses, e

har df aci ng covering the shirttail tips eventually chips off. This
chi ppi ng exposes under | yi ng softer net@l to erosion and t hereby 10
shortens the path that. debris nmay take through the gap to t he seal
This path shortening ultinmately exposes the seal to borehol e debris
and thereby causes seal failure.. WO 95/ 27121

PCT/ US95/ 03902 5 SUMVARY OF

THE | NVENTI ON 'ﬁnuuaxx'gz'$ﬁ£L§F¥§g%§QPnvention contenpl ates an i nproved
rotary cone drill bi TheyPResentcinvepkirporoptempdates an jigprqved  ng
relationship bei%ﬁﬂﬂytbenasdﬁilmtBﬂtCB?enpﬁel c@hht@ubﬁﬂaﬁ1dfﬂﬂhd65p9CtiVe
support arns to,bett . pL ajnst erosion at the.clearance gap
bet ween each _ineergiﬁ’élﬂﬁt Fsgagﬁlgﬁ%{‘ggr b&%&?ﬁf\,?“ﬁﬁs&?& a[tﬁéfme better
protect s®al s dtwbbers andttbejmprespectivedsupporéaarms to betbexr cutter
The present invgpid SQ3hRE! 1 OpR QS 208 YHeltilaali t '

| nproved weari é{ﬁ? agéégyrilge Hgséigﬂhgﬁcgggsgri \%% géa?ﬁ%f ga P ee\ﬂ 4£<'.Ihn
one aspect of t®enengettesnand itgpseepeckiygdarm and, thereby, better

protéct seals disposed in the gap associated with each
_ cone cutter. The present invention also includes a
10 ”composite cone cutter with improved wearing surfaces and
enhanced service life.

- In one aspect of the invention, a support arm and
cone cutter assembly of a rotary rock bit having a body
provides superior erosion protection. The aséembly

15 includes an arm integrally formed with the body and
having an inner surface, a shirttail surface, and a
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

20 respect to the arm. A portion of the spindle defines an .
inner sealing surface. 'The_assembly also includes a

' 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

25 inner sealing surface. The assembly further includes a
seal for forming a fluid barrier between the inner and
outer sealing surfaces. A gap associated with each
support arm and cone cutter assembly includes a portion

~ formed between the respective cavity and spindle, and has
. 30 an opening contiguous with the bottom edge of the
respective support arm. _ | '
In another aspect of the invention, a'comeSite cone
cutter is provided with the backface of the cone having a -
hard metal covering such as hardfacing. 'Alternatively, a

35 portion of the composite'cane including the backface may

itself be made of hard metal so that the base of the



cone cutter assenbly of a rotary rock bit having a body provi des

superior erosion protection. The assenbly 15 includes an armintegrally
formed vwobhsthal body and havi ng an inner surface, aperrusvéedohz
surface, and a bottom edge. The inner surface and the shirttai
surface are contiguous at the bottgm edge. A spindle is attached

to the inner surface and is angled downwardly with 20 respect to the
arm A portion of the spindle defines an i nner sealing surface. The
assenbly al so includes a. cutter that defines a cavity with an
openi ng for receiving the spindle. A portion of the cavity defines

an out er seabmpgsitef sovet hdjacentorthengap ig thighky 2®esistantictoseal | ng
surface. TQStﬂséﬁgghﬁn Qhﬁhgba'rm' lﬂp%&mspea:f fﬁ% u;aces Qymng a fluid

barri er between the I nner an _outer A gap
associ at ed WAPRrEaRk and prefexzed %ﬁHﬁQ§uPﬂxih9ciRYQﬁt%B%ehﬁlyhﬁncludes a

portion formh€ithd ofe aVeompoad te: T icittEr ifor A esbary | Sonand has 30

arm 8" 10 SHLIOBRE LR Y3 AR B Hidd¥ntrax, maseRbate cone T
cutter is pnormdddynincompatihdler ati¢hofeadh otther hundex) the usualhard netal
Conpoutbo” BipSRaitng] el clkiuti ) 68 nd siyradpd B Hifary,
metal so thﬁfmﬁhér%%-ebgf- t h8pecif callm ¢herone backface may be
PCT/ US95/ 03882med of a hard metal material that is fhore resistant to
10 ‘erosion and wear than conventional hardfacing materials
and also incompatible with the usual heat-treating
‘processes to which the main portion or shell.of the cone
body is subjected. |
The invention also resides in the novel construction
15 of the body of the cone cutter with the separate'
formation of a base portion comprised of a nonheat-
treatable material and a conical tip or shellhcomprised
of a conventional heat-treated steel. Subsequently, the
base and tip are joined securely together in a manner
20 which is non-destructive to the heat-treated
characteristics of the tip and the high hardness
characteristics of the base. The present 1nvention
results in a composite cone cutter having metallurgical
characteristics which optimize downhole performance while
25  at the same time allowing for reliable, efficient
manufacturing of the composite cone cutter.
An important technical advantage of the present
" invention includes the ability to fabricate or
_manufacture a backface ring separately from the shell or
.30 tip of the cone cutter body. Thus, various types of wear
buttons, inserts, and/or compacts may be fabricated as an
1ntegra1 part of the backface ring during the associated
‘molding oricasting process. Also, fabrication of the
backface ring as a separate component allows molding a
35 layer of diamonds and/or diamond particles as an- integral
part of the backface ring. The present invention allows




conposite cone adjacent the gap is highly resistant to bot h erosion
and wear. Iwmmlishi ng this, an i nportant and prefgkg ’?Q’ ?ﬂ,

of. the invention ts the formation of a conposite cone cut or
rotary cone 5 drill bit which is conprl%ﬁd of dissimlar materials
normal |y inconpatible with each other under ‘t he usual processi ng
steps required for the manufacture of a rotary cone drill bit.
Specifically, the cone backface may be formed of a hard netal

mat eri al that |s nore resistant to 10 erosion and wear than
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j oi ned secur el I t he
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conposi te cone gnét EhveRricos wRéAl tak&hCah conjunctianaGlith Thes which
optim ze downhol e {))erforfanc‘ﬁJa ile 25 at the sanme tinme allow ng for
reliable, efficRERPRPANYING QERULIPEPrng of the conposite cone cutter.

An inportant technical advantage of the present i nvention incl udes
the ability to fabricate or manuf act ure a backface ring separately
fromthe shell or 30 tip of the cone cutter body. Thus, various types
of wear ‘buttons, inserts, and/or conpacts nmay be fabricated as an



I ntegral part of the backface ring during the associ ated nol di ng or

casting process. Also, fabrication of the backface ring as a
separ at eWEAHEInt al |l ows nol ding a 35 | ayer of di anorRiSI/esesndne2di anond |
particles as an.integral -~ part of the backface ring. The present
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fabrication of a backface ring which wll optim ze the downhol e '
performance of the associated cone cutter without affecting the

performance of_the sheII tlo of the cone cutter .body. 5 The.
f or egoi ng arkRdstiaddEieiain LEi AR LNGS I nvention will becone

nore appar ent frqmaffEEﬁé&éowbﬁﬁuete uﬂaeeétah Obft kRel pedentd
~enbodi nent s for n %ﬂ t -inve aken i n.,con unctlon
with the  inveneien, snd the adyantages ere\e?”

OI’

5?2%fffn°° is
PCT/ US95/ 03%xdle to the following descript:.ons ‘taken J.n conjunction

5 w1th the accompanying drawings, in which:
FIGURE 1 is an isometric view of a rotary cone drill
bit embodying the novel features of the present

1nvent10n,
FIGURE 2 is an enlarged drawing partially in sectlon
10  and partially in elevation with portions broken away

showing one of the rotary cone cutters mounted on a
support arm of the drill bit illustrated in FIGURE 1;

FIGURE 2A is an enlarged drawing of the rotary cone
cutter illustrated in FIGURE 2;

15 FIGURE 3 is a drawing partially in section and
partially in elevation with portions broken away showing
a rotary cone cutter incorporating an alternative
embodiment of the present invention in drilling

_ engagement with the bottom of a borehole;

20 FIGURE 4A is an enlarged isometric drawing of a
backface ring incorporating one embodiment of the present
invention satisfactory for use with the rotary cone
cutters of FIGURES 1 and 2;

FIGURE 4B is an enlarged isometric drawing of a

25 backface ring incorporating another embodiment-of the
present invention satisfactory for use with the rotary
cone cutters of FIGURES 1 and 2;

FIGURE 4C is an enlarged isometric drawing of a
backface ring incorporating-another embodiment of the

30  present invention satisfactory for use with the rotary
cone cutters of FIGURES 1 and 2; and

FIGURE 4D is an enlarged isometric drawing of a
backface ring incorporating an alternative embodiment of
the present invention satisfactory for use with the

35 rotary cone cutters of FIGURES 1 and 2.



8 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore

conpl ete unﬁﬁfﬁﬁﬁﬂgjng of the present “invention, and L Berro$h% R ges
t hereof, reference is now made to the follow ng descriptions ta
~in conjunction 5 wi th the acconpanying draw ngs, in which:

FIGURE 1 is an isonetric view of a rotary cdne drill bi t enbodying
the novel features of the present I nventi on; FIGURE 2 is
an enlarged drawing partially in section 10 and partially in elevation
Wi th portions broken away - - shomnng one of the rotary cone cutters

mounted on a . 74 S PPESCR poNt P Pkl InbENTIDNUStrated in FlI GURE 1;
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ed CaTary G
illustrated in FIGU ®. p{gferrgd emg?& ypg gg&rQWFﬁ&nﬁa#PWEPF}cmh

section and and i)astadvantagesl avet best\ihlepstbodnbybreiferrdnay tohow ng
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satisfactory for_use wt e rotary cone

RES 1 and
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backf ace ring If@ﬁppreénegdanmhmtenbodfnené ﬁirpbhﬁtih.zedpﬁ.ﬁsﬁ&tilling

eention sat SRl o) bR, "8hBRY, oppe BRITACHLLCSH, S, o
a 10 sometimes be referred to as a "rotary rock bit." wWith
rotary cone drill bit 10, éutting action occurs as cone-
shaped cutters 11 are rolled around the bottom of the
borehole by rotation of a drill string (not shown)
attached to bit 10. Cutters 11 may_sometimes be referred
15 to as "rotary cone cutters" or "roller cone cutters."
As shown in FIGURE 1,'¢utters 11 each include
cutting-edges formed by grooves 12 and protruding inserts
13 which scrape and gouge against the sides and bottom of
the borehole under the weight applied through the drill
20 string. The formation of material debris thus created is
carried away from the bottom of the borehole by drilling
fluid ejected from nozzles 14 on underside 15 of bit 10.
The debris-éarryihg fluid generally flows radially
outward betwéen_underside'ls or exterior of bit 10 and
25 the borehole bottom, and then flows upwardly toward the
well head (not shown) through an annulus 16 (FIGURE 3)
defined between bit 10 and side wall 17 of the borehole.
- As shown in FIGURE 1, rotary cone drill bit 10-
comprises an enlérged body 19 with a tapered, externally-
30 " threaded upper_éection 20 adapted to be secured to the
lower end of the drill string. Depending from the body
are three support arms 21 (two visible in FIGURE 1), each
with a spindle 23 (FIGURES 2 and 3) connected to and
extendlng from an inside surface 24 thereof and a
35 shirttail outer surface 25. Spindles 23 are preferably
angled downwardly and inwardly with respect to bit body
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present invention and its advantages are best. understood by
referrl ng t;pg so thatl ﬁJFE:&lldDisfrbhatédaV\Athgsa:dﬂekﬁ.dmrﬁﬁ Puttersng used

for
As shown

i nventi on iappkibcation $n gpingles 23tmay admo bei Itliltmﬂ at @m tangle/pe

|1 coRgbe LheoBO0EkRToPoEhS BbrbRBINYI | BT, Wl 1O°,
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of a backface ring incorporating an alternative enbodi nent of t he
present invention satisfactory for use yhth the 35 rotary cone cutters

of FIGURES 1 and 2. WO 95/ 27121
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associated spindle 23 in a substantially identical manner
(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. |

FIGURES 2 and 3 show alternative embodiments of the
present invention represented by roller cone cutters 11
and 11" which may be satisfactorily use with a rotary
drill bit such as shown in FIGURE 1. Drill bit 10 of
FIGURES 1 and 2 is essentially equivalent in structure
and operation to drill bit 10" of FIGURE 3, except for
modifications to shirttail surface 25" and cone cutter

'11". The dimensions of base portion or backface ring 30"

have alsc been modified to accommodate shorter shirttail
surface 25" shown in FIGURE 3. These modifications will
be described later in more detail.

As shown in FIGURE 2, inserts 13 are mounted within
sockets 27 formed in a conically—shaped shell or tip 29
of cutter 11. Various types of inserts and compacts may
be used with tip 29 depending upon the intended |
application for the resulting drill bit. For examble,
oval shaped compacts (not shown) may be used to provide
longer service life with less wear. Also, tip 29 could
be formed with one or more rows of teeth (not shown).

Base portion 30 of cutter 11 includes grooves 12 and
is frustoconical in shape, but angled in a direction
opposite the angle of tip 29 on the outer surface .
thereof. Base 30 also includes a frustocohicaliy-shaped

SAHLE %l EOLrS"PIMs constribtat"alla! fobhtel)on Gl o7S 11 MY

sonetines b
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15 to as "rotary cone cutters" or "roller cone cutters. As

shown in F'QH@Eg@nzfutters 11 each include cutting edgpérﬁggﬁﬁgmpy
gr.ooves 12 and:protruding inserts 13 which scrape and gouge agal nst
t he sides and bottom of ... the borehol e, ynder the weight applied

t hrough the drill 20 string. The fOFﬁB%IOﬂ of material debris thus
created is carried away fromthe bottom of the borehole by drilling
fluid ejected fromnozzles 14 on underside 15 of bit 10. The
debris-carrying fluid generally flows radially outward bet ween

under si de 15 OroﬂﬁéfdpeftﬂéanQ w2tANBadkrace Bhefbemelobn mwawaate&nd t hen

16 (7 CORE 3) =rFacecHinzos endcan,Aod: BORRIo 44 Rkenting: Tadially’®

16 (FI GURE 3)
bor ehol e. relativéstshocantral FASLBE3S, ofospindien3dr i Basal Bol&nd

| th
compri ses A CLFE 054 a6tk £ PrbAPeLRostthohlpl Yartly 12U S,
string. D%pendungrt1©n13hémaﬁdylso be raferrﬁde§°sapperPhapkﬁass ping® .

visible in FI GQURE 1)gpén: 1nwardryt8faeﬁa'ﬂgkﬁiaﬂ 6kl $8RES
connected to and an insid surfgg§é24 ther%Pf and a

35 shirtta wmgi%ffae‘éigﬁ 36 PR iFeCeIVing  spiBALE. ARy
angl ed dommmard&uitﬁhﬂeﬁheaﬂinqwsvhlsenpante&oohlsphndle 23 and eYi9ages

28/27121 between a bearing wall 39 of" ca5£I§U§%5 9399% annular

10 bearing surface 38 on spindle 23. A conventlonal ball

retaining system 40 secures cutter 11 to spindle 23.
 FIGURE 2 is an enlarged view in section and

elevation of support arm 21 and its associated spindle 23
with composite cutter cone 11 mounted thereon. A gap 41

15 is formed between the interior of cylindrical cavity 36
and adjacent inside surface 24 of supporting arm 21
and/or the exterior portions of spindle 23. The tip of
shirttail surface 25 cooperates with end portion 34 of
base portion 30 to partially define first section 52 of

20 gap. 41. Second section 54 of gap 41 is defined by the
interlor'oficavity 36 and the exterior of spindle 23.
First'Seetien 52 of gap 41 lies in a plane that is
generaliy perpendicular to spindle axis 35. Second
sectien 54 of gap 41 extends approximately parallellwith

25 spindle axis 35. Thus, gap 41 includes first section 52
which is substantially perpendicular to second section

54.
" an elastomeric seal 43 is disposed within gap 41
between splndle 23 and the interior of cavity 36 to block
30 - the infiltration of well fluids and debris through gap
' | 41. ‘Seal 43 is located adjacent the juncture of spindle
23 with support arm 21. Seal 43 both retains lubricants
.within bearing 37 and protects against the 1nfi1tration
of debris through gap 41 to the space between the
35 - relatively-rotating beering surfaces 38'and_39 of spindle
23 and eufter 11. Seal 43 protects the associated



19 so that as bit 10 is rotated, the exterior of cutters 11 engage

the bottom of. the borehole. For sone applications, spindles 23 may

- al so be wbbs/gd2at an angle of zero to three or foupcumyssesvoi n the
direction of 5 rotation of drill bit 10. : Wthin the scope
of the present invention, each of 12three cutters 11 is constructed
and nounted on its associ ated spindle 23 in a substantially
i dentical manner (except for the pattern of the rows of inserts 13).
10 Accordingly, only one of arm2l/cutter 11 assemblies is
described in detail, it being appreciated that such .description

applies aIsheaninge3wtﬁromtmossrnfcaubedcants amgh sudl idebris, and

FI GURES 2 ae@uérg?ﬁ ﬂ%&eiﬂatigﬁe g?ogkgqﬁt%igf&kpe 15 present invention |

represent ed one -cut T1" whi.ch may be
satisfactorily uca'épwuh igciydgeyan openigg loogted adiagent stside GURE

1t Drlt Il bi gustPasé or shirtttﬁijﬁEﬁslaﬁlaﬁc%nf[ti O" ttéi&ili m%ﬂcﬁﬂ: } LA
Structure - (0] a 0] | | or
L . edae ofrarR ans oRA: 18, Shiss' gPeh RIIRLCAGEOR o

di mensi ons withabereholeocannuliuschbaceIti is iﬁﬁportant ﬁhwte the avidein

TS, SREGAITRI%LE RUBE! FE1ARIVRLY bma11 andd e Toriitn WPk "
detail. 25 41 between its.pPeningctrranpnulysediss and mmmmm kepthi n

sockets 27 fejaefivelya16A8i 68! h¥- Baeeau%aeltheo&dfﬂ&%tion of Of cutter
11. Various %%Pfs of insefts and be used with tip 29

| my
deper@i ng P $cthatcmagwear agaggﬁ §§F90ﬁ3faﬁ19%?!%9ﬂﬂ9?§ﬁfﬁhlII bit.
For exanple, 30 The auah-sbenidncsuractu:@n@& Yapva)1 Esdeinisid® provide

o0 e NagEe Ll Bl Bk S5l Bbpwehs Bpatl i ukbldhe, 35 apd d L7
cutter 11 |ﬁb¢usesugtunee9flqapnal is shown in more detail in FIGURE
2A. Typically, debris entering first section 52 will
15 have insufficient momentum to flow into second section
54. Such debris will simply_fall from section.sznback
into annulus 16 instead of wearing on seal 43. Thus, |
both the positioning_of the opening of gap 41 (adjacent
to surface 25 and contiguous with the hottom edge of arm
20 21) and its dual-section structure provide seal 43 with
debris~wear protection. Backface 31 preferably extends a -
sufficient distance X beyond the edge of shirttail
surface 25 to deflect the drilling fluid away from the
opening of gap 41 which further prevents fluid-borne
25 debris from contacting seal 43 ‘and entering between
bearing surfaces 38 and 39 via gap 41.

- In accordance with another aspect of the present -
invention as best shown in FIGURE 3, cutter 11" and bit
support arm 21 are uniquely constructed so that base _

.30 portion 30“ of cutter 11" interfits with spindle 23 which
allows gap 41" to extend throughout its length in a
direction substantially parallel to spindle axis 35.
Specifically, gap 41" includes an outer cylindrical
segment which intersects with shirttail surface 25" and

35 opens upwardly and outwardly from between spindle 23 and
cutter 11" into borehole annulus 16. As a result, hard



I's frustoconical in shape, but angled in a direction 35 opposite the -
angl e of ti gvoés et he outer surface thereof. Base 30p@E/ESysiodsppudes
a.frustoconicallty- shaped : WD 95/ 27121 - .
PCT/ US95/ 03902 11 out er
portion 33 with backface 31 fornmed on the od%er surface thereof and
an end portion 34 extending radially relative to central axis 35 of
spindl e 23. Base 30 and tip 29 cooperate to from conposite cone
cutter 11. Base 5 portion.30 may also be referred to as a "backface

ring" meta O fiicéd) iy | be Posi el dred | €6 Béttérapﬂaﬁ&éﬁ| Bp 41

cyllndrlcal cavity. 36 for receiv |ndIe 23, I earing
37 is mounted ¥ q'U @@ ‘ég rv;Lceb@%S\Beﬂf 58 R gﬁ/a 39 of
cavity 36 and a]ram;m\émd,lcpartimvlarfgy smvé:acmaﬂeopr_,sprndrt 23 A

conventional balrangement S HHVIRD FISHERAN POEYS 1 EH' LA undel 8158 N ©

23. S an VI ew I n
el evat i of of st s timey @AY e 2¥RIsrd X peresionsto borehoienh.
conposite cuttgfepyyys, 11 nounted thereon. A gap 41 15 is fornmed between
the interior of- cyllndrlcal cavi nd adj acent jnsjde surface 24
of supporting arm 2P8 l?f'}/tl} f%‘[%lg @ #foﬁ’%eo#"gtﬂ‘}d? 23. The
tip of Shivttail szsf&m'le = ca;ﬂajmahesrespécewemrtoogaﬁé ¢l and
41" wmay be covered with a layer 46 of conventional
10 hardfacing material to help protect aga;nst erosion

widening gap 41 by eroding arm 21. A preferred
hardfacing material comprises tungstén carbide particles
dispersed within a cobalt, nickel, or iron-based alloy
matrix, and may be applied using well known fusion

15 welding processes.

As shown in FIGURE 2 additional protection agalnst
erosion may be achieved by spacing outer portion 33 and
backface 31 of cutter 11 radially outward a distance X
from hardfacing layer 46. Distance X allows backface 31

20 to deflect the flow of drilling fluid 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 typé (no seal, seal, or double seal), and may
range from 1/16" to 3/16". For one embodiment of the
25 present invention, X is approximately 1/8%.
| For enhanced wearability of backface 31 on the cone
side of gap 41, backface 31 is either provided with a
hard material covering or made from hard metal. As will
be explained later in more detail, the present invention
30 . allows forming backface 31 from a wide variety of hard
materials. Backface 31 is preferably harder than the
hardfacing material campr151ng layer 46, and is attached
" to outer portion 33 of base 30 without use of a filler
material. Specifically, backface 31 may comprise a
35 composition of material including tungsten carbide
"particles surrounded by a matrix of a copper, nickel,



base portion 30 to partially define first section 52 of 20 gap.41.

Second section 54 of gap 41 is defined by the i nterior .of cavity 36
and the wplogayRi of spindle 23. First section 52 ofpcaafsogdssbres in a .
pl ane that is general ly perpendlcular to spindle axis 35. Second -
section 54 of gap 41 extends approxi matelgy parallel wth 25 spi ndl e

axis 35. Thus, gap 41 includes first section 52 which is

substantial ly perpendlcular to second section . 54. An

el astoneric seal 43 is disposed within gap 41 bet ween spindl e 23 and
the interior of cavity 36 to block 30 the infiltration of well fluids

and debris tixonjglrgapbalt basEH £y 4hats ibc@pﬁiedj daiteettipeopapct ure

i thin bear EREREREAR I, G G i 14 it SERLIGY 781, Ababapudly Prt e

t hr ough gapadtamaaﬁiyenhanﬂﬂag materiEls im@#@ﬂ¢v0¢ybide§blng beari ng
surfaces 38 gl gﬂ-i%%sof BO Il c%fzkionﬁrfd@sc%ificﬂ&es c£3tufigsefl ect s

t he associ ate 95/ :
PCT/ U895/ 033d®bium, vanadium, molybdenum, silicon,Igitanium, bearing 37

fromloss Ofta&iﬁafl'\ﬁﬂmh‘afmidmﬁ,ud‘iﬁ&dlﬁlﬁn, asltromium oi-méraﬁplamaﬁohh? life
thg[hgl b'%ig%ond composites, cégboﬂ“ﬂit¥§aa“ O ﬁgéétgﬂe Lgcent
For some application, tungsten carbide particles with the
size range given in Table 1 may be used_to form backface
10 31. - - |

' In accordance with an important aspect of the
present invention as illustrated in the embodiments of
both FIGURES 2 and 3, cutters 11 and 11" each have a
composite cone body with respective bases 30 and 30"

15 formed separately from tip 29. Bases 30 and 30" may
include adnonheat-treatable hard_metal'component_having a
higher degree of hardness than found in prior rotary cone
cutters. In contrast, conical tip zé-may be made of a

_ conventional heatetreated steel. With this construction,
20 cone 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 better
maintain the gage diameter of borehole wall 17,
particularly when drilling a deviated or horizontal

25 borehole. '

| An important feature of the present 1nvention is

| that tip 29 may be manufactured from any hardenable steel
or other high-strength engineering alloy which has the
desired strength, toughness, and wear resistance to

30 withstand the rigors of the specific downhole '
application.” In an exemplary embodiment, tip 29 is
manufactured from a 9315 steel having a core hardness in
the heat-treated condition of approrimately HRC 30 to 45,
and having an ultimate tensile strength of 950 to 1480

35 MPa (138 to 215 ksi). Other portions of cutter 11, such
as precision bearing surfaces 39, nay also be formed from



surface or shirttail 25 and contiguous with the bottom 5 edge of arm

21, and is th nto fluid conmunication w th bore S
16. It is Wﬂ%gf?ﬁgﬁt that the width of gap 41 be kept Breghas???g?{f
small and the length of gap 41 betmggn its opening to annulus 16 and
seal 43 be kept rel atively |l ong so to reduce the infiltration of
10 debris that may wear agai nst seal 43 as bit 10 rotates.

The dual -section structure of gap 41 also inhibits debris from
entering between bearing surfaces 38 and 39. The structure of gap 41

s shown in moggsdebdhl 5ReB1OUREN producthy thiPiz the debldy HlRE4D

section " treatedandiGMenshed L anAo SN L ORI AR TSR, SGRK
into annul us lganpsiredd Qivecdiip29othedesited Hegree of habdnésshe
ont i guous i th t he MRy AL AL foatlig of, thd kedfede 27, 0T
structure provijtwentdondisiithat base ptsthrions\0 andiIQtimay beackface 31
DT Erar) Y o Eiighen, ang, R ol et ey KA oariiod e
openi ng of gapserwisecRife ofc respertive MR & 'E}‘tterdi%r?@g}i%m
contacting sealyj$Rontd 19Hi¢ing th! WedEormance hrasspciktedetipsand 39
vent o as bEs theoikd MuptEatad eabadinelts Bf FRAHES 2 And g RERE".
21 are ygi quel Bocand 300t ebmpriswmia Hase-aloy steel cwond 32fontotenich
U5l ength | n 48 a¥tikel cificihpons Jayks Y SEk-AHy 49 G BREq meetiol
specifical ly, @alowralloy wteelatynically hasirbetween appreximatelvn?ch
| ntersects wit %[‘ilrot Wlilghtt Heent® a BIYYy FontentdPeNCor@ 8 thay 8lso be
outwardly frombet ween s&ruﬂe %? and, . énnéer %} {nto bgrehgie a
annul'us 16. Aveferzeq itto & @ matrix ring. ore 2 is prelerably
15 ring-shaped piece of the same material composition as tip
29, but of less expensive steel alloy which is not quench
hafdenable such as low carbon steel. In affixing layer
49, the exterior of_steel'cofe 32 is machined to size to
receive the desired coating, and placed into a prepared
20 mold (not shown) whose cavity is shaped to provide the
 desired coating thickness for layer 49 and frustoconical
shape for outer portion 33. _
For some applications, matrix ring or core 32 is an
infiltrant alloy comprising Mn 25 weight percent, Ni 15
25 . 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. A typical hardfacing layer 49 may
comprise between 20% and 40% infiltrant alloy by volume.
.30 Techniques for the application of hardfacing layer
49 are well known in the art. One technique is an atomic
hydfogen or oxyfuel welding process using a tube material
containing ceramic particles in a Ni, Co, Cu or Fe based
matrix. A second technique is the Thermal Spray or
38 Plasmé'Transfer Arc process using powders containing
ceramic particles in a Ni, Co, Cu or Fe based matrix.
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13 metal surfaces nay be positioned to better protect gap 41

agai nst ey@edr and the service life of seal 43 is pPCT/USHRABRRNEd, _
particularly over those prior art arrangenents having a shirttai
tip with an underside 5 that over jgne, nmay be exposed by erosion to
bor ehol e ' debri s. As shown in both FIGURES 2 and 3,

t he bottom of shirttail 25 and 25" adjacent respectively to gaps
41 and 41" may be covered with a | ayer 46 of conventi onal 10
har df acing material to hel p protect agalnst er osi on wi deni ng gap
41 by erodi rmrhis nt@shnique eisrdiscussed in ﬂasdfEategtnnysﬁmabsunnprlses

LS o e O£ HH5E ana second EAEAATGuNE! Ha} Rl g@% kel . or

i ron-based a pp|le nomn
fusion 15 eltlmr obhghapmce%slez robotic welder-As

addi tional pi@t@ré¢mse&aiﬂsu.s. ﬂatenteﬁpﬁbﬂnsnY(Eéeawlm 9y, %paCI ng
out er ortlon 3. .and face 31 of cutter 11 radially outward a

di starte X 9). fron1hardfaC|ng | ayer 46.. Distance X all ows backface 31
20 to defl ect Alkefhabivély;  hardfacingdlapergist mayr becapplied by the

fluid fromfd Qypo-didecting BiOobdS PR%GhIEn*haldPparticles,budh ¥s2MCe X

is a function
the alternative hardfaclng materials descrihed for the

preferred embodlment, are mixed with a molten bath of
10 ferrous alloy. Alternatlvely, the molten bath may be of
a nickel, cobalt, or copper based alloy. Thzs mixture is
poured into a mold and solidifies to form base portion
30. Grooves 12 may be molded during the application of
hard facing layer 49, or may be cut into layer 49 after
15 it has been applied to matrix ring 32.

The prepared mold for one embodiment is milled or
turned from graphite. Each internal surface that will
contact steel core 32 is painted with brazing stop off,

_ such as Wall Colmonoy’s Green Stop offe® paint. Also
20 painted are the surfaces of steel core 32 that will not
be coated with hardfacing layer 49. Preferably, the mold
is designed so that the thermal erpansiOn of steel core
32 will not stress the fragile graphite mold parts.
Steel core 32 is assembled within the painted mold.
25 The hard particles which form hardfacing layer 49 are
then distributed within the mold cavity. TABLE 1 shows
the sizes and distribution of the hard particles for the
preferred embodiment.



and the bit type (no seal

seal, or double seal), and may range
from1/16" ?/27’11 For one enbodi nent of the 25 pr es egirushs/e39d3 ON,
Xis apprOX|na y 1/8". For enhanced wearability of backf ace

31 on the cone face 31 is either provided with

side of gap 41, baﬁ
.

a hard material covering or nade omhard netal. As wl|
be explained later in nore detail, the present invention 30 al | ows
form ng backface 31 froma wide variety of hard mat eri al s.

Backface 31 is preferably harder than the

conprising layer 46, and is attached
30 without use of a filler

har df aci ng materi al

TABLE 10 outer portion 33 of base
naterlal

SpeC|f|caIIy backface 31

may conprise a O PU ST LU O 1THL © TCI UQTl 10 DT 0¢
particles surrnunded by H-nﬁtrMQSbf a coooe __nickel . Welg t * VW)95/221“1
PCT/ US95/ 03902 oy 14 o5 ifon o
cobalt based ajH-e - B2 P FEP e - A I
entire ogter pprtion 33 -aocemzable alternatldehardBaC|ng
material s |nclbae carolaes nitrides| borides, 3 bogltrldes
silicides of tfingsten A8 i vanadlum— ool ybddR.
titanium t ant al umlmf.;ryym zi rconi im chrom umpeor- lz(yon di anonj,
di anond conposjtes—cartom T oE, —ana X[ Ures T Ner cor.

=230 +325 10 - 18

10

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
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.

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
rélative to the mold. Then the infiltrant alloy and the
mold are heated within a furnace to a temperature at
which the alloy melts and completely infiltrates the mold
cavity, causing the carbide particles to bond together
and to steel core 32.

Alternatively, base 30 can be made as a castlng of
composite material comprised of hard particles, such as
Boron Carbide (B,C), Silicon Nitride (SijN;), or Silicon

" carbide (SiC), in a tough ferrous matrix such as a high
strength, low alloy steel, or precipitation hardened
stainless steel. In the form of fibers or powders, thgse
particles can reinforce such a matrix. This matrix may
be formed either by mixing the particles with the molten
alloy and casting the resultant slurry, or by making a

15

20

25

30

35



For some application, tungsten carbide particles with the si ze range °
given in Table 1 may be used to form backface 10 31. . I n
accor danweo 98/47821an i nportant aspect of the present PCE/ESHS5/089022S
illustrated in the enbodi nents of both FIGURES 2 and 3, cutters 11
and 11" each have a conposite congg body with respective bases 30 and
30" 15 formed separately fromtip 29. Bases 30 and 30" may

i nclude a nonheat-treatable hard netal conmponent having a ~ hi gher
degree of hardness than found in prior rotary cone cutters. In
contrast, conical tip 29 may be nade of a conventi onal heat-treated
steel . Wt h preformpof rthe iparticles andnelloeingcthemeitent adloybke to

W thst and bGir¥ Oty the prefdihn AD'EEsd S3¢5RAy wustea{e%ag'eﬁop&%i di ng

enhanced protectionof seal 43,, byt also servin tter
mai ntai n t h@SdYe iherkdd Wekding | qr jbechniques ;5ot fetMar | y when
drilling a daipdsite rdtiry @imd ditter 1wy ehol e. : - An inportant

from @y “har denaiie et Bde3d mada in 4 Mabblr SOLHRY PRABTRHECI (=

whi ch has t labove-desattidied caupasifdrmateiakscasting vprocess) sandce to 30

wi t hst and tﬁgj:_%r&é)fmgd@ e glﬁ,&l _ &eLﬁaerdt?aQPél 585&&& In an
to

exenplary e nt, tip 29 1s manuf act roma st ee

havi ng a cortt@geiheRdd &, manner which s sukstantiahly:nen=of
appr oxi mat elgegdtfuctive o5 the desiridbldachavacberistiBscoreaathe strength

O 038 ©© M0 e PLld A FiAR doanBAE o PO’ § 10058, S8hETERL
(FIGURE 2) utilizing the process of inertia welding
vherein one 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 without use
of a filler. This process employs 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 mass at a

20 controllable and reproducible rate. Once the rotating
part is at the predetermined rétatiohal speed, the parts
are brought into contact with a predetermined forging
force sufficient to completely deform a premachined

_ circumferential ridge which is 0.191 inches wide and

25 0.075 inches high. The rotational speed is empirically
determined with test parts of the saﬁe_size, alloy, and
prejoining condition. The complete deformation allows
two planar facing surfaces on the parts being joined to
come into-cohtact,_ _

30 In one example, base 30 having a volume of 4.722

- cubic inches and a weight of 1.336 1bs. was successfully
joined to a tip 29 having a volume of 16.69 cubic inches
and a weight of 4.723 1lbs. using a 44,000 1b. axial load
. and a rotational speed of 2200 rpm. _ -

35 As best shown in FIGURE 2, rotary cone cutter 11 may

be formed by inertially welding base 30 with tip 29. A
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15 woldd}25129315 steel. In produm ng t] p 29, the all oy gcsrnisd8/3002
treated and quenched in a conventional and well known manner to give
tip 29 the desired degree of hardness. An equal |y inportant
feature of the present 5 I nvention is ﬁhat base portions 30 and 30" may
be designed and fabricated frommaterials which enhance the '
service life of respective roller cone cutter 11 and- 11" wi t hout
limting the performance of.associated tip 29. “In the illustrated

enbodi ments of di'r@\ﬂi‘é&m&ﬁ,fm ¥k ridgd e mdy Beprovidadl ew al I Oy

steel core 32 ixed contlnuo S

| _
of hard netal. 1\AQeE’1°dR/\f°aq IWESt (thcf yﬁ%ﬁ? yw+| a ﬁ%@niﬁgggtl n teI y
2 and 13nvdhehadjacent portion ok cip 20 e G:Iar:mferenthal
referred to as MHa 4¥%r'£§'Hdékeraézgeifgh'fbégégeifwl 3ae%§?b1%£+ngh§haped

pi ece of the sane eri osition as ti ess

expensi v& steeﬂqaﬂmﬁﬁ\ﬂ%hﬂﬂmﬁﬁﬁuﬁf(ﬂﬁﬁﬂﬂﬁo With hip R9Mueingckhas | ow
carbon steel. |jmedftfiiadi Rl process.49 Durihg Xl SkéP sObpst €Al tRET e 32 is

machi ned to S|ze to ceive the S|red coat n and | ace nto a
prepared 20 oPLs m&&ﬁ one 8V?ﬁ§ tﬁ
desired coatln@ayhmekﬁmspdé!dIuihhinﬂrenuhérlﬁﬂoconlcaI shape for

P an POTON O | FIGURES gp-) eHRATRARD pGRAM 50, THS0 L 5387088 550° 2
"~ wei ght per cent respegtisiedin ﬂthhﬂm@YzbﬁjQQFEE9QW¥§#h tip 29 percent. This
al l oy has QOOdPE%bEdﬂgifwdﬁﬁcrlbed to provide a composite cone cutter
' incorporating various alternative embodiments of the
present invention. an important benefit of the present
invention includes the ability to use same tip 29 with
15 various base portions or backface rings. FIGURE 4A is an
| enlarged drawing showing base pottion or backface ring 30
as previoﬁsly described with respect to composite cone
cutter 11. Backface ring 30 includes opening 44 which is
sized to be compatible with cavity 36 and to allow
20 installation of spindle 23 within cavity 36 of associated
cone cutter 11. Layer 49 of the desired hard facing
material is preferably disposed on the exterior of outer
portion 33 to form backface 31.
Backface ring 130 incorporatlng an alternative
25 embodiment of the present invention is shown in FIGURE
4B. Outer portion 33 of backface ring 130 includes a
plurality of generally cylindrical shaped inserts 132.
For one application, inserts 132 have a thickness or
height of approximately'0.0BO“. The thickness of inserts
30 132 is limited in part by the thickness of the associated
matrix ring or steel core 32. Inserts 132 may be formed
from various types of material such as sintered carbide,
thermally stable diamonds, diamond particles, or any of
the other materials used to form layer 49.
35 Backface ring 230 incorporating another alternatlve
embodiment of the present invention is shown in FIGURE



characteristics, and good wettability for both tungsten car bi de and
steel. A typical hardfacing |ayer 49 may conpri se between 20% and
40% i nf i ywigroantizal | oy by vol une. 30 Techni ques for gdygusPBisdosat i on
of hardfacing | ayer 49 are well known in the art. One technique is
an atomc hydrogen or. oxyfuel wely§ ng process using a tube mat eri al
containing ceramc particles in a N, Co, Cu or Fe based matrix. A
second technique is the. Thernal Spray or 35 Pl asma Transfer Arc process
usi ng powders contai ni ng : ceramc partlcles ina N, Co, Cuor Fe
based matri x. - WD 95/.27121

PCT/.US95/ 039@2 A plurality of inserts 232 are provﬁded in outerThis

techni que i | ghggasggdglgnper fa%%t q:[ltn 2%%3. Q%S?F%a%#%ggéhgofl rst _and

second tech or ned el t her Dy botic
wel der. A genettaldyhtrdangular crnosshisagtion as mamdeho Bhe0o0, 891

(see col umai%cugaécrossa%e%ion of insertéNiss! Dalpuerys g df acing layer
49 naé be app har d
| e

% - a sl urry ‘cast |q&ngrocess In
part i inseris 232 may he fabricat fEhe rﬁ%t@?ﬁ?&aﬁéséﬁl bed
for the previbakly’ adsoricdianwith aespect ke {fserevissn bat h of 10

(orrous o5 Ao Sty Sy A SEELE anorner * 7 Ok
alternative embodiment of the present invention is shown
in FIGURE 4D. A plurality of inserts 332 are. prov1ded in

10 outer portion 33 of backface ring 330. Inserts 332 may
be natural diamonds and/or artificial diamonds which have
been cast as an integral part of backface ring 330.
Inserts 342 represent smaller diamonds or diamond chips
cast as an integral part of hackface ring 330. The

15 present invention allows varying the size,_location, and
number of diamonds or diamond ohips used to form outer
portion 33 depending upon the intended ‘use for the
resulting rotary drill- hit._ _

_ Although the present invention and its advantages

20 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
scope of the invention as defined by the appended claims.

A\
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p6ured into a nold and solidifies to form base portion - 30. G ooves

12 may be nwwaiesk7d2lri ng t he application of _ hard faci ngPCHYS/03M2 or
may be cut into |layer 49 after 15 it has been applied to matrix rlng
32. The prepared nold for one epbodi nent

turned fromgraphite. Each internal surface that will _ teel
core 32 is painted with brazing stop off, SUChmﬁ‘w!\L@iﬁﬁm 's
Geen Stop Of[err] paint. Al so 20 pai nted are the sSt eel
core 32 that will not ~."be coated with hardfacing | ayer 49.
Preferably, th i gned so that the thermal expansion of
steel core s 3 mAII p I

Steel core 32 is ass Ié%nﬂ?% I'n t ééh§$%%ggbi€ gor Ebfﬁlﬂ? 4 EB& ole,
particles whi crﬁquﬁ de% @m@ ‘are then distributed within

the mold cavity. TARBLFbddpheith an undéreidezendaafl dpperi bnai pareﬁohhe
Eggfuggg; gg8;13£pé£§3for conﬁéé%fgﬁngenpgriffnstiyng for rVQE%§0271
TABLE | said body; U S. Mesh- Vélght %

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 a cone cutter rotatably mounted on each of said
spindles; and '

each of said cutters 1nc1uding an internal generally
cyllndrical wall defining a cavity for receiving said
spindle and a generally conical composite cutter body

15 having a base with a backface including an exposed
surface portion formed of a hard material and having a
tip formed of a conventional steel material, wherein said
base comprises a ring formed separately from said tip.

20 : 2. The drill bit as defined by Claim 1 wherein
each of said cutters comprises a generally conical cutter
body having said base defining a cavity opening and said
tip pointed away from said cavity opening, an outer
portion of said base having a generally frustoconical

25 shape directed away from said tip and surrounding said

- cavity opening, and said outer portion having a layer of
hard metal material thereon to form said backface.
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Next, a vibration is applied to the nol22to corrpa hela er of
Ioose particles withiin the nold cavity. The : Bm mmm“mu,m I's then
placed in the material 15 di stribution basin rticle

| ayer in the cavity. If the infiltration operation is perforrredln-

an air furnace owdered {lu added to protect the all oy

| f the operation® ﬁ@?go%ghl hiy 95c§ﬁfrﬂ-§?dpp8t £daipe 1 wherein m)sphere,
fI\l/Jv(>]<I i's nOtedélﬂLbf ashi&Ocutters cohpribesi ai genekally! gyltih'm&h il car bi de
powder or ed_wi.t.hin cavity
Pofr1 T ¢ sam bR hePubbRCpR 1T bBEbALe| ApH, FRVIRG Wi BalddP, OV
nmol d. Then gar having rmtoutenysmenhethereof ﬁml:érsleeth.mt e th tdnd1 a

f t. I et I
urnage Oséiﬁﬁ{% \?Hfdff #nd out%@i:&fﬂ Ef sﬁldmig-ﬁé ar%?ll ; ey

infiltrate cawyg caus e carhbi es to bond
toget her Sealing surfagecin spidgavity "'311 congengrigt widhy amhase 30

can be madeirager mnm ﬂirface, aﬁanaoaeai &leaeht! seaNin HS%thfeéiﬁrd

particles, sugc Blerr]C), Silicon Nitride
(Si[err] N eﬁ?’]‘i‘ 1r8?e%|endoo1u£er sea@a é'éL?gFET' in a tough ferrous matrix
such as a high strength, low alloy steel, or precipitation hardened

st aier ess steel. gln t.ﬂ@e f&’fﬂiﬂfbii:b§§5d85198W§95c1Egﬁ5§ wh Eeéf{)art i cles

can reinforce suc'h a matrix her by
m xi ng t he §Akd iRase extendsradially and axaallb_y umhcagspegtt ft@ resul t ant

slurry, or sujdapiitife such that, proximate a shirttail surface,
said backface extends a distance beyond said shirttail
surface towards a sidewall of said borehole.
i5
5. The drill bit as defined by c1aim 1 wherein
said hard material is inoompatible with conventional
heat-treating processes used to form said tip.

20 - -6, The drill bit as defined by Claim 1 wherein
' each of said cutters further comprises said tip being
‘heat-treated and said base being secured to said tip non-
destructively of the heat treatment of said tip by
inertial welding.
25 | | | | o
7. The drill bit as defined by Claim 1 wherein
said base includes a central core formed of a
conventional steel material and said hard material is
layered on said central core.
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18 woorghsr mof the particles and all owi ng the nol t epceusesnsdc
infiltrate the preform Base 30 nay be attached to P#p—_______ZQ__M___~
inertia welding or simlar techniques to f osite rotary cone
cutter 11. 5 ~t  Oncé“both base 30 (made in a nﬁl”,ﬂ"llﬂ""“ﬂm
above-descri béed conposite-material casting process)

made, these two separate parts are joined together in“a franher* mhlch
i's substantially non- destructive of the desirable characteristics

of each. 10 Pr efaar ablpv rotEy Edcme' utetert ofei Nedr Bhgn@ngagementi @i th0

FIGURE 2) util t t
'S held roati chaiep AR el porhom BF 4 boFenold comprielBit ey ar o |
predet er mi ned speed & lgenerally cpuizal csonposite crody chavingdaf centraial
heat t It 1 hout
heal 10, ME1t Lt 4440 HAMAN @ URIVCAELEy (S0 PRbdrcd opELRELafhTOL! Use

| nert ng

machi ne Shat i§h9§ﬁﬁqﬁﬂw§P4(?zQQQQVQRnﬂﬁﬁﬁQ#I%ﬁ said tippto, Eoxm & Qiﬁass
within the |i mdonpogitedbddig nmachi ne's " mass-rotating capaC|ty and
to rotate the mass at a conj rol | ab) repr oduci te Once.
the rotating %&y ft"zt“fﬂ-.‘{ ’e&n‘?‘?fg’ﬂ g?%?l %ﬂgﬁg §dan9he
parts arc@dwimggtﬂramtsaimmm_ i/nttch sajd eclip pr m ned forgl ng

' an annular backface formed on an outer portion of

10 said base; and

said backface having a hard material positioned for
engagement with the side wall of said borehole and said
base comprising a ring formed separately from said tip.

15 9. The rotary cone cutter as defined by Clainm 8
including a plurality of cuttxng edges formed in said
~ hard material.

" 10. The rotary cone cutter as defined by Claim 9
20 wherein said cutting edges are formed in said hard
material by grooves extending in a generally radial
‘direction across said backface.

11. The rotary cone cutter as defined by Claim 8
25 wherein said backface further comprises a low alloy steel
core with said outer portion of said base disposed upon
said core and said outer portion including a layer of
said hard material. '



force sufficient to conpletely deforma prenachi ned circunferenti al
ri dge which is 0.191 inches wi de and 25 0. 075 inches high.. The
“rotati orWP9SBE2Y is enpirically determ ned with teRCTPHSE3992 t he X
sane size, alloy, and prejoining condition. The conplete deformation
al | ows two planar f.acing surface24on the p dto

cone into contact. 30 I n one exanpl e, aving a vol une of
4.722 cubi c inches and a wei ght of 1.33% “ ”ﬂ“’”ﬂ' fully
- joined to a tip 29 having a volunme of 16.69 cubrC and a

wei ght of 4.723 |Ibs. using a 44,000 |Ib. axial .|oad and*a rotational

speed of 2200 rpm 35 As best shown in FIGURE 2, rotary cone cutter

\1/\%) rgmyz , beifor meebyotaeyt wkﬂeycmdti!mgwwﬁibd\mylomaalzﬁ% A
5/27121 P

9 further PEPEARLEN FRAA,BASE Materind, SRAPTREY TRPRCRS

t he i nt eri ogroapbhaonsistinge ofafungsten dEV1ﬁx#rﬁﬂhs, borides; he

adj acgnt po 0] %&Eﬁ%ﬁ fgg&héjz -cooper at es

W th ?ecess&§%§8?oaé§?g§%?shgﬁﬁa eﬁtg <§ftﬁ|gn nt. of " base 30 with

tip 29 durihgnadium, malipthium, sidigomy iﬁiﬁ%?milﬁﬂﬂﬁﬁlﬁﬂer steps in

the a6RATGRY 2ireohdin,CeReomileg! bbkors) AaBHAS, SePdmdRd

nmay be dlSpOSrgiéﬁEQanQ% SR nittides, or mzxtures thereof.

10 13. The rotary cone cutter as defined by Claim 8
wherein said hard material comprisel a plurallty of
diamonds dxsposed in said outer portion of said base.

14. The rotary cone cutter as defined by Claim 8
15 wherein said hard material comprlses tungsten carbide
‘particles surrounded by a matrix selected from the group
consisting of copper, nickel, iron, or cobalt based
alloys disposed on the exterior of said outer portion.



F1 GURES 4A-D show base portion 30, 130, 230 and 330 10 respectively

whi ch may Reg eé4bed Wth tip 29 as previ ously descr i berrusss/Bsnvi de
a conposite cone.cutter i ncorporating various alternative
enbodi nents of the present inventioy ? An i nportant benefit of the

y

pr esent ~ invention includes the abili to use sa
~various base portions or backface rings. FIGURE 4A |sagﬂlm|m“?lmmtlmmd
drawi ng showi ng base portion or backface ring 30 ravi @us

described with respect to conposite cone cutter 11. Backface ring 30

i ncl udes openi ng 4418Qi ciini & rotary tbckdbit [forcEuraiing & Worehodey 36

and to allow 2 |nstalla i.on_of dl

associ at ed 6BR£°8 f?mpfiggbad g%iF%%hQQQ,reﬁﬁﬁﬁ (ﬁ%%fe
materi al is pretttebl bodyspeviugoa bheecwith an extenier surfacefoxmed 33
to form backfagg §1hﬁ§d material Eﬁ&%ﬁ%ﬁiﬂl‘&g with idiR/e i it

alternative 25 esent invention is _shown in Fl GURE
4B. QuteP porttsratwept BE@EF&EESW|H@d190tﬂﬂb formed, of a heﬁﬂTFﬁﬂq ed of

generfll | 31/3§th| &ﬂlbﬁ?%t&%ipeéaiasb&h& baang ﬁtecure@ltd)%i@wipﬁ&% gg, .
i nserts ave a thickne 0 ro e
t hi ckness of | HeBPEY §8mpai1?gg with W&%%M )i"r?g%tﬁ éﬁ%@jcﬂ t he

associ at ed alloyt steeli whereint salidc base3zonprdimess al ¥ing\farmedr med

fromvarious t t erial h sintered car bi de, thermal |y
stabl e diannndé?S%Fgﬁggg ggbﬁigﬁgg,tg *any of ~the other materials
used tollorm | ayer 49. 35 Backface ring 230 incorporating anot her
alternative $BR0dHRN roRhrNSoRke PAY as)\GUE ik iby CXWh ix5 FI GURE
wherein said tip is secured to said base along a weld
line.
15 17. The rotary rock bit as defined by Claim 16

wherein sald weld line is created by an inertial welding
process. -

18. The rotary rock bit as defined by Claim 15
20 wherein said backface further comprises a low alloy steel
core with said outer portion of said base disposed upon
said core and said outer portion including a layer of
said hard material.

25 . 19. The rotary rock bit as defined by Claim 15
further comprising said hard material selected from the
gfoup'cqnsisting of tungsten carbide, nitrides, borides,
carbon nitrites, silicides of tungsten, niobium, '
benadium, malipthium, silicon, titanium, tantalum,

30 athnium, zirconium, chromium, boron, diémonds, diamond

‘ particles, carbon nitrides, or mixtures thereof.

20. The rotary rock bit as defined by Claim 15
wherein said hard material . comprises a plurality of
35 diamonds disposed in an outer portion of said base.



WO 95/ 27121 . PCT/ US95/ 03902

20 ' 4C. A plurality of inserts 232 are provided in outer

portion ¥0es2h2ackface ring 230. Inserts 232 have a PC'ﬂ%Qﬁ(ﬁsz
triangul ar cross-section as conpared to the circular cross-section

of inserts 132. Oherwse, 5 insertse 232 may be fabricated fromthe
sane materials as . . previously descri bed vmth l 132.
Backface ring 330 incorporating still another ”Immm&l"g! llraﬂﬂtﬂbodl ment .
of the present invention is shown in Fl GURE*4Dc A pturality of
inserts 332 are provided in 10 outer portion 33 0f backface ring 330.

| nserts 332 may 21. mmmmmlamﬁusaandémnaatb&l elaipdiagmonds which

have ace |ng
Inserts 342 °re refsigflétai?rra rHid'l ano s orm%i%%% cargi@&st as an
integral pa®a %f%‘ﬂﬂﬁf‘%&l’ amtnsx sebeeﬁedt fronenheograhbows

varyi'ng t he consistimplofooppetr, nickélOeroR] aeﬁﬁ mond chi ps
used for?[lg.r &rtl %3?&&&;?(1' nOﬂupd(;iﬁ e |ntengb§ use for the
resul fing r %& rqjﬁp"ﬁ on ba8e€ent invention and :

its advantages 20 have been described in deta|I it shoul d be understood
t hat various changes, substitutions and alterations can be made _
therein without departing fromthe spirit and scope of the invention.

as defined by the appended cl ai ns.
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21 4 S CLAIMED | S 1. Arotaryc it
for form ngwe?%g??e%ol e, - said drill bit corrprl %lﬂéds}okgﬁ
body with an underside and :@n upper end poc# 4 on adapt ed

connection to a drill strlngfor rotation M’Hﬂﬂm

a nunber of angularl y-spacded arms integrally fornmed ﬂggEWOdy
and dependi-ng. therefrom ‘each of said arns havi ng “anti nsi face
with a spindle connected thereto 10 and a cone cutter rotatably nmounted

on each of said 22. s slltasoq B¢ manufacturlnt?a& hrGf:af?: ﬁ?ﬁgt gﬂ%g\}l ty

|nclud|ng an |ntern eneral‘_f%.4 | ndrica
for receiving 3% ity R aF%M’%‘F F90e conrters hayddgi @ cutter
body 15 ha 'ea@mm@se:dni&an dorekigqnrat ien lhﬂzdlgaaﬁoﬁpﬁﬁiﬁd cone body

o Convent i onal RAHY i kadh, Vi th & s ieadl ‘e OAILEToE o napa, Balerfpll
formed sé&par at (argdfar(hﬁro‘aﬂmmgﬁing Athe steps of; The drill bit as

defined by daim1l \@gﬁ{ﬁﬁct,_ng sg_ﬁftbégesal d cutters conprises a
general Iy conical cutter IY% avi ng said base defining a cavity

openi ng and sai d - consiyyetyn 91t R said cavity opening, an outer
portion of said basejdindng tfbg&ttﬁémléa(id rpﬁémml constructed tip and

base by inertial weld:.ng.

10
23. The method of Claim 22 wherein constructzng
said base further comprises the steps of:
depositing a desired coatlng thickness of powdered
metal on a low alloy steel core, and
15 heating said steel core and said powdered metal
together to bond said powdered metal with said steel
core.

24. The method of c:Laix_n 23 furthe_i' comprising the
zb ' steps of shaping a portien of a central core of steel to
receive a layer of hard metal material, and forming said
layer of hard metal material on said central core within
said shaped portion. .

25 25. The method of Claim 24 further comprising the
‘step of forming a plurality of radial grooves in said
layer of hard metal material.



25 - shape directed away fromsaid tip and surrounding said cavity
openi ng, and said outer portion having a l'ayer of hard net al

mat eri al wdesren to form sai d backf ace. WO 95/ 27 1PAT/US95/03902
PCT/-US95/ 03902 ' : 22 3.
The drill bit as defined by Caiml vaHzgrl .~ each of said cutters

conprises a generally cylindrical gap define I ndl e
and cavity wall, said gap having an outer seﬂmummlﬁmﬂ“m

intersecting with and 5 openi ng upwardly and outtardl y f momssard ar ns,
an outer - sealing surface in said cavity wall concentric wth an

i nner sealing surface, and a seal elenent sealing between sai d inner

and outer seal i nqm_surf,asal pordern-cutted andbidyiLE i EctardeComas

Claim1 wherein ase extends radi all nd aX|a th respect

to s&nd Kok having (3 Rodyy SheResemliy, CORPFisingice,

sai d backface extaersi? ﬁsﬁmcmmﬁmyafdrﬁéarmﬂnl said bodyuahdce
towards a si.dewal | lib|d bore ole. 15 5. The: dr?rl bit as

def i néX by &ay UrtaceLi 4 hard materi.al-.is inconpatible with
convent i onal a spindle attached to said inner surface and angled

downwardly with respect to said support arm,
a:portion of said -pindle defining an inner sea:ing
surface;
10 a cutter having a body with a cavity and an opening
for receiving said spindle;
said cutter body formed by a base portion with a tip-
joined thereto wherein said base comprises ‘a ring formed
separately from said tip; | |
15 | a portion of said cavity defining an outer sealing
surface concentric with said inner sealing surface;
a seal for forming a fluid barrier between said
inner and outer sealing surfaces; and
~ a gap formed between said cavity and said spi:dle, a
20 first portion of said gap substantially perpendic* 3r to
' an axis of said spindle, a second portion of said gap
substantially parallel to said axis of said spindle, and
said gap having an opening contiguous with a bottom edge
of said support arm.

25
27. The assemhly of Claim 26 wherein said gap

extends from said opening to said seal.

28. The assembly of Claim 26 wherein said cutter
30 comprises : backface on said base portion, said base
| portion ex:anding radially and axially such that,
proximate a shirttail surface, said backface extends a
distance beyond the shirttail surface towards a sidewall
of a borehole. '
'35



héat-treating processes used to formsaid tip. 20 6. The drill

bit as defiwggmlﬁlbai m 1 wherein each of said cutters fé'flbgﬁfosso
conprises said tip being heat -treated and sai d base being secured to
said tip non- destructively of thehaé treatnent of said tip by '
inertial welding. 25 : 7. The dri4? bit as defi

wherein ~  said base includes a central core forrred of”ﬂﬂl, "I"i"ﬂ”“ |II,
conventional steel material and said hard nateri al lcayere | d
central core. WD 95/27121

PCT/ US95/ 03902 29. The asselﬁhly Ao%%féimcﬁ’@ewgﬂféﬁﬁ £0BeBGRANY
engagenent with | de and bottom of orehol e conpri sing

a generally co@%’-%rﬁfosﬁﬁ’é’tﬁﬁﬁi \GORPLigesap  outer beaazg-@g §uf-'fﬂ°e
having a pl uraladg/ afsddwmi tpbxmi&ri Lol ngRid spmalaeeébﬁprasdsaahaiﬁner

Cavity Tormmd HRAEATE iBHAAT Hpieanteis SO S0l BOELE paaripg o

base i nt& sai dsunface, said seahrdispnsed betuéeneséibdnepeningnandt said

portion of bearing surfaces.
30. The assembly of Claim 26 wherein said spindle,
said cavity and said second portion of said gap are
10 cylindrically shaped.

31. The aésembiy of Claim 26 wherein said first
portion of s_aid gap is planar and said second portion of
said gap is cylindrical.



10 sai d base; and : sai d backface having a hard materia

posi tioned for engagement with the side wall of said borehole and
sai d wo9shaze conprising a ring formed separately frompeaiskosomoz 15
9. The rotary cone cutter as defined by Claim38 i ncluding a
plurality of cutting edges forned in saig hard materi al :

10. The rotary cone cutter as defined by daim9 20 wherein said cutting
edges are fornmed in said hard material by gr . N a '
general ly radi-al ~direction across said backf iﬂmﬂ“ﬂﬂ(lﬂnﬂlll‘mm 11.
The rotary cone cutter as defined by daim8 25 : \hefeih shid backface
further conprises a |ow all oy steel “core with said outer portion of

sai d -base di sposgg, Upﬁafat“?ef’?’?ﬂhdﬂrﬁ qﬁq_._ %ﬂ%&% tﬂ,&l}'eﬁgfLUd' ng a

| ayer of sai d
PCT/ US95/ 03gemprising:

a body w1th an. upper end portion adapted for |
5 connectlon to a drill string, for rotating said body;
' a number of angularly-spaced arms integrally formed
with and depending from said body, each of said arms

cemprising-
an 1nside surface, : _
10 a spindle having a generelly cylindrical end

portion connected to said inside surface of its
respectlve arm;
" said spindle projectlng generally downwardly
and inwardly with respect to said respective arm;
15 - - said end portion having an inner sealing |
surface thereon; and
a plurality of cone cutters equaling said numher of
arms mounted respectively on one of said spindles, each
of said cutters comprising: '
20 an internal generally cylindrical wall defining
a cavity for receiving said respective spindle,'said
cavity having an end opening;
an outer sealing surface in said cavity wall
concentric with said inner sealing surface; and
25 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 having first and second sections, said first
30 section between an inner portion of said arm and said
cutter end portion, said second section between said
spindle and said cavity wall, said first section’
generally perpendicular to said second section and an
axis of said spindle, and said first section having an
35 opening intersecting with said arm;



2. The rotary cone cutter as defined by CaimS8 further conprising

sai d hard rrw z% selected fromthe group consi sti ng gtrrbshRBIdeen
car bi de, ni Lori des, 5 carbon nitTtites, sidicides of tungsten,
ni obi um _ benadl um mal | pt hium sili , titanium tantal um
athnium zirconium chrom um boron, dianorts, di armnd“","”ul, nnumnu
carbon nitrides, or m xtures thereof. 10 m
cutter as defined 'by Claim8 wherein said hard. mater§ al' c8npfises a
plurality of .. dianonds di sposed in said outer portion of said base.

14. The rotary cone Sdiid Su @éeld%ff%gy EombPiSing a géheraillyseonitand
n cay

mat eri al conprises tungst e particles surrounded by a matri x
sel ect ed from teREERD RPAY havingsi st ng of copper, nickel, iron, or cobalt

based al l oys di sposeceip pointed cavay pfomasdidutavityr bpening;
WO 95/ 27121 SO 3
25 15. | P PIurSoTREREEE t?o?a%g%{i# ﬂ’g ?’Q‘%‘r{au”

t he i npr @enent comrlesimglg quav;ztroqpeaingowpegem said base
comprises a ring formed separately from said tip;

said base having a backface surrounding said
cavity opening;
said backface having a generally frustocon1ca1
10 shape directed away from said tip; and
a layer of hardfacing material disposed on an
 outer portion of said base to form said backface.



.cutter body having a base with an exterior surface forned of a hard
materi al .inconpatible with conventional heat- 5 treat nent processes,

and a ti p,vbosfmdl of a heat-treated ' _alloy steel, sai gchasesé®ong
secured to said tipin a manner conpatible_lelleﬂlLEEﬂ£LIEﬂ9

material and said al l oy steel wheggin said base conprises a ring

f or med separately fromsaid tip. 10 u m" ry rock
bit as defined by Caim 15 vvhereln sai d t|p“ mumr, m, m’rd base

along a wel d line. -15 17. The rotiary rbck"bit as defined
by O aim 16 wherein said weld line is created by an inertial welding

process. 33, THE. rdbaryoceng drdilllbbitaasidefimbdibyC ai m 15 20
e Ut o (PR 39 WhUELIR! oBEHPRESEA1R LKA MR comprigd G 1 1"

sai d outer on of ~ sal cor ard
outer porti mmmbwngoaicayef:onposite cutter bedy eempriging: 25

19. The rotary ré‘&fdbti?afoflﬂéﬂnéﬂ ayc@h%ﬁtiénal stedlUd 1Ny £ONPri sing
said hard materi al i@lec f t ungst en

on5|st| 0
carbi d®, nitridesSabdrPage. °°upT°a ggr ﬁﬁl‘rdnitg‘ ng ﬁa&%ia‘ﬂ‘f £aqthgst en,
ni obi um forméenoﬂl anhardl mptalumateriadon, ti t ani um tantalum 30
at hnium zirconium ‘chrom um boron, dianonds, dianond particles,

carbon nitrides, or m xtures thereof
34. The rotary cone drill blt as defined by Claim

32 wherein said base is generally ring-shaped and formed
10 separately of said tip.

.35. 'The rotary cone drill bit as definéd by Claim
33 wherein said hard metal material is incompatible with
conventional heat-treating processes associated with said
15 tip.

36. The rotary cone drill bit as defined by Claim
35 wherein said tip is heat-treated and said base is
_ secured to said tip non-destructively of said heat
20 treatment of said tip by inertial welding.

37. The rotary cone drill bit as defined by Clainm
32 wherein said base comprises:
a central core formed of a conventional steel
25 material; and
said hard metal material forms a layer on said core.



20. The rotary rock bit as defined by O aim 15 wherein said hard
mat eri al CQ985%§§§13 plurality of 35 di anonds di sposed i fePissRibssn
I .

portion of 'sa ase. WO 95/ 27121

PCT/ US95/ 03902 26 21. _
The rotary rock bit as defined by Caim15 wherein said hard materi al
conpri ses tungsten carbide - particles surrounded by a matri x sel ected
fromthe group consi sting of copper, nickel, iron, or cobalt based 5
al | oys di sposed on the exterior of said base. WO 95/ 27121

PCT/ US95/ 03902 22. A method of manufacturing a rotary
cone drill -




bit with a plurality of roller cone cutters-having a general ly

coni cal cogfd I on and a conposite cone body havi Rg1ay ith a
backf ace fgdng(’?g#l a hard material 5 and a tip conprising ték?gm%tﬂemps

of : constructing said base; : constructing said tip;
and - joining together said previously constructed tip and

base by inertial welding. 10 23. The nethod of C aim 22 wherein
constructing sai d base further conprises the steps of:

depositing a desired coating thickness of powdered nmetal on a | ow
all oy steel core; and 15 heating said steel core and said powdered
nmet al together to bond said powdered netal with said steel '
core. 24. The nmethod of Claim 23 further conprising the 20
steps of shaping a portion of a central core of steel to receive a

| ayer of hard netal material, and form ng said - layer of hard netal
material on said central core within sai d shaped portion. 25

25. The nethod of C aim 24 further conpngﬁgng t he . step of formng a
plurality of radial grooves in said | ayer of hard netal material.
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28 wo9527121 26. A support armcutter assenbly of a retEUSss089e
drill "bit having a body, the assenbly conpri sing: a support arm
i‘ntegrally fornmed with said body and 5 havi ng an i nner surface;

a spindle attached to said inner surface and angled downwardly with
respect to said support arm a portion of said pindle defining
an inner sealing surface; 10 - | a cutter having a body with-a
cavity and an opening for receiving said spindle; sai d
cutter body fornmed by a base portion with a tip joined thereto
wherein said base conprises a ring forned separately fromsaid tip;
15 a portion of said cavity defining an outer sealing _
surface concentric with said inner sealing surface; a seal for
formng a fluid barrier between said i nner and outer sealing
surfaces; and a gap forned between said cavity and said
spindle, a'20  first portion of said g8g6substantially perpendicular to
an axis of said spindle, a second portion of.said gap substantially
parallel to said axis of said spindle, and sai d gap having an
openi ng contiguous with a bottom edge of said support arm 25

27. The assenbly of Caim 26 wherein said gap extends from said
opening to said seal.
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conpri ses backface

The assenbly of Caim26 wherein said cutter 30
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31. The assenbly of O aim26 wherein said first portion of sai d gap

i's planar ywgdsspbkyl second portion of said gap is cylipdrusssiossnz

WD 95/ 27121 PCT/ US95/ 03902

30 32. Arotary cone drill bit for forming a borehole,
conpri si ng: a body with an upper end portion adapted f or
connection to a drill - string, forrotating said body; a nunber
of angul arly-spaced arns integrally fornmed wi th and dependi ng from
sai d body, each of said arns conpri si ng: an inside
surface; 10 a spindle having a generally cylindrical end
portion connected to said inside surface of its respective arm
said spindle projecting generally downwardly and inwardly with
respect to said respective arm 15 said end portion having an

I nner seal ing
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surface thereon; and a plurality of cone cutters equaling said
nunber of wo9s7RINE nounted respectively aon one of said spkamiusssossech

of said cutters conprising: 20 an internal generally
cylindrical wall defining . a cavity for receiving said
respective spindle, said cavity having an end openi ng;

an outer sealing surface in said cavity wall concentric with
said inner sealing surface; and 25 a cutter end portion
surroundi ng said end , openi ng; a seal elenent f or
formng a fluid barrier between said inner and outer sealing
surfaces; and -~ a gap having first and second sections, said
first 30 section between an inner portion of said armand said

cutter end portion, said second section between said spi ndl e and sai d
cavity wall, said first section general |y perpendicular to said
second section and an axis of said spindle, and said first section
havi ng an 35 _opening intersecting wtlg4ad arm WD 95/ 27121

PCT/ US95/ 03902 said cutters rtmer conprising a generally
coni cal VIV




cdtter body havi ng' atip pointed away from -~~Hu AvVity Y
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(57) Abstract

A rotary cone drill bit (10) having a number of angularly-
spaced arms (21) integrally formed with a body (19), each arm
(21) having a spindle (23) and an outer shirttail surface (25). Each
spindle (23) has a generally cylindrical upper end portion and an
inner sealing surface. A number of rotary cone cuiters (11) equal
to -the number of arms (21) are mounted on respective spindles
(23). Each cutter includes an internal cylindrical wall, a gap (41)
with a generally cylindrical portion defined between the spindle
(23) and cavity wall, an outer sealing surface and a seal element
(43) spanning the gap (41) and sealing between the innér and outer
sealing surfaces. The cutters (11) are preferably composites formed
from different types of material. .
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as defined by Caim
i nconpatible with

‘wWth said 15

by C aim

tip.

separately of said tip.

35. The rotary cone drill

33 wherein said hard neta
heat-treati ng processes associ at ed

conventi onal

36. The rotary cone drill
35 wherein said tip is heat-treated and said base ‘is
treat ment of said

secured to said tip non- destructlvely of said heat 20

tip by inertial

wel di ng.

defined by Caim

central

said hard netal

mat eri al

core fornmed of a conventi onal

37. The rotary cone drill
32 wherein said base conpri ses:
mat eri al ;

st eel

25

forms a | ayer on said core.

material is

énd_

bit as

a

bit *

bit as defined
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