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ROTARY CONE.DRILL BIT WITH IMPROVED 
BEARING SYSTEM 

TECJRitCAL f tELP or TBS INYSNTIOB . . 

The present invention relate• generally to a rotary 
cone drill bit having multiple suppc»rt arm• with a 
spindle or journal extending from each support arm and :a 

5 ball retaining system for rotatably mounting a respective 
cutter cone assembly thereon and more particularly an 
improved bearing system to increase downhole drilling 
performance of the associated drill bit. 
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BACXQRQtJNp Qf THI ImtrrtOH 

Variaua tYP•• af rotary drill bit• or rock bit• may 
be used to form a borehole in the earth. Example• of 
such rack bits include roller cone drill bit• or rotary 

s cone drill bits used in drilling oil and ga• wells. A 

eypic:al roller __ c:one drill bit. include• a bj.~ bcdy with an. 
upper portion ada~ted for c:onnectiOA to a dri~l string. 
A plurality of support arms, typically tb.&'ee, depends 
f ram the lower portion of the bit body witll each aupport 

10 arm having a spindle or jo~ protruding radially 
inward and downward with respect to a pZojected axia of 

. . 

rotation of the bit body. 

Conventional __ roller c:one drill bit• are typically 
constructed in three segment•. The •agmenca may be 

15 positioned togeth•r longitudinally witb a wlcling groove 
between each segment. The segimlt• •Y then be welded 
with each other uaing conventional tec:Jmiquea to form the 

bit body. Each segment also inc~ude• a ••.aciated 
support am extending from the bit boclr· All enlarged 

20 cavity or paaaageway is typically fozmed iJl the bit body 

to receive drilling fluida frcm tbe dril1 acriJM.r. o.s. 
Patent 4,054,772 entitled Po•itioai119 ay.,ca. Co~ Rocle s.tc 
Weld.UJg, sbawa a •thod and apparatu fOS' coaatncting a 
three-cone rocazy ro~k bit from three individual 

25 segment:a. 

A cutter cone assembly i• generally rotatably 
mountec:I 01J a reapective spindle or joun.1. Tbe cutter 
cane •••etlbly typically ha• a cavity fo~ therein and 

sized to receiv. the respectiv. apiDclle. Variau• types 
30 of bearing• and/or bearing surface• MY be diapo•ed or 

found between the exterior of the Qiadl• ad the 
interior af the cavity. A typical bearing .yacem used t:l 

ratatably mount a cutter cane aaeellbly on a spindle will 
include one or more radial bearing• and one or more 
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thrust .bearings. The radial bearings will generally be 
located between the, outside diameter o! the spindle and 

interior surfaces of the cavity dispaaed adjacent 
chereto. Thrust bearings and/or thruat bearing surfaces 

s will generally be located between the end of the spindle 
opposite from the associated support arm and adjacent 
portions of the cavity formed in the cutter cone 
assembly. For sonie applicat:ions, a shoulcter may be 
formed on the exterior of the spindle and a corresponding 

lO shoulder formed on the·· interior of the cavity· with a 
thru•t bearing and/or thrust bearing surface• disposed 
therebetween. 

The thrust bearings and/or the radial bearings may 
be f.ormed as integral components of the spindle sucb aa 

15 shown in U.S. Patent 3,823,03) entitled lletbod ~or Making 
a Bear1ng Systent Having in Trained We•r-Re•jstaat 
Particles. For so• applicationa, roller type bearings 
may be disposed between the outside dialll9Cer of the 
spindle and adj•cent portions of .. the C:a~ity to· support 

20 radial load8 trana11litted from thec:uct:ercone a•aembly to 
the spindle. An example of such roller type bearings is 
shown in U.S. Patent 3,952,815 entitled .r.nd Bro•.tcm 
Protect.ioa ~or a Rock Ctltter. U.S. Patent: S,513,713 
entitled Se•l9d 411d Lubricated Rotazy Colle Dr1ll Bit 

25 HaY.iag Improved Seal Protect.ion shows multiple sets of 
roll.-r type be•ings disposed between a spindle and 

adjacent portion• of a cavity. Por other applications, a 
,bushing.may be disposed between the out:•ide diameter of 
the spindle and adjacent portions of the cavity to c:arry 

30 such radial loada •. Example• <?f such bu9hinga are shown 
in U.S.: Patent S,570, 750 entitled Rotary Drill Bit H'ith 
Improved Sl21rttail and Seal Protect.ton and U.S. Patent 
s, S.93, 231 entitled Hydrodynamic: Bear1np. These patents 

• 
also disclose examples of ehrust buceona or thrust 
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bearings which may be disposed between the end of the 
spindle and adjacent portions of the cavity. 

In a sealed rotary ··cone drill bit, lubricant under 
pressure is forced into a space formed b•tween.tlie 

5 exterior of the spindle and the interior ot the cavity to 
. . 

cool .and protect associated bearing• and/or bearing 
surfaces. A lubricant reservoir.is generally provided to 

. . 

compensate for any partial loss· of·. lUbric:ant and to 
balance internal lubricant pres811re·with external 

10 hydrostatic pressure during downhol• drilling operation. 
The lubricant may comprise, for example, a calciWlt 
complex grease. Additionally, solid•~ sucb a• molybdenum 
disulfide_, may be added to ·the lubricant to increa•• the 
load carrying capacity of the bearing• and/or bear~ng 

lS surface• .. 
Bearings and bearing· surfaces in a typical rotary 

cone drill bit are heavily loadeddur~ng doWnbole 
.drilling operations. During such drilling op•rations, 
the drill bit is rotated in a borehole which caU.es the 

20 a.ssoc;iate c;utter cone assemblie• to rotate on their 
respective spindl••·· The drill bit typically operates at 
a low speed with heavy weight applied to tbe bit which 
also produce• ••high load on the a•aoc:iatecl bearings. 
Rat~ cone drill· bits with sea.led lubrication ayste• 

25 typically include one or more elastomeric: seal• which may 
be daapd·frQia exposure to ·high temperature• created by 
.exce••ive friction due to such heavy ·1oad9. Also, non· 
concentric rotation and/or wobbling of ·a cutter cone 
assembly on it• reapective spindle iaan"other l'08•ible 

30 cause· of seal damage. Seal failure·fromexpo...r. to high 
temperature• or mechanical dama~e willeYelltually allow 
water, drilling fluids, and other debri• from the 
drilling operation to penetrate the space between the 
cavity in the c~tter cone assembly and the a•soc:iated 
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spindle and increase wear on the bearings and/or bearing 
surf aces to the point the cutter cone assemblies may be 
lost in the borehole. 

U.S. Patent 4,056,153 entitled Rotazy Rock Bit w:tth 
S Multiple Row Coverage for Very ·Hard Pozmat.toa•, and u.s. 

Patent 4,280,571 entitled Rock Bit, show examples of 
conventional rotary cone bits with cutter cone assemblies 
mounted on a spindle projecting from a support arm. 
Typically, ball bearings are inserted through an opening 

10 in an exterior surface of each support: a%ID and a ball 
retainer paaaageway extending therefrom to·rotatably 
secure each cutter cone assembly on its re•pective 
spindle. A ball retainer plug is then inaerced into the 
ball retainer passageway. Finally, a ball plug weld is 

lS generally foned in the opening to secure the ball 
retainer plug within the ball retainer passageway. 

Hardf acing of metal surf ace• and substrates is a 
well-known technique to minimize or prevent erosion and 

abrasion. of the, meta~ ·surface or· -subiltrat•~ : Hardfacing 
20 can be generally defined as applying a layer of hard, 

abrasion re•iatut material to a l••• re•i•t:ant surf ac:e 
or substrate by plating, welding, spraying or other well 
known metal depo•ition tec:hniquee.. Hardfacing ia 
frequently used to extend the service life of drill bits 

25 and other dovnhole tools used in the oil and gaa 
indu8tzy.. 'l\mgaten carbide and ita variou• alloy• are 
some of the"inOre widely used hardfacing materials to 

. protect drill bits· and other downhole tool• aa•ociated 
with drilling and producing oil and gaa well•. 
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StMpBy gr m INYEN1ION 

In accordance, with teachings of the preaent 
invention, disadvantages and probleu a••ociated with 
previous rotary cone drill bits have been •ub•tantially 

s reduced ·or eliminated. ·. One aspect of the preaent 
invention includes providing a rotary cone drill bit 
having support arms and.a spindle or jouznal extending 
from each support arm with a respective cutter cone 
assembly rotatably mounted thereon. Tll9·1ocation of the 

10 mechanism which retains each-cutter cam aa~l3' Oil its 
respective spindle, such as ball bearinga diapoa9Ct 
between the exterior of the spindl.• and tile inceriaa of:: a 
cavity formed in each cutter cone aaaembly. i• op&imized 
to increase the effect_iveneaa of both radial bearizls 

15 components and thrust bearing CQtllpODflDt• o~ the--
associated bearing system. For exmnpl•- aa exterior 
·portion of each spindle may have a ganenlly uaifornt 
outsid~ diameter with a first radial bearing.or bearing 
surface and a second radial beari,n.g or beari119 surface-. . ! 

20 disposed thereon with a ball mce. formall iD tile excerior 
of the spindle between the first radiala b9ariD,J. aa4 the 
second radial bearing. Dimensions. ot tM !ira& ·radial 
bearing relative to the second radial bearing •Y be 
selected in accordance with teachi~• of ~h• present 

25 i~ion to izlc:rea•• load carrying capability o! the 
aa~lat:ed bearing system and ability of the bearing 
syat:- to pr.,_t non-concentric. rot.at:ioa and/or mbble 
of the cutter cone assembly relative to it• reapec:tive 
spindle. Teaching• of the present ~ioa •Y be used 

30 with a wide variety of mechaniama whicb bolcl a cutter 
cone aaaembly on a spindle in. ac:lclitioa to ball bearings. 

Technical benefits of the present iJlvention include 
providing a rotary cone drill bit having a bearing system 
with increased load carrying capability which may be 
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incorporated into existing support arm and cutter cone 
assemblies without aubatantially· increa•ing or modifying 
the oveJ:all.configurat.ion of the support am and cutter 
cone assembly. A bearing system incorperating teaching• 

s of the present invention generally main~aina more 
concentric alignment during rotation· of a cutter cone 
assembly onto its respective spindle and minimize• any 

tendency of the cutter cone asaelllbly to ~le relative 
r:o the spindle. The present inventiaa will pzolong the 

lO downhole life of an asaociated rotazy cone drill bit by 
increasing the load carrying.capability a! both rad.iai 
bearing c:omponenta and th:uat: bearing·compammta of the 
associated bearing system. The present: invention also 
provides a rotary cone drill bit in wbicb tlut . 

15 configuration and dimenaiona of the shirttail portion of 
~ac:h support arm may be increased to prolong the down.hole 
life of the associated rotary cone dr~ll bic. 

Technical advantage• of the present: invention 
include the ability to apply bardfacing ma&eria1 on an 

20 enlarged· ahirttail·portion of each 8UppOZC u:.. 
Alternatively, the pre•ent. invent.ion alloll9 increaaing 
the number and/or •ize of insert• and c:cmpacta wbich may 
be installed within the shirttail pozt:ioa of each support 
arm; Incr-ing the size of the shirttail portion of a 

25. suppa= azta and covering the enlarged abi.Rtai1 portion 
witb a layer of hardfacing in accordanc:e witla teachings 
of the present. invention may be particularly effective in 
increa•ing drill bit life during drilling of horizontal 
and/or clirect.ional well bares. Pr-t:=- drill bit 

30 failure due to increaeed side loading of tJut asaoc~ated 

drill and incre•••d abrasion, eroaion. am/or 1IM&r of the 

support arm• may occur under such c:ondit.iou. Multiple 

inserts and compacts may also be more sec:ul'ely installed 
within the shirttail portion of each support: arm adjacent 
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co the ball plug hole co further enhance abrasion, 
erosion and/orwe•r resistance. 

Other technical advantages will be readily apparent 
to one skilled in the art from the following figures, 

s descriptions, and.claims. 
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BRIEF QESCB;IRTtON Of TQ 9JAWXNM 

For a more· complete underatan.cling of the pre•ent 
· invention and its advancages, reference ia now made to 
the· following brief description, taken in.conjunction . . ' 

s with the accompanying drawing• and detailed cluc:ription, 
wherein like reference numeral• repreaent like part•, in 
which: 

FIGtJRS 1 is a schematic: clrawi119 in elevation showing 
one type of rotary cone drill bit witb support: arma and 

10 cutter cone assemblies formed in accordance with 

teachings of the present invention1 
FIGtJRB 2 is a schematic: drawing ·ill aectioa and inr 

elevation with portions broken away allowing another type 
of rotary cone drill bit disposed at a downhOle l~ation 

15 in a borehole with the drill bit having auppo¥t arms and 
cutter cone assemblies formed in acc:ordanc• with 
teaching• of the prese~t invention, 

FIGOR& 3 is a schematic drawing ill section and in 
elevation with portions broken away of.adrilll>it having· 

20 a unitary bit body with support a~ md c:ut:t::er cone 
aaaembli•• similar to the drill bit abotla ill PIGURB 2; 

PIGtJRll • i• an enlarged scheatacic drawing in section 
and in. elevation with portions broken away showing a 
bearing 8Y8C• incorporating teaching• of the present 

25 invention in combination with a cutter cone a••embly 
rot:atably mounted on a spindle projecting fzom a support 
azm1 

PIGORB s i• an enlarged sche-tic dra•ing in section 
and in elevation with portions broken away •bowing 

30 another bea~ing ayatem incorporating teacbiaga of the 
present invention in combination witb a cutter cone 
assembly rotatably mounted on a spindle p1:0jecting from a 
support arm1 and 
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FIGURB 6 is an enlarged schlamatic drawing in eection 
and in elevation with portion•.bZ'C)k•n away showing a 

further·bearing system incorporating teaching• of the 
present invention in combination with a cutter cone 

s assembly rotatably mounted on a spindle projecting from a 
support arm. 
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pstArLm 01scaretrgv or THI xmmrQB . 
The pref erred embodiments of the presene invention 

and its advantages are best understood by referring now 
in more detail to FIGORES 1·6 of the drawinga, in which 

5 like numerals refer to like parta. 
Support arma and cutter cone aaaembliea 

incorporating teachings of the present invention may be 
used with a wide variety of rotary cone drill bita. . . 

Rotary cone drill bits 20, 70 and l?O wbicb will be 

10 discussed later in more detail repraaen~ only a few 
examples of the many types of ~rill bit• which may have a 
bearing system incorporating teaching•of the present 
invention. The support arma and cutter cone aaeemblie• 
which are shOwn in PIGORES 1·6 will be cleacrib9d with 

15 respect to a sealed lubrication syatea. However, a 
bearing system incorporating teaching• of the present 
invention may be satiaf actorily uaacl with ai~ cooled ., 

drill bits and drill bits which do not bave a lubrication 
system. 

2·0 · · FIGURB 1 · illuetratea varioua aapacca of a rotary 
cone drill bit indicatecl generally a~ ao of tb8 type used 
in drilling a borehole in the earth. Drill bit 20 may 
also be referred to as a "roller cone rock bit• or 
"rotazy rock bit.• With rotary cone drill bit 20, 

25 c:ut.eing.action occurs as c:one-sbaped c:uttera, indicated 
generally at 22, are rolled around the bottoa of a 

bombole (not expreaaly shown) by the rotation of a drill 
string (not expressly shown) attached to drill.bit 20. 

30 

cutter cone assemblies 22 may alao be refezrad to aa ... . . . 

"rotary cone cutters• or 11 roller cone c:ut:ten.• Bach 
cutter cone assembly_ 22 is rotatably mounted on a 
respective journal or spindle (not expressly shown) with 
a bearing system incorporating teaching• of the presene 
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invention disposed therebetween. £xamplea of sucb 
bearing syseem• are shown in FICURIS 3, 4, s and '· 

Rotary cone drill bic 20_ include• bit body 28 hav~ng 
a tapered, externally threaded upper portion JO which is 

5 adapted to be secure~ to the lower end of a drill string. 
Depending from body 28 are three support U'lllll 32. Only 
two support arms 32 are visible in PIGORS 1. Each 
support arm 32 preferably include• aapindla or journal 

. . 

formed integral with the respectiV. auppo~ um 32. Each 
lO cutter cone assembly 22 is rotatably mounted on a . 

respective spindle. The spindle• are preferably angled 
downwardly and inwardly with respect to bit bociY 28 and 

exterior surface 34 of the re9pective aupporc um 32. As 

drill bit 20 is rotated, cutter cone •••emblie• 22 engage 
lS the bottom of a borehole (not expressly shown). Por some 

. . . . . . ~ 
applications, the spindles may also be tilted at an angle 
of zero to three or four degree• in tbe direction"of 
rotation of drill bit 20; 

cutter cone assemblies 22 may include. aurfac•··. 
20 . compacts or insert• 36 pres•ed into reapec:tive gage 

surfaces and protruding inaeita 31 or milled. teeth (not 
expres•ly sbown), which scrape and goU.ge- again•C the. 

side• and bottom of the borehole wm.r the dawn.bole force 
applied through the associated drill atring. The 

25 foz.a~ion of borehole debris created by Cutter cone 
aaaembliea.22 i• carried away frail tbe bot:toa of the 
borehole by drilling fluid flowing fa nasal•• 40 

adj~cent to lower partion 42 of bit body 21. .The 

drilling fluid flOW8 upwardly toward the 8UZ'fac:e through 
30 an annulus (not expressly shown) !Oneel betwa drill bit 

20 and the side wall (not expreaaly Mown) of the 
.. borehole. 

Each cutter cone assembly 22 ia generally 
constructed and mounted on its associated journal or 
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spindle in a subst~ntially identical manner. Dotted 
circle 48 on exterior surface 34 of each support a%'1'a 32 
represents an opening to an associated ball retainer 
passageway (not expressly shown) . The function of 

s opening 48 and the associa~ed ball retainer passageway 
will be discussed later with respect .to rotatably· 
mounting cutter cone assemblies on their respective 
spindle. One of the benefits of the pre•ent invention 
includes increasing the distance or spaci119 between each 

10 opening 48 and shirttail so of the respective support arm 

32. 

FIGORB 2 is an isometric drawing-of a rotary cone 
drill bit indicated generally at 70 conatructecl according 
to teachings of the ~resent invention at~ac:hed to drill 

15 string 72 and disposed in borehole 74. Sxamplea of such 
drill bits and their associated bit body, support arms 
and cutter cone assemblies are sbo'lll in U.S. Patent 
5,439, 067 entitled RQc:k Bit Wi~ waMncecl Plu1d Return 

Area, and U.S. Patent 5,439,06• entitled Modular Rota.rY 
20 Drill Bi.t. The•• patent• provide addit:ioul infonation 

concerning tm manuf~ture and aaaellbly af uni~ bit 
bodies, support arma and cutter cane aaa911blie• which are 
satisfactory for use with t~ present.invention. 

· Annulu. 71 ia formed between the exterior of drill 
25 ·· string 72 and the interior or wall 78 of borehole 74. In 

additi~ to rotating .drill bit 70, drill string 72 is 
often uaed to provide a conduit for coamunicating 
drilling fluida and other fluids from the well •~face to 
drill bit 70 at the bottom of borehole 74. Sw:h drilling 

JO fluids may be directed to flo~ from drill atring 72 to 
multiple .. nozzle• 80 ·.provided in drill bit 70. Olttinga 
formed by drill bit 70 and any other debris at the bottom 
of borehole 74 will mix with drilling fluida exiting from 
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nozzles 80 and returned to t:.he well surface via annulus 
76. 

Drill bit 70 include~ one piece or unitary body 82 

with upper.portion 84 having a. thread8d·c:onnection or pin 
s 86 adapted to secure drill bit "7o"wit:h the lower end of 

. . ' . 

drill string 72. ·Three support arms 88 are preferably 
.attached to and extend longitudinally from bit body a2 

opposite from pin 86. Only two support •1'llUI aa are shown 
in FIGURB 2. Each support arin aa preferably includes a 

lO respective cutter c:one assembly 90. CUtt:er cone 
assemblies 90 extend generally downwardly and inwardly 
from respective support arnia 88. 

Bit body 82. includes "lower portion 92 having .a 
generally convex exterior $tirface 94.formed thereon. The . . 

lS dimensions of convex surface 94,and the location of 
cutter cone assemblies 90 az:e s~lectedto optimize fluid 
flow between lower. portion 92of bit: body 82 and cutter 
co~e assemblies 90. The location of each cutt•r cone 
assembly_ 90 relative to lower·. p_ortion- 92·,.-y·be· vart·ed· by··· 

.20 adjusting the l8ngt:h of suppcSrt al:ala ae ancl the spacing 
of support uma aa on the" exterior of bit body 12. 

Cutter cone assemblies 90 may furth.r include a 
' ! ' . . . . 

plurality o! surface compacts 96 dispo•ecl in gauge face 
surface 91 of each" cutter cone assembly .. 90. Each cutter 

25 cone aa•embly 90 may also include a ~Wiiber of projecting 
in•er1:•·100. surface compacts 96 and in•ert• 100 may be 
formed from various types of h&rd m.cerials depending on 
anticipat~ downhoie operating coftdi.tions. Alternatively, 

milled teeth (not exltressly shown) may be formed •• an 
. . .. 

30 integral part· of each cutter cone ••••mbly·· 90.· 
Each support arm 88 also comprise• flow channel 102 

to aid removal of cuttings and other debria f rcm borehole 
74.· Flow channel 102 is disposed on exterior surface 104 

of support arm 88. Flow channel 102 may be formed in 
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each s~ppore arm aa by a machining operation. Plow 
channel 102 may also be formed during.the proce•a of 
forging the respective ~uppore arm 88. After support 
arms 88 naa been forged, flow channel• 102 may be further 

s machined to define their de•ired configuration. 
Each support arm 88 include• shirttail 101 with a 

layer of selected harclfacing materialacoV.ring shirttail 
portion 108. Alternatively, on• or mon compact• or 
insert• (not expressly shown) may be cliapoaect within 

10 shirttail portion 10.8. As a. resulc of combining a 
bearing system incorporating teaching• of the present 
inveneion in~luded with support ama 18 and cuc:cer cone. 
assembliea 90, the dimensions of aa80Ciated shirttail 
portions 108 may be enlarged to better ac:=--odate the 

lS use of compacts and/or inserts to protect 8JU.¥ttail 
portions 108 from abraaion, erosion and -•. As 

. . 
discussed later in more detail, the location of opening 
110 and the associated ball retainer pa..,..._y may be 
modified to increue the dimenaion•. ·Of •biretail poRion 

20 108. 

PtGORS 3 ia a schematic drawing iA aeceioa with 
portions bralcen away ahow~ng rotary cone drill bic 170 
with supportuma 88 and cutter cone •••embliea 90 having 
bearin9 aysc... inco~rating various teaching• of the 

25 preaeac invention •. various component• of the aaaociated 
bea:d.ng Qat-, which will be di8CU•aecl later in more 
detail, allow each cutter cone a••embly 90 to tie 
rotataaly maunted on its respective jounal 11•. Rotary 
cone drill bit a.10 includes one piece or unitny bit body 

30 182. Bit body 182 is subatan~ially •iad.lar to previously 
described bit .body 82 except for low.r porcioa 192 which 
has a generally concave exterior surface 194 formed. 
thereon. The dimensions of concave surface 194 and the 
location of c:utter cone assemblie• 90 may be selected to 
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optimize fluid flow between lower portion 192 of bit body 

l82 and cutter cone asaembliea 90 a:8 previously described 
with respect t:.o bit: body 82. 

Cutter c:one assemblies 22·· of drill bit 20 may be 

S mowu:ed on a journal or spindle· projecting from 
respective support arl'il8 32 using su.bjtantially the same 
techniques associated with m0unting cutter cone 
assemblies 90 on spindle or j'ournal 11& projecting from 
respective support arms 88. Also, a bearing. syst• 

lO incorporating teachings of the pre•enc· invention may be 
satisfactorily used to rotatably mount: cutter cone . . 
assemblies 22 on respective support aZ'1118 32 in 

... . 
substantially the same manner a• used to rotatably mount 
cutter cone assemblies 90 on respective aupport aX'IUJ 88. 

15 .. Therefore, the varioua features and ·benefit• of t:he 

present invention will be described pr~marily with 
respect to ~upport arma ea and cutter cone ua•mblies 90. 

Each cutter cone aaaembly 90 preferably includes 
generally cylindrical cavity .114. which: baa bett11 ·sized·· to 

20 receive spindle or joU%Dal 116 therein. Baell cutter cone 
assembly 90 .a· its respective spindle 11&. ha• a common 
longitudinal axi• 150 which also repre•.nt• ~he axis of 
rotat~on for cutter cone aas•mbly .· 90 relative to its 
a•aOc:iatecl apindle 116. Various compozianta of the 

25 re.,.ctive·bearing system include uchined Wr!acea 
aamociatecl with.ti. interior of cavity 11•.anct the 
exterior of spindle 116. These macbillect surface• will 
generally be de•crihed with respect to &Xia 150. 

The support arma and cutter cone u•emblie• shown in 
30 PIGtJRBS l, 4, s, and 6 preferably include a ••aled 

lubrication system. A8 previoumly noted, bearing systems 
incorporating teachings of the present invention may be 
satisfactorily used with support arma and cutter cone 
assemblies which are air cooled or which do not include a 
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lubrication system. For the embodiment• of the present 
invent:~on as shown in FIGtJRBS ?,-4, s·and 6, seal ring 
119 is located at mouth or opening 119 of cavity 114 to 
establish a fluid barrier between ·cavity 114 and journal 

s 116. Seal ring 118 may be formed from variou. types of 
elastomeric material to.provide a subatantially fluid 
tight seal. 

For the embodiments shown in PIGOIDJ~ 4,, sand 6, 
each cutter cone assembly ia retained on it• re8pec:tive 

10 journal by a plurality of ball beari1199 132. However, a 
wide variety of cutter cone assembly reeaining 1118Chanisma 
which are well known in the art, my al• be UMcl with.. a 

bearing system incorporating teacbing8 of the pre•nt: 
invention. For the example shown in l'IGUJlS 3, ~ 

15 bearing• 132 are inserted tbrougb opening 110 in exterior 
surf ace 104 a'1d ball retainer paaaagaway 112 of ~he 
aaao~ia~ed support .arm 88. Ball race• tl• and 136 are· 
formed respectively in the interior o~cnity 11• of the 
as11ociated .cutter cone assembly 90 and. tlle excerior ·of·· · 

20 journal 116. 

Sall retainer paaaageway 112 i• COllll9CCeclwith ball 
races 13• and 13& such that ball beazinp 131 may be 

inserted theret:brough to form an ammiar array within 
ball r&c.a 13• and 136 to prevent di•engageinent of cutter 

25 cone •••...,ly 90- from it:s associated journal 111. Sall 
ret:ainer pa••agevay 112 is subsequently plugged by 

inaeztinga ball plug retainer (not: expraHly abown) 
therein.. A ball plug weld (not expn•aly a!lam) i• 

preferably formed within each opening 110 to provide a 
30 fluid barrier between ball retaifter·paa--y 112 and 

the exterior of ea-;:h support arm 81 to pmmc 
contamination and/or loss of lubricant ~rom the 
associated sealed lubrication-system. 
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Each support·. arm 88 preferably include8 lubricant 
.. cavity or lubricant reservoir 120 having a generally 

c:ylindric:al configuration. · Lubricant: cap 122 i• disposed . 
within one. end of'. lubricant cavity 120 to prevent 

s undes~red fluid communication between lubricant cavity 
120 and the exterior of support arm· el. · Lubricant eap 

122 includes flexible, resilient diaphragm 124 that 

closes lubricant cavity 120. Cap 122 cover• diaphragm 
' ' ' 

124 and defines in, part chamber 128 facing diaphragm 124 
10 to provide . a volume into which diapbraglit 12.t can expand. 

15 

20 

Cap 122 and diaphragm 124 are retained within lubricant 
cavity 120 by retainer 129. ·. 

Lubricant pas•age 121 .Xtenda through suppoR arm: 88 
to place lubricant cavity120 in fluidcOlmlWlic:ation with 
ball retainer passageway 112. Ball retainer P•••ageway 
112 provide• fluid c:ommUnication with intel:nal cavity 114 
of the associated. cutter. cone uHlllbly 90 and the bearing 
system disposed between the exterior of spindle 116 and 
the interior of cavity 114. · upOn assembly ... of-.clril·l-. bit , 

110, lubricant passage 121, lubricanreavity 120, any 
available apace in.Dall retainer pa•~ 112, and any 
available apace between the· ·interior surface of cavity 
114 and the exterior of spindle· ii& are filled with 

. lubricant tbzougb an opening (not expra88ly ahown.) in 
25 each auppoR arm aa. ·The opening·· i• subsequently sealed 

after lubricant. ·filling. 
The pre••ure of the external·fluida out•ide drill 

bit 170 may be tranamitted to lUbric:ane (not expre••ly 
shown) contained in lubricant cavity .120 by diaphragm 

30 124. The flexing of diaphragm 124 maintaiU the 
·lubricant at a pres•ura generally equal Co the pressure 
of external· fluids outside drill bit · 170. ··· Thi• pressure 
is transmitted through lubricant pa•8aga 121,. ball 
retainer passageway 112 and internal cavity llt to expose 
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t:he inward face of seal ring 118 to.presaure generally 
equal to t:he pressure of the external fluida. 

Each spindle or journal 116 is formed on inside 
surface 105 of each suppo~t arm 88 •. Bach·spindle 116 has 

s a generally cylindrical configuration extending along 
axis 150 from support arm 88. Axi• 150 alao corresponds 
with the axis of rotation for the aaaociated cutter cone 
assembly 90. For the embodiment of the present invention 
as shown in FIGURE l, spindle 116 include• first outside 

10 . diameter poreion 138, second outside diameter portion 
140, and third outside diameter portion. 142 • . 

·First outside diameter ~ortion 131 extencla from the 

junction between spindle 116. and inaide surface• 105 of 
support arm 88 to ball race 136. Second outside diameter 

15 · portion 140 extends from ball race 131 to shoulder 144 

formed by the change in diameter from second diameter 
portion 140 and third diameter portion 1o12.· l'irst 
out.side diameter portion 138 and second outsi.de diameter 
portion 140 have approximately the same di.ameter.measured ·. 

20 · ·· · relative to the axis 150. Third out•ide diameter portion 
142 haa a sub•tantially reduced out•ic:le diameter in 

comparison with first outside diameter porcion 138 and 

second outside· diameter .portion 140. Cavity 114 of 
cutter cone assembly 90 preferably include• ~chined 

25 surface• corresponding generally with f ir•t outside 
diameter portion 138, second outa~de diameter portion 
140, third out•ide d~ameter portion 142,• shoulder 144 and 

end"l46 of spindle 116. 

As discussed later in more det•il, first outside 
30 diameter portion 138, second outaide diameter portion 

140, third outside diameter portion 142 and corresponding 
machined surfaces formed in cavity 114 provide one or 

~ . ' . 

more radial bearing components used to rotatably support 
cutter cone assembly 90 on spindle 116. Shoulder 144 and 
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end 146 of spindl• i16 and corresponding machined 
surfaces ·formed in· cavity i.14 provide one or more thrust ·. 
bearing c:omponentl:r used to rotatably. support cut~er cone 
assembly 90 on spindle 116. Aa ~iscusaed later in more 

s detail, various types of bushings, roller bearings, 
t~rust washers, and/or thrust.buttons may be disposed 
be.tween the exterior of spin~le 116 .and corresponding 
surfaces associated with cavity 1_14. Radial bearing 
components may also be referred to aa journal bearing 

10 components.· 
As beat show in FIGtJRB 3, ball :.-etainer paaaageway 

. 112 extends·. from opening 110 in ~xterior surface 104 of 
support arm 88 through spindle 115 and intersects with 
ball race 136. The intersection between.ball retainer 

15 passageway 112 and .. ball race i3S forma opening 148 in t:.he 
exterior of spindle 116. An important feature of. the 
present invention includes positioning ball race 136 and 
opening 148 intermediate the j\ancticm between apindle·11s 

20 

. . 

and. interior surface 105 .. of Support:· .... ····aocl-:·sboulder 
144 formed on the exterior of spiz.idl•.11&. Aa shown in 
FIGURES 3, 4, 5, and 6, selecting the loc:at:ion of ball 
race 136 and- opening 148 in accordance witb teachings of . .. 

the present invention substantially increase• the length . . . . 
of second outaide diameter portiOll 14(1 aa compared with 

25 previou• support arm and cutter cone a•••mbli••· 
Depending an specific: dime~•iQDll and configurations 

asaoc:iated with drill bit 170, suppozt uma 88, spindles 
116 and cutter cone assemblies 90, the length of second . . . . 
qutside dia•ter portion 140 may vuy betwea 

30 approximatelY. twnty-f ive percent (25t) of tile length of 
first outside diameter portion ill .an4 appr:oxialately the 
.same length aa first outside di_ameter PQ_rtion 138. For 
large diameter drill bits, the radii of th• associated 
spindles will also increase. For such applications, the 
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length of second outside diameter portion 140 may be 
greater than the length of first outside diameter portion 
138. Varying the length associated with first outside 
diameter portion 138 and second outside diameter portion 

s 140 in accordance with teachings of the present invention 

10 

. . 

will enhance both the radial load carrying capability and 
the thrust load carrying capability of the bearing system 
used to rotatably mount cutter cone aaaembly 90 on 
spindle 116. 

For the embodiment shown in FIGUR& 3, the dimensions 
associated with first outside diameter portion 138 and 
second outside diameter portion 130, and the dimensions 
of adjacent portions of cavity 114 are selected to 
provide radial bearing support during rotation of cutter 

. . 
15 cone assembly 90 t;>n spindle 116. In a similar manner, 

c:he ·dimensions associated with first outside diameter 142 

and adjacent portions ~f cavity 114 are selected to 
provide additional radial bearing support during rotation 
of cutter cone assembly 90 on spindle 111. Pirac ·outs·ide·' ·· 

20 diameter portion 138 and second outaide diameter portion 
140 cooperate with each other to fo:r:m the primary journal 
bearing or priury radial bearing a••OCiated with 
rotatably mounting cutter cone aa•embly 90 on spindle 
116; Third outaide diameter portion 142. provides a 

25 secondary journal.bearing or· secondary radial'bearing. 
The combined effective length of the hearing 

surface• J:"epre•ented by first outside di-t:er portion 
138 and aeco~ outs~de diameter portion 140 i• 
approximately the. ·same aa the length of a primary journal 

30 bearing associated with previous spindlea'and cutter cone 
assemblies. However, by placing opening 148 from ball 
retainer passageway 112 between first outside diameter 
portion 138 and second outside diameter portion 140, the 
effective spread of the primary journal bearing or radial 
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bearing .is substantially increased aa compared with 
previous spindlea·and cutter cone aasembliea having 

approximately the same dimensions. Also, the increased 
length of second outside diameter portion 140 provides a 

5 relatively strong, robust shoulder 144 which will 
subst~ntially increase the thrust load bearing capability 
as compared to a previoua·spindle/<;Utter cone assembly 
having only end 146 for carrying thrust load8. 

As shown in FIGURES 4, S and &, the preaent 
10 invention allows rotatably mounting a cutter cone 

assembly on a spindle having a bearing system with 
increased radial and/or thrust load carrying capacity 
without requiring a suDstantial increase in the physical 
bQundaries associated with the bearing system. Cutter 

is cone assembly 190 showri in FIGtJRB 4 and cutter cone 
assembly 290 shown in FIGtJRB s are ·substantially the same 
as previously described cutter.cone as•embly 90 except 
for modification of selected·machined surface• formed in 

20 

. . 

respective cavities 214 and 314. Spindle 21S· shown .. in· .. 
FIGURES 4.5 and 6 ia substantially the same aa previously 
described spindle 116 except for modification• f orrned on 
the outside dtaMter of apind1e·21& adjacent to inside 
surface 105 of support arm 88. 

· For the embodiments of the present: invention shown 
25 in FIGlJRBS 4, S and 6, thrust washer 152 is preferably 

disposed betwe~n shoulder 144 on spindle 216 and 

corresponding shoulder 154 formed within cavities 214 and 

314. The location of ball race 136 form_ed in the exterior 

of spindle 216 ia preferably selected such that the 
30 length of second outside diameter portion ltO will 

provide relatively strong, robust support !or shoulder 
144 and thrust collar 152. Increasing the length of 
second outside diameter portion 140 increase• the sheer 
strength associated with shoulder 144 which allows the 
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associated rotary cone drill bit 170 to better withstand 
abusive downhple dr!lling conditions such aa dropping 
drill string 72 in borehole 74. Also, increasing the 
length of second outside diameter l40 reduces the 

s possibility of thermal and/or mechanical cracking which 
might occur.if shoulder 144 was supported by a relatively 
thin section of metal. 

For some applications, a ·thrust: button Cn.ot 
expressly shown) may be disposed between end 146 of 

10 spindle 216 and adjacent por.tions of cavity 214 and 314. 
As a result of locating ball race 136 in the exterior of 
spindle .216 in accordance with teaching• of the preaene 
invention. the thrust bearing component• associated with 
rotatably mounting cutter cone assemblies 2to and 390 on 

15 respective spindles 216. may be substantially increased as 
compar.ed to previous rotary cone bits in which the ball 
race was generally formed closer to the end of the· 
respective spindle associated supPC>rt arm. 

For some applications, radial bearings. and/or thrust 
20 bearings of a bearing system inco%'p()rating teachings of 

the present invention may be formed aa integral 
component• of the spindle and/or cavity of the associated 
cutter cone a•••mbly. cutter cone assembly 90 and 
spindle 116 shown in FIGtJRE 3 ia·a schematic 

25 representation of &\lch a bearing system.· The bearing 
system used to rotatably mount cutter cone assembly 290 
on spindle 216 aa shown in FIGURB 4 include• thrust 
washers 152 and radial bushing 156. For thi8 particular 
embodiment, interior cavity 214 include• an enlarged 

30 inside diameter portion which provide• rec••• 254 sized 
to receive bushing 156 therein. Spindle 216 also 
includes an enlarged outside dia~et:er portion 238 formed 
adjacent t:oinside surface 105 of support arm 88 to form 
a fluid barrier with seal ring 118. Enlarged outside 
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_diameter portion 238 also forms shoulder 240 which 

contacts bushing lSEi to assist· in properly positioning 
cutter cone.assembly 290 on spindle 215. First diameter 
portion 138 of spindle'216 is sized to contact both 

S bushing 156 and a portion of cavity 214 ·disposed between 
ball race 134 and recess 254. Second outside diameter 
portion 140 of spindle 216 is preferably sized to contact 
a portion of cavity 214 disposed adjacent thereto. For 
som!I applications, the bearing clearance• or running 

10 clearances associated with·bushing.156.aftcl first outside 
diameter portion 138 are· slightly closer together as 
compared with the running clearances between seconcl 
outside di•meter portion 140 and adjacent portions of' 
cavity 214. 

lS For the embodiment of the present invention shown in 
FIGURE 5, cutter cone assembly 390 include• an enlarged 
inside diameter portion 354 which ext.enda fram seal ring 
118 to ball race 134. For this embodiment of the present 
invention, enlarged. bushing 356 mayJ:>e disposed, between-

20 first outside diameter·portion 138 and inside diameter 
354 of cavity 314 •. 

. . 
For the entbodiment of. the present invmu:ion shown in 

FIGURB 6, cutter c:one·assembly·490 baa been further 
modified by forming'an enlarged inside diameter portion 

25 358 which extends fr.om ball race 134 to~ard shoulder 158. 
For.this embodiment of the present inv•ntion, bushing 357 
may be disposed between second: outside diameter portion 
140 of spindle 216 and inside diameter 3S8 of cavity 314. 

· . Cooperation between bushings 3 56 and 357 as abowli in 
30 FIGtJRB 6, w:i..11 further enhance the rotational stability 

of cutter cone assembly 490 on apizidla 211.· 

Shirttail 10·6 may be defined as the' junction between 
exterior surface 104 and inside surface 105 of support 
arm 88. For the embodiment of the present: invention as 
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shown in FIGOJU:S 2 and J, shirttail 106 will preferably 
have a radius of .. curvature corresponding approximately 
with adjacent portions of cutter cone assembly 90. 
Shirttail SO of support arm 32 has a similar radius of 

5 curvatures. For purposes of the present patent 
application, the term "·shirttail portion• is used to 
describe the portion of exterior surface 104 of support 
arm 80 extending from opening 110 toward shirttail 106. 
For drill bit 20,. the shirttail portion is generally 

10 defined as the portion of exterior surface 34 extending 
from opening 48 to shirttail· SO. 

For purpoaea of the present application, the term 
"hardfacing• is used to refer to a layer of material 
which has been applied to a substrate.to protect the 

15 substrate from abrasion, erosion and/or wear. Various 
binders such as cobalt, nickel, copPer, iron and alloys 
thereof may be used to form the matrix or binder portion 
of the deposit. V~rious metal alloys, ceramic alloys and 
cermets such aa metal boridea, metal ·carbidea,. metal:· 

20 oxides and metal nitrides may be included aa part of the 
matrix depo•it in accordance with the teaching• ot the 
present invention. Some of the more beneficial metal 
alloys, ceramic alloys and cermets will be discussed 
later in mor.e detail. Kardfacing may alsa be referred to 

25 as a "matrix depaait." 
For purpose• of the present application, the term 

"tqatesi carbide• includes monatungaten carbide (WC), 
dit.ungaten carbide (W2C); macrocryatalline tungsten 
carbide and cemented or sintered tungat.en carbide. 

30 Sintered tungsten carbide is typically made from a 
mixture of tungaten carbide and cobalt powder• by 
pressing the powder mixture to form a green compact. 
Various cobalt alloy ·powders may also be included. 
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Hardf ac:ing layer 108 may be satisfactorily formed 
using hard ceramic particles and/or hard particles formed 
from superabrasive and superhard materials commonly found 
as phases in the boron-carbon.;;nitrogen-sil.icon family of 

s compounds and alloys. EXamples of materials that may be 

satisfactorily used to form hardfacing layer 108 include 
diamonds, silicon nitride CSi3N4), silicon carbide CSiC), 

boron carbide cs.c> in addition to cubic boron nitride 
(CBN). Various materials inc·luding cobalt, copper, 

10 nickel, iron, and alloys of these elements may also be 

used to form hardfacing layer 108. For example, metal 
borides, metal.· carbides, metal oxides· and metal nitrides 
or other superhard and superabraaive materials may be 
used to form·all·or·a portion.of·hardfacing layer 108. 

15 Depending upon the intended'· aPl'lication for hardf acing 
layer 108, various types of tungsten ~arbide may be used 
to form all or a.portion thereof. 

A wide variety of haJ:'df acing materials have been 
satisfactorily uaed on drill bi ta·· and, other, clcwnhO·le · 

' ' ' 

20 tools. A frequently used hardfacing includes sintered 
t.ungsten cu1'ide particles in an alloy steel matrix 
depo~it. Other forms of tungsten carbide pa~icles may 
i~clude grains of monotungsten carbide, ditungaten 
carbide artd/or macrocrystalline tungsten carbide. 

25 Satisfactory binders may include material• such as 
cobalt, iron, nickel, alloys of .iron and other metallic 
alloys. Por so• ·applications, loo8e hardfacing material 
is generally placed in a hollow tube or welding rod and 
applied to the substrate using conventional welding 

30 techniques. Aa a result of t~ welc:ling p~e~•· a matrix 
deposit including both steel alloy· melted from the 
substrate surf ace and steel alloy provided by the welding 
rod or hollow tube is formed with the.bardfacing. 
Various alloys of cobalt, nickel and/or steel may be used 
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as P•rt of the binder for t:he inatrix depoeit. Other 
heavy metal carbides and nitrides, in addition to 
tungsten carbide, have been used to form harc:tfacin9. 

S APQITIONJL COMMQTS 

. The basic embodiment of the invention consists of a 
somewhat conventional roller c:one bit bearing arrangement 
with exception to the fit and ftinction of the arm bearing 
t:hrust flange and the relative position of the ball 

10 bearings. 
The invention optimizes the axial location of the 

ball bearing races to provide maximum·radial.and thruse 

capacity of the bearing system. Thia configuration 
provides sufficient radial surface area to the arm thrust 

15 flange to serve aa a supplemental contact surface of the 
primary journal bearing. 

The inve~t:ionmay also apply to alternate bearing 
. configuration• that uae a wide variety of·devicea other 
than ball bearinga. to r:etain···a·,cutt:er· cone· ••••lllbly·· on· a 

20 spindle. 
Most roller cone drill bit• in size• of .up to about 

12~ inch•• in diameter typically feature a •friction­
ball-friction• bearing geomet:i:y. The cylindrical 
friction surface• bear the radial loada impo•ed on ehe 

25 bit, while the ball bearings resist the in-thrust: fa:ces. 
convention ha• normally been to locate th~ axm ball 

race some minimum essential distance from the thruat 
flange to provide the greatest poaail»le •pread between 
the ball bearing and the seal. Thi• expanse defines the 

30 sole contact area of the primary joumal bearing. Since 
the cylindrical surface area of the relatively thin 
thrust flange is insufficient to act as a load bearing 
surface, radial clearance is provided in this re~ion. 
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The secondary journal bearing is proportioned to fit 
'' 

within the balance of the available envelope. 
. . . ' . . 

Running cl~~ranc:es of ·the primary journal bearing 
are generally slightly closer than those of the secondary 

5 journal to ensure the smaller melnb•r·ia:not overloaded. 
The new invention .provides an· improvement by 

positioning the ball be.aring· closer to the seal, thereby 
sufficiently inc:re•sing·the.c:ylinclrical area of the arm 
thrust flange to s•rv~ as a radial load beari119 surface. 

10 This increases the total surface area. of the primary 
journal bearing as co,mpared . to prior art deaigna. 

· Moreover, the effec;tive spread of th• primary journal is 
appreciative,ly enhanced to improve· bearing stability 
while encounte.ring .. overturni_ng loada.. · This added 

15 rigidity decreases angular misalignment, while reducing 
the bending stresses .. in the· secondary jouznal. 

Although.the .present invention haa been described by 
• ! '· 

several enibodi.ment•~·va?;iou• changea and moc:lifications 
·may be suggest,ed co one skilled in the art. It is 

20 · · · i~teftded that the present invent.ion encompa••• such 
changes and modif ieationa as fall .within the scope of the 
present appended claims. 
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WHAT IS CLAIMIQ IS: 

l •. A rotary cone drill bit having a bit body with 
an upper portion adapted for connection to a drill string 
for rotation of the drill bit to form a borehole, 

5 comprising: 

a number of support arms attached to and extending 
from the bit body opposite the upper portion, each of the 
support arms having an inside surface with a respective 
spindle connected thereto; 

lO each spindle projecting.generally dewnwardly and 

15 

inwardly with respect to its asaociated support arm; 
a number of cutter cone asaemblie• equal.to the 

number of support.arms with each cutter cone assembly 
rotatably mounted on a respective spinclle1 

a first outside diameter portion ai1d a second 
outside diameter portion formed on the exterior of each 
spindle with the first outside diameter portion and the 
second outside. diameter portion formed generally 
concentric with the axia of the respective spindle: 

20 .. an opening formed in ··an ·exterior .. aurface of ·each 
support &%111 with a ball retaining paaaagetiay extending 
from the opening in the exterior of .the support arm to a 
location between the first outside diameter portion and 
the second outaide diameter portion of the associated 

25 spindle whereby ball bearings may be inserted through the 
opening and the ball retaining paaaageway to rotatably 
secure each cutter cone assembly on it• reapective 
spindle; 

the f irat outaide diameter portion of each spindle 
30 providing at least one component of a radial bearing 

disposed between the spindle and the cavity; 
the second outside diameter portion of the spindle 

providing at least one component of a second radial 
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30 

bearing.disposed between· the-exterior of the spindle and 
adjacent portions of. the cavity;.· 

the first out~ide diameter ·portion having 
approximately the same diameter as the s•cond outs"ide 

s diameter portion: and 

10 

an opening from the ball retaining pasaageway 
disposed between the first outside diameter portion of 

the spindle and the second outside diameter portion of 
the spindle. 

2 • The. drill bit of· Claim l further comprising: 
the first outside diameter portion ·of the spindle 

disposed.adjacent. to the inside surface of the associated 
support arm; and 

15 the second out.side diameterportion of the spindle 
disposed adjacent to a shoulder formed on the exterior of 
this spindle. 

3. The drill bit .. of ... ,claim-·.2·-"wherein·,.·the-shoulder ·· 
20 comprise• a~ least one component of a tlu:uat bearing 

disposed between the spindle and adjacent portions of the 
cavity. 

4.. The drill bit ()f Claim 1 further comprising: 
25 the first outside diameter portion of the spindle 

having a fir•t leng~h;. ·. 
the second outside diameter portion of the spindle 

having a second length;. a~ 
the value of the second length having a range 

30 between approximately 2St o( ~he first length and equal 
to or greater than the.first length. 
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s. The drill bit of Claim l wherein each support 
arm ·further comprises: 

each of the support arms having a leading edge, a 
trailing edge, and an ext~rior surface disposed 

S therebetween; 
a ball plug weld disposed within the opening to form 

a fluid barrier between the ball retainer paa•ageway and 
the exterior surf ace of the respective support arm; 

the exterior surf ace of each support arm having a 

10 shirttail portion; and 
a layer of hardf acing material diapoaed on the 

shirttail portion; 

6. The drill bit of Claim 5 wherein each support 
15 arm further comprise• a plurality of inserts disposed in 

the exterior surface of each support arm. 

7. The drill bit of Claim 5 wherein the hardfacing 
material is selected from the group conaiating,,of· met,al 

20· . 'boridea, metal carbides, metal oxide• and metal nitrides. 

a. The drill.bit of Claims wherein the layer of 

hardf acing ia formed at least in part from materials 
selected from the group consisting of boron, carbon, 

25 copper,nickel, iron, cobalt, carbide•, nitride•, 
boridea, ailici~e• and oxides of tungaten, niobiwn, 
vanadium, molybdenum, titanium, tantalum, hafnium, 

30 

·, 

yttrium, zirconium, chromium, and mixture• thereof. 

9. The drill bit of Cl~im 1 further comprising 
each spindle having an axis exteliding theretbrough which 
corresponds generally with the axis of rotation for the 
associated cutter cone assembly. 
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lO. The drill bit of Claim 1 further comprising: 
a third outside diameter portion formed on the 

exterior of each spindle with the third outside diameter 
portion located adjacent to one end of the spindle 

S opposite f·rom the support arm; aild · 

10 

15 

a shoulder formed on the exterior of the spindle 
between the second outside diameter portion and the third 
diameter portion. 

ll. The drill bit of Claim l further comprising 
the shoulder formed on the exterior of each spindle 
providing at least one component of a·thruat bearing 
disposed between the spindle and the cavity. 

12. The drill bit of Claim 1 further comprising: 
each spindle having an end opposite from the 

respective support arm; and 
the end.of each spindle providing at leaat one 

component of a thrust bearing disposed. between ·the·· 

20- · spindle and the ·cavity. 

13. The drill bit of Claim 1 further comprising: 
the cavity of each cuttercone aa•embly having an 

opening with a seal ring disposed within the respective 
25 cavity adjacent ·to the opening; and 

an enlarged outside diameter formed on the exterior 
of each spindle between the respectiVe firmt outside 
diameter portion and the inside surface o! the•reapective 
support arm, whereby the enlarged out•ide dia•ter 

30 portion and the seal ring coo~erate with each other to 
form a. fluid barrierbetween the cavity and tbe exterior 
of the cutter cone assembly. 
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14. A rotating cone drill bit, comprising: 
a journal having first, second and third journal bearing surfaces, said first 

and second journal bearing surfaces haviDg suhmnd•IJy.equal 
diameters, said third journal bearing surfaces having a smaller 
diameter than said tint· and second journal bearing surfaces. 

15. The rotating cone drill bit of Claim 14, wherein said tint and secondjoUmal 
bearillg surfaces are· separated bY a bali race for ball bearings. 

16. A rotary cone drill bit, comprising: 
a cone porti911 which. rotates around a bearing, said bearing comprising: 

a. tint journal bearing portion adjacent a M!iHna · rina; ·. · 
a retention portion adjacent said first journal. bearing; 
a second journal baring on a side of said retendoa portion opposite 

said tint journal bearing; · · · 
said first and second journal bearinp have substaadally equal 

diameters; 
said second journal bearing having an axial leJllCb which is at least 

twenty-five percent the axial length of said first journal 
bearins. 

17. The rotating cone drill bit of Claim 16, wherein said fint and second journal 
bearing surfaces are separated by a ball race for ball bearings. 
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