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ROTARY CONE DRILL BIT WITH IMPROVED
'BEARING SYSTEM

IECHNICAL FIELD OF THE INVENTION

The present invention relates generally to a rd:ary
cone drill bit having multiple support arms with a
spindle or journal extending from each support arm and a
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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SACKGROUND QF THE INVENTION

Various types of rotary drill bits or rock bits may

. be used to form a borehole in the earth. Examples of

such rock bits include roller cone drill bits or rotary
cone drill bits used in drilling oil and gas wells. A
typical roller cone drill bit includes a bit bedy wi:h an
upper portion adapced for ‘connection to a drill string.

A plurality of support arms, typically three, depends

from the lower port:ion of the bit body with esch support

arm having a spindle or Jouml p:oerud.tng radially

_:.nward and downward with respcc: to a proj.e:od axis of

rocat:.on ot the bit body.

cOnven:ional roller cone drill bits are typically
cons:ruct:ed in :hree segments. The segwents may be
posit:.oned :oget:her 1ongi:udiua11y with a welding groove
between each segment: The segments may then be welded
with each other using conventional techniques to form the
bit bodf. Each segment also includes an associated
support arm extending from the bit body. Am enlarged
cavity or passageway is typically formed in the kit body
to receive drilling fluids from the drill string. U.S.
Patent 4,054,772 entitled Positiocning System foxr Rock Bit
Welding, shows a method and appi:a:u. for constructing a
three-cone rotary rock bit from three individual
segments.

" A cutter cone assembly is generally rotatably
mounted o a respective spindle or journal. The cutter
cone assembly typically has a cavity formed therein and
sized to receive the respective spindle. Various types
of bearings and/or bearing surfaces may be disposed or
found between the exterior of the spindle and the
interior of the cavity. A typical bearing system used :o
rotatably mount a cutter cone asioubly on a spindle will
include one or more radial bearings and one or more
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thrust bearzngs. The radial bearings will geherally be
located between the. outszde diameter of the spindle and
zn;etzor surfaees.of the cavi:y dispoeed adjacene

_thereto. Thrust bearings and/or thrust bearing surfaces
_will generally be located between the end of the spindle

opposzte from the associated support arm and adjacent
portions of the cavity formed in the cutter cone
assembly. For some applications, a shoulder may be
formed on the exterior of the spindle and a corresponding

~ shoulder formed on the-interior of the cavit?'with a

thrust bearing and/or thrust bearing surfaces dispoeed
therebe:ween o

The :hzust bear;ngs and/or the radial bearings may

be formed as integral components of the spindle such as

shown in U.S. Patent 3,823,033 entitled Method for thing
a Bearing System Having in Trained Wear-Resistant '
Particles. For some applications, roller type bearings
may be disposed between the outside diameter of the :
spindle and adjacent portions of.the cavity to. support
radial loads transmitted from the cutter cone assembly to
the spindle. An example of such roller type bearings is

- shown in U.S. Patent 3,952,815 entitled Land Brosiocn
 Protectiom for a Rock Cutter. U.S. Pateat S,513,713
~ entitled Sealed and Lubricated Rotary Come Drill Bit

Having Improved Seal Protection shows multiple sets of
roller type bearings disposed between a spindle and
adjacent portions of a cavity. For otheér applications, a

‘bushing may be disposed between the ocutside diameter of

the spindle and adjacent portions of the cavity to carry
such radial loads. Examples of such bushings are shown

in U,S.pPa:en:-5,570,750'enzitled Rotary Drill Bit wWith

Improved Shirttail and Seal Protection and U.S. Patent

- 5,593,231 entitled Hydrodynamic Bearings. These patents

also disclose examples of thrust buttons or thrust
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‘bearings which may be disposed between the end of the

spxndle and adjacent portions of the cavi:y.

In a ‘sealed rotary cone drill bit, lubrican: under
pressure is forced into a space formed between the
exterior of the spindle and the interior of the cavity to

- cool and protect associated bearing- and/cr bearing

surfaces. A lubricant reservoir is generally provided to
compensate for any partial loss of lubricant and to
balance internal lubricant pressure with external
hydros:atic pressure during downhole drillxng operatidn.
The lubricant may comprise, for example, a calcium
complex grease. Additionally, solids, such as molybdenum
disulfide, may be added to the Iubricad:':b increase the

load carrying capacity of the bear;ng. and/cr bearing
~ surfaces. S

Bearings and bearing surfaces in a typical rotary
cone drill bit are heavily loaded during ‘downhole

.drzlling operations. During such drilling operations,

the drill bit is rotated in-a borehole which causes che

. associate cutter cone assemblies to rotate on their

reepec:ivu spindles. The: drill bit typically operates at
a low speed with heavy weight applied to the bit which

. also produces a high load on the associated bearings.

Rotary cone drill bits with sealed lubricat'io'n'ey"e:ems
typically include one or more elastomeric seals which may
be.damaged from exposure to high. tempera:u:ee created by

‘excessive friction due to such heavy loads. Also, non-

concentric rotation and/or wobbling of a cu:ter cone
assembly on its respective ‘spindle is another pcueible
cause of seal damage. Seal failure from exposure to high
temperatures or mechanical damage will eventually allow
water, drilling fluids, and other debris from the

drilling operation to penetrate the space between the

cavity in the cutter cone assembly and the associated
4
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spindle and increase wear on Ehe bearingslahd/or bearing
surfaces to the point the cutter cone assemblies may be

lost in the borehole.

U.S. Patent 4,056,153 entitled Rbcaty,aack Bit with
Multiple Row Coverage for Ve:jr ‘Hard Pameioni, and U.s.

Patent 4,280,571 entitled Rock Bit, show ekamples of

conventional rotary cone bits with cutter cone assemblies
mounted on a spindle projecting from disuppcrt arm.
Typically, ball bearings are inserted through an opening
in an exterior surface of each suppbrt arm and a ball
retainer passageway extending theref:am to- rotatably
secure each cutter cone assembly on its respectiva
spindle. A ball retainer plug is then inscrted.xnco the
ball retainer passageway. Finally. a bhall plug weld is
generally formed in the opening to secure the ball
retainer plug within the ball retainer passageway.
Hardfacing of metal surfaces and substrates is a
well-known technique to minimize or prevene'erosion and
abrasion of the metal - surface or subserato._ Hazdtacing
can be generally defined as applying a layor of hard,
abrasion resistant material to a less resistant surface

or substrate by plating, welding, spraying or other well

known metal deposition techniques. Hardfacing is
£re§ncn:ly'ul¢d-to extend the service life of drill bits
and other downhole tools used in the oil and_gaa
industry. Tungsten carbide and its various alloys are
some of the more widely used hardfacing materials to

. protect drill bits and other downhole tools aqiociated

with drilling and producing oil and gas wells.

S
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In accordanceé with teachings of the present
invention, disadvantages and problems associated with
previcus rotary cone drill bits have been substantially
reduced or eliminated. One aspect of the present

_inventicn includes providing a rotary cone drill bit
havmg suppcrt arms and a spindle or journal extending

from each Support arm with a respective cutter cone
assembly rotatably mounted thereon. The location of the
mechanism which retains each cutter cone assembly on its
respective spindle, such as ball bearings disposed

" between the exterior of the spindle and the interice of a
cav:.ty formed in each cutter cone assembly, is optimized
' tO increase the effectiveness of both radial bearing

ccmpcnents and thrust bearing components of the-
associated bearing system. For example, an exterior

'porticn of eech spindle may have a generally uniform

outside diameter with a Eirst radial bearing or bearing

' surface and a second radial heering or bearing surface -

disposed thereon with a bel]. race formed in the exterior
of the spindle hetween the first radial bearing and the
second radial beering. - Dimensions of the first radial
bearing relative to the second radial bearing may be
selected in accordance with teachings of the present
invention to increase load carrying capability of the
asspciated bearing system and ability of the bearing
system Lo prevent non-concentric rotationm and/or wobble
of the cutter cone assembly relative to its respective
spindle. 'reechinge of the present invention may be used
with a wide variety of mechanisms which hold a cutter
cone assembly on a spindle in addition to ball bearings.
Technical benefits of the present invention include
providing a rotary cone drill bit having a bearing system
with increased load carrying capability which may be

6
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incorporated into existing support arm and cutter cone.
assemblies without substantially increasing or modifying
the ove_:al_l, configuration of the support arm and cutter
cone aé_éembly. ‘A bearing system incorporating teachings
of the present invention generally Minga_inn more
concentric alignment during rotation of a cutter cone
assembly onto its respective spindle and minimizes any
tendency of the cutter cone assembly to wobble relative
to the spindle. The present invention will prolong the
downhole life of an associated rotary cone drill bit by
increasing the load carrying capability of both radial
bearing components and thrust bearing- components of the
associated bearing system. The present invention also

provides a rotary cone drill bit in which the

configuration and dimensions of the shirttail portion of
each support arm may be increased to prolong the downhole
life of the associated rotary cone drill bie.
Technical advantages of the present invention
include the ability to apply hardfacing material on an
enlarged ghirttail portion of each support arm.
Alternatively, the preseant invention allowe increasing
the number and/or size of inserts and cowpacts which may
be installed within the shirttail portion of each support
arm. Increasing the size of the shirttail portion of a
support arm and covering the enlarged shirttail portion
with a layer of hardfacing in accordance with teachings
of the present invention may be particularly effective in
increasing drill bit life during drilling of horizontal
and/or directional well bores. Premature drill bit
failure due to increased side loading of the associated
drill and increased abrasion, erosion, and/or wear of the
support arms may occur under such conditions. Multiple
inserts and compacts may also be more securely installed
within the shirttail portion of each support arm adjacent

7
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to the ball plug hole to further enhance abrasion.
eros:.on and/or wear resistance.

Other technical advantages will be readily apparent
to one skilled in the art from the following figures.
descr:.pt::.ons, and claims.
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- For a more complete undé:s:anding of the present

“invention and its a’dﬁrém:a_ges,_ reference is now made to

the following brief &esc:ipcion',_ taken in conjunction
with the accémpanying dréwing_s and detailed descripticn,
wherein like reference numerals represent like parts, in
which: .

FIGURE 1 is a schematic drawing in elevation showing
one type of rotary cone drill bit with support arms and
cutter cone assemblies formed in accordance with
teachings of the present invention;

FIGURB 2 is a schematic drawing in section and in.
elevation with portions broken away showing another type
of rotary cone drill bit disposed at a downhole location
in a borehole with the drill bit having support arms and
cutter cone assemblies formed in accordince with
teachings of the present invention;

FIGURE 3 is a schematic drawing in section and in

elevation with portions broken away of a drill bit having .

a unitary bit bedy with support arms and cutter cone
assemblies similar to the drill bit shown in FIGURE 2;

FIGURR 4 is an enlarged schematic drawing in section
and in elevation with portions broken away showing a
bearing system ineorporacing teachings of the present
invention im combination with a cutter cone assembly
rotatably mounted on a spindle projecting from a support
arm;

FIGURE S is an enlarged schematic drawing in section
and in elevation with portions broken away showing
another bearing system incorporating teachings of the
present invention in combination with a cutter cone
assembly rotatably mounted on a spindle projecting from a

support arm; and
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FIGURE 6 is an enlarged schemacic drawing in gection

and in elevacion with por:iona broken away showing a
further bearing syst:em mcorporating teachings of the
present invention in combina!:zon with a cutter cone

S a.ssembly rcta:ably moum:.ed on a spindle projecting from a

" suppert arm.
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DRIAILED_DESCBiEIIQN_QE.IHE_Iﬁ!ENIIQK .

The preferred embodiments of the present invention

- and its advantages are best understood by referring now

in more detail to FIGURES 1-6 of the dzawingl. in which
like numerals refer to like parts.

Support arms and cutter cone assemblies
incorpbracing teachings of the present invention may be
used wzth a wide variety of rotary cone drill bits.
Rotary cone drill bits 20, 70 and 170 which will be
discussed later in more detail represent only a few

-examplés of the many types of drill bits which may have a
- bearing system incorporatzng teachings of the present

invention. The support arms and cutter cone assemblies
which are shown in FIGURES 1-6 will be described with
respect to a sealed lubrication system. However, a
bearing system incorporating teachings of the present
invention may be satisfactorily used with;aiz cooled
drill bits and drill bits which do not hsv. a lubrication
sys:em. _ . _
FIGURE 1- illu-erates variou- aspects of a rotary
cone drill bit indicated generally at 2¢ of the type used .
in drilling a borehole in the earth. Drill bit 20 may
also be referred to as a "roller cone rock bit® or
"rotary rock bit.” With rotary cone drill bit 20,
cu::ingﬂacticn oécurs as cone-shaped cutters, indicated

' generally at 22, are rolled around the bottom of a

borshole (not expressly shown) by the rotation of a drill
s:ring (not expressly shown) attached to drill bit 20.
Cutter cone assemblies 22 may also be referzed to as
"rotary cone cutters" or “roller cone cutters.®” Each

cutter cone assembly 22 is rotatably mounted on a

respective journal or spindle (not expressly shown) with
a bearing system incorporating teachings of the present

11
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invention disposed ':her'ebe'tv':een_. ~ Examples of such
bearing syscems are shown in FIGURES 3, 4, 5 and 6.
Rotary cone drill bit 20 J.nclndee bit body 28 hav:.ng

. a tapered, externally threaded upper portion 30 which is

adapted to be secured to the lower end of a drill strmg
Depending from body 28 are thre_e suppo_r: arms 32. Only
two support arms 32 are visible in ?Iém 1. Each |
support arm 32 preferably mclude- a epindl. or }ou:nal
formed integral with the respect:ivo ‘suppoxt arm 32. Each
cutter cone asgsembly 22 is rotacably ‘mounted on a
respective spindle. The spindles are preferably angled
downwardly and inwardly with respect to bit body 2% and

ex:er:.or surface 34 of the respec:ive Support arm 32. As

drill bit 20 is rotated, cutter cone assemblies 22 engage
the bottom of a borehole (not exp:euly shown). For some
applicacions, the spindles may aleo bé tilted at an angle
of zero to three or four degreee in the direction’ of |
rotation of drill bit 20:

Cutter cone assemblies 22 may include surface.
compacts or iheerte 36 preued into respective gage

 surfaces and protruding inserts 38 or uned teeth (net

expressly shown), which scrape and geugc agun-t the
sides and bottom of the borehole under the downhole force
applied through the associated drill e_tr_ing The
formation of borehole debris created by cutter cone
assemblies. 23 is carried away from the bottom of the
borehole by drilling fluid flowing !:on nozzlee 40

~adjacent to lower portion 42 of bit body 28. The

drilling fluid flows upwardly towerd the surface through
an annulus (not expressly shown) fcrud hel:ween drill bit
20 and the side wall (not exprenly shown) of :ho

_borehole.

Each cutter cone assembly 22 is 'g'ene'relly
constructed and mounted on its associated journal or

12
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spindle in a substantially identical manner. Dotted
circle 48 on exterior surface 34 of each support axrm 32
represents an opening to an associated ball retainer
passageway {not expressly shown). ‘The function of
cpenxng 48 and the assoczated ball re:ainer passageway
will be d;scussed_later with respect to rotatably

' mounting cutter cone assemblies on their respective

spindle. One'df the benefits of the present. invention
lncludes 1ncreasxng :he distance or spacing between each
opening 48 and shxrt:axl 50 of the re:pcc:iwo support arm
32. ' _ : '

FIGURE 2 is an isometric drawing‘ot'a-rotary cone
drill bit indicated generally at 70 constructed according
to teachxngs of the present invention attached to drill

- string 72 and disposed in borehole 74. Examples of such
" drill bits and their associated bit body, support arms

and cutter cone asaemblies are shown in U.S. Patent
5,439, 067 encitled Rock Bit Wﬁch Enhanced Fluid Return
Area, and u. S. Patent 5,439,068 entitled Modular Rotary
Drill Bit. These patents provide additional information
concerning the manqucture and assembly of unitary bit
bodiéi. suppdr: arms and cutter cone assemblies which are

satisfactory for use with the present. invention.

' Annulus 76 is formed between the exterior of drill

string 72 and the interior or wall 78 of borehole 74. In

addition to rotating drill bit 70, drill string 72 is
often ulad to provide a conduit for communicating
dzilling £luids and other fluids from the well surface to
drzll bi: 70 at the bottom of borehole 74. Such drilling
fluidn may be directed to flow from drill string 72 to
multiple nozzles ao_p:avidcd in drill bit 70. Cuttings
formed by'dtili bit 70 and any other debris at the bottom
of borehole 74 will mix with drilling fluids exiting from
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nozzles 80 and returned to :he well surface via annulus
76. _ ' '

Drill bit 70 incluaes"'dne piece or unitary body 82
with upper portion 84 havxng a threaded connection or pxn _
86 adapted to secure drill bic 70 with the 1ower end of
drill string 72. Three supporc arms 88 are preferably

.attached to and excend longxtudinally from bit body 82

opposite from pin 86. Only two support arms 98 are shown
in FIGURE 2. - Each support arm 88 prsterably 1nc1udes a
respective cutter cone assembly 90. Cutter cone
assemblies 90 extend generally downuardly and inwardly

. from respective support arms 88.

- Bit body 82 includes lower potcion 92 hsvipg.a
generally convex exteriof'sﬁfface 94'f¢:m¢a thereon. The
dimensions of convex surface 94 and the 1ocacion of
cutter cone assemblies 90 are selected to op:imize £luid
flow between lower porcion 92 ‘of bit body 82 and cutter

cone assemblies 90. The location of each cutter cone

agsembly. 90 relative co'loﬁer"porcion 92 say be varied: by

| adjusting the lengch of suppo:c arms 86 and the spacing

of support arms 88 on the exterior of bic body 82.
. Cutter cone assemblies 90 msy £uzthor'inc1ude a
plurality of surface compac:s 96 disposed in gauge face

~ surface 98 of each cutter cone assembly 90. Each cutter
- cone assembly 90 may also include a numbet of projecczng

inserts '100. Surface compacts 96 and inserts 100 may be
formed from various types of hard matsrials dspending on

_ anticipated downhole operating conditions Alternacively.

milled teeth (not expressly shown) may be formed as an

 integral part of each cutter cone assenbly 90.

Each support arm 88 also comprisee £low chsnnel 102
to aid removal of cuttings and ocher debris £rom borehole
74. Flow channel 102 is disposed on excerior surface 104
of support arm 88. Flow channel 102 may be formed in

14
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_each support arm 88 by a machining operation. Flow
channel 102 may also be formed during the process of
forging the respective support arm 88. After support
arms 88 has been forged, flow channels 102 may be further
machined to define their desired configuration.

Bach support arm 88 includes shirtcail 106 with a
layer of selected hardfacing materials covering shirttail
portion 108. Alternatively, cne or more compacts or
inserts (not expressly shown) may be disposed within
shirttail portion 108. As a result of ceubining a

bearing system incorporating teachings of the p:eaené

invention included with support arms 88 and cutter cona
assemblies 30, the dimensions of associated shirttail
part_iona 108 may be enlarged to better accommodate the
use of compacts and/or inserts to protect shirttail
portions 108 from abrasion, erosion and wear. As
discussed later in more detail, the location of oﬁening
110 and the associated ball retainer passageway may be
modified to increases the dimensions of shirttail portion
108. S - S
FIGURB 3 is a schematic drawing in section with
portions broken away showing rotary cone drill bit 170
with suppotz__ arms 88 and cutter cone assemblies 90 having
bearing systems incorporating varicus teachings of the
present invention. Various componeants of the associated
bearing systems, which will be discussed later in more
detatl, 'alll.o' each cutter cone assembly 90 to be
rotatably mounted on its respective journal 116. Rotary
cone drill bit 170 includes one piece or unitary bit body
182. Bit body 182 is substantially similar to previously
described bit body 82 except for lower portion 192 which
has a generally concave exterior surface 194 formed.
thereon. The dimensions of concave surface 194 and the
location of cutter cone assemblies 90 may be selected to

15
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optimize fluid flow between lower pcrcion 192 of bit body
182 and cutter cone assemblies 30 as p:eviously described
with respect to bit body 82.

Cutter cone assemblies 22 of drill bit 20 may be
mounted on a journal or spzndle p:ojee:zng £rom .
respective support arms 32 uaing suboeanexally the same
techniques associated with mounting cuttcr cone
assemblies 90 on spindle or jou:nal 116 projecting from
respective support arms §8. Also, a bearing system
incorporating teachings of the present invention may be
satisfactorily used to rotatably mouhe cut:or cone
assemblies 22 on raspective suppo:t arm. 32 in

~ substantially the same manner as uud to ro:atably mount

cutter cone assemblies 90 on respectivc sSupport arms 86.

| .Therefore, the various features and'-hinofics of the

present invention will be described primarily with
respect to Support arms 88 and cutter cone assemblies 90.
Each cutter cone assembly 90 preferably includes

generally cylindrical cavity 114.which has been sized to - -
~ receive spindle or journal 116 ths:cin. Eachk cutter cone
~ assembly 90 and its respective sp:lndle 116 has a common

longitudinal axis 150 which also represents the axis of

rotation for cutter cone assembly 90 relative to its
associated spindle 116. Varicus components of the
respective bearing system include machined surfaces
associated with the interior of cavity 114.and the
exterior of spindle 116. These machined surfaces will
generally be described with respect to axis 150.

The support arms and cutter cone assemblies shown in

 FIGURES 3, 4, 5, and 6 pref‘er;_bly include a sealed

lubrication system. As previously noted, bearing systems
incorporating teachings of the present invention may be
satisfactorily used with support arms and cutter cone
assemblies which are air cooled or which do not include a
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lubrication system. For the embodimenes of the present
invention as shown in FIGURES 3, -4, 5 and 6. seal ring
118 is located at mouth or opening 119 of cavicy 114 to .
establz.sh a fluid barrier between cavity 114 and journal .
115._ Seal ring 118 may be formed from varioul types of
elastome:ic material to provide a substantially fluid

~ tight seal.

For the embodiments shown in PIGURES 3, 4, S and 6,

each cutter cone assembly is retained on its rupec::.ve
jaurnal by a pluralicy of ball bearings 132. Honver, a

wide variety of cutter cone assembly retaining mechanisms
which are well known in the art, may alse be used with a
bearing system incorporating teachings of the present
invention. For the example shown in PIGURE 3, balil
bearings 132 are inserted through cpening 110 in exterior
sugféée_ 104 and ball retainer passageway 112 of the
as_ao@:iig:ed support arm 88. Ball races 134 and 136 are
formed respectively in the interior of cavity 114 of the
asgociated cutter cone assembly 90 and the cx:.r:.or oﬁ
journal 118§. _ :

| Ball retainer passageway 112 is comnected with ball
races 134 and 136 such that ball bearings 132 may be
inserted therethrough to form an annular array within
ball ric-- 134 and 136 to prevent disengagement of cutter
cone _ai_l_,cnbty 90 from its associated journal 116. Ball
retainer passageway 112 is subsequently plugged by
inserting a ball plug retainer (not expressly shown)
therein. A ball plug weld (not expressly shown) is
preférahly formed within each cpening 110 to provide a
£luid barrier between ball retainer passageway 112 and
the exterior of each support arm 88 to prevent
contamination and/or loss of lubricant from the
as;scci;_t:ed sealed lubrication system.

17
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Each support arm 88 prefer'a"bly" :f.ncludes" lubricane

__cavity or lubricant reservoir 120 having a generally

cylindrical configuration. * Lubricant cap 122 is disposed
wlthzn one end of lubricant cavi:y 120 to prevene '
undesired fluzd communication between luhrican: cavity
120 and the exterior of support arm 83. Lubricant cap
122 includes flexible, ree;lzent diaph:agm 124 that

closes lubricant cavity 120. Cap 122 covers diaphragm

124 and defines in part chamber 128 facing diaphragm 124

to provide . a volume into which diaphragnrlzi can expand.

. Cap 122 and diaphragm 124 are retained wi:hin lubricant

cavity 120 by retainer 129.° |
Lubricant passage 121 extends through support arm:8s

~to place lubricant cavity 120 in fluid communication with

ball retainer passageway 112. ‘Ball’ re:ainer pealageway
112 provides fluid communication with inr.eml cavity 114
of the associated cutter cone ulembly 90 and the bearing
system disposed between the exterior of spindie 116 and
the interior of cavity 114. Upon assembly of drill- bit -
170, lubricant passage 121, lubricane cavity 120, any

available space in ball retainer passagewsy 112, and any

available space between the interior surface of cavity
114 and the exterior of spindle 116 are filled with

- lubkicant through an opening (not exp:euly shown) in

each support arm 88. The: opem.ng is snblequen:ly gealed
aﬂ:ez lubricant - £111.tng.

The pressure of the external fluids outlide drill
bit 170 may be transmitted to lubricant (nof. expreuly
shown) contained in lubricant cavity 120 by diaphragm
124. The flexing of diaphragm 124 maintains the
lubricant at a pressure generally equ_el to the pressure
of external fluids outside drill bit 170.  This pressure
is transmitted through lubricant passage 121, ball
retainer passageway 112 and internal cavir.y 114 to expose
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the inward face of seal ring 118 to pressure generally

 equal to the pressure of the external fluids.

Each spindle or journal 116 is formed on inside

-surface 105 of each support arm 88. Each spindle 116 has

a generally cylindriéal configuration extending along
axis 150 from suppor: arm 88. Axis 150 also corresponds
with the axis of ro:ation Eor the associated cutter cone

‘assembly 90. For_the embodiment of the present invention

as shown in FIGURE 3, spindle 116 includes first cutside

diameter portion 138, second cutside diameter portion

140, and third outside diameter portion 142.
‘First outside diameter portion 138 extends from the

- junction between spind;é 116 and inside surfaces 105 of

support arm Ba_tb ballirace 136. Second ocutside diameter

portion 140 extends from ball race 136 to shoulder 144
‘formed by the change in diameter from second diameter
portion 140 and third diameter portion 142. Pirst

outside diamater portion 138 and second ocutside diameter

‘portion 140 have approxima:ely the same diameter measured -  ~ ~ °
‘relative to the axis 150. Third outside diameter portion

142 has a subseaneially reducgd ocutside diameter in
comparison with first outside diameter portion 138 and

.second-outsid.-diaméte:.portion 140. Cavity 114 of

cutter cone assembly 90'preferably-includs--machined

. surfaces corresponding generally with first outaide

diamnter'portioh 133. éecond”cutsidn diameter poxtion
140, third outside diameter portion 142, shoulder 144 and

‘end’ 146 of spindle 116.

As discussed later in more de:all, £itst outside
diameter por;ipn 138, second outsidée diameter portion
140, thirxd outside diameﬁer_po:tion 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 spindle 116 and 'coiresponding machined

surfaces formed in cavity 114 provide one or more thrust:
bearing components used to ro:atably Support cutter cone
assembly 90 on spindle 116._ As discussed later in more
detail, various cypes of buahznga. roller bearings,
thrust washers, and/or thrust bu::ons may be disposed

- between the exterior of spxndle 116 and corresponding

surfaces associated wzth cavity 114. Radial bearing
components may- also be referred to as journal bearing

‘components.

As best shown in FIGURB 3 ball retainer passageway

112 extends from openzng 110 zn ex:erior surface 104 of

support arm 88 through spindle 115 and intersects with
ball race 136. The 1nce:sec:ion ‘between ball retainer
passageway 112 and ball race 136 forml opening 148 in the
exterior of spindle 116._ An importan: feature of the

_'present invention includes positioning ball race 136 and |
. opening 148 intermediate :he junc:ion between spindle 115

and interior surface 105. of suppo:t -axrm- 88 and shoulder -
144 formed on the exterior of spindle 116. As shown in
FIGURES 3, 4, S, and 6, seleccing the location of ball

~ race 136 and opening 148 in accordanco with teachings of
. the present inwention substantially increasee the length
. of second outside diameter portion 140 as compared with

previcus support arm and cutter cone assemblies.
Depending on specifxc dimension. and configurations

associated with d:ill bit 170. suppert arms 88, spindles

116 and cutter cone assembliea 90, che length of second

outside diameter portion 140 may vary'betueen _

approximately twnnty-five percent (25%) of the length of
first outside diameter portion 138 and approximately the

same length as first outside diame:er portion 138. For

large diameter drill bxts, che radii of the 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
140 in accordance with teachings of the present invention
will'enhance both the radial-ioad carrying'capahility and
the thrust load carrying capability of the bearing system
used to rotatably mount cutter cone assembly 90 on
spindle 116. : '

For the embodiment shown in FIGURE 3, the dimensions
associated with first outside diameter portion 138 and
sec¢nd outside diameter portion 130, and the dimensions

of adjacent portions of cavity 114 are selected to

piqyidg.radial_bea:ing support during rotation of cutter
cone assembly 90 on spindle 116. In a similar manner,

~ the dimensions associated with first outside diameter 142

and adjacéﬁt portions of cavity 114 are selected to
provide additional radial bearing support during rotation

df cutter cone assembly 90 on spindle 116.. Eirse-oucsidewi e

diametgr portion 138 and second outside diameter porticn
140 c@opérato with each other to form the primary journal
bearing or primary radial bearing associated with
rq:atably:mounting cutter cone assembly 90 on spindie
116. Third outside diameter portion 142 provides a
secondary journal bearing or secondary radial bearing.
The combined effective length of the bearing
sur!acil represented by first outside diameter portion
138 and second outside diameter portion 140 is
apprbximacely the same as the length of a primary journal
bearing associated with previous spindles and cutter cone
assemblies. However, by placing opening 148 from ball
retainer passageway 112 between first outside diameter
portion 138 and second ocutside diameter portion 140, the

‘effective spread of the primary journal bearing or radial
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be;ring.is substantially increased as c9mpar3d with

- previcus spindles and cutter cone assemblies having

approximately the same dimensions. Also, the increased
length of second outside diameter por:icn 140 provides a
relatively strong, robust shoulder 144 which will
substéntially increase the thrust load bearing capabiiity
as compared to a previocus spindle/cutter cone assembly
having only end 146 for carrying thrust loads.

As shown in FIGURES 4, S and 6, the present

invention allows rotatably mounting a cutter cone

assembly on a spindle having a bearing system with
increased radial and/or thrust lcad carrying capacity
without requiring a substantial increase in the physical
boundaries ‘agscociated with the bearing system. Cutter |
cone assembly 190 shown in FIGURE 4 and cutter cone
assembly 290 shown in FIGURE S are subscan:ially the Same

~ as previously described cutter cone aslcmbly 90 excepc

for modification of selected machined surfaces formed in
respectxve cavities 214 and 314. Spindle 216 shown -in~
FIGURES 4,5 and 6 is substantially the same as prevzously
described spindle 116 except for modifications formed on
the ocutside diameter of spindle 216 addaceh:'co inside

surface 105 of support arm 88.

' For the embodiments of the present invention shown
in PIGURES 4, S and 6, thrust washer 152 is preferably
disposed between shoulder 144 on spindle 216 and _
corresponding shoulder 154 formed within cavities 214 and
314. The location of ball race 136 formed in the exterior
of spindle 216 is preferably selected such that the
length of second outside diameter portion 140 will
provide relatively strong, robuat'suppOtt for shoulder
144 and thrust collar 152. Increasing the length of
second outside diameter portion 140 increases the sheer
streng:h associated with shoulder 144 which allows the
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assoczaced rotary cone drill bit 170 to be::er withstand
abusxve downhole drilling conditions such as ~dropping
drill string 72 in borehole 74. Also, zncreaaxng the
length of second outside diameter 140 reduces the

' pcssxbxlxty of thermal and/or mechanical cracking which

m;ght occur if shoulder 144 was supported by a relatively
thxn section of metal.

- Por some applications, a ‘thrust button (not
gxpresgly_shown) may be disposed between end 146 of
spindle 216 and adjacent portions of cavity 214 and 314.

As a result of locating ball race 136 in the exterior of

spzndle 216 in accordance with teachings of the present
xnventzon. the thrust bearing components associated with

' rotatably mounting cutter cone assemblies 290 and 390 on

respective spindles 216 may be-subncantially increased as
compared to previous rotary cone bits in which the ball

'race was generally formed closer to the end of the

respec:xve spindle asscciated support arm.

For some applications, radial bearings and/or- thrust-
bearzngs of a bearing system incorporating ceachings of
the present invention may be formed as integral
components of the gspindle and/or cavity of the associated

' cutter cone assembly. Cutter cone assembly 90 and

spindle 116 shown in FIGURE 3 is a schematic

‘representation of such a bearing system.' The bearing

system used to rotatably mount cutter cone assembly 290
on spindle 216 as shown in FIGURE 4 includes thrust
washers 152 and radial bushing 1S6.: For this particular
embodimen:, interior cavity 214 includes an enlarged
inéide diameter portion which provides recess 254 sized
to receive bushing 156 therein. Spindle 216 also
includes én,enlarggd-oucside diameter portidn 238 formed
adjacent to inside surface 105 of support arm 88 to form

a fluid barrier with seal ring 118. Enlarged outside
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.diame:er portion 238 also forms shoulder 240 which

contacts bushing 156 to assist in properly positioning
cutter cone -assembly 290 on spindle 216 First diameter
portion 138 of spindle’ 216 is sized to contacc both
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 preferahly sized to centact
a portion of cavity 214 disposed adjsoent thereto. For

'some applications, the bearing clearances or running

clearances associated with bushing 156 and first outside
diameter portion 138.areislightly3oloser together as
compared with the'running'clearances'hecwsen seoond
outside diameter portion 140 and adjacent portions of*
cavity 214 ' ' )

- For the embodiment of the present invention shown in
FIGURE 5, cutter cone assembly 390 inoludet an enlarged
ingside diameter portion 354 which extends from seal ring

118 to ball race 134. For this embodiment of the present

invention. enlarged- bushing 356 may be disposed between. .

_ firs: outside diameter portion 138 and inside diameter

354 of cavity 314. .

For the embodiment of the present invention shown in
FIGURB 6, cutter cone assembly 490 has been further
modified by forming :an . enlarged inside diameter portion

358 which extends from ball race 134 :oward_shonlder 158.
For this embodiment of the present inventionm, bushing 357

may be disposed between second outside diameter portion
140 of spindle 216 and inside diameter 358 of caVity 314.

"rCooperacion between bushings 356 and 387 as shoun in

FIGURE 6, will further enhance the rocasional stability
of cutter cone assembly 490 on spindle 216. |
Shirttail 106 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 FIGURES 2 and 3, shirttail 106 will preferably
have a radxus of curvature corresponding approximately

with adjacen: portions of cutter cone assembly 90.

Shirteail 50 of support arm 32 has a similar radius of
curva:ures For purposes of the present patent
appl;ca:zon, the term "shirttail portion" is used to
describe the portion of exterior surface 104 of support
arm:ao.extending from opening 110 toward shirttail 106.
For driil bit 20, the shirttail portion is generally
defxned as the portion of exterior surface 34 extending
from opening 48 to shirttail:S0. '

' For purposes 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

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. Various metal alloys, ceramic alloys and
cermets such as metal borides, -metal carbides, metal -

'ox;des and metal nitrides may be included as part of the

ma:rix depo-i: in accordance with the teachings of the
present invention. Some of the more beneficial metal
allqyg; cé:amic alloys and cermets will be discussed
la:ér in more detail. Hardfacing may also be referred to
as a "matrix deposit.®

For purposes of the present application, the term
"tungsten carbide® includes monotungsten carbide (WC),
ditungsten carbide (W,C), macrocrystalline tungsten
carbide and cemented or sintered tungsten carbide.

' Sintered tungsten carbide is typically made from a

mzxture of tungsten carbide and cobalt powders by
presszng the powder mixture to form a green compact.
Va:iogs cobalt alloy powders may also be included.
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Hardfacing layer 108 may be satisfaccorily formed

_uszng hard ceramic parcxcles and/or hard particles formed

from superabras;ve and superhard mate:ials commonly found

as phases in the boron- carbon- ni:rogen-silxcon family of

compounds and. -alloys. Examples of materials that may be
éatisfaqto:ily used to form hardfacing layer 108 include
diamonds, silicon nitride (Si,N,), silicon carbide (sic),
boron carbide (B,C) in addition to cubic boron nitride
(CBN) . Various materials including cobalt, copper,

nickel, irom, and alloys of these elements may also be

used to form hardfacing layer 108. For example, metal E
borides, metal carbides, metal”oxidds-aﬁd metal nitrides |
or other superhard and superabrasive materials may be %
used to form all or a portion of: hardfacing 1ayer 108. " |
Depending upon the intended application for hardfacing
layer 108, various types of tungsten carbzda may be used
to form all or a portion thereof.
A wide variety of hardfacing materials have been
satigsfactorily used on drill bits. and'behbr'dbunhOIe”"'“
tools. A frequently used hardfacing includes sintered
tungsten carbide particles in an alloy sceel matrix
deposit. Other forms of tungsten carbide pa:ticles may
include grains of monotungsten carbide, ditungsten
carbide and/or macrocrystalline tungsten carbide.
Satisfactory binders may include materials such as
cobalt, irem, nickel, alloys of iron and other metallic
alloys. For some applications, loose hardfacing material
is generally placed in a hollow tube or wolding'rod and

_ applied to the substrate using ccnwuntional wulding

techniques. As a result of the welding procena. a matrix
deposit including both steel alloy melted ttom_the
substrate surface and steel alloy pravided'by the welding

‘rod or hollow tube is formed with the hardfacing.

various alloys of cobalt, nickel and/or steel may be used
26
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~as part of the binder for the mattix'depo-iz. Other

heavy metal carbides and nxtrxdes. in addition to

-tungsten carbide, have been used to form hardfacing.

ADDITIONAL COMMENTS

. The basic embodiment of the invention consists of a
somewhat conventional roller cone bit hearing arrangement
with exception to the it and function of the arm bearing
thrust flange and the relative poaition of the ball
bear;ngs. e

The invention optimizes the axial locatxan of the

~ball bearing races to provide maximum- radial and thruse.

capacity of the bearing system. This cbntiguration

provides sufficient radial surface arda to the arm thrust

flange to serve as a supplemental contact surface of the
primary journal bearing.
The invention may also apply to alternate bearing

- configurations that use a wide varict?"ot'devices other |
- than ball bearings. to retain a- cut:or cono a-sombly on a
. spindle.

Most roller cone drill bits in sizes of up to about
12¥% inches in diameter typically feature a "friction-
ball-friction® bearing geometry. The cylindrical
friction surfaces bear the radial loads imposed on the
bit, while the ball bearings resist the in-thrust forces.

Convention has normally been to locate the arxm ball
race some minimum essential distance from the thrust
flange to provide the greatest possible spread between
the ball bearing and the seal. This expanse defines the
sole contact area of the primary journal 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 region.
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The secondary journal bearing is proportioned to fit

- within the balance .of the available envelope.

' Runnxng clearances of the primary journal bearing

~ are generally slzghcly closer than those of the secondary

journal to ensure the smaller member is not overloaded.

The new invention provides an improvement by
pesiticning';he Ball_bearingfcloser.tc the seal, thereby
sufficien:lylincreasing-:he,cylindrical-area of the arm
thrus:'flapge_tc serve as a radial load bearing surface.
This increases the total surface area of the primary
journal bearzng as compared to prior art designs.

:Mcrecver, the effec:zve spread of the primary journal is

apprecia:ively enhanced to improve bearing stability
while encountering overturning loads. This added
rzgidity decreases angular mxsalignmen:. while reducing

the bending stresses in the secondary journal.

Although the present invention has been described by

' several emhcdlmencs, .various changes and modifications
‘may be suggested :o one skilled in the art. It is
" ‘initended that the present invention encompasses such

changes and modificatzons as fall within the scope of the
presen: appended claims. -
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WHAT IS CLAIMED IS:
1., 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'boréhole,
comprising: | o

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;

each spindle projecting. generally downwardly and
inwardly with respect to its associated support arm;

a number of cutter cone assemblies equalJto the
number of support arms with each cutter cone assembly
rotatably mounted on a respective spindle;

a first outside diameter portion and a second
outside diameter portion formed on the exterior of each
spindle with the first outside diameter portion ind the
second outside diameter portion formed genérally
concentric with the axis of the respective spindle;

-anwopeuing-formedwin*an"extertor5surface of ‘each

. support arm with a ball retaining passageway extending
from the cpening in the exterior of the support arm to a
location between the first outside diameter portion and
the second cutside diameter portion of the associated

- spindle whereby ball bearings may be inserted through the
opening and the ball retaining passageway to rotatably
secure each cutter cone assembly on its respective
spindle; ' '

the first ocutside diameter portion of each spindle
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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bearing_disposed be:ween?che:exceficr of the spindle and

- adjacent portions of the cavity;:-

the first ‘outside diameter“portioh having
approximately the same diameter as the second outside
diameter portion; and -

an opening from the. ball retaining passageway

'disposed between the first outside diameter portion of
the spindle and the second outside: diamecer portion of

the spzndle

2. The drill bit of Claim 1 further comprising:

the first ocutside diameter portion of the spindle
disposed adjacent to the inside surface of the associated
support arm; and. L o

the second outside diameter porcion of the spindle
disposed adjacent to a. shdulder formed on the exterior of

_ this spindle.

} 'e3. .The'dtill‘bi:%ofeCIaimﬂ2wwhereinwthehshou1def” S
comprises at least one component of a thrust bearing

disposed between the spindle and adjacent po:tions of the
cavity.

" 4. The drill bit of Claim 1 further comprising:

the first outside diameter portion of the spindle
having a first length;

the second outside diameter portion of the spindle
having a second length; and

the value of the second'length having a range
between approximately 25% of the first length and equal
to or greater than the-first 1ength.a
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5. The drill bit of Claim 1 wherein each support
arm further comprises: |

each §£ the support arms having a leadiﬁg edge, a
trailing edge, and an exterior surface disposed
therebecween; . | : -

a ball plug weld disposed within the opening to form

~a fluid barrier between the ball retainer pasqégeway and

the exterior surface of the regspective support arm;
the exterior surface of each support arm having a
shirttail portion; and
' a layer of hardfacing material disposed on the

"shirttail-portion;

6. The drill bit of Claim 5 wherein each support

. arm further comprises a plurality of inserts disposed in

the exterior surface of each support arm.
7. The drill bit of Claim S wherein the hardfacing

material is sglécted_f:om the group consisting of metal
borides, metal carbides, metal oxides and metal nitrides.

8. The drill bit of Claim S wherein the layer of

'hardfaciﬁg ij formed at least in part from materials

selected from the group consisting of boron, carbon,
copper, nickel, iron, cobalt, carbides, nitrides,
borides, silicides and oxides of tungsten, niobium,
vanadium, molyﬁdanum, titanium, tantalum, hafnium,
yttrium, zircbﬁium, chromium, and mixtures thereof.

9. The drill bit of Claim 1 further comprising
each spindle having an axis extending therethrough which
corresponds genérally with the axis of rotation for the
associated cutter cone assembly.
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10. The drill bit of CIaim_l further comprising:
a third outside diameter portion formed on the
exterior of each spindle with the third ocutside diameter

'_portzon located adjacent to one end of the spxndle

opposice from the support arm, and
a shoulder formed on the exterior of tha spindle

'between the second cutside diameter portzon and the third

diameter portion.

11. The drill bit of Claim 1 further comprising
the shoulder formed or the exterior of each spindle
providing at least one component of a’ thrust bearing.
disposed between the spindle and-:hc cavity.

12. The drill bit of Claim 1 further comprising:

each spindle having an end opposite from :he
respectxve support arm; and

the end of each spindle prdviding at least one

'ccmponent of a thrust bearing disposed b.cuncn ‘the"
-spxndle and the cavity.

13. The drill bit of claim 1 further comprising-
the cavity of each cutter cone assembly having an

" opening with a seal ring dzsposed within the respective
cavity adjacen: to the opening; and

an enlarged outside diameter formed on the exterior
of each spindle between the respectivuﬂtir't outside
diameter pdrtion.and the inside surface of the:respective
suppctt arm, whereby the enlarged outside diameter
portion and the seal ring cooperaee with each other to

- form a fluid barrier between the caviey and the exterior

of the cutter cone assembly.
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14. A rotating cone drill bit, comprising: - .

a journal having first, secondandthxrdjourmlbeanngsurfaces said first

and second journal bearing surfaces having substantially equal

diameters, said third journal bearing surfaces having a smaller
dxameterthmsmdﬁrstandsecondjoumﬂbemngnnfaces

- 15 TherotanngconednllbltofClaxm 14, wheremsmdﬁrstandsecondjournal'
. beanngsurfacesareseparatedbyaballraceforballbearmgs

'16 Arotaryconednllblt, comprising:
- aconepomonwhxchrotatesamundabeanng saxdburmgcompmmg

- -a first journal bearing portion adjacent a sealing ring;
a retention portion adjacent said first journal bearing;

| asecondjoumalbeanngonasldeofsaxdreﬁennonpomonopposne
- - said first journal bearing; =
- said first and second journal bearmgs have substantially equal
diameters;
'smdsecondjoumalbearmghavmganamallmgthwhxchmatleast
| twenty-five percent the axial length of said first journal
bearing. |

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