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1                   ROTARY CONE DRILL BIT WITH INTEGRAL STABILIZERS
TECHNICAL FIELD OF THE INVENTION             This invention relates in
general to the field of        rotary drill bits used in drilling a
borehole in the        earth and in particular to a rotary cone drill bit
with  5     an integral stabilizer and an angled ramp formed on the
exterior of each support arm.          BACKGROUND OF THE INVENTION
Various types of rotary drill bits or rock bits 10    may be used to form a
borehole in the earth.  Examples of        such rock bits include roller
cone bits or rotary cone        bits used in drilling oil and gas wells. A
typical 



roller cone bit comprises a bit body with an upper end        adapted for
connection to a drill string.  A plurality of 15     support arms,
typically three, depend from the lower end        portion of the bit body
with each arm having a spindle        protruding radially inward and
downward with respect to a        projected rotational axis of the bit
body.             Conventional roller cone bits are typically 20
constructed in three segments.  The segments may be        positioned
together longitudinally with a welding groove        between each segment.
The segments may then be welded        with each other using conventional
techniques to form the        bit body. Each segment also includes an
associated 25     support arm extending from the bit body.  An enlarged
cavity or passageway is typically formed in the bit body        to receive
drilling fluids from the drill string. U.S.              WO 98/02633
PCT/US97/06388                                        2    



Patent 4,054,772 entitled, Positioning System for Rock        Bit Welding
shows a method and apparatus for constructing        a three cone rotary
rock bit from three individual        segments. U.S. Patent 4,054,772 is
incorporated by  5    reference for  all purposes within this application.
A cutter cone is generally mounted on each spindle        and supported
rotatably on bearings acting between the        spindle and the inside of a
spindle receiving cavity in        the cutter cone.  One or more nozzles
may be formed on 10    the underside of the bit body adjacent to the
support        arms.  The nozzles are typically positioned to direct
drilling fluid passing downwardly from the drill string        through the
bit body toward the bottom of the borehole        being formed. Drilling
fluid is generally provided by 15    the drill string to perform several
functions including       washing away material removed from the bottom of
the       borehole, cleaning the cutter cones, and carrying the
cuttings radially outward and then upward within the       annulus defined
between the exterior of the bit body and 20     the wall of the borehole.
U.S. Patent 4,056,153        entitled, Rotary Rock Bit with Multiple Row
Coverage for        Very Hard Formations and U.S. Patent 4,280,571
entitled,        Rock Bit show examples of conventional roller cone bits
with cutter cone assemblies mounted on a spindle 25    projecting from a
support arm.  U.S. Patent 4,056,153 and       U.S. Patent 4,280,571 are
incorporated by reference for       all purposes within this application.
During drilling with rotary cone drill bits and rock       bits, fluid flow
in the vicinity of the drill bits is 30    very turbulent.  Also, fluid
flow in the annulus between        the exterior of the associated drill
string and the   
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3           sidewall of the borehole is also often very turbulent and
non-uniform. These variations in fluid flow along with        rotation and
vibration of the associated drill string,        frequently require
stabilizing the drill string and drill  5    bit within the borehole.
Various types of stabilizers        and/or centralizers have previously
been used as part of        a downhole drilling assembly.  For some
applications, a        stabilizer may be a separate component attached to
the        drill string above the drill bit.  For other 10
applications, stabilizer pads or lugs have been welded to        the
exterior of a drill bit after original manufacture        and sale of the
drill bit. For example, Security Dresser        has developed stabilizer
pads or lugs to provide        additional bit stabilization and shirttail
protection 15     during severe downhole drilling applications.  Such
stabilizer pads are typically most effective during        drilling of
horizontal and directional well bores which 



result in sideloading of the associated drill bit and        premature
drill bit failure due to increased abrasion, 20     erosion, and/or wear of
the shirttail  portion.  Such        stabilizer pads or lugs are generally
manufactured as a        separate component and attached to the exterior of
a        selected drill bit by welding. Flush surface tungsten
carbide inserts may be included as part of the stabilizer 25    pad or lug
to further enhance abrasion, erosion and/or        wear resistance.
SUMMARY OF THE INVENTION             In accordance with teachings of the
present 30     invention, disadvantages and problems associated with
previous rock bits and rotary cone drill bits have been              WO
98/02633                                      PCT/US97/06388
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substantially,reduced or eliminated. In one embodiment,        the present
invention includes a support arm and cutter        cone assembly which
provides enhanced fluid flow around        the exterior of an associated
rotary cone drill bit to  5     remove cuttings and other debris from the
bottom of a        borehole to the well surface.  A stabilizer pad or lug
is        preferably formed as an integral part of the exterior
surface of each support arm.             Technical advantages of the
present invention 10     include providing a stabilizer pad or lug as an
integral        part of each support arm to eliminate the need to add a
stabilizer as an additional component in the drill string        above the
drill bit and the associated extra threaded        connections. Integral
stabilizer pads formed in 15     accordance with the teachings of the
present invention        are not subject to cracking and/or corrosion
associated        with lugs or pads added to previously manufactured drill
bit using welding processes such as weld-overlay or        welding a
separate pad to each support arm after 20     manufacture of the drill bit.
The present invention allows fabricating a        stabilizer pad as an
integral part of a support arm prior        to attaching the support arm
with its associated bit        body. As a result of the present invention,
compacts 25     and/or inserts may be installed within the integral
stabilizer pad and/or hardfacing material applied to the        exterior of
the stabilizer pad prior to assembly of the        support arm with its
associated bit body. Alternatively,        the stabilizer pad may be
manufactured with one or more 30     holes to accommodate installing
inserts after the        associated drill bit has been assembled.   
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5               One aspect of the present invention includes
fabricating each support arm with an integral stabilizer        pad or lug
and applying hardfacing to the exterior of the        integral stabilizer
pad prior to securing the support arm  5    with the associated bit body to
minimize abrasion,        erosion and/or wear of the respective support
arm.        Forming the stabilizer pad as an integral part of the
respective support arm allows selecting various        configurations such
as spiraled or straight to optimize 10    the performance of the associated
drill bit.  Also,        multiple integral stabilizer pads may be formed on
the        exterior of each support arm.             The present invention
allows optimizing the location        of the integral stabilizer pad on the
exterior of the 15    associated support arm without possibly damaging
internal        components such as a lubricant reservoir or bearing
seals. Welding techniques associated with attaching        stabilizer pads
to the exterior of a previously 



manufactured drill bit frequently limit suitable 20     locations for
attaching the separate stabilizer pad to        the exterior of the drill
bit. Thus, fabrication of a        stabilizer pad as an integral part of
each support arm        prior to assembly of the resulting drill bit may be
optimized without concern for potential heat damage to 25    other
components.             Another aspect of the present invention includes
providing a ramp on the exterior surface of each support       arm.  The
ramp is preferably formed at an angle such that       a top surface of the
ramp slopes generally upward from 30    the leading edge to the trailing
edge of the support arm.       The ramp has a predetermined thickness to
provide a gap              WO 98/02633
PCT/US97/06388                                        6           between
the exterior surface of the support arm and the        sidewall of the
borehole above the ramp. 



In accordance with the teachings of the present        invention both a
stabilizer pad and ramp are integrally  5     formed on the exterior of
each support arm.  The        stabilizer pad and ramp are preferably offset
from each        other to aid the flow of fluid, cuttings, and other
debris from the bottom of the borehole to the annulus        formed between
the sidewall of the borehole and the 10    exterior of the associated drill
string.             Further technical advantages of the present
invention include providing an integral stabilizer pad        and
associated ramp to divide turbulent fluid flow around        the associated
rotating cutter cones from fluid flow in 15     the annulus above the drill
bit such that cuttings and        other debris entering the annulus will
not be drawn back        down toward the cutter cones. Fluid flow below the
ramp        is turbulent and multidirectional due to fluid exiting
the associated nozzles and the churning effect of the 20     cutter cones.
Fluid flow above the stabilizer pad is        relatively less turbulent and
unidirectionally upward.             The outside dimensions of both the
integral        stabilizer pad and the associated ramp are preferably
substantially equal to the desired radius for the 25     borehole.  Thus,
vibration and lateral movement of the        associated drill bit at the
bottom of the borehole during        drilling operations is substantially
reduced or        eliminated.  By forming both the stabilizer pad and the
ramp as integral components of each support arm, their 30     corresponding
dimensions (thickness, length, width, and        exterior radius) may be
optimized to enhance downhole     
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7           drilling performance of the resulting rotary cone drill
bit. Teachings of the present invention allow        substantially improved
quality control and substantially        reduced variation in dimensional
tolerances. The  5     stabilizer pad and the ramp cooperate with other
components of the bit body to separate fluid flow at the        drill bit
into two substantially independent regions.             Other technical
advantages of the present invention        includes eliminating forged
nozzle bosses associated with 10     conventional rotary cone drill bits
which results in an        increase in annular flow area around the
exterior of the        drill bit. The increased annular flow area in
cooperation with the integral stabilizer pad and the ramp        on each
support arm provides enhanced fluid flow of 15     cuttings and other
borehole debris from the bottom of the        borehole to the well surface.
Increasing the annular        area between the exterior of the drill bit
and the        sidewall of the borehole substantially reduces scoring or
plowing of the sidewall while tripping the associated 20     drill string
and drill bit.  Scoring or plowing of the 



sidewall is a significant concern in directional and/or        extended
reach horizontal drilling applications. For        some downhole
applications, the length of each support        arm may be increased to
provide two or more integral 25     stabilizer pads for even greater
downhole drilling        stability.             Still further technical
advantages which result from        using a drill bit incorporating various
teachings of the        present invention include improved downhole
cleaning, 30     higher fluid flow rate capabilities, reduced bit balling
problems, more consistent uniform downhole drilling              WO
98/02633                                      PCT/US97/06388
performance and reduced directional drilling problems by       eliminating
"plowing" or scoring of the well bore       sidewall while tripping the
associated drill bit.             The open area provided between the lower
portion or 



5    dome of the bit body and the associated cutter cone        assemblies
in combination with an angled shirttail ramp        having a layer of
hardfacing and an enhanced fluid flow        return area combined to
prevent packing of cuttings and        substantially reduce abrasion,
erosion and/or wear of the 10    various components of the drill bit.  As a
result, seal        life is substantially lengthened to increase the
downhole        drilling time for the associated drill bit.  Drill bits
incorporating teachings of the present invention have        demonstrated
longer downhole drilling life, higher rate 15     of penetration (ROP) and
lower total drilling costs.         BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present        invention, and the
advantages thereof, reference is now 20    made to the following
description taken in conjunction       with the accompanying drawings in
which like reference       numbers indicate like features and wherein:
FIGURE 1 is a schematic drawing in elevation and        section with
portions broken away of a rotary cone drill 25    bit incorporating
features of the present invention        attached to one end of a drill
string disposed in a        borehole;             FIGURE 2 is an isometric
drawing showing a support        arm and cutter cone assembly having both
an integral 30     stabilizer pad and ramp in accordance with teachings of
the present invention;      
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9                FIGURE 3 is an enlarged drawing in elevation with
portions broken away showing the integral stabilizer pad        and ramp on
the exterior surface of the support arm of        FIGURE 2 with additional
inserts or compacts to reduce  5     erosion and wear from downhole fluid
flow;             FIGURE 4 is an exploded drawing in section with
portion broken away showing portions of a one-piece bit        body,
support arm, and cutter cone assembly incorporating        an embodiment of
the present invention; 10          FIGURE 5 is an end view of the bit body
shown in        FIGURE 4; and             FIGURE 6 is a drawing in
elevation showing a support        arm having an alternative embodiment of
the present        invention including two integral stabilizer pads. 15
DETAILED DESCRIPTION OF THE INVENTION             The present invention and
its advantages are best        understood by referring to FIGURES 1 through
6 of the        drawings, like numerals being used for like and 



20     corresponding parts of the drawings.             FIGURE 1 is a
schematic drawing showing an isometric        view of a rotary cone drill
bit indicated generally at        20, incorporating various teachings of
the present        invention.  Drill bit 20 is shown attached to drill 25
string 22 disposed within borehole 24.  Annulus 26 is        formed between
the exterior of drill string 22 and        sidewall 28 of borehole 24. In
addition to rotating        drill bit 20, drill string 22 is used as a
conduit to        communicate drilling fluids and other fluids from the 30
well surface to drill bit 20 at the bottom of borehole        24. Such
drilling fluids may be directed to flow from              WO 98/02633
PCT/US97/06388                                        10          drill
string 22 through bit body 32 to various nozzles 30       provided in drill
bit 20. Cuttings formed by drill bit       20 and other debris at the
bottom of borehole 24 will mix 



with the drilling fluid exiting from one or more nozzles  5     30 and
return to the well surface via annulus 26.            As shown in FIGURES
1, 4 and 5, drill bit 20       preferably comprises a one piece or unitary
bit body 32.       Bit body 32 includes upper portion 34 having threaded
connection or pen 36 adapted to secure drill bit 20 with 10     the lower
end of drill string 22.  Three support arms 50        are preferably
attached to and extend longitudinally from        bit body 32 opposite from
threaded connection 36. Only        two support arms 50 and cutter cone
assemblies 90 are        shown in FIGURE 1. 15          Each support arm 50
preferably includes spindle 52        connected to and extending from
inside surface  of the        respective support arm 50.  Cutter cone
assemblies 90 are        rotatably mounted on respective spindles 52 which
extend        generally downward and inward from each support arm 50. 20
An important feature of the present invention includes        the ability
to fabricate ramp 120 and stabilizer pad 140        as an integral parts of
exterior surface 54 of each        support arm 50 prior to attaching
support arms 50 to bit        body 32. 25          U.S. Patent 5,439,067
entitled Rock Bit With        Enhanced Fluid Return Area and U.S. Patent
5,439,068        entitled Modular Rotary Drill Bit provide additional
information concerning the manufacture and assembly of        unitary bit
bodies, support arms and cutter cone 30     assemblies which are
satisfactory for use with the        present invention.  Both of these
patents are      
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incorporated by reference for all purposes within this         application.
Bit body 32 includes lower portion 38 having a        generally convex
exterior surface 40 formed thereon.  5     Lower portion 38 may sometimes
be referred to as a dome.        The dimensions of convex surface 40 and
the location of        cutter cone assemblies 90 relative to lower portion
38        may be varied by adjusting the length of the support arms
50 and the spacing of each support arm 50 on the exterior 10     of bit
body 32.  One or more nozzles 30 are preferably        formed within lower
portion 38 of bit body 32 to supply        drilling fluid from the well
surface through drill string        22 to drill bit 20 for removal of
cuttings and other        downhole debris created by drill bit 20.  The
number of 15     nozzles 30 and their location within bit body 32 may be
varied depending upon the intended downhole drilling        application.
Debris carrying drilling fluid will generally flow        radially outward
between convex surface 40 and the bottom 20     of borehole 24 and then
flow generally upward toward the        well surface through annulus 26.
For the embodiment of 



the present invention as shown in FIGURES 1-5, bit body        32 includes
three nozzles 30 and their associated fluid        flow passage ways which
will be discussed later in more 25     detail.             Forming nozzles
30 and their associated fluid flow        passages within unitary bit body
32 eliminates the        requirement to form nozzle bosses associated with
conventional drill bits on the exterior of bit body 32. 30     One result
of forming nozzles 30 within bit body 32 in        accordance with
teachings of this present invention is a              WO 98/02633
PCT/US97/06388                                        12
substantially enlarged fluid flow area between the        exterior of drill
bit 20 and sidewall 28 of borehole 24.        Also, the location of nozzles
30 provides a relatively        smooth exterior surface for bit body 32
which minimizes  5    scoring and/or plowing of sidewall 28 while tripping 



drill string 22 and drill bit 20 in and out of borehole       24.  Scoring
or plowing of sidewall 28 is of particular       concern for horizontal or
highly deviated boreholes.             As shown in FIGURES 1, 2 and 4, each
cutter cone 10    assembly 90 includes grooves 92 along with protruding
inserts 94 which scrape and gouge against the sides and        bottom of
borehole 24 in response to weight and rotation        applied to drill bit
20 by drill string 22. The position        of grooves 92 and inserts 94 for
each cutter cone 15    assembly 90 may be varied to provide the desired
downhole       drilling action.  Other types of cutter cone assemblies
may be satisfactorily used with the present invention       including, but
not limited to, cutter cone assemblies       having milled teeth instead of
inserts 94. A plurality of 20     surface compacts 96 are disposed in gauge
face surface 98        of each cutter cone assembly 90. Inserts 94 and
surface        compacts 96 may be formed from various types of hard
materials associated with the manufacture of downhole        drill bits. 25
Ramp 120 and stabilizer pad 140 are formed on       exterior surface 54 as
an integral part of each support       arm 50 in accordance with teachings
of the present       invention to stabilize drill bit 20 within borehole 24
and to aid drilling fluid flow in carrying debris from 30    the bottom of
borehole 24 to the well surface.  Ramp 120        and stabilizer pad 140
preferably extend radially from        
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13           each support arm 50 a distance which is approximately
equal to the desired radius for borehole 24.             For one
application, outer surface 130 of ramp 120        and outer surface 142 of
stabilizer pad 140 are separated  5     from sidewall 28 of borehole 24 by
a nominal distance of        approximately 0.03 inches. Therefore, contact
between        the exterior of ramp 120 and/or stabilizer pad 140 and
adjacent portions of sidewall 28, may occur depending        upon specific
downhole drilling conditions. For purposes 10     of illustration, a
relatively large gap is shown in        FIGURE 1 between exterior surfaces
130 and 142 and        sidewall 28. Both ramps 120 and stabilizer pads 140
may        be protected by inserts and/or hardfacing which will be
described later in more detail. 15          Stabilizer pad 140 is
preferably spaced        longitudinally from the associated ramp 120 to
form fluid        flow channel 144 between each support arm 50 and sidewall
28 of borehole 24. Fluid flow channels 144 cooperate        with each other
to direct turbulent fluid flow and 20     cuttings from the bottom of
borehole 24 upwardly into        annulus 26. One of the benefits of
combining stabilizer        pad 140 with ramp 120 is increased separation
of        turbulent fluid in the vicinity of cutter cone assemblies 



90 at the bottom of borehole 24 from generally upward 25     fluid flow in
annulus 26 above support arms 50.  For some        downhole drilling
applications only stabilizer pad 140        may be required on exterior
surface 54 of support arm 50.        Alternatively only ramp 120 may be
required for other        applications. 30          As shown in FIGURES 1,
2 and 3, ramp 120 is        protected by a plurality of inserts 134 and
hardfacing                                                   14
layer 136.  Inserts 134 are disposed in ramp 120 adjacent            to top
surface 126.  Hardfacing layer 136 is disposed on            the lower edge
of shirttail portion 56. Hardfacing layer            136 may comprise, for
example, chips or particles of      5    tungsten carbide or other
appropriate material for            resisting erosion, abrasion and wear.
As shown in FIGURES 1, 2 and 3, stabilizer pad 140           may also be
protected by a plurality of inserts or           surface compacts 146
disposed in outer surface 142. 



10    Various types of hardfacing 336 may also be formed on
outer surface 142 in addition to inserts 146.  By            initially
manufacturing support arm 50 as a separate            component from bit
body 32 and cutter cone assembly 90            various fabrication and
manufacturing techniques may be     15    used to form ramp 120 and/or
stabilizer pad 140 which           would not be compatible with forming the
same type of           ramp and/or stabilizer pad on the exterior portion
of a           conventional rotary cone drill bit. As shown in FIGURES 2
and 3, each support arm 50    20    includes leading edge 122 and trailing
edge 124 disposed           on opposite sides of exterior surface 54.
Drill string           22 preferably rotates rotary cone drill bit 20 to
the           right to form borehole 24 while drilling fluid is ejected
from nozzles 30 toward cutter cones 90.  Thus, ramp 120    25    at leading
edge 122 will pick up cuttings and fluids from           the bottom of
borehole 24.  The fluid and cuttings move           up along top surface
126 within channel 144 toward           trailing edge 124 of each support
arm 50 and flow upward           into annulus 26 toward the well surface.
Fluid flow    30    channel 144 is defined in part by top surface 126 of
ramp           120, bottom surface 148 of stabilizer  pad 140 and the
WO 98/02633                                      PCT/US97/06388   



15           portion of exterior surface 54 disposed between ramp 120
and pad 140.              Top surface 126 of ramp 120 and bottom surface
148        of stabilizer pad 140 preferably slope generally upward  5
along exterior surface 54 of support arm 50 from leading        edge 122 to
trailing edge 124. Top surface 126 and        bottom surface 148 may
comprise a flat surface, a concave        surface, or any other appropriate
configuration to aid in        removal of cuttings and other debris from
borehole 24. 10         As best shown in enlarged FIGURE 3, top surface 126
and bottom surface 148 comprises concave surfaces having        respective
predetermined radius of curvature shown at 128        and 150. Top surface
126 and bottom surface 148 extend        radially from exterior surface 54.
Top surface 126 and 15    bottom surface 148 may be disposed lower on
support arm        50 if nozzles 30 are located closer to the center of bit
body 32. It is desirable to have the entrance to channel        144 as low
as possible on support arm 50 to aid in        removal of cuttings and
other debris. The thickness of 20    ramp 120 and stabilizer pad 140 may be
chosen such that        respective outer surfaces 130 and 142 are located
at a        desired distance from sidewall 28 of borehole 24.
Ramp 120 and stabilizer pad 140 are preferably        formed as integral
parts of exterior surface 54 of each 25     support arm 50.  For some
applications, ramp 120 and        stabilizer pad 150 may be formed as an
integral part of 



support arm 50 by machining an appropriately sized piece        of raw
material. Ramp 120 and stabilizer pad 120 may also        be formed as an
integral part of support arm 50 during 30     forging of support arm 50.
After support arm 50 has been        forged, ramp 120 and stabilizer pad
140 may be further              WO 98/02633
PCT/US97/06388                                        16           machined
to define their desired dimensions and shape        including the slope of
top surface 126 and bottom surface        148.             The slope and
structure of ramp 120 and stabilizer  5    pad 140 may be varied without
departing from the        teachings of the present invention. For example,
ramp        120 and stabilizer pad 140 may have linear slopes from
leading edge 122 to trailing edge 124 along exterior        surface 54.
Alternatively, ramp 120 and stabilizer pad 10     140 may have nonuniform
slopes and/or widths across 



exterior surface 54.             For some applications, it may be desirable
to        install one or more inserts 146 on leading edge 122
adjacent to the opening for channel 144. Also, inserts 15    146 may be
installed within top surface 126 and bottom        surface 148 as shown in
FIGURE 3. Inserts 146 thus        cooperate with each other to minimize
erosion, abrasion        and wear from fluid flow adjacent to leading edge
122 and        surfaces 126 and 148 of flow channel 144.  Various types 20
of inserts or compacts may be satisfactorily used as        inserts 146.
Such inserts include but are not limited to        tungsten carbide
inserts, polycrystalline diamond        inserts, or other suitable hard
materials compatible with        the associated downhole drilling
environment. 25         As shown in FIGURES 1 and 4, bit body 32 includes
middle portion 42 disposed between upper portion 34 and       lower portion
38. Longitudinal axis or central axis 44       extends through bit body 32
and corresponds generally       with the projected axis of rotation for
drill bit 20. 30    Middle portion 42 preferably has a generally
cylindrical        configuration with pockets 46 formed in the exterior
WO 98/02633                                      PCT/US97/06388    



17           thereof and spaced radially from each other. The number
of pockets 46 is selected to correspond with the number        of support
arms 50 which will be attached thereto. The        spacing between pockets
46 in the exterior of middle  5    portion 42 is selected to correspond
with the desired        spacing between support arms 50 and their
associated        cutter cone assemblies 90.  The location of pockets 46
may also be varied to provide any desired offset for        cutter cone
assemblies 90 with respect to longitudinal 10     axis 44 and the projected
axis of rotation for drill bit        20.             Each support arm 50
has a longitudinal axis 72        extending therethrough. Support arms 50
are preferably        mounted in their respective pockets 46 with their 15
respective longitudinal axis 72 aligned parallel with        each other and
with longitudinal axis 44 of the        associated bit body 32.  For one
application a portion of        each support arm 50 is preferably welded
within its        associated pocket 46 by a series of welds (not expressly
20     shown) formed between the exterior or perimeter of each
pocket 46 and adjacent portions of the associated support        arm 50.
The perimeter of each pocket 46 adjacent to the        exterior of bit body
32 may be modified to provide        welding surfaces and/or welding
grooves to assist in 25     attaching each support arm 50 with its
associated pocket        46.             FIGURE 4 is an exploded drawing
which shows the 



relationship between bit body 32, one of the support arms        50 and its
associated cutter cone assembly 90. Each 30     cutter cone assembly 90 is
preferably constructed and        rotatably mounted on its associated
spindle 52 in a              WO 98/02633
PCT/US97/06388                                        18
substantially identical manner. Each support arm 50 is        preferably
constructed and mounted in its associated        pocket 46 in substantially
the same manner. Therefore,        only one support arm 50 and cutter cone
assembly 90 will  5    be described in detail since the same description
applies        generally to the other support arms 50 and their
associated cutter cone assemblies 90.             Support arm 50 has a
generally rectangular        configuration  with respect longitudinal axis
72. Support 10    arm 50 may have various cross-sections taken normal to
longitudinal axis 72 depending upon the configuration of 



the associated pocket 46, ramp 120 and stabilizer pad 140        along
other features which may be incorporated into        support arm 50  in
accordance with the teachings of the 15    present invention.  Support arm
50 includes top surface       74, inside surface 76, bottom edge 78 and
exterior       surface 54.  Support arm 50 also includes sides 84 and 86
which preferably extend substantially parallel with       longitudinal axis
72. 20          Various features of the present invention may be
incorporated as part of inside surface 76, exterior       surface 54 and
sides 84 and 86. The various dimensions       of each support arm 50 are
selected to be compatible with       the associated pocket 46.  As shown in
FIGURES 1 and 4, a 25    portion of each support arm 50 including upper end
or top       surface 74 and adjacent portions of inside surface 76
along with sides 84 and 86 extending therefrom, are sized       to fit
within the associated pocket 46.             Inside surface 76 may be
modified as desired to 30    provide various features of the present
invention.  The        configuration of inside surface 76 may be varied
WO 98/02633                                      PCT/US97/06388     



19           substantially between top surface 74 and bottom edge 78.
Also, the configuration of inside surface 76 with respect        to sides
84 and 86 may be varied depending upon the        configuration of the
associated pockets. Inside surface  5     76 and exterior surface 54 are
contiguous at bottom edge        78 of support arm 50. The portion of
exterior surface 54        formed adjacent to bottom edge 78 is often
referred to as        shirttail portion 56. Ramp 120 may also be referred
to        as a shirttail ramp. 10          For one embodiment of the
present invention, first        opening 75 and second opening 77 are formed
in inside        surface 76 of each support arm 50.  First post 53 and
second post 55 may be formed on back wall 64 of each        pocket 46.
Post 53 and 55 extend radially from each back 15    wall 64 to cooperate
respectfully with first opening 75        and second opening 77 to position
each support arm 50        within its associated pocket 46. For some
applications,        first opening 75 preferably comprises a longitudinal
slot        extending from top surface 74 and size to receive first 20
post 53 therein.  Second opening 77 preferably has a        generally
circular configuration to receive second post        55 therein.  Posts 53
and 55 and openings 75 and 77 may        be used to position each support
arm 50 within the        associated pocket 46 prior to welding. 25
Spindle 52 is preferably angled downwardly and        inwardly with respect
to both longitudinal axis 72 of        support arm 50 and the projected
axis of rotation of        drill bit 20. This orientation of spindle 52
results in        the exterior of cutter cone assembly 90 engaging the side



30     and bottom of borehole 24 during drilling operations.        For
some applications, it may be preferably to position              WO
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20           each support arm 50 and its associated spindle 52 with
cutter cone assembly 90 at an offset from the projected        axis of
rotation of drill bit 20. The desired offset can        be easily obtained
by forming the associated pockets 46  5     in the exterior of bit body 32
with a corresponding        offset from longitudinal axis 44 of bit body
32.  The        amount of offset may vary from zero to five or six
degrees (6) or approximately zero (0) inches to one half        ([err])
inch in the direction of rotation of drill bit 20. 10          Each cutter
cone assembly 90 includes base portion        108 with a conically shaped
shell or tip 106 extending        therefrom. For some applications, base
portion 108        includes frustroconically shaped gauge face surface 98 



which is preferably angled in a direction opposite from 15     the angle of
shell 106.  Base 108 also includes backface        112 which may be
disposed adjacent to portions of inside        surface 76 of the associated
support arm 50.  Base 108        preferably includes opening 110 with
chamber 114        extending therefrom. Chamber 114 extends through base 20
108 and into tip 106.  The dimensions of opening 110 and        chamber 114
are selected to allow mounting each cutter        cone assembly 90 on its
associated spindle 52. One or        more bearing assemblies 116 may be
mounted on spindle 52        and disposed between a bearing wall within
chamber 114 25     and annular bearing surface 81 on spindle 52.  A
conventional ball retaining system 118 may be used to        secure cutter
cone assembly 90 to spindle 52.             As shown in FIGURE 4, enlarged
cavity 57 may be        formed within upper portion 34 of bit body 32.
Opening 30     58 is provided in upper portion 34 for communicating
fluids between drill string 22 and cavity 57.  Cavity 57             WO
98/02633                                      PCT/US97/06388
21  



preferably has a generally uniform inside diameter        extending from
opening 58 to a position intermediate        middle portion 42 of bit body
32.  For some applications,        cavity 57 may be formed concentric with
longitudinal axis  5     44 of bit body 32.  Cavity 57 and opening 58/B
provide a        relatively large fluid chamber having little if any
resistance to fluid flow from drill string 22 into drill        bit 20.
One or more fluid passageways 62 may be formed in 10    bit body 32
extending between cavity 57 and convex        surface 40 on lower portion
38 of bit body 32. Opening        61 may be provided in each fluid
passageway 62 adjacent        to convex surface 40.  A plurality of
recesses 63 are        preferably provided within each opening 61 to allow
15     installing various types of nozzles or nozzle inserts 30
within each fluid passageway 62. Additional components.        (not shown)
such as a snap ring and/or O-ring seal may be        provided to position
each nozzle insert 30 within        recesses 63. Cavity 57 and passageways
62 cooperate with 20     each other to provide improved fluid flow and
enhanced        cleaning efficiency at cutter cone assemblies 90.
Various techniques are commercially available for        satisfactorily
installing each nozzle 30 within its        associated opening 61.  For
some applications, nozzles 30 25     may be formed from tungsten carbide or
other suitable        materials to resist erosion from fluids flowing
therethrough. Also, one or more access ports (not shown)        may be
provided in bit body 32 adjacent to openings 61 to        allow lock screws
or pins and/or plug welds (not shown) 30     to secure nozzles 30 within
recesses 63.  
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22                Nozzles 30 preferably include one or more outlet
orifices 59. Nozzles 30 may be disposed in each fluid        passageway 62
to regulate fluid flow from cavity 57        through the respective fluid
passageway 62 and the  5     associated nozzle 30 to the exterior of bit
body 32.  The        length and diameter of each fluid passageway 62 may be
selected for some applications to provide laminar flow        between
cavity 57 and the respective nozzle 30. The        present invention allows
forming fluid passageway 62 with 10     a diameter larger than previously
possible with        conventional rotary cone drill bits. The straight path
from drill string 22 through cavity 57 and the large        inside diameter
of passageways 62 reduce turbulence and        swirl to significantly
minimize erosion or washout of 15     nozzles 30 while at the same time
providing very little        resistance to high fluid flow rates. 



An important feature of the present invention        includes the ability
to vary the position of fluid        passageways 62 and associated nozzles
30 within bit body 20     32 without affecting the location of pockets 46
and the        associated support arms 50. For some applications,
nozzles 30 will preferably be positioned to direct        drilling fluid
flow between the associated cutter cone        assemblies 90 at a location
inside the full diameter of 25    well bore 24.  Nozzles on prior rotary
drill cone bits        often direct drilling fluid flow at the gauge
diameter of        the borehole which results in forcing a substantial
volume of cuttings to flow from the outside diameter        radially inward
to the center of the borehole. This 30    undesirable, inward flow path for
cuttings results in        significant inefficiencies from requiring the
associated             WO 98/02633
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cone assemblies to essentially redrill the same 



cuttings.  The fluid flow pattern resulting from        positioning nozzles
30 to direct fluid flow at a location        spaced radially inward from
the outside diameter of well  5     bore 24 results in better cleaning of
the drive row of        inserts 94 on each cutter cone assembly 90 and
directs a        larger volume of cuttings to flow radially outwardly and
upward from cutter cone assemblies 90. Moving the        location of
nozzles 30 inwardly towards centerline 44 of 10    bit body 32 results in
better flushing of cuttings and        other debris from the bottom of
borehole 24.  As a result        of improved cutting removal and better
cleaning at the        bottom of borehole 24, the efficiency and rate of
penetration (ROP) of rotary cone drill bit 20 will be 15     substantially
improved.             FIGURE 5 shows lower portion 38 of bit body 32 with
three pockets 46 and three openings 61 for associated        fluid
passageways 62 spaced radially with respect to each        other around the
perimeter of bit body 32. For the 20     specific example shown in FIGURE
5, fluid passageways 62        and associated openings 61 are spaced
radially        approximately one hundred twenty degrees (120[err]) from
each        other.  In a similar manner, each support pocket 46 is
spaced radially approximately one hundred twenty degrees 25     (120[err])
from an adjacent pocket 54.             FIGURE 6 is enlarged drawing in
elevation with        portions broken away showing support arm 250
constructed        according to teachings of the present invention. Support
arm 250 is longer than previously described support arm 30     50 to
accommodate first stabilizer pad 240 and second        stabilizer pad 260
which are formed as an integral part    



24           of exterior surface 254.  A plurality of inserts or
surface compacts 146 may be installed in respective        exterior
surfaces 242 and 262 of stabilizer pads 240 and        260.  5         As
previouslynoted, stabilizer pads 50, 240 and 260        are preferably
manufactured as integral components of        respective supporting arms 50
and 250.  For some        applications, stabilizer pads 50, 240 and 260 may
be        manufactured with only openings to receive corresponding 10
inserts 146-and inserts 146 are not installed during the        initial
manufacture and assembly of the associated rotary        cone drill bit.
By not installing inserts 146 during the        initial manufacture, it is
possible to grind off or alter        the configuration of one or more pads
at a field location 15    prior to using the associated rotary cone drill
bit.       Also, inserts 146 made from various types of material may
be installed at the field location to correspond with the       specific
downhole drilling environment in which the       associated rotary cone
drill bit will be used. 20          Ramp 220 is preferably formed as an
integral part of 



exterior surface 254 of support arm 250 adjacent to        shirttail
portion 256.  Ramp 220 includes top surface 226        extending from
leading edge 222 to trailing edge 224 to        aid in removal of cuttings
and other debris from the 25    bottom of a borehole.  Slot or channel 228
may be formed        as part of leading edge 222 to assist in directing
cuttings, debris and fluids upwardly from the lower edge        of
shirttail portion 56 to top surface 226 of ramp 220.             In
addition to first stabilizer pad 240 and second 30     stabilizer pad 260,
hardfacing layer 236 is formed on a        much larger portion of exterior
surface 254 as compare to              WO 98/02633
PCT/US97/06388                                        25
hardfacing layer 136 of support arm 50. As shown in        FIGURE 6
hardfacing layer 236 extends over much of        exterior surface 254
corresponding with shirttail portion        256. Hardfacing layer 236
preferably covers top surface  5     226 of ramp 220.  Also, hardfacing
layer 236 extends into 



fluid flow channel 244 between top surface 226 of ramp        220 and
bottom surface 248 of first stabilizer pad 240.             First
stabilizer pad 240 is preferably spaced        longitudinally from ramp 220
to define fluid flow channel 10     224 therebetween.  The sides of fluid
flow channel 244        are defined in part by top surface 226 of ramp 220
and        bottom surface 268 of stabilizer pad 240. As previously
noted the portion of exterior surface 254 disposed        between bottom
surface 268 and top surface 226 is 15     preferably covered with
hardfacing layer 236.             Second stabilizer pad 260 is preferably
spaced        longitudinally from first stabilizer pad 240 to form
second fluid flow channel 264 on exterior surface 254 of        support arm
250. The sides of fluid flow channel 264 are 20     defined in part by top
surface 241 of stabilizer pad 240        and bottom surface 268 of
stabilizer pad 260. As        previously noted an important advantage of
forming        stabilizer pads 240 and 260 and ramp 220 as integral
parts of support arm 250 includes the ability to vary the 25     dimensions
and configurations of these components to        optimize the downhole
drilling performance of the        associated rotary cone drill bit.
Although the present invention and its advantages        have been
described in detail, it should be understood 30     that various changes,
substitutions and alterations can        be made therein without departing
from the spirit and        
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WHAT IS CLAIMED IS:               1.  A rotary cone drill bit for forming a
borehole,        comprising:  5          a bit body having an upper portion
adapted for        connection to a drill string for rotation of said bit
body;             a number of support arms attached to and extending
from said bit body, each of said support arms having a 10     leading edge,
a trailing edge, and an exterior surface        disposed therebetween;
a number of cutter cone assemblies equaling said        number of support
arms and rotatably mounted on        respective support arms with each
cutter cone assembly 15     projecting generally downwardly and inwardly
with respect        to its respective support arm;             a stabilizer
pad formed as an integral part of said        exterior surface of each of
said support arms prior to        attaching said support arms to said bit
body; and 20          said stabilizer pad projecting radially outward from
said respective support arm a distance approximately        equal to a
desired radius for said borehole.          



28                2.  A rotary cone drill bit for forming a borehole,
comprising:             a bit body having an upper portion adapted for
connection to a drill string for rotation of said bit  5    body;
a number of support arms attached to and extending        from said bit
body, each of said support arms having a        leading edge, a trailing
edge, and an exterior surface        disposed therebetween; 10          a
number of cutter cone assemblies equaling said        number of support
arms and rotatably mounted on        respective support arms with each
cutter cone assembly        projecting generally downwardly and inwardly
with respect        to its respective support arm; 15          a stabilizer
pad formed as an integral part of said        exterior surface of each of
said support arms prior to        attaching said support arms to said bit
body;             said stabilizer pad projecting radially outward from,
said respective support arm a distance approximately 20     equal to a
desired radius for said borehole;             said exterior surface of each
support arm having a        shirttail portion;             a ramp formed on
said exterior surface of each of        said support arms adjacent to.said
shirttail portion; and 25          said ramp having a top surface inclined
at an angle        from said leading edge of said respective support arm 



toward said trailing  edge of said respective support  arm,        such
that said top surfaces of said ramps cooperate with        each other to
direct  cuttings and fluid upwardly in said 30     borehole.
3.   The drill bit of Claim 2, wherein said top        surface of each ramp
comprises a layer of hardfacing        material.
4.   The drill bit of Claim 2, further comprising:             said top
surface of said ramp having an        approximately linear slope from said
leading edge of said        support arm to said trailing edge of said
support arm;  5     and             said stabilizer pad having a bottom
surface with a        linear slope approximately equal to said slope of
said        top surface of said ramp.  



10          5.   The drill bit of Claim 2, wherein said ramps
project from said support arms a radial distance        approximately equal
to a maximum outer diameter of said        drill bit such that as said
drill bit is rotated in said        borehole to form cuttings, said ramp
forces said cuttings 15     along said top surface of said ramp upwards and
away from        a bottom of said borehole.               6.  The drill bit
of Claim 2 further comprising a        channel formed on said exterior
surface of each support 20     arm between said stabilizer pad and said
ramp.               7.   The drill bit of Claim 1, wherein each
stabilizer pad further comprises an exterior surface with        hardfacing
disposed thereon. 25                  The drill bit of Claim 1 wherein each
stabilizer pad further comprises an exterior surface with      a plurality
of inserts disposed therein.            



AMENDED SHEET                                             30
9.  The drill bit of Claim 1 further comprising:             at least two
stabilizer pads formed as an integral       part of said exterior surface
of each of said support       arms; and  5.        said stabilizer pads
spaced longitudinally from each       other to define a fluid flow channel
between said       stabilizer pads on said exterior surface of each support
arm.   10         10.  The drill bit of Claim 9 further comprising:
a ramp formed on said exterior surface of each of       said support arms;
each of said ramps having a top surface inclined at       an angle from
said leading edge of said respective 15    support arm toward said trailing
edge of said respective       support arm;            said top surfaces of
said ramps cooperating with 



each other to direct cuttings and fluid upwardly in said       borehole;
and 20         a second channel formed on said exterior surface of
each support.arm between one of said stabilizer pads and       said top
surface of said ramp.                                               31
11. A support arm and cutter cone assembly for a        rotary cone drill
bit having a bit body, comprising:             said support arm having a
leading edge, a trailing        edge, an exterior surface formed
therebetween;  5          a shirttail portion provided as part of said
exterior surface;             said cutter cone assembly rotatably mounted
on said        support arm and projecting generally downwardly and
inwardly with respect to said support arm; 10          a first stabilizer
pad formed on said exterior        surface of.said support arm as an
integral part thereof        during initial manufacture of said support
arm; and             said first stabilizer pad projecting radially from 



said exterior surface. 15                                              32
12.  A support arm-and cutter cone assembly for a        rotary cone drill
bit having a bit body, comprising:             said support arm having a
leading edge, a trailing        edge, an exterior surface formed
therebetween;  5         a shirttail portion provided as part of said
exterior surface;             said cutter cone assembly rotatably mounted
on said        support arm and projecting generally downwardly and
inwardly with respect to said support arm; 10         a first stabilizer
pad formed on said exterior        surface of said support arm as an
integral part thereof        during initial manufacture of said support
arm;             said first stabilizer pad projecting radially from
said exterior surface; 15         a second stabilizer pad formed as an
integral part       of said exterior surface of said support arm during
initial manufacture of said support arm; and 



said second stabilizer pad spaced longitudinally        from said first
stabilizer pad to form a fluid flow 20    channel therebetween.
13.  The support arm of Claim 11, wherein said first       stabilizer pad
further comprises a bottom surface       inclined at an angle from said
leading edge of said 25    support arm toward said trailing edge of said
support       arm.              14.  The support arm of Claim 11 further
comprising       said first stabilizer pad having a bottom surface with 30
approximately a linear slope from said leading edge of       said support
arm to said trailing edge of said support       arm.              33
15.  The support arm of Claim 11, wherein said first 



stabilizer pad further comprises a layer of hardfacing        disposed
thereon.    5         16.  The support arm of Claim 11, wherein said first
stabilizer pad further comprises an exterior surface with        a
plurality of inserts disposed in said exterior surface.              17.
The support arm of Claim 12 further comprising: 10         said first
stabilizer pad having a layer of       hardfacing disposed thereon; and
said second stabilizer pad having a layer of       hardfacing disposed
thereon.   15         18.  The support arm of Claim 12 further comprising:
said first stabilizer pad having an exterior surface       with a plurality
of inserts disposed therein; and            said second stabilizer pad
having an exterior       surface with a plurality of inserts disposed
therein. 20            19.  The support arm of Claim 11 further comprising:
a ramp formed on said exterior surface adjacent to.
said.shirttail.portion; and            said ramp having a top surface
inclined at an angle 25    from said leading edge of said respective
support arm       toward  said trailing edge of said respective support
arm;       such that said top surface of said ramp will direct
cuttings and fluid upwardly in a well.bore.   30         20.  The support
arm of Claim 19 further comprising 



a channel formed on said exterior between said first       stabilizer pad
and said ramp.            34                    21.  A rotary cone drill
bit for forming a borehole,            comprising:                 a bit
body having an upper portion adapted for            connection to a drill
string for rotation of said bit      5    body;                a number of
support arms attached to and extending   from said bit body, each of said
support arms having a   leading edge, a trailing edge, and an exterior
surface            disposed therebetween; 10         a number of cutter
cone assemblies equaling said            number of support arms and
rotatably mounted on            respective support arms with each cutter
cone assembly            projecting generally downwardly and inwardly with
respect            to its respective support arm;     15         a
stabilizer pad formed as an integral part of said            exterior
surface of each of said support arms during 



initial manufacture of said support arms;                 said stabilizer
pads projecting radially outward            from said respective support
arms a distance     20    approximately equal to a desired radius for said
borehole;                a ramp formed on said exterior surface of each of
said support arms, said ramp having a top surface            inclined at an
angle from said leading edge of said     25    support arms toward said
trailing edge of each of said            support arms, such that said top
surface of said ramps            cooperate with each other to direct
cuttings and fluid            upwardly in said borehole;
said stabilizer pad spaced longitudinally from said     30    ramp to form
a fluid flow channel therebetween;                 a plurality of inserts
disposed in said ramp; and                 a hardfacing material   disposed
on said ramp adjacent            to said channel.          35
22.  A rotary cone drill bit for forming a borehole, 



comprising:                a bit body having an upper portion adapted for
connection to a drill string for rotation of said bit     5    body;
a number of support arms attached to and extending           from said bit
body, each of said support arms having a           leading edge, a trailing
edge, and an exterior surface           disposed therebetween; 10         a
number of cutter cone assemblies equaling said          number of support
arms and rotatably mounted on          respective support arms with each
cutter cone assembly          projecting generally downwardly and inwardly
from its          respective support arm;    15         a ramp formed on
said exterior surface of each of           said support arms, each of said
ramps having a top           surface inclined at an angle from said leading
edge of           said respective support arms toward said trailing edge of
said respective support arms, said ramps extending along    20    said
exterior surface of said respective support arms           whereby said top
surfaces cooperate with each other to           direct cuttings and fluid
upwardly in said borehole; and               a layer of hardfacing material
disposed on said top           surface of said ramps.    25
23.  A rotary cone drill bit of claim 22 further           comprising:
a plurality of inserts installed in said leading           edge of each of
said support arms; and    30         a plurality of inserts installed
within said top           surface of each of said ramps.    


