
WO 96/05406                                      PCT/US95/10015 1 ROTARY
DRILL BIT AND METHOD FOR MANUFACTURE AND REBUILD TECHNICAL FIELD OF THE
INVENTION This invention relates in general to rotary drill bits used in
drilling a borehole in the earth and in particular to methods for
manufacturing and rebuilding a drill bit having a one-piece bit body with
one or more support arms and cutter cone assemblies attached thereto.    WO
96/05406                                        PCT/US95/10015 2 BACKGROUND
OF 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 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 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 constructed from 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
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. 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 reference for all purposes within this application. A
cutter cone assembly is generally mounted on each 



spindle and supported rotatably on bearings acting between the spindle and
the inside of a spindle receiving cavity or chamber in the cutter cone
assembly. One or more nozzle housings may be formed on the bit body
adjacent to the support arms. A nozzle is typically positioned within each
housing to direct drilling fluid passing downwardly from the drill string
through the bit body toward the bottom of the borehole being formed.    WO
96/05406                                        PCT/US95/10015 3 Drilling
fluid is generally provided by the drill string to perform several
functions including washing away material removed from the bottom of the
borehole, cleaning the cutter cone assemblies, and carrying the cuttings
radially outward and then upward within the annulus defined between the
exterior of the bit body and 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 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. While drilling with such rotary bits or rock bits, cuttings
and other types of debris may collect in downhole locations with restricted
fluid flow. Examples of such locations with restricted fluid flow include
the lower portion of the bit body adjacent to the respective support arms,
the annulus area between the exterior of the bit body and the adjacent wall
of the borehole. Other areas of restricted fluid flow may include the
backface of the respective cutter cone assemblies, portion of the support
arms and the wall of the borehole. As a result of collecting such debris,
the area available for fluid flow is reduced even further resulting in an
increase in fluid velocity through such areas and erosion 



of the adjacent metal components. As this erosion progresses, vital
components such as bearings and seals may be exposed to drilling fluids and
well debris which can lead to premature failure of the associated rock bit.
WO 96/05406                                       PCT/US95/10015 4 SUMMARY
OF THE INVENTION In accordance with the present invention, the
disadvantages and problems associated with previous rock bits and rotary
cone drill bits have been substantially reduced or eliminated. One aspect
of the present invention includes a one-piece or unitary bit body having
support arms attached to pockets formed in the bit body and a cutter cone
assembly mounted on a spindle projecting from each support arm. The bit
body, support arms and associated cutter cone assemblies cooperate with
each other to provide enhanced fluid flow around the 



exterior of the bit body and support arms during drilling operations
resulting in reduced erosion and enhanced removal of cuttings and other
debris from the bottom of the borehole to the well surface. Important
technical advantages of providing a rotary cone drill bit having a
one-piece bit body with support arms attached to respective pockets in
accordance with teachings of the present invention include significant
improvements in manufacturing and assembly of the rock bit. Such
improvements result from standardizing the design of the support arms and
reducing the overall amount of raw material required to form each support
arm. Also, the bit body and support arms may be manufactured from different
types of material to improve downhole performance of the resulting drill
bit and to reduce manufacturing costs.  The configuration of the support
arms and their associated pockets cooperate with each other to provide
alignment and proper positioning of the support arms with respect to the
bit body prior to welding each support arm with its associated pocket. 



Welding grooves or welding surfaces may be formed between the exterior or
perimeter of each pocket and adjacent portions of the support arm attached
to each pocket.    WO 96/05406
PCT/US95/10015 5 Another aspect of the present invention includes the use
of support arms having reduced weight and a relatively slim length to width
ratio as compared to previous rotary cone drill bits. As a result of the
reduced weight and smaller configuration, cost savings may be achieved
through reduced shipping costs per support arm and performing heat treating
and other batch type processes on a larger number of support arms at one
time. Cost savings resulting from standardization include reduced lead time
to obtain components for each drill bit, fewer machine setups to
manufacture each support arm, and fewer drawings and manufacturing files 



which require updating when a design change is made. One of the significant
cost savings results from the ability to offer customers the same wide
range of drill bit sizes and offsets while substantially reducing the
number of component parts which must be maintained in inventory to produce
each different size and type of drill bit. Another aspect of the present
invention includes providing a rotary cone drill bit having a one-piece bit
body, support arms, and cutter cone assemblies which may be easily replaced
to rebuild the respective drill bit. Depending upon the condition of the
associated drill bit after drilling a wellbore, the bit body, one or more
support arms, and/or one or more cutter cone assemblies may be replaced or
reused on other drill bits as appropriate. If a cutter cone assembly is
worn, the cutter cone assembly and associated support arm may be removed
from the associated pocket and a new cutter cone assembly placed on the
support arm and rewelded with the pocket.  Conversely, both the support arm
and the cutter cone assembly can be removed and a complete new support 



arm/cutter cone assembly welded to the associated pocket. Various
combinations of support arms and bit bodies may    WO 96/05406
PCT/US95/10015 6 be used to rebuild or remanufacture a drill bit in
accordance with the teachings of the present invention. Another aspect of
the present invention includes a rotary cone drill bit having a one-piece
bit body with at least three support arms disposed within pockets formed in
the exterior of the bit body. The dimensions of each support arm and its
associated pocket are preferably selected such that a substantial portion
of the thickness of each support arm is contained within the associated
pocket. For one application longitudinal welds may be provided between each
side of the support arm and the adjacent portions of the associated pocket.
The length of the longitudinal welds is preferably equal to or 



greater than the width of the respective support arm. Further important
technical advantages of the present invention include forming a rotary cone
drill bit from a one-piece bit body having an enlarged fluid cavity formed
therein to receive drilling fluids and other fluids from a drill string
attached to the drill bit. The one-piece bit body and its fluid cavity
allow locating fluid nozzles near the center line of the bit body and/or
any other desired location during the manufacture of the bit body rather
than forming the necessary fluid flow paths and nozzle housings after the
rotary cone drill bit has been substantially assembled. The fluid
passageways and their associated nozzles can be located within the bit body
without concern for welded seams found in conventional rotary drill bits
which simplifies the manufacturing procedures associated with a rotary cone
drill bit incorporating the present invention.  The desired fluid
passageways can be machined prior to attaching the support arms with the
one-piece bit body. Also, since welded seams are not required to 



fabricate the one-piece bit body, problems associated    WO 96/05406
PCT/US95/10015 7 with erosion of welded seams and/or weld porosity during
downhole drilling operations have been eliminated. A further aspect of the
present invention includes manufacturing a rotary cone drill bit having a
one-piece bit body with pockets formed in the exterior of the bit body for
attaching a number of support arms and associated cutter cone assemblies to
the bit body. For one application, an energizer or other resilient means
may be disposed between each support arm and its associated pocket prior to
welding the support arm with the perimeter of the associated pocket. A
welding fixture may also be used in cooperation with the energizers to
ensure that the support arms and their associated cutter cone assemblies
have the desired 



outside diameter and overall geometric configuration for the resulting
drill bit. The welding fixture in combination with the energizers allows
adjusting the position of each support arm and its associated cutter cone
assembly as required to obtain the desired geometric configuration for the
resulting drill bit with a high degree of accuracy and repeatability during
both the initial manufacture and later rebuilding of the associated drill
bit. For some applications, multiple welds may be formed between each
support arm and its associated pocket extending over the full perimeter of
the associated pocket and adjacent portions of each support arm.    WO
96/05406                                       PCT/US95/10015 8 BRIEF
DESCRIPTION OF THE DRAWINGS For a more complete understanding of the
present 



invention, and-the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accompanying drawings,
in which: FIGURE 1 is a schematic drawing in elevation and in section with
portions broken away showing a rotary cone drill 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
partially exploded view of a rotary cone drill bit incorporating an
embodiment of the present invention; FIGURE 3 is an exploded drawing
partially in section showing portions of a one-piece bit body, support arm,
and cutter cone assembly incorporating an embodiment of the present
invention; FIGURE 4 is an end view of the bit body shown in FIGURE 3;
FIGURE 5 is a schematic drawing in section showing an offset between the
center line of pockets formed in a unitary bit body incorporating another
embodiment of the 



present invention and the projected axis of rotation for an associated
drill bit; FIGURE 6 is a drawing in section showing an alternative
configuration of a.pocket and support arm incorporating a further
embodiment of the present invention; FIGURE 7 is an enlarged drawing in
section showing a support arm incorporating one embodiment of the present
invention; FIGURE 8 is an isometric drawing of the support arm shown in
FIGURE 7;    WO 96/05406
PCT/US95/10015 9 FIGURE 9 is an isometric drawing showing one view of a
forging used to manufacture the support arm of FIGURE 7; FIGURE 10 is an
isometric drawing showing another 



view of the forging used to manufacture the support arm of FIGURE 7; FIGURE
11 is a schematic drawing in section showing a unitary bit body having a
support arm attached thereto in accordance with an embodiment of the
present invention; FIGURE 12 is an enlarged schematic drawing in section
with portions broken away showing another view of the bit body and support
arm of FIGURE 11; FIGURE 13 is an schematic drawing in elevation with
portions broken away showing another view of the bit body and support arm
of FIGURE 11; FIGURE 14 is a schematic drawing in section showing
alternative configurations for attaching support arms with a unitary bit
body in accordance with further embodiments of the present invention;
FIGURE 15 is a schematic drawing in section showing a unitary bit body with
support arms and cutter cone assemblies incorporating one embodiment of the
present invention disposed within a fixture for use in welding 



the support arms to the bit body; and FIGURE 16 is an end view of the
fixture, bit body and cutter cone assemblies shown in FIGURE 15.    WO
96/05406                                        PCT/US95/10015 10 DETAILED
DESCRIPTION OF THE INVENTION The preferred embodiments of the present
invention and its advantages are best understood by referring to FIGURES
1-16 of the drawings, like numerals being used for like and corresponding
parts of the various drawings. As shown in the drawings for purposes of
illustration, the present invention is embodied in rotary cone drill bit 20
of the type used in drilling a borehole in the earth. Rotary cone drill bit
20 may sometimes be referred to as a "rotary drill bit" or "rock bit."
Rotary cone drill bit 20 preferably includes threaded connection or pin 44
for use in attaching drill bit 20 



with drill string 22. Threaded connection 44 and the corresponding threaded
connections (not shown) associated with drill string 22 are designed to
allow rotation of drill bit 20 in response to rotation of drill string 22
at the well surface. As shown in FIGURE 1, drill bit 20 may be attached to
drill string 22 and disposed in borehole 24. Annulus 26 is formed between
the exterior of drill string 22 and the interior or wall 28 of borehole 24.
In addition to rotating drill bit 20, drill string 22 is often used to
provide a conduit for communicating drilling fluids and other fluids from
the well surface to drill bit 20 at the bottom of borehole 24.  Such
drilling fluids may be directed to flow from drill string 22 to various
nozzles 60 provided in drill bit 20. Cuttings formed by drill bit 20 and
any other debris at the bottom of borehole 24 will mix with the drilling
fluids exiting from nozzles 60 and return to the well surface via annulus
26. For rotary cone drill bit 20 cutting action or drilling action occurs
as cutter cone assemblies 100 are 



rolled around the bottom of borehole 24 by rotation of drill string 22. The
resulting inside diameter of    WO 96/05406
PCT/US95/10015 11 borehole 24 defined by wall 28 corresponds approximately
with the outside diameter or gauge diameter of cutter cone assemblies 100.
Cutter cone assemblies 100 cooperate with each other to form wall 28 of
borehole 24 in response to rotation of drill bit 20. Cutter cone assemblies
100 may sometimes be referred to as "rotary cone cutters" or "roller cone
cutters". As shown in FIGURES 1, 2, and 3 each cutter cone assembly 100
includes cutting edges 102 with protruding inserts 104 which scrape and
gouge against the sides and bottom of borehole 24 in response to the weight
and rotation applied to drill bit 20 from drill string 22. The position of
cutting edges 102 and inserts 104 for 



each cutter cone assembly 100 may be varied to provide the desired downhole
cutting 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 104. Cuttings and other
debris created by drill bit 20 may be carried from the bottom of borehole
24 to the well surface by drilling fluids exiting from nozzles 60. The
debris carrying fluid generally flows radially outward from beneath drill
bit 20 and then flows upward towards the well surface through annulus 26.
Drill bit 20 preferably comprises a one-piece or unitary bit body 40 with
upper portion 42 having threaded connection or pin 44 adapted to secure
drill bit 20 with the lower end of drill string 22. Three support arms 70
are preferably attached to and extend longitudinally from bit body 40
opposite from pin 44. Each support arm 70 preferably includes spindle 92
connected to and extending from inside surface 76 of the respective support
arm 70. An important feature of the present invention includes 



the ability to manufacture unitary bit body 40 from a    WO 96/05406
PCT/US95/10015 12 generally cylindrical piece of raw material or bar stock
(not shown) having approximately the desired length and outside diameter
required for the finished bit body 40. Also, support arms 70 may be
manufactured from forgings having approximately the desired general
configuration and major dimensions which reduces overall manufacturing
costs associated with producing each support arm 70 and the resulting drill
bit 20. Bit body 40 includes lower portion 46 having a generally convex
exterior surface 48 formed thereon.  The dimensions of convex surface 48
and the location of cutter cone assemblies 100 are selected to optimize
fluid flow between lower portion.46 of bit body 40 and cutter cone
assemblies 100.  As will be explained later in more 



detail, the location of cutter cone assemblies 100 relative to lower
portion 46 may be varied by adjusting the length of the associated support
arm 70 and the spacing between each support arm 70 on the exterior of bit
body 40. As shown in FIGURES 1, 2 and 3, bit body 40 includes middle
portion 52 disposed between upper portion 42 and lower portion 46.
Longitudinal axis or central axis 50 extends through bit body 40 and
corresponds generally with the projected axis of rotation for drill bit 20.
Middle portion 52 preferably has a generally cylindrical configuration with
pockets 54 formed in theexterior thereof and spaced radially from each
other.  The number of pockets 54 is selected to correspond with the number
of support arms 70 which will be attached thereto. The spacing between
pockets 54 in the exterior of middle portion 52 is selected to correspond
with the desired spacing between support arms 70 and their associated
cutter cone assemblies 100.  Also, any desired offset between support arms
70 and their associated cutter cone 
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assemblies 100 with respect to longitudinal axis 50 and the projected axis
of rotation for drill bit 20 may be provided by varying the position of
each pocket 54 with respect to longitudinal axis 50. Each support arm 70
has a longitudinal axis 72 extending therethrough. Support arms 70 are
preferably positioned in their respective pockets 54 with their respective
longitudinal axis 72 aligned substantially parallel with each other and
with.longitudinal axis 50 of the associated bit body 40. Back wall 64 of
each pocket 54 cooperates with inside surface 76 of the associated support
arm 70 to establish the desired alignment of longitudinal axis 72 with
respect to longitudinal axis 50. As will be explained later in more detail,
various mechanisms may be provided on inside surface 76 of each 



support arm 70 to assist with alignment and positioning of each support arm
70 within its associated pocket 54 during fabrication of drill bit 20. For
one application a portion of each support arm 70 is preferably welded
within its associated pocket 54 by a series of welds formed between the
exterior or perimeter of each pocket 54 and adjacent portions of the
associated support arm 70. The perimeter of each pocket 54 adjacent to the
exterior of bit body 40 may be modified to provide welding surfaces and/or
welding grooves to assist in attaching each support arm 70 with its
associated pocket .54. FIGURE 3 is an exploded drawing which shows the
relationship between bit body 40, one of the support arms 70 and its
associated cutter cone assembly 100. Each cutter cone assembly 100 may be
constructed and mounted on its associated spindle 82 in a substantially
identical manner. Each support arm 70 is preferably constructed and
attached to its associated pocket 54 in substantially  
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same manner.  Therefore, only one support arm 70 and cutter cone assembly
100 will be described in detail since the same description applies
generally to the other two support arms 70 and their associated cutter cone
assemblies 100. Support arm 70 has a generally rectangular configuration
with respect longitudinal axis 72.  Support arm 70 may have various
cross-sections taken normal to longitudinal axis 72 depending upon the
configuration of the associated pocket 54 and other features which may be
incorporated into support arm 70 in accordance with the teachings of the
present invention.  Support arm 70 includes top surface 74, inside surface
76, bottom edge 78 and exterior surface 80.  Support arm 70 also includes
sides 84 and 86 which preferably extend substantially parallel with
longitudinal axis 72. 



Various features of the present invention may be incorporated as part of
inside surface 76, exterior surface 80 and sides 84 and 86.  The various
dimensions of each support arm 70 are selected to be compatible with the
associated pocket 54.  As shown in FIGURES 2 and 3, a portion of each
support arm 70 including upper end or top surface 74 and adjacent portions
of inside surface 76 along with sides 84 and 86 may be sized to fit within
the associated pocket 54.  The configuration of inside surface 76 may be
modified substantially between top surface 74 and bottom edge 78 as desired
to provide various features of the present invention.  Inside surface 76
and exterior surface 80 are contiguous at bottom edge 78 of support arm 70.
The portion of exterior surface 80 formed adjacent to bottom edge 78 is
often referred to as shirttail surface 88. For one embodiment of the
present invention as shown in FIGURE 3, first opening 75 and second opening
77 may   
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formed in inside surface 76 of each support arm 70. First post or dowel 53
and second post or dowel 55 may be disposed in back wall 64 of each pocket
54. Posts 53 and 54 extend radially from each back wall 64 to cooperate
respectively with first opening 75 and second opening 77 to position and
align each support arm 70 within its associated pocket 54 during assembly
of drill bit 20. For one embodiment of the present invention, first opening
75 preferably comprises a longitudinal slot extending from top surface 74
and sized to receive first post 53 therein. Second opening 77 preferably
has a generally circular configuration sized to receive second post 55
therein. First opening 75 is preferably formed as a longitudinal slot to
compensate for any variation between the dimension of support arm 70 and
its associated pocket 54, including the relative position of first opening
75, second opening 77 and the respective 



first post 53 and second post 55.  Alternatively, posts or dowels 53 and 54
could be initially disposed in and extend from inside surface 76 of support
arm 70 with appropriate openings provided in back wall 64 of the associated
pocket 54. The location of second opening 77 and second post 55 is
preferably selected to prevent interference with welds formed between the
perimeters of pocket 54 and adjacent portions of support arm 70. As shown
in FIGURE 3, second opening 77 is spaced longitudinally from welding groove
79 on inside surface 76 of support arm 70. The configuration of first
opening 75 and second opening 77 along with posts 53 and 54 is particularly
beneficial during the manufacture and/or rebuilding of the associated drill
bit 20. For example, one of the support arms 70 may be removed from its
associated pocket 54 and a new support arm 70 installed therein even though
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support arm 70 may be manufactured with some variation from the dimensions
of the original support arm 70.  As will be discussed later in more detail,
energizer 342 or 344 and welding fixture 200 further cooperate with each
other to compensate for variations in tolerances during both manufacture
and rebuilding of drill bit 20. Spindle 82 is preferably angled downwardly
and inwardly with respect to both longitudinal axis 72 of support arm 70
and the projected axis of rotation of drill bit 20.  This orientation of
spindle 82 results in the exterior of cutter cone assembly 100 engaging the
side and bottom of borehole 24 during drilling operations.  For some
applications, it may be desirable to position each support arm 70 and its
associated spindle 82 with cutter cone assembly 100 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 54 in the exterior of bit body 40 with a corresponding
offset from longitudinal axis 50 of bit body 40.  The amount of offset may
vary from zero to five or six degrees or zero inches to one half an inch or
more in the direction of rotation of drill bit 20. As shown in FIGURES 1, 2
and 3, each cutter cone assembly 100 preferably includes base portion 108
with a conically shaped shell or tip 106 extending therefrom. For some
applications, base portion 108 includes a frustoconically shaped outer
surface 110 which is preferably angled in a direction opposite from 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 70.  Base 108 preferably includes opening 120 with chamber 114
extending therefrom.  Chamber 114 preferably extends through base    WO
96/05406                                       PCT/US95/10015 



17 108 and into tip 106. The dimensions of opening 120 and chamber 114 are
selected to allow mounting each cutter cone assembly 100 on its associated
spindle 82. One or more bearing assemblies 122 are preferably mounted on
spindle and disposed between a bearing wall within chamber 114 and annular
bearing surface 81 on spindle 82. A conventional ball retaining system 124
may be used to secure cutter cone assembly 100 to spindle 82. Cutter cone
assembly 100 may be manufactured from any hardenable steel or other high
strength engineering alloy which has adequate strength, toughness, and wear
resistance to withstand the rigors of downhole drilling. Protection of
bearing assembly 122 and any other bearings within chamber 114, which allow
rotation of cutter cone assembly 100 can lengthen the useful service life
of drill bit 20. Once drilling debris is allowed to infiltrate between the
bearing surfaces of cutter cone assembly 100 and spindle 82, failure of
drill bit 20 will follow shortly. The present invention provides for 



enhanced fluid flow around the exterior of drill bit 22 and the associated
support arms 70 and cutter cone assemblies 100 to help keep debris from
entering between the various bearing surfaces of each cutter cone assembly
100 and its associated spindle 82. Often an elastomeric seal such as seal
116 may be disposed within the gap between the bearing surfaces of cutter
cone assembly 100 and its associated spindle 82.  However, once seal 116
fails, drilling fluids and other debris can quickly contaminate the bearing
surfaces via the gap between cutter cone assembly 100 and its associated
spindle 82. For some applications, bit body 40 may be fabricated or
machined from a generally cylindrical, solid piece of raw material (not
shown) having the desired metallurgical characteristics for the resulting
drill bit 20. AISI    WO 96/05406
PCT/US95/10015 18 



8620 alloy steel is an example of the type of material which may be used to
form bit body 40. Threaded connection 44 may be formed on upper portion 42
of bit body 40 using conventional threading techniques.  One of the primary
requirements in determining the outside diameter of middle portion 52 of
bit body 40 is the amount of material thickness required to provide
threaded connection 44.  The following API table for roller bit connections
shows various sizes of drill bits and the required pin size. ROLLER BIT
CONNECTIONS 2          3          4 Size and   Bit Sub   Bit Sub Style of
Bevel      Bevel Size of Bit,         Rotary       Dia.      Dia. inches
Pin Con-     1/64    [err] 1/64 nection    inches    inches 3 3/4 to 4 1/2,
incl.    2 3/8 REG   3  3/64   3  5/64 4 5/8 to 5, incl.         2 7/8 REG
3 39/64   3 11/64 5 1/8 to 7 3/8, incl.    3 1/2 REG   4  7/64   4  9/64 



7 1/2 to 9 3/8, incl.    4 1/2 REG   5 21/64   5 23/64 9 1/2 to 14 1/2,
incl.   6 5/8 REG   7 23/64   7 25/64 14 5/8 to 18 1/2, incl.  7 5/8 REG
8 15/32   8   1/2 18 5/8 and larger        8 5/8 REG   9 35/64   9 37/64
The size of drill bit 20 is typically determined by the maximum outside
diameter or gauge diameter associated with the three cutter cone assemblies
100. The position of each cutter cone assembly 100 and their combined gauge
diameter relative to the projected axis of rotation of drill bit 20 is a
function of the dimensions of pockets 54 and their associated support arms
70 with cutter cone assemblies 100 mounted respectively thereon. Support
arms 70 having various sizes of cutter cone assemblies 100 may be attached
to pockets 54 to provide the desired gauge diameter or size for drill bit
20.    WO 96/05406                                       PCT/US95/10015 19 



The dimensions of spindle 82 are preferably selected to accommodate both
the largest and smallest cutter cone assembly 100 which will be mounted on
the associated support arm 70.  Thus, the same one-piece bit body 40 having
threaded connection 44 appropriate for a 7[err] inch drill bit may also be
used for a 9% inch drill bit or any drill bit size therebetween. It is
important to note that as the drill bit size increases from 7[err] inches
to 9% inches, the outside diameter of middle portion 52 of bit body 40 can
remain essentially the same. Therefore, the flow area in annulus 26 between
the exterior of bit body 40 and wall 28 of borehole 24 is substantially
enhanced for a 9% inch drill bit as compared to a 7[err] inch drill bit. As
best shown in FIGURE 4, each pocket 54 includes back wall 64 and a pair of
side walls 66 and 68. The dimensions of back wall 64 and side walls 66 and
68 are selected to be compatible with the adjacent inside surface 76 and
sides 84 and 86 of the associated support arm 70. Also, each pocket 54
preferably includes upper 



surface 65 formed as an integral part thereof to engage top surface 74 of
the associated support arm 70. The width (W[err]) of each pocket is
selected to accommodate the associated support arm 70. An important feature
for one embodiment of the present invention includes limiting width of
support arms 70. By limiting the width of support arms 70, sufficient void
space 160 is provided between adjacent support arms 70 to allow for
enhanced fluid flow between support arms 70 and convex surface 48 on lower
portion 46 of bit body 40. Another important feature of the present
invention includes the ability to vary the length of support arm 70 to
provide the desired  fluid flow between the associated cutter cone assembly
100 mounted on each support arm 70 and convex surface 48 on lower portion
46 of bit body 40. For one application, the length of support arm 70 from
WO 96/05406                                       PCT/US95/10015 



20 top surface 74 to bottom edge 78 is preferably selected to be at least
three times the width of support arm 70. Often, it is desirable to provide
at least one half inch of clearance between the upper portion of each
cutter cone assembly 100 and the adjacent portion of convex surface 48. As
shown in FIGURE 3, an enlarged cavity 56 may be formed within upper portion
42 of bit body 40.  Opening 58 is provided in upper portion 42 for
communicating fluids between drill string 22 and cavity 56.  Cavity 56
preferably has a generally uniform inside diameter extending from opening
58 to a position intermediate middle portion 52 of bit body 40.  For some
applications, cavity 56 may be formed concentric with longitudinal axis 50
of bit body 40. Since bit body 40 is preferably formed from a single piece
of raw material or bar stock, enlarged cavity 56 may be formed by suitable
boring and/or drilling techniques.  In previous drill bits formed from
three 



segments welded to each other, the corresponding fluid cavity typically
contained one or more weld seams in the fluid flow path to the associated
nozzles. By providing a one-piece or unitary bit body, the possibility of
erosion through weld porosity or a hole in a weld seam has been eliminated.
One or more fluid passageways 62 may be formed in bit body 40 extending
between cavity 56 and convex surface 48 on lower portion 46 of bit body 40.
Opening -61 may be provided in each fluid passageway 62 adjacent to convex
surface 48. A plurality of recesses 63 are preferably provided within each
opening 61 to allow installing various types of nozzles or nozzle inserts
60 within each fluid passageway 62.  Additional components (not shown) such
as a snap ring and/or O-ring seal may be provided to secure each nozzle
insert 60 within recesses 63.    
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techniques are commercially available for satisfactorily installing each
nozzle 60 within its associated opening 61. An access hole (not shown) may
be provided in bit body 40 adjacent to each opening 61 to allow installing
lock screws or pins (not shown) and/or snap rings and threads (not shown)
to retain nozzles 60 within their associated opening 61. For some
applications, nozzle inserts 60 may be formed from tungsten carbide or
other suitable materials to resist erosion from fluids flowing
therethrough. The length and diameter of each fluid passageway 62 may be
selected for one application to provide at least partial laminar flow
between cavity 56 and the respective nozzle 60. The large, straight
passageways 62 minimize turbulence and thus erosion or washout of nozzles
60. An important feature of the present invention includes the ability to
vary the position of fluid passageways 62 and associated nozzles 60 within
bit body 



40 without affecting the location of pockets 54 and the associated support
arms 70. Cavity 56 and one or more fluid passageways 62 with appropriately
sized openings 61 may be formed in bit body 40 prior to attachment of
support arms 70 and cutter cone assemblies 100. Thus, the present invention
allows optimizing the manufacturing procedures associated with forming
upper portion 42 with threaded connection 44, middle portion 52 with
pockets 54, lower portion 46 with convex surface 48, and cavity 56 with its
associated fluid passageways 62 resulting in efficient, cost effective
machining sequences. An end view of bit body 40 is shown in FIGURE 4 with
three pockets 54 and three fluid passageways 62 with respective openings 61
spaced radially with respect to each other around the perimeter of bit body
40. For the specific example shown in FIGURE 4, fluid passageways 62 is
spaced radially approximately one hundred twenty degrees (120[err]) from
each other. In a similar manner,   
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support pocket 54 is spaced radially approximately one hundred twenty
degrees (120[err]) from an adjacent pocket 54. An alternative embodiment of
the present invention represented by bit body 140 shown in FIGURE 5
includes fluid passageway 162 which extends substantially parallel to and
concentric with longitudinal axis 50 of the associated bit body 140. Nozzle
60 having one or more outlet orifices 59 may be disposed within fluid
passageway 162 proximate the intersection of the associated convex surface
48 and longitudinal axis 50 of bit body 140. An important benefit of the
present invention includes the ability to vary the position of the
respective fluid passageways 62 to direct drilling fluid flow from cavity
56 through each passageway 62 and between adjacent cutter cone assemblies
100 extending from bit body 140.  Various locations for fluid 



passageways 62 may be selected without requiring any change in the location
of pockets 54 formed in the exterior of bit body 40. Positioning nozzles 60
and their associated fluid passageways 62 relatively close to longitudinal
axis 50 will minimize interference between fluids exiting nozzles 60 and
return fluid flow with entrained cuttings. Welding procedures associated
with forming a prior art bit body from three segments substantially limited
the number of locations available for installing fluid nozzles. As
previously noted, an alternative embodiment of the present invention is
represented by bit body 140 shown in FIGURE 5. Bit body 40 and bit body 140
have essentially the same features except as noted below. For bit body 140
each pocket 154 includes back wall 164 and a pair of side walls 166 and
168. The dimensions of back wall 164 and side walls 166 and 168 are
selected to be compatible with the adjacent inside surface and sides of an
associated support arm such as support arm 170 shown  
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FIGURE 14.  The width (W[err]) of each pocket is determined by the distance
between the associated side walls 166 and 168.  An important feature for
one embodiment of the present invention includes limiting the combined
width of pockets 154 to less than one-half the circumference of bit body
140. By limiting the width of pockets 154, sufficient void spaces may be
provided between adjacent support arms to allow for enhanced fluid flow
between the support arms and convex surface 48 on the lower portion 46 of
bit body 140. One of the benefits of the present invention includes the
ability to vary the radial spacing of support arms 70 and their respective
cutter cone assemblies 100 with respect to the projected axis of rotation
of the associated drill bit 20 by varying the radial spacing of pockets 54
with respect to longitudinal 



axis 50 of either bit body 40 and/or 140. In FIGURE 5, radius lines 150 are
shown extending radially from the center of bit body 140 which corresponds
to longitudinal axis 50. Center line 155 of each pocket 154 is aligned
parallel with and offset by distance (D[err]) from the respective radius
line 150. Typically, the amount of offset (D[err]) is selected to
correspond with the desired angular or radial spacing of zero to five or
six degrees (0-5 or 6[err]) relative to longitudinal axis 50 for the
associated support arm and cutter cone assembly 100. When center line 155
of each pocket 154 coincides with the respective radius line 150 there will
be no offset between the associated cutter cone assembly 100 and the
projected axis of rotation for the resulting drill bit.  Depending upon the
outside diameter of bit body 140, the amount of offset (D[err]) may vary
from zero to one-half inches to provide the desired offset for the
associated cutter cone assembly 100. As previously noted, an important
feature of the present invention includes the ability to machine pockets
154 in 
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associated bit body 140 with the desired offset prior to installing the
associated support arms. Another alternative embodiment of the present
invention is represented by bit body 240 and support arm 270 shown in
FIGURE 6.  For purposes of illustration only one support arm 270 and its
associated pocket 254 are shown in FIGURE 6.  Typically three support arms
270 and their associated cutter cone assemblies 100 will be mounted on bit
body 240 in accordance with the present invention.  Bit body 40 and bit
body 240 along with support arm 70 and support arm 270 have similar
features except as noted below.  Bit body 240 is shown with fluid
passageway 262 extending substantially parallel with and concentric to
longitudinal axis 50.  Center line 294 of pocket 254 is shown offset from
radius line 250 extending 



from longitudinal axis 50 and parallel with center line 294. Pocket 254
includes back wall 264 with side walls 66 and 68 extending at an angle of
approximately forty-five degrees (45[err]) relative to back wall 264. The
portion of support arm 270 attached to pocket 254 is shown with a generally
octagon shaped cross-section formed in part by inside surface 276, sides 84
and 86 and exterior surface 280.  Inside surface 276 includes center
surface 242, angled surface 244 and angeled surface 246. Surfaces 242, 244
and 246 extend longitudinally from the top edge of support arm 270
throughout the length of pocket 254. Sides 84 and 86 of support arm 270
extend substantially parallel with each other and approximately normal to
center surface 242 of inside surface 276.  Surfaces 244 and 246 are formed
at an angle relative to center surface 242 corresponding generally with the
angle formed between side walls 66 and 68 with back wall 264.  As will be
explained later in more detail, some of the differences between pocket 254
and support arm 270 as compared to 
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54 and support arm 70 include replacing posts 53 and 54 with keyways 282,
284 and key 286. The dimensions of inside surface 276 are selected to be
compatible with the corresponding back wall 264 and side walls 66 and 68 of
pocket 254.  The generally octagon shaped cross-section of support arm 270
cooperates with the acutely angled side walls 66 and 68 of pocket 254 to
provide void spaces 271 and 273 which may be used to assist in welding
support arm 270 in its associated pocket 254. Also, the configuration of
pocket 254 is compatible with increasing or decreasing the dimensions of
the associated support arm 270 to manufacture drill bits having various
gauge diameters from the same size bit body 240. For the embodiment of the
invention shown in 



FIGURE 6, keyway or key slot 282 is formed in back wall 264 and keyway or
key slot 284 is formed on inside surface 274.  Key 286 is shown disposed in
keyways 282 and 284 to assist with proper positioning and alignment of
support arm 270 in its associated pocket 254 prior to welding portions of
support arm 270 with the perimeter of pocket 254. The length of keyways 282
and 284 and key 286 limited to prevent any interference with the welds
formed between support arm 270 and the portion of pocket 254 adjacent to
convex surface 48. Various combinations of keys and keyways may be used for
alignment and positioning of support arms 70 and 270 in pockets 54 and 254
respectively. Pockets 54, 154 and 254 are representative of only a few of
the various pocket configurations and shapes which may be satisfactorily
used with the present invention. Pockets 54, 154 and 254 provide
substantial lateral support for a support arm disposed within each pocket
during downhole drilling operations.  For some applications, it may be
preferable to install the 



majority of the thickness of each support arm within its    WO 96/05406
PCT/US95/10015 26 associated pocket.  For other applications, it may be
necessary to insert only one-half the thickness of the support arms within
their associated pocket.  The present invention allows optimizing the
configuration of the pockets and their associated support arms based upon
the intended downhole application for the resulting drill bit. Support arm
70 incorporating an embodiment of the present invention is shown in more
detail in FIGURES 7 and 8.  Inside surface 76 of support arm 70 preferably
includes center surface 142 with a pair of angled surfaces 144 and 146
extending from center surface 142 to sides 84 and 86, respectively.  Angled
surfaces 144 and 146 perform essentially the same function as previously 



described with respect to angled surfaces 244 and 246 of support arm 270.
This configuration for support arm 70 is particularly beneficial with
respect to pocket 54. Sides 84 and 86 are preferably formed substantially
parallel with each other and longitudinal axis 72.  Thus, a welding groove
is provided between walls 66 and 68 of cavity 54 and the adjacent portions
of sides 84 and 86 of support arm 70 as previously described for support
arm 270 and pocket 254. A portion of top surface 74, exterior surface 80
and adjacent sides 84 and 86 have been removed from the upper portion of
support arm 70 to provide opening 126 and cavity 90 for installing
lubricant reservoir or container 92 therein.  Lubricant container 92 has a
generally cylindrical configuration compatible with lubricant cavity 90.
Lubricant container 92 includes closed end 192 having a lubricant opening
194 extending therethrough.  The opposite end of lubricant container 92 has
a flanged shoulder 196 supporting a flexible, resilient diaphragm 198 which
seals lubricant container 



92 from the exterior of the associated drill bit.  Cap 93 covers diaphragm
198 and allows fluid pressure from the    WO 96/05406
PCT/US95/10015 27 exterior of support arm 70 through opening 126 to act
upon diaphragm 198. Snap ring 199 or another suitable mechanism may be used
to install cap 93, diaphragm 198 and container 92 within cavity 90. Opening
193 in cap 93 allows communication of external fluid pressure with
diaphragm 198. Lubricant container 92 and lubricant cavity 90 may be filled
with a suitable lubricant through a filler port (not shown) in the side of
support arm 70. Lubricant container 92 and lubricant passageway 94
cooperate to provide lubrication for bearing assemblies disposed between
the exterior of spindle 82 and chamber 114 of the associated cutter cone
assembly 100. Cutter cone assembly 100 may be retained on its 



associated spindle 82 by inserting a plurality of ball bearings 124 through
ball passageway 96 extending from exterior surface 80 of support arm 70
through spindle 82 and ball race 98 in spindle 82. A matching ball race
will typically be provided in chamber 114 of cutter cone assembly 100.
Once inserted, bearings 124 in. cooperation with the ball races will
prevent disengagement of cutter cone assembly 100 from spindle 82. Ball
passage 96 may be subsequently plugged by welding or other well known
techniques. For some applications, a ball plug (not shown) may also be
placed in passageway 96. For one application, cavity 90 may be formed along
longitudinal axis 72 of support arm 70 with opening 126 extending to the
exterior of the associated rock bit 20. Lubricant passageway 94 is
preferably formed in support arm 70 as part of cavity 90 to allow
communication of lubricant from cavity 90 to ball passageway 96 and ball
bearings 124 disposed within ball race 98. The present invention allows
forming both cavity 90 and passageway 94 



during the same machining process with the same tooling. Boring cavity 90
and passageway 94 at the same time eliminates the need for a separate
machine set up and a    WO 96/05406
PCT/US95/10015 28 separate plug weld which is typically associated with
forming lubricant passageways in prior drill bits. Since one end of
passageway 94 terminates in cavity 90 and the other end of passageway 94
terminates in ball passageway 96, there is no possibility of a plug weld
leak or washing out one or more plug welds associated with forming
lubricant passageway 94. Additional passageways (not shown) may be formed
within spindle 82 to provide a lubricant flowpath to bearing assembly 122
and any additional bearings associated with cutter cone assembly 100 and
spindle 82. By forming cavity 90 substantially parallel with 



longitudinal axis 72 of the associated support arm 70, lubricant reservoir
92 and the associated cap 93 are better protected during downhole drilling
operations by increasing the distance between cap 93 and wall 28 of
borehole 24. A generally circular flat machined area 85 is preferably
formed on the exterior of inside surface 76 adjacent to spindle 82.
Machined area 85 may sometimes be referred to as the "last machined
surface" of support arm 70. A throat relief area 87 is preferably provided
on inside surface 76 adjacent to spindle 82 and extending upwardly
therefrom.  Throat relief area 87 substantially reduces and/or eliminates
wear on this surface which is normally caused by abrasive particles and
fluids flowing between backface 112 of the associated cutter cone assembly
100 and the lower portion of its associated -support arm 70. These fine
abrasive particles tend to wear away the lower portions such as shirttail
88 of the associated support arm 70 as cutter cone assembly 100 turns
during drilling operations.  As this wear 



increases, the sealing surfaces between spindle 82 and cutter cone assembly
100 may wear such that the associated seals fail.    WO 96/05406
PCT/US95/10015 29 Forging 170 which may be used to manufacture support arm
70 is shown in FIGURES 9 and 10. Since any desired offset in the resulting
drill bit 20 is preferably provided by varying the location or offset of
pockets 54 with respect to longitudinal axis 50 of the associated bit body
40, the same support arms 70 can be used with various drill bits 20 having
different offsets. Since the present invention allows standardization of
support arms 70, forgings 170 may be used to substantially reduce the cost
and time associated with fabricating each support arm 70. As shown in
FIGURES 9 and 10, forging 170 preferably 



has the general configuration and overall dimensions compatible with the
desired final configuration and dimensions for support arm 70. Boss 182 is
preferably provided on the lower portion of each forging 170 projecting
inwardly therefrom at an angle corresponding approximately to the desired
angle for spindle 82. Top surface 174 of forging 170 corresponds
approximately with top surface 74 of support arm 70. Opening 126 is
preferably provided in forging 170 for use in machining lubricant cavity 90
and lubricant passageway 94.  Sides 184 and 186 of forging 170 correspond
generally with sides 84 and 86 of the finished support arm 70. Also, a
relieved area 187 may be provided on the inside surface of forging 170
above boss 182 to correspond generally with throat relief area 87 of
support arm 70. The machining costs and setup time required to fabricate
each support arm 70 may be substantially reduced by starting with forging
170 having approximately the general configuration and overall dimensions
required for the finished support arm 70. 



FIGURE 11 shows bit body 140 with support arm 170 welded within its
associated pocket 154. For purposes of illustration, fluid passageway 162
is not shown in bit body 140 in FIGURE 11. Also, bit body 140 is shown in
WO 96/05406                                        PCT/US95/10015 30 FIGURE
11 with only one pocket 154 and one support arm 170 attached thereto.  As
previously noted, posts 53 and 55 may be used to position and align support
arms 70 and 170 within pockets 54 and 154 prior to welding. Also, back wall
164 and upper surface 65 cooperate with inside surface 176 and upper end 74
of support arm 170 to establish the desired outside diameter for drill bit
20 as defined by the associated cutter cone assemblies 100. FIGURES 11, 12
and 13 provide alternative views showing multiple welds 130 formed between
the perimeter of pocket 154 and adjacent portions of support arm 170. 



Weld 130 preferably includes a first portion 132 extending across the top
of support arm 170 between upper edge 74 and upper surface 65 of pocket
154.  A pair of longitudinal welds 134 and 136 extend between portions of
pocket 154 and the adjacent portion of sides 84 and 86, respectively, of
support arm 170.  Portion 138 of weld 130 extends between inside surface
176 of support arm 170 and the adjacent perimeter of pocket 154 at the
intersection with convex surface 48. The perimeter of pocket 154 may be
machined as desired to provide one or more welding grooves to assist in
forming multiple welds 132.  For one application, a small radius or
J-shaped groove 49 may be formed between the intersection of pocket 154 and
convex surface 48 to provide a welding groove for attachment of support arm
70 with its associated pocket 54. A similar radius or J-shaped groove 79
may be provided on inside 176 of support arm 170. An important feature of
the present invention includes the ability to provide multiple welds 130
extending over the full perimeter of each pocket 154 



between the adjacent portions of support arm 170. Welding groove 79 is also
shown on inside surface 76 of support arm 70 in FIGURES 3, 7 and 8.  For
one application, welds 134 and 136 are preferably equal to or    WO
96/05406                                       PCT/US95/10015 31 longer
than the width of the portion of support arm 170 disposed within the
associated pocket 154. For illustration purposes only, bit body 340 is
shown in FIGURE 14 having two different types of pockets 154 and 254.
Support arm 170 is shown disposed in pocket 154 and support arm 270 is
shown in pocket 254. Energizer 342 is preferably disposed between inside
surface 176 of support arm 170 and back wall 164 of pocket 154. Energizer
344 is preferably disposed between inside surface 276 of support arm 270
and back wall 264 of pocket 254. Energizer 342 may be formed from 



elastomeric material or other material having sufficiently resilient
characteristics to allow limited radial movement of support arm 170 within
the associated pocket 154. In a similar manner, energizer 344 may be formed
from elastomeric material or any other suitable material which will allow
limited radial movement of support arm 270 within pocket 254. Energizers
342 and 344 could also be formed from small springs or Bellville washers as
desired. For one application, energizer 344 may be disposed within keyways
282 and 284 which are used to position and align support arm 280 with its
associated pocket 254. As will be explained later in more detail,
energizers 342 and 344 may be used to ensure that the associated support
arm/cutter cone assemblies are positioned relative to the associated bit
body with the desired gauge diameter for the resulting drill bit. Prior to
welding each support arm to its associated pocket, energizers 342 or 344
cooperate with welding fixture 200 to maintain cutter cone assemblies 100
at the desired gauge diameter. 



Welding fixture 200 as shown in FIGURES 15 and 16 may be used both during
the initial manufacture of drill bit 20 and to rebuild drill bit 20 after
use in downhole drilling operations. Welding fixture 200 may be described
as a generally hollow cylindrical member sized    WO 96/05406
PCT/US95/10015 32 to receive drill bit 20 therein. Welding fixture 200
comprises a first portion or lower portion 201 and an upper portion or
second portion 202. First portion 201 preferably has inside diameter 211
which corresponds to the required gauge diameter for middle portion 52 of
bit body 40. Second portion 202 preferably has inside diameter 221
corresponding with the desired gauge diameter for cutter cone assemblies
100 of the resulting drill bit 20. Second portion 202 preferably includes
opening 203 which will allow inserting bit body 40, 



support arms 70 and their associated cutter cone assemblies 100 within
fixture 200 prior to welding each support arm 70 with its associated pocket
54. First portion 201 and second portion 202 are preferably aligned
concentric with each other. First cutter cone assemblies 100 are preferably
mounted on their associated spindle 82. Each support arm 70 may then be
positioned and aligned within its associated pocket using either posts 53
and 55 in cooperation with opening 75 and 77 or keyways 282 and 284 along
with key 286 as previously desired. Post 53 and opening 75 or keyways 282
and 284 are preferably located a sufficient distance from the perimeter of
pocket 54 to avoid any interference with welds 130. Energizer 342 may be
disposed between each support arm 70 and back wall 64 of the associated
pocket 54. For some applications, energizer 344 may be used in place of
energizer 342. Windows 204 and 206 are provided at various locations in
second portion 202 to allow access for spot welding around the perimeter of
each pocket 54 and adjacent 



portions of the associated support arm 70. Three positioning screws 208 are
preferably provided within second portion 202 between windows 204 and 206.
Drill bit 20 may be positioned within welding fixture 200 such that each
support arm 70 and its associated pocket 54 are disposed adjacent to
respective windows 204 and    WO 96/05406
PCT/US95/10015 33 206. Also, each support arm 70 is preferably positioned
adjacent to its associated adjusting screw 208. Adjusting screw 208 in
cooperation with energizer 342 may be used to position the associated
support arm 70 and cutter cone assembly 100 as required to obtain the
desired gauge diameter for the resulting drill bit 200. For example, by
tightening adjusting screw 208 against exterior surface 80 of the
associated support arm 70, the respective energizer 342 will be compressed,
allowing the 



respective cutter cone assembly 100 to move radially inward with respect to
longitudinal axis 50. In a similar manner, adjusting screw 208 may be
rotated in the opposite direction to allow the associated energizer 342 to
expand and move the respective support arm 70 and cutter cone assembly 100
radially outward with respect to longitudinal axis 50. Thus, energizers 342
in cooperation with welding fixture 200, including adjusting screws 208,
allow positioning each support arm 70 and its associated cutter cone
assembly 100 to obtain the desired drill bit diameter and required
geometric configurations for the resulting drill bit 20. After sufficient
spot welds have been placed between the perimeter of each pocket 54 and
adjacent portions of support arm 70, drill bit 20 may be removed from
welding fixture 200. Multiple welds 130 may then be formed around the full
perimeter of pocket 54 and adjacent portions of support arm 70 using
conventional welding techniques. For some applications, it may be desirable
to replace adjusting screws 208 with hydraulic and/or 



pneumatically actuated clamps. Various modifications may be made to welding
fixture 200 to allow for relatively high volume, automated welding of
support arms 70 with pockets 54. The use of energizer 342 and/or 344 in
cooperation with welding fixture 200 allows greater tolerance in the
specified dimension associated with pockets 54, support    WO 96/05406
PCT/US95/10015 34 arms 70 and cutter cone assembly 100.  For example, these
components may be manufactured with as built dimension resulting in a drill
bit diameter less than desired when support arm 70 are mounted in their
associated pocket 54. By placing energizer 342 between each support arm 70
and its associated back wall 64, each support arm 70 is projected radially
outward a limited distance with respect to the associated pocket 54.
Welding fixture 200 



and adjusting screws 208 may be used to compress energizers 342 and
position the respective support arms 70 and cutter cone assemblies 100 at
the proper location to ensure both the desired drill bit diameter and
maintain concentricity of cutter cone assemblies 100. Due to the
configuration of pockets 54 and the associated support arm 70, adjusting
screw 208 will cause movement of support arm 70 and its associated cutter
cone assembly 100 only in the radial direction with respect to longitudinal
axis 50.  Thereby, the desired drill bit diameter can be obtained without
compromising any desired offset with respect to longitudinal axis 50. For
some applications, welding fixture 20 may be used to spot weld support arms
70 within their associated pocket 54 without the use of energizers 342. For
this application, adjusting screws 280 may be tightened to provide the
desired concentric relationship of cutter cone assemblies 100 and the gauge
diameter resulting from the as built dimensions for pockets 54 and support
arms 70.  Alternatively, a shim or similar mechanism could be 



placed between back wall 64 and inside surface 76 to vary the radial
position of the associated support arm 70 in cooperation with adjusting
screw 280. One or more support arms 70 and associated cutter cone
assemblies 100 may be removed from bit body 40 to rebuild drill bit 20
using the same bit body 40 and/or to use the removed support arms 70 and
cutter cone assemblies 100 to rebuild another drill bit. The present    WO
96/05406                                       PCT/US95/10015 35 invention
allows reuse of the bit body, support arms and/or cutter cone assemblies
depending upon the respective condition of each component after the
associated drill bit has been used for drilling operations. Drill bit 20
may be rebuilt by removing one or more support arms 70 from their
associated pocket 54. A 



carbon arc or other suitable process may be used to cut multiple welds 130
to release each support arm from its associated pocket. The respective
support arm 70 or 170 and cutter cone assembly 100 may be replaced as
desired. If bit body 40 or 140 is damaged, each support arm 70 or 170 and
cutter cone assembly 100 may be removed therefrom and installed on another
bit body 40 or 140. Openings 126 in the exterior of each support arm and
the configuration of pockets 54, 154 or 254 provide reference points for
cutting welds 130 between each support arm and its associated pocket. Also,
the clearance provided between each cutter cone assembly 100 and convex
surface 48 allows cutting welds 130 without damaging the respective cutter
cone assembly 100. Although the present invention and its advantages have
been described in detail, it should be understood that various changes,
substitutions and alterations can be made therein without departing from
the spirit and scope of the invention as defined by the appended claims.  



-36- CLAIMS 1.   A method of fabricating a rotary cone drill bit used to
form a borehole having a side wall and bottom comprising: forming a
one-piece bit body having an upper portion, a middle portion, and a lower
portion; forming a threaded connection on said upper portion for connecting
said drill bit string for rotation of said drill bit; forming a number of
pockets in said middle portion of said bit body for attaching a
corresponding number of support arms to said bit body; forming each support
arm with an inside surface having a spindle connected thereto and
projecting generally downwardly and inwardly with respect to its associated
support arm; forming an upper surface and a back wall as an integral part
of each pocket; 



forming a top surface and an inside surface on each support arm; mounting a
cutter cone assembly on each of said spindles extending respectively from
said support arms; positioning a portion of each support arm within its
associated pocket with said top surface of said support arm contacting said
upper surface and said inside    surface of said support arm disposed
adjacent to said back wall; providing a forging having a top surface, an
exterior surface and a bottom portion with a boss projecting therefrom;
machining said forging to provide said top surface, said inside surface and
said exterior surface for said support arm; and machining said boss to
provide said spindle for mounting said associated cutter cone assembly
thereon. 



2.  The method of claim 1 further comprising the step of placing an
energizer between the inside surface of each support arm and its associated
back wall. 3.  The method of claim 1 further comprising the steps of:
forming each of said support arms with a longitudinal axis extending
therethrough; positioning each of said support arms within one of said
pockets with said longitudinal axis of each support arm aligned
approximately parallel with said longitudinal axis of adjacent support arms
and aligned approximately parallel with said longitudinal axis of said bit
body; and    -38- forming said number of pockets in said middle portion of
said bit body with each of said pockets having a center line and said
center line for each of said pockets offset with respect to a radius line
extending 



from said longitudinal axis of said bit body. 4.  A method of fabricating a
roller cone drill bit used to form a borehole, comprising the steps of:
forming a one-piece bit body with a longitudinal axis extending
therethrough; forming an upper portion on said bit body adapted for
connection to a drill string for rotation of said drill bit; forming a
number of pockets in a middle portion of said bit body for attaching a
corresponding number of support arms to said bit body; forming a threaded
roller bit connection on said upper portion of said bit body; forming said
middle portion of said bit body having an outside diameter which
corresponds approximately with the smallest diameter required by API to
form said threaded roller bit connection on said upper portion of said bit
body; forming a generally convex exterior surface on a lower  



-39- portion of said bit body; forming each of said support arms with an
inside surface having a spindle connected thereto and projecting generally
downwardly and inwardly with respect to its associated support arm; and
mounting a cutter cone assembly on each of said spindles extending
respectively from said support arms whereby said convex exterior surface on
said lower portion of said bit body provides enhanced fluid flow between
said cutter cone assemblies and said lower portion of said bit body. 5.
The method of claim 4 further comprising the steps of: forming each of said
support arms with a longitudinal axis extending therethrough; and
positioning each of said support arms within one of said pockets with said
longitudinal axis of each support arm aligned approximately parallel with
said 



longitudinal axis of adjacent support arms and aligned approximately
parallel with said longitudinal axis of said bit body. 6.  The method of
claim 4 further comprising the steps of forming each of said support arms
from a forging.    -40- 7.  The method of claim 4 further comrpising the
steps of: forming an enlarged cavity within said upper portion of said bit
body and providing an opening in said cavity for communicating fluids
between said drill string and said cavity; and forming at least one fluid
passageway in said bit body extending between said cavity and said lower
portion of said bit body prior to attaching said support arms to said bit
body. 8.  The method of claim 4 further comprising the steps of: forming an
enlarged cavity and said lower portion of 



said bit body and providing an opening in said cavity for communicating
fluids between said drill string and said cavity; forming at least one
fluid passageway in said bit body extending between said cavity and said
lower portion of said bit body prior to attaching said support arms to said
bit body; forming a second opening in each of said fluid passageways
adjacent to said lower portion of said bit body; and installing a nozzle
within each of said second openings of said fluid passageways.    -41- 9.
The method of claim 6, further comprising the steps of: forming said fluid
passageway extending through said bit body at an angle relative to said
longitudinal axis of said bit body; and 



positioning said nozzle within said fluid passageway to direct fluid flow
between said cutter cone assemblies. 10. A method of fabricating a roller
cone drill bit used to form a borehole, comprising the steps of: forming a
one-piece bit body with a longitudinal axis extending therethrough and
forming an upper portion on said bit body adapted for connection to a drill
string for rotation of said drill bit; forming a number of pockets in a
middle portion of said bit body for attaching a corresponding number of
support arms to said bit body; forming a generally convex exterior surface
on a lower portion of said bit body; forming each of said support arms with
an inside surface having a spindle connected thereto and projecting
generally downwardly and inwardly with respect to its associated support
arm; mounting a cutter cone assembly on each of said spindles extending
respectively from said support arms  



-42- whereby said convex exterior surface on said lower portion of said bit
body provides enhanced fluid flow between said cutter cone assemblies and
said lower portion of said bit body; forming an opening in said upper
portion of said bit body; and forming a cavity consisting essentially of a
uniform inside diameter extending from said opening along said longitudinal
axis of said bit body. 11. The method of claim 10 further comprising the
steps of: forming a fluid passageway extending from said cavity
substantially parallel with said longitudinal axis of said bit body; and
positioning a nozzle within said fluid passageway adjacent to said lower
portion of said bit body. 12. A method of fabricating a rotary cone drill
bit used to from a borehole having a side wall and bottom comprising: 



forming a one-piece bit body having an upper portion, a middle portion, and
a lower portion with a longitudinal axis extending therethrough; forming a
threaded connection on said upper portion for connecting said drill bit to
a drill string for    -43- rotation of said drill bit; forming a number of
pockets in said middle portion of said bit body for attaching a
corresponding number of support arms to said bit body; forming a generally
convex exterior surface on a lower portion of said bit body; forming each
support arm with an inside surface having a spindle connected thereto and
projecting generally downwardly and inwardly with respect to its associated
support arm; forming an upper surface and a back wall as an integral 



part of each pocket; forming a pair of side walls as an integral part of
each pocket with said pair of side walls extending from said respective
back wall; forming a top surface and an inside surface on each support arm;
mounting a cutter cone assembly on each of said spindles extending
respectively from said support arms; and positioning a portion of each
support arm within its associated pocket with said top surface of said
support arm contacting said upper surface and said inside surface of said
support arm disposed adjacent to said back wall whereby said convex
exterior surface on said    lower portion of said bit body provides
enhanced fluid flow between said cutter cone assemblies and said lower
portion of said bit body. 



13. The method of claim 12 further comprising the step of forming a
longitudinal weld between each side of said support arm and adjacent
portions of said pair of side walls of said associated pocket with the
length of each longitudinal weld equal to or longer than the width of said
support arm. 14. The method of claim 12 further comprising the step of
forming multiple welds between each support arm and its associated pocket
with said welds extending over the full perimeter of said pockets and
adjacent portions of said support arms. 15. A method of fabricating a
rotary cone drill bit used to form a borehole having a side wall and bottom
comprising: forming a one-piece bit body having an upper portion, a middle
portion, and a lower portion; forming a threaded connection on said upper
portion for connecting said drill bit to a drill string for rotation of
said drill bit;   



-45- forming a number of pockets in said middle portion of said bit body
for attaching a corresponding number of support arms to said bit body;
forming a generally convex exterior surface on a lower portion of said bit
body; forming each support arm with an inside surface having a spindle
connected thereto and projecting generally downwardly and inwardly with
respect to its associated support arm; forming an upper surface and a back
wall as an integral part of each pocket; forming a top surface and an
inside surface on each support arm; mounting a cutter cone assembly on each
of said spindles extending respectively from said support arms; positioning
a portion of each support arm within its associated pocket with said top
surface of said support arm contacting said upper surface and said inside 



surface of said support arm disposed adjacent to said back wall whereby
said convex exterior surface on said lower portion of said bit body
provides enhanced fluid flow between said cutter cone assemblies and said
lower portion of said bit body; providing a forging having a top surface,
an exterior surface and a bottom portion with a boss projecting    -46-
thereform; machining said forging to provide said top surface, said inside
surface and said interior surface for said support arm; and machining said
boss to provide said spindle for mounting said associated cutter cone
assembly thereon. 16. The method of claim 15 further comprising the steps
of placing an energizer between the inside surface of each support arm and
its associated back wall. 



17. The method of claim 15 further comprising the steps of: forming each of
said support arms with a longitudinal axis extending therethrough;
positioning each of said support arms within one of said pockets with said
longitudinal axis of each support arm aligned approximately parallel with
said longitudinal axis of adjacent support arms and aligned approximately
parallel with said longitudinal axis of said bit body; and forming said
number of pockets in said middle portion of said bit body with each of said
pockets having a center line and said center line for each of said pockets
offset with respect to a radius line extending    from said longitudinal
axis of said bit body. 18. A method of rebuilding a rotary cone drill bit
having a one piece bit body with an upper portion adapted for connection to
a drill string, a number of pocket formed in a 



middle portion of said bit body with each pocket having a back wall and a
pair of side walls , a number of support arms equaling said number of
pockets with a cutter cone assembly mounted on each support arm and each
support arm attached to one of said pockets by multiple welds comprising:
cutting said welds between one of said support arms and its associated
pocket; removing said support arm from its associated pocket; and attaching
another support arm with a cutter cone assembly mounted thereon within said
side walls of said associated pocket. 19. The method of rebuilding the
rotary cone drill bit of claim 18 further comprising the steps of: cutting
said welds between each of said support arms and each of said associated
pockets; removing each support arm from its associated pocket; and  



-48- attaching a new support arm with a new cutter cone assembly mounted
thereon to each of said pockets. 20. The method of rebuilding the rotary
cone drill bit of claim 18 further comprising the steps of: cutting said
welds between each of said support arms and each of said associated
pockets; removing each support arm from its associated pocket; removing
each cutter cone assembly from its associated support arm; installing a new
cutter cone assembly on each support arm; and attaching each support arm
with its new cutter cone assembly to one of said pockets. 21. A method
rebuilding a rotary cone drill bit having a one piece bit body with an
upper portion adapted for connection to a drill string, a number of pockets
formed in a middle portion of said bit body with each pocket having a 



back wall and a pair of side walls, a number of support arms equaling said
number of pockets with a cutter cone assembly mounted on each support arm
and each support arm attached to one of said pockets by multiple welds
comprising: cutting said welds between one of said support arms and its
associated pocket;    -49- removing said support arm from said associated
pocket; removing said cutter cone assembly from said one support arm;
installing a new cutter cone assembly from said one support arm; attaching
said one support arm within said side walls of said associated pocket. 22.
A method of fabricating a roller cone drill bit used to form a borehole,
comprising the steps of: forming a one-piece bit body having an upper
portion 



adapted for connection to a drill string for rotation of said drill bit and
a lower portion opposite from said upper portion with a longitudinal axis
extending through said upper portion and said lower portion; forming a
number of pockets in a middle portion of said bit body for attaching a
corresponding number of support arms to said bit body; forming each pocket
with a back wall and a pair of side walls; forming an enlarged cavity
within said upper portion of said bit body and providing an opening in said
cavity for communicating fluids between said drill string and said cavity;
forming each of said support arms with an inside    -50- surface having a
spindle connected thereto and projecting generally downwardly and inwardly
with 



respect to its associated support arm; mounting a cutter cone assembly on
each of said spindles extending respectively from said support arms; and
forming at least one fluid passageway in said bit body extending between
said cavity and said lower portion of said bit body prior to attaching said
support arms to said bit body. 23.  The method of claim 22 further
comprising the steps of: forming a threaded roller bit connection on said
upper portion of said bit body; and forming said middle portion of said bit
body having an outside diameter which corresponds approximately with the
smallest diameter required by API to form said threaded roller bit
connection on said upper portion of said bit body. 24. The method of claim
22 further comprising the steps of: forming each of said support arms with
a longitudinal axis extending therethrough; and positioning each of said
support arms within one of 



said pockets with said longitudinal axis of each    -51- support arm
aligned approximately parallel with said longitudinal axis of adjacent
support arms and aligned approximately parallel with said longitudinal axis
of said bit body. 25. The method of claim 22 further comprising the steps
of: forming a second opening in each of said fluid passageways adjacent to
said lower portion of said bit body; and installing a nozzle within each of
said second openings of said fluid passageways. 26. The method of claim 22
further comprising the steps of: forming said fluid passageway extending
through said bit body at an angle relative to said longitudinal axis of
said bit body; and positioning said nozzle within said fluid passageway to 



direct fluid flow between said cutter cone assemblies. 27. The method of
claim 22 further comprising the steps of: forming said opening in said
upper portion of said bit body; and forming said enlarged cavity with a
generally uniform inside diameter extending from said opening along said
longitudinal axis of said bit body.    -52- 28. The method of claim 22
further comprising the steps of: forming one of the fluid passageways
extending from said cavity substantially parallel with said longitudinal
axis of said bit body; and positioning a nozzle within said fluid
passageway adjacent to said lower portion of said bit body. 29. A method of
fabricating a rotary cone drill bit used to form a borehole having a side
wall and bottom comprising: forming a one-piece bit body having an upper
portion, a 



middle portion, and a lower portion with a longitudinal axis extending
therethrough; forming a threaded connection on said upper portion for
connecting said drill bit to a drill string for rotation of said drill bit;
forming a number of pockets in said middle portion of said bit body for
attaching a corresponding number of support arms to said bit body; forming
each support arm with an inside surface having a spindle connected thereto
and projecting generally downwardly and inwardly with respect to its
associated support arm; forming an upper surface a back wall as an integral
part of each pocket; forming a pair of side walls as an integral part of
-53- each pocket with said pair of side walls extending from 



said respective back wall; forming a top surface and an inside surface on
each support arm to conform with said back wall and said side walls of said
pockets; mounting a cutter cone assembly on each of said spindles extending
respectively from said support arms; and positioning a portion of each
support arm within its associated pocket with said top surface and said
support arm contacting said upper surface and said inside surface of said
support arm disposed adjacent to said back wall and said side walls. 30.
The method of claim 29 further comprising the step of forming a
longitudinal weld between each side of said support arm and adjacent
portions of said associated pocket with the length of each longitudinal
weld equal to or longer than the width of said support arm. 31. The method
of claim 29 further comprising the step of forming multiple welds between
each support arm and its associated pocket with said welds extending over
the full 



perimeter of said pockets and adjacent portions of said support arms.
-54- 32. A rotary cone drill bit for forming a borehole having a side wall
and bottom comprising: a one-piece bit body having an upper portion adapted
for connecting said drill bit to a drill string for rotation of said drill
bit; a number of radially spaced support arms attached to said bit body and
extending opposite from said upper portion, each of said support arms
having an inside surface with a spindle connected thereto, each spindle
projecting generally downwardly and inwardly with respect to its associated
support arm; a number of cutter cone assemblies equaling said number of
support arms with one of said cutter cone assemblies mounted respectively
on each spindle for boring 



engagement with said side wall and bottom of said borehole; said bit body
having a lower portion with a convex surface and a void space formed
between said convex surface and said cutter cone assemblies; a middle
portion disposed between said upper portion and said lower portion of said
bit body, said middle portion having a generally cylindrical configuration
with an exterior surface defined in part of said cylindrical configuration;
a number of radially spaced pockets formed in the exterior of said middle
portion of said bit body; each of said pockets having a back wall for
attaching said support arms to said bit body with said number of pockets
equaling said number of support arms; each of said pockets having a pair of
side walls extending at an angle from said back wall; and 



said side walls extending from said respective back wall for each pocket to
said exterior surface of said middle portion of said bit body. 33.  A
rotary cone drill bit for forming a borehole having a side wall and bottom
comprising: a one-piece bit body having an upper portion adapted for
connecting said drill bit to a drill string for rotation of said drill bit;
a number of radially spaced support arms attached to said bit body and
extending opposite from said upper portion, each of said support arms
having an inside surface with a spindle connected thereto, each spindle
projecting generally downwardly and inwardly with respect to its associated
support arm; a number of cutter cone assemblies equaling said number of
support arms with one of said cutter cone assemblies mounted   respectively
on each  spindle  for  boring    



-56- engagement with said side wall and bottom of said borehole; said bit
body having a lower portion with a convex surface and a void space formed
between said convex surface and said cutter cone assemblies; a middle
portion disposed between said upper portion and said lower portion of said
bit body, said middle portion having a generally cylindrical configuration;
a number of radially spaced pockets formed in the exterior of said middle
portion of said bit body having a back wall for attaching said support arms
to said bit body with said number of pockets equaling said number of
support arms; each of said pockets having a pair of side walls extending at
an angle from said back wall; a welding groove formed between the perimeter
of each pocket and adjacent portions of said support arm disposed within
said pocket; and multiple welds formed in said welding groove between 



each support arm and its associated pocket with said multiple welds
extending over the full perimeter of each pocket and adjacent portions of
said support arm. 34. A rotary cone drill bit for forming a borehole having
a    -57- side wall and bottom comprising: a one-piece bit body having an
upper portion adapted for connecting said drill bit to a drill string for
rotation of said drill bit; a number of radially spaced support arms
attached to said bit body and extending opposite from said upper portion,
each of said support arms having an inside surface with a spindle connected
thereto, each spindle projecting generally downwardly and inwardly with
respect to its associated support arm; a number of cutter cone assemblies
equaling said number of support arms with one of said cutter cone
assemblies 



mounted respectively on each spindle for boring engagement with said side
wall and bottom of said borehole; said bit body having a lower portion
having a convex surface with a void space formed between said convex
surface and said cutter cone assemblies; a middle portion disposed between
said upper portion and said lower portion of said bit body, said middle
portion having a generally cylindrical configuration; a number of radially
spaced pockets formed in the exterior of said middle portion of said bit
body having a back wall for attaching said support arms to said bit body
with said number of pockets equaling said number    -58- of support arms;
and an energizer disposed between a portion of said inside surface of each
support arm and said back wall of its 



associated pocket. 35.  A rotary cone drill bit for forming a borehole
having a side wall and bottom comprising: a one-piece bit body having an
upper portion adapted for connecting said drill bit to a drill string for
rotation of said drill bit; a number of radially spaced support arms
attached to said bit body and extending opposite from said upper portion,
each of said support arms having an inside surface with a spindle connected
thereto, each spindle projecting generally downwardly and inwardly with
respect to its associated support arm; a number of cutter cone assemblies
equaling said number of support arms with one of said cutter cone
assemblies mounted respectively on each spindle for boring engagement with
said side wall and bottom of said borehole; said bit body having a lower
portion with a convex surface and a void space formed between said convex
surface and said cutter cone assemblies; 



a middle portion disposed between said upper portion    and said lower
portion of said bit body, said middle portion having a generally
cylindrical configuration; a number of radially spaced pockets formed in
the exterior of said middle portion or said bit body having a back wall for
attaching said support arms to said bit body with said number of pockets
equaling said number of support arms; each of said pockets having a pair of
side walls extending at an angle from said back wall; and a longitudinal
weld formed between each side of said support arms and adjacent portions of
said pockets with the length of each longitudinal weld longer than the
width of said support arms. 36. A rotary cone drill bit for forming a
borehole having a side wall and bottom in combination with a welding
fixture comprising: 



a one-piece bit body having an upper portion adapted for connecting said
drill bit to a drill string for rotation of said drill bit; a number of
radially spaced support arms attached to said bit body and extending
opposite from said upper portion, each of said support arms having an
inside surface with a spindle connected thereto, each spindle    -60-
projecting generally downwardly and inwardly with respect to its associated
support arm; a number of cutter cone assemblies equaling said number of
support arms with one of said cutter cone assemblies mounted respectively
on each spindle for boring engagement with said side wall and bottom of
said borehole; said bit body having a lower portion having a convex surface
with a void space formed between said convex 



surface and said cutter cone assemblies; a middle portion disposed between
said upper portion and said lower portion of said bit body, said middle
portion having a generally cylindrical configuration; a number of radially
spaced pockets formed in the exterior of said middle portion of said bit
body having a back wall for attaching said support arms to said bit body
with said number of pockets equaling said number of support arms; said
drill bit disposed within said welding fixture having a first portion and a
second portion; said first portion having a generally cylindrical
configuration with an inside diameter corresponding with the outside
diameter of said middle portion of said bit body; said second portion
having a generally cylindrical    -61- 



configuration with an inside diameter corresponding with a gauge diameter
for said cutter cone assemblies of said drill bit; multiple windows formed
in said second portion for use in welding portions of each support arm with
its associated pocket; and said windows disposed in said second portion
adjacent to said pockets. 37. A rotary cone drill bit for forming a
borehole having a side wall and bottom comprising: a one-piece bit body
having an upper portion adapted for connecting said drill bit to a drill
string for rotation of said drill bit; a number of radially spaced support
arms attached to said bit body and extending opposite from said upper
portion, each of said support arms having an inside surface with a spindle
connected thereto, each spindle projecting generally downwardly and
inwardly with respect to its associated support arm; a number of cutter
cone assemblies equaling said number 



of support arms with one of said cutter cone assemblies mounted
respectively on each spindle for boring engagement with said side wall and
bottom of said borehole;    -62- said bit body having a lower portion with
a convex surface and a void space formed between said lower portion and
said cutter cone assemblies; a middle portion disposed between said upper
portion and said lower portion of said bit body, said middle portion having
a generally cylindrical configuration; a number of radially spaced pockets
formed in the exterior of said middle portion of said bit body; each pocket
having a back wall and a pair of side walls extending at an angle from said
back wall; and multiple welds formed between each pocket and said
respective support arms to attach said support arms to 



said bit body with said number of pockets equaling said number of support
arms. 38. The drill bit as defined by claim 37 further comprising: a
welding groove formed between the perimeter of each pocket and adjacent
portions of said support arm disposed within said pocket; and said multiple
welds fromed in part in said welding groove between each support arm and
its associated pocket with said multiple welds extending over the full
perimeter of each pocket and adjacent portions of said support arm.    39.
The drill bit as defined by claim 37 further comprising a longitudinal weld
formed between each side of said support arms and adjacent portions of said
pockets with the length of each longitudinal weld longer than the width of
said support arms. 



40. A rotary cone drill bit for forming a borehole having a side wall and
bottom comprising: a one-piece bit body having an upper portion adapted for
connecting said drill bit to a drill string for rotation of said drill bit;
a number of radially spaced support arms attached to said bit body and
extending opposite from said upper portion, each of said support arms
having an inside surface with a spindle connected thereto, each spindle
projecting generally downwardly and inwardly with respect to its associated
support arm; a number of cutter cone assemblies equaling said number of
support arms with one of said cutter cone assemblies mounted respectively
on each spindle for boring engagement with said side wall and bottom of
said borehole; said bit body having a lower portion with a void space
formed between said lower portion and said cutter cone assemblies;  



-64- a middle portion disposed between said upper portion and said lower
portion of said bit body, said middle portion having a generally
cylindrical configuration; a number of radially spaced pockets formed in
the exterior of said middle portion of said bit body having a back wall for
attaching said support arms to said bit body with said number of pockets
equaling said number of support arms; and an energizer disposed between a
portion of said inside surface of each support arm and said back wall of
its associated pocket. 41. A rotary cone drill bit for forming a borehole
having a side wall and bottom in combination with a welding fixture
comprising: a one-piece bit body having an upper portion adapted for
connecting said drill bit to a drill string for rotation of said drill bit;



a number of radially spaced support arms attached to said bit body and
extending opposite from said upper portion, each of said support arms
having an inside surface with a spindle connected thereto, each spindle
projecting generally downwardly and inwardly with respect to its associated
support arm; a number of cutter cone assemblies equaling said number
-65- of support arms with one of said cutter cone assemblies mounted
respectively on each spindle for boring engagement with said side wall and
bottom of said borehole; said bit body having a lower portion with a void
space formed between said lower portion and said cutter cone assemblies; a
middle portion disposed between said upper portion and said lower portion
of said bit body, said middle 



portion having a generally cylindrical configuration; a number of radially
spaced pockets formed in the exterior of said middle portion of said bit
body having a back wall for attaching said support arms to said bit body
with said number of pockets equaling said number of support arms; said
drill bit disposed within said welding fixture having a first portion and a
second portion; said first portion having an inside diameter corresponding
with the outside diameter of said middle portion of said bit body; said
second portion having an inside diameter corresponding with a gauge
diameter for said cutter cone assemblies of said drill bit; multiple
windows formed in said second portion for use    in welding portions of
each support arm with its associated pocket; and 



a plurality of adjusting screws porvided within said second portion to
allow positioning said support arms within said pockets. 42.  A rotary cone
drill bit for forming a borehole having a side wall and bottom comprising:
a one-piece bit body having an upper portion adapted for connecting said
drill bit to a drill string for rotation of said drill bit; a number of
radially spaced support arms attached to said bit body and extending
opposite from said upper portion, each of said support arms having an
inside surface with a spindle connected thereto, each spindle projecting
generally downwardly and inwardly with respect to its associated support
arm; a number of cutter cone assemblies equaling said number of support
arms with one of said cutter cone assemblies mounted respectively on each
spindle for boring engagement with said side wall and bottom of said
borehole; said bit body having a lower portion with a convex 



surface and a void space formed between said lower portion and said cutter
cone assemblies;    








