YWO 96/ 05406 PCT/ US95/ 10015 1 ROTARY
DRILL BIT AND METHOD FOR MANUFACTURE AND REBUI LD TECHNI CAL FI ELD OF THE

| NVENTI ONyHYefosdogvention relates in general to.rotary dril [PCB/USSS/AOEY i n
drilling a borehole in the earth and in particular to nmethods for

- manufacturing and rebuilding a drill bit having a one-piece bit body with
one or nore support arnms and cutter cone assenblies attached thereto. WO
96/ 05406 : PCT/ US95/ 10015 2 BACKGROUND
OF THE | NVENTI ON Various types of rotary drill bits or rock bits may be
used to forma borehole in the earth. Exanples of such rock bits include
roll'er cone bits or rotary cone bits used in drilling oil and gas wells. A
typical roller cone bit conprises a bit body with an upper end '
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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 one4piecé bit body with one or more

. support arms and cutter cone assemblies attached thereto.




adapted for connection to a drill string. A pIuraIity of support arnms,
typically three, depend fromthe | ower end portion of “the bit body with
each arwgwswsig a spindle protruding radially inward andpdwmsesiedisv t h *

respect to a projected rotational axis oﬂathe bit body. Conventional roller ’

cone bits are typically constructed fromthree segnents. The segnents may -
be positioned together longitudinally with a wel ding groove between each
segnment. The segnents may then be wel ded with each other using conventi onal
techniques to formthe bit body. Each segnent al so includes an associ at ed

support ar m BXtRGHOUBD! ognTHENENVENTHORY. An enlarged cavity or passageway
Is typically Torngd n the bit body {o recgei drilling fl s.fromthe
ari 11 string. O SApLOus CyPes4osBobATY: REALLrBLEE! DA KRGk BLER ROY Rock
Bit Vel di ng sBousea oot foemaadboppnobaéusnf eheceasthuct ERgmplelr 8¢ cone
nments.. U S. Patent 4,054,772 is

fﬁi?ﬁﬁoﬁgfﬁdbﬁ§h1%$s SRLES  SRELHHS 2P p IR CEanB RS PE LRPRFYACPOR. A

cutter cone Bsssnﬁbydlsngdﬁﬁlaihg anunaﬁd gaseasbls. A typlcal '
roller cone bit comprlses a bit body with an upper end
adapted for connectlon to a drill string. A plurality of .
support arms, typically three, depend from the 1ower end
portion of the bit body with éach arm having a spindle
'protruding radially inward and downwafd with respedt to a
projeCted rotational_éxis of the bit body. ‘

Convéntioﬁal roller cone bits are typically
conét;uctéd from three segments. The segmenfs 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
lcavity 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

. sSpindle and supported rotatably on bearings acting
between the spindle and the 1n51de 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 2rms. A nozzle is typicalily
positioned within each housing to direct drilling fluid
passing downwargly from the drill string through the bit -
body toward the bottom of the borehole being formed.



spindl e and supported rotatably on bearings acting between the spindle and
the inside of a spindle receiving cavity or chamber in the cutter cone
assenbl y. wWineemos4060r e nozzl e -housi ngs may be formed on the BET/UBH¥APOLS
adj acent to the support arns. A nozzle is typically positioned wthin each

housing to direct drilling fluid passing dowmwardly fromthe drill string
t hrough the bit body toward the botton1of the borehole being fornmed. - WO
96/ 05406 PCT/ US95/ 10015 3 Drilling
fluid is generally provided: by the drill string to perform several

functions incl Datiidd ings Hilmd davdsy gemeswsildly peovickd hymttl'iee datititloratufince
adi a1y out vald B0 1EREh SSYRERG BPRt o DeriRiefatihd Hah  nE°
exterior of thwmaltieriladdyeaadrerdhdnoml [thef ktdte:dnoloéncﬁm bLQr&hd:.Iaet,ent
4,056, 153 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 suppdrt 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 '
progiesses; vital components such as bearings and seals
may be exposed to-drilling'fiuids and well debris which
can' lead to premature failure of tne associated rock bit.



entitled, Rotary Rock Bit with Miltiple Row Coverage for Very Hard
Formations and U. S. Patent 4,280,571 entitled, Rock Bit show exanpl es of
convent ivwoeé/05408 | er cone bits with cutter cone assenbl i e POEAISISAMI®HN a

spindl e projecting froma support arm U, Patent 4,056,153 and U.S. .+
Pat ent 4,280,571 are incorporated by reference for all purposes within thi.s
application. While drilling with.such rotary bits or rock bits, cuttings

and ot her types of debris may collect in downhole |ocations with restricted
fluid flow. Exanples of such |ocations with restricted fluid flow include
t he | ower poSUMMARYf OFh@HEI INVENTION) acent to the respective support arns,

t he annul us area hetween_t.he. exterior.,of the bit.bod nd t adj acent wal |
of the borohol . CPhBFCRFEaBCE; wikh, Hhe gaefr*&.tdlﬁ' gﬁﬁ?'i &E‘Fude t he

backface of tisadevaptagesecandt peoblens assectibited, whtht prevabusheoskppor t
I o0 neptB aRh $OERRY SRRl el ok R b hyR oBRR BRPERASRALIET 3
i ncrease in fediudedeboceiymihatedh sOvk aspestaod &hespuesent
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 providiné 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 coqperate with each
other to provide alignment and proper positioning of the
support.arms with respect to the bit body p:ior to.
welding sach suppcr: 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.



of the adjacent netal conponents. As this erosion progresses, vital

conmponents such as bearings and seals may be exposed to drilling fluids and
welil debrywg dgfessgg can | ead -t'o.premature failure of the ass®CTAISSS1M0TK bit .
VD 96/ 05406 5 PCT/ US95/ 10015 4 SUMVARY

OF .;THE I NVENTI ON I n accordance with the present invention, the

di sadvant ages and probl ens associated with previous rock bits and rotary

cone drill bits have been substantially reduced or elimnated. One aspect
of the present invention includes a one-piece or unitary bit body having

support arns attaclmsbilpepoimsct fef ndte i prédenti invenlyiemdizctudesr thene

body,  Suppor %0 S RBREEE | 20 TR HE R e e her ate with
each ot her to syt ee pphentmdidhgiill o onidilouraltidieas 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 reduéed_lead time to obtain components for each
‘drill bit, fewer machine setups to manufacture each
support arm{ and fewer arawings and mahufacturing 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, oné or more
support arms, and/or. one or more cutter cone assemblies
may be replaced or reused on other drill bits as
appropriate. 1If 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 suppbrt arm and rewelded with the
- pockett. <Conversely, both the support arm and the cutter
cone assembly can be removed and a complete new support
arm/cuttef cone assembly welded to the associated pocket.
VariouS'combinations of suppért arms and bit bodies may'



exterior of the bit body and support arns during drilling operations
resulting in reduced erosion and enhanced renoval of cuttings and: other
debri s woosnsde bottom of the borehole to the well surfaperusispostsant
techni cal advantages of providing a rotagy cone drill bit having a
one-piece bit body with support arns attached to respective pockets in
accordance with teachings of the present invention include significant

i nprovements in manufacturing and assenbly of the rock bit. Such

i nprovenents result from standardi zi ng the design of the support arns and
reduci ng t hdeousieal Itoareibililel orawemsntrfiadtureqa dad 1o Hidr mireach support

o BEoar i i PR T e TR Ut o Ter e
bit and to reduc&mhdxa(ats@redtgocfom prEsento ihvgmtdionoinafludes sauppor t
arms and their _associ at H4ckets  coaper at € w_th eac Sl © rovide
B onent | aRRCARY, GO idn iy VARG B 8Re-P e it Rort S A e
bit body prileastto thredi syppacit aumsodlsmed within peokets dbmecket .
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 equai 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.
Thé 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—dessired fluid passageways can be machined
prior to attaching the support arms with the one-piece
bit body. Also,'since-wélded_seamsfare not required to
fabricate the oﬂé—piece bit body, pfoblems.associated



el di ng grooves or welding surfaces may be fornmed between the exterior or
perineter of each pocket and adjacent portions of the support arm attached
to each pwkeiossos WO 96/ 05406 PCT/US95/10015

PCT/ US95/ 10015 5 Anot her aspect of the presgent invention includes the use
of support arms having reduced weight and a relatively slimlength to width
rati o as conpared to previous rotary cone drill bits. As a result of the
reduced wei ght and snaller configuration, cost savings nay be achi eved
through reduced shipping costs per support arm and perform ng heat treating
and other bat chitiperpstonsseswedded! segms andijer welduppresliymsiugingne

to obtain comdNHNReLPoRraidine; PPREATEonp, favenBepfl el nRURET | ead 11 1TE

manuf act ure each suapautthewlaspéctemértﬂeapragen&ndnwanmﬂaatQﬂﬂﬂ@dﬁﬂ es
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-uséd_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 hiéh
degree of accuracy and'repeatability during both the
initial manufacture and later rebuilding of the
associated drill bit. For some applicstions; 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.



whi ch require updating when a design change is nade. One of the significant -
cost savings results fromthe ability to offer custoners the sane w de
range ofwomébs40€it sizes and -of fsets while substantial | y PETUSISNE0IShe -
nunber of conponent parts which nust be ngintained in inventory to produce -
‘each different size and type of drill bit. Another aspect of the present _
I nvention includes providing a rotary cone drill bit having a one-piece bit
body, support-arns, and cutter cone assenblies which -nmay be easily replaced
to rebuild the respective drill bit. Depending upon the condition of the
associ at ed dBMIEEﬂUESﬂRBBTBﬂNIdmlnxﬁinawwmmmk, the bit body, one or nore
support arns, and/ gne or npre.cytte Qne assenbl ies.mm e replaced or
reused on ot her drF%rI abﬁost'easf:o%re rﬁ%’a@&ﬂ toétf%&?n?%ssseéﬁﬁl y is
worn, the cuumm:dm,ammﬂrge ad!raaﬂ:sacgeisattéxémquorxte@mnw ilse mosnoVed
from the asso new c r, .can on t he
support arm %ﬁlﬁﬁq{j‘ﬁ’ g:t”‘tp%l 3?3‘5?\/"?‘0&#%% ort arm
and t he cuttuuthomaeaaQEGMQanyamgbdrmmumged dmd whichpl et e new support
FIGURE 1 is a schematlc drawing 1n 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;: : o - _-::“

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 6ne-piece bit body, support arm,
and cutter cone assembly incorporating an embodiment of
the present invention; : . o
_ FIGURE 4 is am end view of the bit body shoin in

FIGURE 3; '

FIGURE 5 is a schematic drawing in section show1ng
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
inventicn;

FIGURE 8 is an isometric drawing of the support arm
shown in FIGURE\?:- |



arm cutter cone assenbly welded to the associ ated pocket. Various

conbi nati ons of support arns and bit bodi es nmay WO 96/ 05406

PCTY US95/ M0 bv6n$0be used to rebuild or remanufacture a dri| PCHUS951901S
accordance with the teachings of the presend invention. Another aspect of

t he: present invention includes a rotary cone drill bit having a one-piece
bit body with at |east three support arns di sposed within pockets formed in
the exterior. of the bit body. The di mensions of each support armand its
associ at ed pocket are preferably selected such-that a substantial- portion
of the thickness of FEGUREs @pfer anaisometedict dirasing tshiowinige caes otdieat of

Cide of the suBpePPoAfl 4w RAmaNEeaReult, ¥ha Buche  SHHCSE BIGHRED (o0
The |l ength of fhe |l ongitudinal welds is preferably equal to or
- 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 showiné
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.



greater than the width of the respective support arm Further inportant
techni cal advantages of the present invention include formng a rotary cone
drill biwobéesdpg one-pi ece bit body having an enl arged flngmiosssmedty f or ned
therein to receive drilling fluids and otfier fluids froma drill string
attached to the drill bit. The one4piece]b|t body and its fluid cavity
allow locating fluid nozzles near the center line of 'the bit body and/or
any other desired | ocation during the manufacture of the bit body rather
than form ng the necessary fluid flow paths and nozzl e housings after the

rotary cone JETAINED DESCREETICN/ CGE JrHE aiNENTIONTD| ed. The fluid

N thout concern O KRAP Red TR RSIH S g1 S SRS Sk AV IAT bi 1o
whi ch sinpl i fares it advititaes ing Bextedinder sl it ek fddhimy rgd ary cone
passagevays COPBEATIGEE AR e cH The (HRRARIOHE MR h ¢ he
one- pi ece bi tfdwdikeNami comesspidiaty Yerts I the vatgioueddawings.

' As shown in the dréwings 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 FIGUREZ 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 interiof or wall 28 of borehole 24. 1In 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 rutary cone drill bit 20 cutting action cor

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



fabricate the one-piece bit body, problens associated WO 96/ 05406

PCT/ US95/ 10015 7 wth erosion of wel ded seans and/or weld porosity during
downhol e WO 964/054 oper ati ons have been elininated. A furt hdCTAS6A018f t he
present invention includes manufacturing afotary cone drill bit having a
onespiece bit body wth pockets formed in the exterior of the bit body for
attachi ng a nunber of support arns and associ ated cutter cone assenblies to
the bit body. For one application, an energizer or other resilient nmeans
may be di sposed between each,support armand its associ ated pocket prior to
wel di ng the suppretoke n2 4 déifithed peyiwalbr28fcohrespends adpprpsinatel

to 0 L DR HE S e PRPRSE o0 il Dnd 8- B8 BlEEES 10
have the desi rewhe 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 protrﬁding.
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 inserté 104 for
_each cutter cone assembly 100 may be varied to provide
the desired downhole cutting action. Other types of
‘cutter cone assembliés 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
towérds 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 attéched to and extend longitudinally from
bit body 40 opposite from pin 44.  Each support arm 70
pteferahly includes spindle $2 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



outside dianeter and overall geonetric configuration for the resulting
drill bit. The welding fixture in conbination with the energizers all ows
adj ust i rRYOPHBS406si ti on of each support armand its associ S95(10818r cone -
assenbly as required to obtain the desirerk geonetric configuration for the
resulting dri-ll bit with a high degree of accuracy and repeatability during
both the initial manufacture and | at-er rebuilding of the associated dril
bit. For sonme applications, nmultiple welds may be forned between each
support armand its_assocjated pocket extending over the full perinmeter of

t he associ at IPTRVAktY Pl HRfatent Diree ME AW RSP RF Brm stockp

96/ 05406 not shown) having approximately tfgdé@ﬂéofé@g& B &F
DESCRI PTI ON THE DRAW NGS' For- a nore conpl’ete_under st andi ng” of the
present 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_bbdy 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. e

'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 throﬁgh_bit_body 40 and correéponds 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 the exterior
thereof and spaced radially from each other. The number

f of pockets 54 is selected té co:respoﬁd with the number
of support arms 70 which will_be attached thereto. The
spacing between pockets 54 in the exterior of middle

‘portion 32 is selected to correspond with the desired
spacing between support arms 70 and their associated
cutter cone assemblies 100. quso,.apy'desired_offset
between supporg arms 70 and their associated cutter cone



I-nventi on, and- t he advant ages thereof, reference is now made to the
fol | ow ng descriptions taken in conjunction with the acconpanying. draw ngs,
in-which: wddddthesl i S @ schematic drawing in elevation and FOT/US95/M0005 Wit h

portions broken away showing a rotary cone_grill bit, incorporating
features of the present invention attached™to-one end of a drill string
di sposed in a borehole; FIGURE 2 is an isonetric drawi ng showi ng a
partially expl oded view of a rotary cone drill bit incorporating an

enbodi nent of the present invention; FIGJRE 3 is an expl oded draw ng

partially in sgeklei13R3W10G RATH Q‘é%p%fctat‘én‘iﬂgq@:%dilnfalbms sppeid arm
and cutter cone_assenbly |ncorporat|ng an enbodlnent g theégesenEg

i nventi on; Fl GBRe Prodeghesh@xiiSe® ofoﬁﬁéﬂﬂq gy r:
FIGURE 5 is a pebe@leldC bif %‘H‘r@ﬁn‘gﬂ tHRc ats.defg e ho ore th&aeatH he

center line of pockets formed’in a unifary b|t body i ncorporati ng anot her
enbodlnent of g®spect to longitudinal axis .

Each support arm 70 has a longitudinal axis 72
extending therethrough. Support arms 70 are preferably -
positioned in their respective poékets 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 prov1ded on inside surface 76 of each
support arm 70 to a551st w1th a11gnment and positioning
of each support arm 70 within its associated pocket 54
during fabrication of drill bit 20.

For one application a pottidn of each support arm 70
is preferably welded within its assbciated poéket 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/orpwelding 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 suppoft arms
70 and its associated cutter cone assembly 100. Each
cutter cons assembly 1280 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



present invention and the prOJected axis of rotation for an associ ated
drill bit; FIGURE 6 is a drawing in section showing an alternative
conf i guM?WQﬁf a. pocket and support armincorporating PGHHHAP0IS
enbodi nent of the present invention; FIGW RE 7 is an enlarged drawing in
section show ng a support arn1incorporating one enbodi nent of the present .
I nvention; FIGURE 8 is an isonetric drawing of the support arm shown in
FI GURE 7; WD 96/ 05406

PCT/U895/10015 9 FIGURE 9 is an isonetric drawi ng show ng one V|em10f a
forging usedth® srmefparnee. t HEhetREore, PR Hfowe PPt RUURE) 18nds an

I sometric dféﬁ%fﬁkfﬁsﬂérEbé@EEffrloo will be descrlbed in detail
' 51nce the same descrlptlon applles generally to the other
two support arms 70 and their assoc1ated cutter cone '
assemblles 100. | o

Support arm 70 has a generally rectangular
conflguratlon w1th respect longitudinal axis 72. Support'
arm 70 may have varlous cross-sectlons taken normal to
longltudlnal axis 72 dependlng upon the conflguratlon of
the associated pocket 54 and other features ‘which may be
'1ncorporated into support arm 70 in accordance with the
teachlngs of the present invention. Support arm 70
1ncludes top surface 74, 1n51de surface 76, bottom edge
78 and exterior surface 80 Support arm 70 also includes
sides 84 and 86 whlch preferably extend substantlally
parallel with longltudlnal ax1s 72. | '

Varlous features of the present 1nventlon may be
incorporated as part of Ins;de 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
portlon of each ‘support arm. 70 1nclud1ng upper end or top
surface 74 and adjacent portlons of inside surface 76
along with 51des 84 and 86 may be 51zed to fit within the
assoCiated pocket 54. The conflguration of inside
surface 76 may_be modlfied substantiaiiy between top
surface 74 and bottom edge 78 as'desired to provide
.varlous features of the present invention. Inside

~ surface 76 and exterlor surface 80 are contlguous at
bottom edge 78 of support arm 70. The portlon of
exterlor aJrface 80 fcrmed adﬂacen‘ to bottom edge 72 is
often referred to as shirttail surface 88._

_ For one embodlment of the present 1nventlon as shown

_~1n FIGURE 3, flrst openlng 75 and second opening 77 may



vi ew of the forging used to manufacture the support armof FIGURE 7; FlIGURE
11 is a schematic drawing in section showing a unitary bit body having a
support arwpakbafbed thereto:in accordance with an enbodi neptTwkes/ieers
“present invention; FIGURE 12is an enlargeqsschenatic drawing in section

W th portions broken away show ng another view of the bit body and support
armof FIGURE 11; FIGURE 13 is an schematic drawing in elevation with ,
portions broken away show ng another view of the bit body and support arm
of FIGURE 11; FIGURE 14 is a schematic drawing in section show ng

gl g ernative cgbhi %&g@ﬁo?% fi%rsiatetnb%@%imesumo?rﬂ ﬁardms stiggora Wy a0y, bi t
ody I n accordance W t urther emodi nrents of fhe. presen I v 1 on,
FI GURE 15 is -afdEfEnROSE @Fafongli v3s&ad 5@W§pta°l¥ni‘{oﬂea g’ﬁ M3ayPSi t h

support arns add spéisedr iB0BRACKS WD ifas dMeRACKOpICKRE Gae eHuyls1eE anid t he
Present 1 nvent N 0 e $aata 11y fom cacdke padk wall 54"te didperate
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 prcvidéd 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. o o -
' The configuration of first opening 75 and second
opening 77 along with posts 53 and 54 is'particularly
beneficial during the mantfacture and/cr rebuilding cf
the associated drill bit 20. For example, one of the
‘support arms 70 may be removed from its associated pocket
54 and a new suﬁbbrt arm 70 installed therein even though



t he support

fixture, bit body and cutter cone assenblies shown in Fl GURE 15.
96/ 05408V0 96/05406

arns to the bit body; and FIGURE 16 is an end view of the

DESCRI PTI ON OF THE | NVENTI ON The preferngd enbodi ments of the present
invention and its advantages are best understood by referring to FI GURES

1-16 of the.
parts of th
illustratio

drawi ngs, |ike nunerals being used for |ike and correspon
e various draw ngs. As shown in the draw ngs for purposes
n, the present .invention is enbodied in rotary cone dril

\m .
PCT/ US95/PLIISSI@IDETAI LED

di ng

- of

bit 20

of the type tirse dhevn shppdith@rn Hdr glay dd manwfanpuned otk ysamene drill bit

%%Eqﬁé¥§4eﬁéﬁ$ﬁﬂ}era |néﬁggéitgirggﬁgﬁﬁﬁﬁﬁﬁeé#ﬁbn thpin 44

20 may sone
Rotary cone
for use in

apma i .ng Ady iwillloike mscu_ssed 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 anq.rebuilding of
drill bit 20. o |

- Spindle 82 is preferably angled downwardly and
inwardly w1th¢respect to both long;tud;nal 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

. s1de and bottom of borehole 24 during drllllng

operations. For some appllcatlons, it may be de51rable
to position each support arm 70 and ;ts 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 Wlth a
- conically shaped shell or tip 106 extend;ng 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 perticns of inside-surfacé'76
of the associated support arm 70 _ Base 108. preferably
includes. openlng 120 with chamber 114 extendlng
therefrom. Chamber 114 preferably extends through base



with drill string 22. Threaded connection 44 and the correspondi ng threaded

connections (not shown) associated with drill string 22 are designed to.

al l ow rot gt iQ e drill bit:-20 in response to rotation of ' ahilohfdd 22
at the meﬁ%bgﬁ?ﬁé%e. As shown in FIGURE 1, drill bit 20 nagﬁ ébg?Pg?ﬁed to
dridl string 22 and di sposed .i.n borehol e 247 pnnulus 26 is forned between
the exterior of drill string 22 and the interior or wall 28 of borehol e 24.
In addition to rotating drill bit 20, drill string 22 is often used to
provi de a .conduit for comunicating drilling fluids and other fluids from

the well surfageagt Il 4t t : nf r . '
drilling f|uidg%#a%ﬁﬁéﬁﬁﬁéi§%§?¥¢?7|?@F??%%?ﬁ#ﬁfvﬁﬁfﬁ?3ﬁﬁ3§ﬁ¥%iéﬁfFﬁﬁé
nozzl es 60 prowhdadem ldd larebiselxteutttd ragsldw mesthtiinglrgagh guttax and
any ot her debri I ' f..oar. | ] P ' he | 1{4 ng
fluids exiting ;?P%ma%é;%g%gé} ggaogr? ?’eﬁ%ﬁ%ﬁ#&dmﬁﬁg&% gsczte' vid;{éarér#ul us-
26. For rot arymodee bdairinagiats sEinkduitets g 2a@reoprefatably mpunsiddbccur s

as cutter ?0“6s§¥ﬂ§ﬁ@iaﬂﬁ.ayéﬁﬂgéd 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 engiﬁeering
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 béaring surfaces of cutter cone
assembly 160 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 suppoft'arms 70 and cutter cone
assemblies 100 to help keep debris from entering between
the various bearing surfaces of each éutter cone assembly'
100 and its associated spindle 82. Often an elastdmeric
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 othef debris can quickly
contaminate the bearing surfaces via the gap between
cutter cone assembly 100 and its associated spindle 82.

. For some applicatioans, kit bcdy 40 may be fabricated
or machined from a generally cylindrical, solid_piecé of
raw material (not shown) haﬁing the desired metallurgical
characteristics\for the resulting drill bit 20. AISI



roll ed around the bottom of borehole 24 by rotation of drill string 22. The -
resulting inside dianmeter of WO 96/ 05406

PCT/ USOWa 96sdo6l 1 bor ehol e 24 defined by wall 28 corresp®aUse§peoski mat el y:
with the outside dianmeter or gauge diamejgr of cutter cone assenblies 100.
Cutter cone assenblies 100 cooperate with each other to formwall 28 of )
borehole 24 in response to rotation of drill bit 20. Cutter cone assenblies
100 may sonetinmes be referred to as "rotary cone cutters" or "roller cone:
cutters”. As shown in FIGURES 1, 2, and 3 each cutter cone assenbly 100

i ncl udes cut 8620 elgey s@eel tib anOEKampmg ofisehestypé offi mateciape and

gouge agai nst, the sides and to ehal.e I n response to the weight
and rotationwgﬁﬁﬁlgayt dPFFE %P %é B&%]§PFV|Z§frlng 22. The p05|t|on of

cuttlng edges. 102Thnéadedecbnnéa€ibnr44 nay be formed on upper
portion 42 of bit body 40 usxng 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 51ze._ : "
ROLLER BIT CONNECTIONS 3
1 2 3 4
| Size and  Bit Sub  Bit Sub
_ - Style of “Bevel Bevel
Size of Bit, Rotary - Dia. Dia.
inches Pin Con- + 1/64 + 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[54

The size of drill bit 20 is typically determined by
the maximum outside diameter or gauge diameter associated
w1th the three cutter cone assemblies 100. The pos1tion
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.

N~



each cutter cone assenbly 100 may be varied to provide the desired downhol e
cutting action. Qther types of cutter cone assenblies may be satisfactorily
used wi t h weesmpsdesent i nvention including, but not |imnted RS/USIIPYS cone
assenblies having mlled teeth instead of nppserts 104. Cuttings and ot her
debris created by drill bit 20 may be carried fromthe bottom of borehol e
24 to the well surface by drilling fluids exiting fromnozzles 60. The-
‘debris carrying fluid generally flows radially outward from beneath dril

bit 20 and then flows upward:towards the well surface through annulus 26.
Drill bit 20 preferTbeydinepsions efospipiddec 83r axei Pxeferablyo#plectaid h

upper portion ¢¢ Eé!:bﬁﬁoh@'t‘éa@%‘ihc‘i et Q.Tah:@@s%r ahid" shi 13daR! ehtiersS domes

are prof er abl yA8PEREAYI 108 HRACB NG PenFOUBRAARR, heoRRBACIS50 40
opposite from puppétt aeah79uppThusyr lméosmf ohebpil eicec bite bodty adl e 92
Co e oAb RS B b "SRt s Y o

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%'inches to 9%
inches, the outside diameter of middle portion 52 of bit
body 40 can remain essentially the same. Thérefore, 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% 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 thes 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,) 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 appllcatlon, the length of support arm 70 from



the ability to manufacture unitary bit body 40 froma WD 96/ 05406

PCT/ US95/ 10015 12 generally cylindrical piece of raw material or bar stock
(not shswamde/isassd ng approxi mately the desired | ength and RETEHYFIWANet er
required for the finished bit body.40. Ao, support arms 70 may be

manuf actured from forgi ngs havi ng approxi mately the desired general
configuration and maj or di nensi ons which reduces overall manufacturing
costs associated with produci ng each support arm 70 and the resulting drill
bit 20. Bit body 40 includes |ower portion 46 having a generally convex
exterior surforeutfdcs m4 tddvetton ddge d7%eisiprefefablyvesleckédce 48

T d 11 ow £ ooy M GREe CORTY o1 EILT e WUPIORE afn 0P, M 2
assenbl i es REEeNAi%iis ‘g%sw%ﬁrﬁﬁi PERVIGS Rtrieast 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'foracommunicating
fluids between drill string 22 and cavity 56. Cavity 56
preferably has a generally ﬁniform-inside'diametdr ' '
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. S :
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
preférably provided within each opening 61 to allow
_ installing various types of nozzles or nozzle inserts 60
. within-sach fluid passageway 62. Additional components
(not shown) such as a snap ring and/or O-ring seal may be
provided to”secdye-each nozzle insert ‘60 within recesses
63. '



detail, the location of cutter cone assenblies 100 relative to | ower
portion 46 may be varied by adjusting the length of the associated support
.arm 70 andwolse/sqpaci ng bet ween each support arm 70 on the eRCBUSA1001S i t
body 40. As shown in FIGURES 1, 2 and 3, bigy body 40 includes middle
portion 52 disposed between upper portion 42 and | ower portion 46.

Longi tudi nal axis or central axis 50 extends through bit body 40 and
corresponds generally with the projected axis of rotation for drill bit 20.
M ddl e portion 52 preferably has a generally cylindrical configuration with
pockets 54 fornmed i Varions drechnidues drecbmysneihkiyliavailibben £oxh

of support  ar meha LY bR BAG Bdth Mba RIS MO W e oo
pockets 54 in AfBesdatedhoraningifile pdn iascess holke| At ShOVRbL MY ford
W th the desir ¢f-ciBiatdd G B ME BodH P 'dd Fldent! & ol shdi) pernbrig C6 AL €6
cutter cone assombl) eg 100 4 4 S0P e Sal T 90 ndie oSl UBRE & 21
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
4¢ without affecting the location of pockets 54 and the
associated support arms 70. Cavity 56 and one or more
fluid passageways 62 with appropriatély 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 resu1ting 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 passagéways 62 with
fespective openings 61 spaced radially with respect to
eacn 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°)'fiom each other. In a similar manner,
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assenblies 100 with respect to |longitudinal axis 50 and the projected axis

of rotaywgdsesgis drill bit 20 may be provided by varying g geesidoisn of
each pogLet 54 with respect to longitudipal axis 50. Eac% support arm 70
has a 1ongitudinal axis 72 extending t het t hrough. Support arns 70 are
preferably positioned in their respective pockets 54 with their respective
| ongi tudinal axis 72 -aligned substantially parallel wth each other and

wi th.longitudinal axis 50 of the associated bit body 40. Back wall 64 of

h ket Legl h | 2 suppor t
arm %"&%ﬁﬁ%‘?"“ﬁﬁsh t‘ﬁ;@%e‘i‘.”:éﬁ o SR shce rarti H BepRatERbER D

respect to | tydegkees ) ( %@ b &Hen AR adiagent, mﬁet ail,
various mechdi sran naytérnptive detbodinant 0SE Sthié AFLedén®f i fPeRtion

represented by bit body 140 shown in FIGURE 5 includes
fluid passagsway'lsz'whiCh extends substantially parallel
‘to 'and concentric with longitudinal akis 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 longltudlnal axis 50 of
bit body 140. ' o S : ‘
An important benefit of the present invention -
includes the ability to vary the position of -the '
respecfive fluid passageways 62 to dirsct drilling fluid
flow from cavity 56 through eachfpassageWay'Gz and
between adjacent cutter cone assemblies 100 ertending
from bit body 140. Variocus locations for fluid |
-passageways 62 may be“selected3Without'rsquiring 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"rsturhﬁfluid flow with
entrained cuttings. Welding procedures associated with
forming a prior art bit body from three segments
substantially limited the number of locatlons available
for installing fluid nozzles. : Co
'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 saie features except as noted below. For
bit body 140 each pocket 154 includes back wall 164 and a
pair of side walls 166 and 163. The dimensions or 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



support arm 70 to assist with alignnment and positioning of each support arm
70 within its associ ated pocket 54 during fabrication of drill bit 20. For
one appl i oxddews406 porti on of -each support arm 70 is pref er RECTUSHS10G1
within its associ ated pocket 54 by a_serie§3of wel ds forned between the
exterior or perinmeter of each pocket 54 and adjacent portions of the
associ ated support arm 70. The perineter of each pocket 54 adjacent to the
exterior of bit body 40 may be nodified to provide welding surfaces and/or
wel di ng grooves to assist ingattaching each support arm70 with its
associ at ed pocliat FIBUREF1GUREThel widithexpl,pdefl dachi pgcketclhssdeternined
relationship b Is : t ' i

associ at ed cut? \rl\%g%ngltgggg‘% %%fg%ﬁ%g:}%e %%t%%?g%ﬁe%@e%l?%&é%f%e
construct ed and68punfdd importangs featared fo3 onec egbodiment,iof 4he al | y

i dentical manngiesEath inveRioniRciddes RHAMiTiNg ¥heOkvnbiticd vidth of

attached to its 2530e' 163" tR°9<es Than onechall the %ircumference 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,) from the respective radius line 150.
Typically, the amount of offset (D,) is selected to
correspond with the desired angular or radial spacing of
zero to five or six degrees (0-5° or 6°) 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;) may
vary from zerc 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'inclu&es the ability to machine pockets 154 in
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r Therefore, only one support arm 70 and cutter cone assenbly
iggewn?raﬁb’%%rl bed in det é. | since the sane descri pti opcTusShs/HD1S .
generally to the other two support arns 74} and their associated cutter cone
assenblies 100. Support arm 70 has a generally rectangul ar configuration o
with respect longitudinal axis 72. Support arm 70 may have various ]
cross-sections taken norrmal to longitudinal axis 72 dependi ng upon the .
configuration of the associated pocket 54 and other features which mayh e
i ncor por at ed $hft AS8HAted ity Pady dotd wiitiic the tdes ired s et profod he

adupingy ﬂé?* J%E§e 74, inside surface
B b0t t om o, st ttﬁgraégbdi&%é&j upport arm 70 al so incl udes

76, bottom edge 7 ext er.i or rface 80.
si des 84 and 86 mﬁ?@ﬁgﬁ?%ﬁii rﬁ?hﬂﬂiﬂﬁﬂﬁlqﬁ|§pqupngsent\m th
| ongi t udi nal izaventizn 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. Typlcally_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 arm1270'have similar features ‘
except as noted below. Bit body 240 is shown with fluid _
passageway 262 extending substantially parallel with and
concentric to long1tudina1 axis 50. Center line 294 of
pocket 254 is shown offset from radius line 250 extending
from longltudinal axis 50 and parallel with center line
294. :
Pocket 254,inc1udes back wa111264 vith side walls 66
and 68 extending at an angle of approximately forty-five
degrees (45°) 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.27§_1ncludes.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 approxlmately normal to
center surface 242 of 1nside surface 276. Surfaces 244
and 246 are formed at an angle relatlve to. center surface
242 corresponding. ‘generally with the angle formed between
side walls &6 and. 68 with back wa;l 254. As will be
explained later. in more detail, . Some of the differences
between pocket 254 and support arm 270 as compared to



Various features of the present invention may be incorporated as part of
I nsi de surface 76, exterior surface 80 and sides 84 and 86. The various

di mensi onsw8f @%@E support ‘arm 70 are sel ected to be conpat pbrmsys/tohis he
associ at ed pgg 54. As shown in FI GURES 5 and 3, a portion of each
support arm 70 includi ng upper end or top édrface 74 and adj acent portions
of inside surface 76 along with sides 84 and 86 nay be sized to fit within
t he associ ated pocket 54. The configuration of inside surface 76 may be
nodi fied substantially between top surface 74 and bottom edge 78 as desired

to provide varpbgugeteahuhny ShpblEcPagilHo iiHM1ldedFeplbtinge ptstisiea 76
and exterior strrace 80 are coﬁ I guous at botton1ed&§ 78 of support arm 70.
The portion of and 84i ¥ithykeywayso 288, 284S &8Y ©8%0tt om edge 78 is

often referred to agpehiginedisiond b¥Cdntddemsurdacee i2i7édiareniseliected to

Q;ersrggt Fnvent Q" c%%psér%%m'el Qvi't::}x%ﬁg ?c’:’ozjrlers%qn%g.%@ Bl A4 .596910 RghgPpPeni ng
side walls 66 and 68 of pocket 254. The generally
oétagon 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 positioming and alignment
of support arm 270 in its associated pocket 254_pribr to

'welding portions of support arm 270 with the perimeter of
pocket 254. The iength 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. B ' _

" Ppockets 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 driiling'dperations. For some
épplications, it may be preferable to install the
majority of the\thickness of each support arm within its
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formed in inside surface 76 of each support arm 70. First post or dowel 53
and sec@9gesd06 or dowel 55 may be di sposed in back wal | ¥eirrosesaems pocket -
54. Posts 53 and 54 extend radially fromygach back wall 64 to cooperate
respectively with first opening 75 and second opening 77 to position and
align each support arm70 within its associ-ated pocket 54 during assembly
of drill bit 20. For one enbodi nent of the present invention, first opening
75 preferably conprises a longitudinal slot extending fromtop surface 74
and si zed t oasseeiatedi peckebst Bartbthernapptiocatiionspi by maypbef er abl y

o o SO chdegbafy 80 PAGLEELGALY BndLARTe | Pal °ERIEnSERCDE PRE! BF

therein. First ope ornmed-as a rongrtudrnal- slot to
conpensat e {SRPRPRE v%FF%IVéﬁthtﬁkehrtﬁ§56¢h®h§ddn°©ke§uppﬂhe presedtand

i ts associ atndvmekeﬁ 5ﬂ1ow§%yeiﬂﬂzm§ %%bﬂﬁ@@f&éi@ﬂ 6F thést opening
75, _second %? Wké%% 3n€he2§ 5328 fateg support arms based upon the
intended downhole application for the resulting drill
bit. - o 3

. Support arm 70 incorporating an embodiment of the
'-present 1nvention is shown in more detail in FIGURES 7

and 8. Ins1de surface 76 of support arm 70 preferably

1nc1udes 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 .eac, c‘&e; and longitudinai axis 72. Thus,

a welding groove is provided between walls 66 and 68 of

cavity 54 and the_ad]acent 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 1ubricant container 92
has' a flanged shouider 136 supporting a flexihie,
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



first post 53 and second post 55. Alternatively, posts or dowels 53 and 54
could be initially disposed..in and extend frominside surface 76 of support
arm 70 W tWoaR@Epr i at e openiings provided in back wall 64 oPCTH8YMHWAYCI at ed
pocket 54. The | ocation of second opening Z; and second post 55 is
preferably selected to prevent interferenc€ with welds forned between the ’
perimeters of pocket 54 and adj acent portions of support arm 70. As shown
in FIGQURE 3, second opening 77 is spaced longitudinally fromwel ding groove
79 on inside surface 76 of support arm 70. The configuration of first

gpenic ng 7;5 gnd&m@pw}g@p‘&-mlm ™ tthriogihs dperdny 326 tpadt cul a_rl y
bi 120, For  ox SREM: S1aRBTRGT 196G, HnaP g A%, B Bndiifes Wb (T
associ at ed pocmeichahizm mynde usetbrtio dnetall wami93%d diapharagme\A88 t hough

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 79 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 inmserted, ball bearings 124 in.
cooperation with the ball races will prevent
disengagement of cutter cone aésembly 100 from spindle
82. Ball paséage 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 passégeway 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 botn cavity $¢ and passageway 94
during:the same machining process with the same tooling.

. Boring cavity 20 and passageway 94 at the same time
eliminates the need for a separate machine set up and a
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support arm 70 may be nanufactured with sone variati-on fromthe di nensions
of the 3Y@@H#P6 support arm 70. As will be discussed | atroT/¥sssnems det ail,
energi zer 342 or 344 and welding fixturezg00 further cooperate with each

ot her to conpensate 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 Iongitudinal axis 72 of support arm 70
and the projected axis of -rotation of drill bit 20. This orientation of

spi ndl e 82 reeparatenpiug weldrwhichf isutypicaddy assechatedOithgagi ng the

side and bot gphphg bQﬁSPgE§n€4 ngaggw gk'khnﬁrEBﬁréfiffs 1£6 Sfﬁﬁa its

applications, it ma esira E I on” eac arm 7
associ at ed sﬁ?ﬁd?@d8?me?ﬁséﬁﬁV§Y 24nEexBinabey ;oocgyztn 90fand themt he

proj ected axothed éﬁdabepaQéaQéway 94t tePmindtés Ueh1 b&t) Obhsshgedily e

easily obtajggd Eﬁéégrfénﬁo 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,asscciated-support arm 70,

- lubricant reservoir 92 and the associated:cap 93 are
better protected duringﬂdownhole drillihg,operations by
'increasing the-distahce.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 uachined_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 87lsubstantia11y
reduces and/or eliminates wear on this surface which is
normally caused by abrasive particles and fluids flow1ng
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 arum70.as-cutter_cone asSembly 100
turns during drilling operations. As this wear
increases, the_sealfng surfaces'betwéen’spiﬁale_sz and
cutter cone assembly_loo'may wear such that the
associated seals fail.



associ ated pockets 54 in the exterior of bit body 40 with a correspondi ng
of fset fromlongitudinal axis 50 of bit body 40. The amount of offset nmay
vary fromweneosdos fi ve or six degrees or zero inches to onePCRV$ISHAPOISNch or
nmore in the direction of rotation of drillagit 20. As shown in FIGURES 1, 2
and 3, each cutter cone assenbly 100 preferably includes base portion 108
with a conically shaped.shell or tip 106 extending therefrom For sone
applications, base portion 108 includes a frustoconically shaped outer
surface 110 which is preferably angled in a direction opposite fromthe
angl e of shell 106. FoBgingl@30awhdchnmhydbe hself foemahfifabituirensyppert

disposed ad) acgph b8 BYILhGS, h ERSbHESH LAGCIE0 obihbe aRpoabgieda |

support arm 70. I nCl des openin
ext endi ng ther@ff-ﬁﬁf— i@h‘éhsereﬂltém @raMybed@t éﬁdé-st Rrefigrabaye WO

96/ 05406 provided by varying the location BeToPE88t18@lpockets 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 reﬁuired for the
finished support arm 70.

FIGURE ii sihows it body 140 with supporc arm 170
welded within its associated pocket 154. For purposes of
illustration, fluld passageway 162 is not shown in bit
body 140 in FIGURE 11. Also, bit body 140 is shown in



17 108 and into tip 106. The di nensions of opening 120 and chanber 114 are
selected to allow nounting each cutter cone assenbly 100 on its associ ated
spi ndl e WR96BBMB60r nore bearing assenblies 122 are pref er BETASIHIIMSed on
spi ndl e and di sposed between a bearing walg- within chanber 114 and annul.ar
bearing surface 81 on spindle 82: A conventional ball retaining system 124,
may be used to secure cutter cone assenbly 100 to spindle 82. Cutter cone
assenbly 100 may be manufactured from any hardenabl e steel or other high
strength engi neering alloy which has adequate strength, toughness, and wear
resi stance t FIGURE tldnwitthe anlgpronepPatkathdisé @nd aney SuppaXtc AN of

bearing assenily/ abtacHid dherdtd fh%arﬁfmaustl TP Hosklt 53 al | ow

rotation of cutter cone assenbl y éOO can en t.hén't he Uséful service life

of drill bitSonag ke #5ed itey tion and tsélﬂﬂ‘arq ArRS WedBkn the
beari ng surfa.a@swdftmui Wcmae sasud)u)sﬂ(yi-mdtapmdjﬁr@?. faligayr e of

driltl bit 20,uih) Ja9' 9%454Hd "ppel Su¥iratd s et WS e
-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 bétween.theﬂperimeter
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 weldsn134_énd,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,perime;er—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 formihg_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
1nvention 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 73 is also shown on inside surface 76 of
support arm 70 in FIGURES 3, 7 and 8. For one
application, we}ds 134 and 136 are preferably equal to or



enhanced fluid flow around the exterior of drill bit 22 and the associ at ed
support arns 70 and cutter cone assenblies 100 to hel p keep debris from
enteri ng Wot9%®8406t he vari ous..bearing surfaces of each cutt%FTE§ﬁﬂ“Q§§enbly
100 and its associated spindle 82. Oten a1 el astoneric seal such as seal
116 may be disposed within the gap between the bearing surfaces of cutter
‘cone assenbly 100 and its associated spindle 82. However, once seal 116
fails, drilling fluids and other debris can quickly contam nate the bearing
surfaces via the gap between:cutter cone assenbly 100 and its associ ated

spindl e 82. Fdongar than itha width 9% thei\PORFIRR e FURRIRRIAM 0}70
machi ned fromdigyayaqﬂﬁﬂtnmﬂiﬁugigggocﬁaﬂédig&dxgtcjsan/naterial (no;
shoun) having Lhe 4e% Ll Salpldl SR $1€Dday 448 Le5V 1IN0
PCT/ US95/ 1001'shtwn 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 alsc be formed from small springs or Bellville
washers as desired. ' o '

For one application,ienergizer 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 initiai manufacture of drili
bit 20 and to rebuild drill bit 20 after use in downhole
drilling operations. Welding fixture 200 may be
described as a éénerally hollow cylindrical member sized



8620 all oy steel is an exanple of the type of material which may be used to -
formbit body 40. Threaded connection 44 may be fornmed on upper portion 42
of bit IWogedB06isi ng conventional threading techniques. XGRUSIONS primary

requi renments in determning the outside disanmeter of middle portion 52 of ‘
bit body 40 is the anpbunt of material thickness required to provide .
t hreaded connection 44. The follow ng APl .table for roller bit connections

shows various sizes of dri[l bits and the required pin size. ROLLER BIT
CONNECTI ONS 2 4 Size and Bit Sub Bit Sub Styl e of
Bevel B@mereaeiyaﬂdnahl bit 20 tuanain¢ Weldiligh £ixtureDi200 i nches

Pi n Con- S 14 to 4 1/ 2,

i ncl . o oFEuEises, ¥ Birgt bl br do 2‘!tio‘i’E’m"ld"‘P%Ei =hd’'ah,' 0 2 L&

3 30/64 3 VPPEX portdon, or segond,portiom 202 REArst) poxtden 201 9/ 64
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
asso:iated.pccket-using either-pests 53 amd 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-ihterference'with'welds 130. ' Energizer 342 may
be disposed between each support arm 70 and back wall 64

- of the associated pocket 54. For Somefappiications,
energizer 344 may be used in place of energizer 342,
Windows 204 and 206 are provided at various locations 1n

- 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 prov1ded
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



7 1/2to9 3/8, incl. 4 1/2 REG 5 21/64 5 23/64 9 1/2 to 14 1/2,

incl. 65/8REG 7 23/64 7 25/64 14 5/8 to 18 1/2, incl. 7 5/8 REG
8 15/32 Wooshbdde18 5/8 and-|arger '8 5/8 REG 9 35PENUSI¥I8H g4
The size of drill bit 20 is“typically deterqf ned by the maxi num out si de

di aneter or gauge di aneter associated with the three cutter cone assenblies
'100. The position of each:-cutter cone assenbly 100 and their conbi ned gauge

diameter relative to the projected axis of rotation of drill bit 20 is a
function of the dinmensions of pockets 54 and their associated support arms
70 with cutter 208 asksorbleaxsh 1SHippeintaxn r 28 pis iprefsrably desl t

arns 70 havi ng & é’@éﬁ__ Zé‘?e&é)fa&g%%%ﬁ&?dj‘?@f%iﬁré@%my be attached

to pockets 54 to provid he desire : , .
20. WO 96/ 0sAdpasting screw 208 in cogperatlon wii(:)l'r; esﬁ%;gé@gi%lﬂgby' '?L 9

be used to position the associated support arm 70 and
cutter cone asseﬁbly 100 as required to obtain the
desired'gaﬁge'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. 1In 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, includihg adjusting
screws 208, allow positioning each support arm 70 and its
associated cutter—cone assembly 100 toc obtain the desired
drill bit diameter and required geometric configﬁrations
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 figture 200 allows gfeater tolerance in the
specified dimension associated with pockets 54, support



The di nensions of spindle 82 are preferably selected to accommodate both
the | argest and smallest cutter cone assenbly 100 which will be nounted on
t he assWO woseb6support arm 70. Thus, the sanme one- pi ece PETUSBEEPISIO havi ng
t hreaded connection 44 appropriate for gg47[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 from7[err] inches
to 9% inches, the outside diameter of mddle portion 52 of bit body 40 can
remain essentially the same. Therefore, the flow area in annulus 26 between
t he exteri ormrus it amilycuttemdcons lasteniilbdréshol Fal exampiles,t diltesdd | y

et shoun CSRLATEES, Y, e %et RN FiRE B iy ddliphalen| 2L o

side wal | s sesFiog imea @ridds djanaeter jess @%&%J@@Mﬂ@ 66 and
68 are sel eguppord la&-nparw&tﬁebhuwﬂﬁda tile tHdiaC Qs ddiite podiane s and

B'r g? :r ggl sng g%&%%sit he 2%%% Izaetre%al%u%pe%r eenr eac?x s'filpsb%rteaa% %cket 54
its assoc1ated 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_screwsgzos 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 corne. assembly
- 100 only in the radial direction with respect to
longitudinal axis 50. Thereby, the desired drill bit
diameter can be obtained without comprémising any desired
offset with respect to longitudinal axis 50.

°  For some applibations, 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 buiitfdimehsions for pockets 54aand7support.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



surface 65 forned as an integral part thereofito engage top surface 74 of
the associ ated support arm 70. The width (Werr]) of each pocket is

sel ect ed tWOL6@MISDdat e t he associ ated support arm 70. An | REHUBEMOeat ure
for one enbodi nent of the present inventiogsincludes Iimting width of
support arns 70. By limting the wdth of support arns 70, sufficient void
space. 160 is provi ded betwegn..adj acent. support arnms 70 to allow for
enhanced fluid fl ow between-'support arms 70 and convex surface 48 on | ower
portion 46 of bit body 40. Another inportant :feature of the present

i nvention incl da¥entienapililows reuss Pft fbe bif Pody s FRRPOX TaAFID t o

provide the deghager t:hwr_erf RNebauRAbIRe Aepenicll aﬁ;:ehe:one assenbl y
e on

100 nounted on each ort rrm,70 and copvex surfa ower portion
46 of bit body’."f&.pe 9%131‘%185& o % af’ﬁe & rm 70 from

WO 96/ 05406 assoczated dr111 bit has been used fB@EﬁMSQHﬁI@DlS
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.



20 top surface 74 f?f]ﬁﬁ??ﬁﬁ?ﬁﬁﬁ?78‘*§ preferably selected to be at |east
three tines the Wd”“’mm,ﬂ 70. Oten, it is desirable to provide
at | eastWOAKONES f 'm "ﬂﬂ%et ween t he upper porRGCTMSISAOUSCH -
cutter cone assenbly *106 ahd *he adj acenggporti on of convex surface 48. As
shown in FIGURE 3, an enlarged cavity y_be fornmed within upper portion

42 of bit body 40. Opening 58 is proyiradd F@E??ﬂ@is ‘ﬁjv on 42 for

comuni cating fluids between drill stfing ZRemXEeRV] Cavity 56

preferably has a generally uniform inSe=dianeter—eaxte d|ng from openi ng

58 to a p05|ﬂﬂéﬁ—gﬁpgﬁﬁ§HéBL3$¢|ddIe portion 52 of bit body 40. For sone

appl i cat i ons, cavnty ‘58 meynba ber Eﬁﬂrieaﬁgﬁ rhcr%hbyl eaalet kiRl P% s 50

of bit body 4 bit b d 401 s Ere era é ormed froma single piece
6

nc
of raM/naterpﬁﬁd #°b§?r§t8c orghpley gomRyigingsthey SEEPE.PEEd by suitabl e
bori ng and/ or dr|fbrmgngeahonqupiecelblﬁrbbdyuhadﬁnblahlﬁﬁpéﬁrﬁaétibﬁm

three adapted for connection to a drill string for rotation of
said drill bit; o S .

- 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 exterlor surface on a
.lower porion 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.

2. The method of Claim 1 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 to form said threaded '
roller bit connections on said upper portion of said bit
body.
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segnents wel ded to each other, the corresponding fluid cavity typically
cont-ai ned one or nore weld seans in the fluid flow path to the associ ated
nozzl es. ByOp6/dsd6i ng a one-piece or unitary bit body, the PEEHYSISWEy of

erosi on through™wetrd porosity or a hole in3g wel d seam-has bheen el in nated.:
One-or nore flui m‘ y be forned in Bi tHiBaEbEEAGAXELAG!NY

between cavity 5d”mﬂmmml ce 48 on |ower pgrti onrépLAGERI t bqHy 40.
Qpeni ng -61 may be=provitdded i A each fluid passageway nvex

surface 48. A plurality of recesses 63 are preferably provided within each
opening 61 to all ow3i-nst Shie methed ofs Claizs loffurthere comprigine thesert s
60 within eachstbggdo&assagemay 62. Additional conmponent s (not shown) such

as a snap ring an C>r|ng seal may be provided to secure each nozzle
i nsert 60 within red dsgach of said support arms with a

10ng1tud1nal 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.

4. The method of Claim 1 further comprising the
steps of forming each of said support arms from a -
forging.

5. The method of Claim 1 further comprising 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.

- THiiii liu



WD 96/ 05406 PCT/ US95/ 10015 21 Various -
techni ques are co lally available for satisfactorily installing each :
nozzl e 6@OWGHS408 'Wm‘; 61. An access hollactmswmmwm) may-
be provided in bit bmu e o] 61 to-—akl owinstalling.
| ock screws or pins C’ m"ﬂ"mﬁmmr s?i’?p]) ri m;q;aﬂ'suf(s bt shown)
to retain nozzles 60 MAtﬁln t h'&i r$ associ at ed . ' )

applications, nozzle inserts 60 may be forned

ot her suitable materials to resist erosion fron1fIU|ds flomnng

t her et hrough. The d.engtthemethciifercldinedc futthet ogaising Ehemy be
sel ected for [ﬁ?l cation to provide at least partial |lamnar flow
bet ween caV|t3ﬂ§€9 d the respective nozzle 60. The Iarge st rai ght

passageways 62 mi rﬁqnmg @rh erdraxrgesdh dcavichy aridhiion saddvagpen portieav| es
Sgr yA[‘h;”BSQoﬁ“Osrg 0 %Xassagm}'ﬁéﬂ?ﬁ o?éoc{iﬁ lig’enozrzqe él#‘%myt hi n
bi t " body for communlcating flulds between said drill string and

said cavity;’ ' ' '

forming at least one fluid passageway in said bit

body extending between said cavity and said lower port;on

"of said bit body prior to attach1ng 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.

7. The method of Claim 6, further comprising the
steps of:
forming said fluid passageway extending through sa1d
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.

8.  The method of Claim 1 further csmprising the
step of forming a cavity having a generally uniform
inside diameter extending from said opening to a position
intermediate said middle portibn_of said bit body along

" said longitudinal axis of said bit body.

. This Sheet Has Been Reilac
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40 without affecting the | ocation of pockets 54 and the associ ated support
arms 70. Cavity 56 and one or nore fluid passageways 62 with appropriately -
si zed opewogsosade nay be formed in bit body 40 prior to attPChusesnoas
support arns 70 aﬁd—eutréf“éﬁﬁﬁ—éggEnblies3§00. Thus, the. present invention
all ows optim zing [ procedures assogj Wt L OF g
upper portion 4zw\ﬂﬁmﬁﬂm§ﬁﬂl\m ection 44, m'ddlj Aol PIdEE é@%%ﬁm
pockets 54, |ower portreont4e®wisth*convex surface 48} and EEF 6wt
associ ated fluid passageways 62 resulting in effici . cost effective
machi ni ng sequences9.An emMhevimethod Riff Clady 40 ifurthesn compHi@img 4he t h

t hree pockets g@e gdokhree flui d passageways 62 with respective openings 61
spaced radially h réspect. to each other around the perineter of bit body
40. For the specifi £oxnimgl @ Siwid pastagemBys extienddng: Freyemaid 62 is
spaced rad'a||&a@ﬂﬁ&?éhﬁ&%ﬁh&iQEthﬁ%&%QQeHW%ﬁkh.@QQB?Q%ﬂ&E%ﬂd%H&ﬂ i

each other. In % si il ar, nner,
of said bit body; and

- positioning a nozzle within said fluid passageway
adjacent to said lower portion of said bit body.

its

, 10. The method of Claim 1 further comprising the
steps of: .
positioning each of said support arms within its
associated pocket; . -
placing said bit body with said support. arms and
cutter cone assemblies within a welding fixture; and
' spot welding portions of said support arms with said
pockets. ' '

e e
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WO 96/ 05406 - ' PCT/ US95/ 10015 22 each
support pocket 54 is spaced radially approxi mat el y one hundred twenty

t he present |nvent|o Bﬁ@4 b|t4bodv 140 _shown in. El GURE 5
i ncl udes fluid passa aﬁ xten Hﬂg@EEma allel to and.
concentric with | ong ﬂ_ of t TﬁM?éHé@%@@Db bgdy 140. Nozzle
60 having one or nore outlet orifices 59 t=Hin fluid

passageway 162 proximate the intersection of the associ ated convex surface
48 and | ongitudi ndR.axAs methen sift fabayicardngaa regaryvasonse Mkl &t he

present invegseantoN¢baca EBQeﬁB&E'h&v&ﬁgvérsiﬁgewﬁQQ'hh&nhﬁktbﬂ?
respective fluid §§ssa geways 62 to direct "drilling fluid flow fromcavity

56 through eS5OMPPASdRFeway 62 and between adjacent cutter cone assenblies
100 ext endi ng frombmtnbodyoﬁéf;\pie&er bats bbdyahavnagf ah uppes

portion, a middle portion, and a 1ower portion;

forming a threaded conneotion on said upper portion
for connecting said drill bit to s dr111 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 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 proaeoting
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; o
mountiné 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.
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passageways 62 may be sel ected without requiring any change in the | ocation
of pockets 54 formed in the exterior of bit body 40. Positioning nozzles 60

and their w@96030s ed fl| ui d passageways 62 rel atively close PP ?33di nal
axis 50 will mni rence bet ween 4f1l ui ds eX|t|nq nozzl| es 60 and

return fluid flow ttings. Welding prdce n
with formng a pri “‘j m‘“ﬂ\ \‘ romthree segnents ||subst {;é '-'Hi ed
t he nunber of | ocat aval abie*for installing flui

previously noted, an alternative enbodi nent of the present invention is
represent ed by bi t Bé-’dy e siedhed of-iQladim 31 Hurthey carpmieing thely 140

have essenti al ko aBaizg W dbriaetint RAIRK Rethiiin Ralcibididw e 140

each pocket 154 includes bacK wal |l  IT64, and a pair, of side | s 166, and

168. The di menSPdes SHPROXS A |an96$%°§1*dé’%’1‘§1516’6‘- St apsgeiated
sel ected to be poekeds wilth whieh lidngytir oI aich Nondd tudimde wakll sqlesl o an

associ at ed sup%g_r &o%&@rsﬁgnaschsu%gtth %rfns]a % Séﬁ%%rt arm.

13. The_method of Claim 11 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 said adjacent
portion of said support arms.

14. The method of Claim 11 further comprising the

steps of: '
| providing a forging having a top surface, and

exterior surface and a bottoﬁ 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.

15. The method of Claim 11 further comprising the

step of placing an energizer between the inside surface
of each support arm and its associated back wall.

This Sheet Has Been Replaced
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WD 96/ 05406 _ o . PCT/ US95/ 10015 23 in
FIGURE 14. The width (Werr]) of each pocket is determined by the distance
bet ween WO 86/8386ci at ed si de walls 166 and 168. An i npor tRERUIBEIUFe for

o e rent o SR e e L g heport e

140. By limiting the *wi 4t h* of" pockets 154, ;uﬂﬁs&%ﬁﬁﬁ_ 0 ﬂ es may be
provi ded between adjacent support arns to a\!om/fBEP~ nced-fluid fl ow
bet ween the support arns and convex surfacel4&=¢ ne l.ower portion 46 of
bit body 140. Oneléf t Bhehmedhiods off qlnémﬂésémemnmmmthe
ability to Vak¥p shggradi al spacing of support arnms 70 and their respective
cutter cone assenblles 100 with respect to the proj eqted axis of rotation

of the associ at edf@¥mingyeAchy ofy SpdA, SHPPORE AFESaWiEDL & ng of pockets 54
wi th respect 1baghitaginddi axis extending there through,

- . 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 o

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 extendlng

from said 1ong1tud1na1 axis of said bit body.

F his Sheet Has Been Repl
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axis 50 of either bit body 40 and/or 140. In FIGURE 5, radius lines 150 are
shown extending radially fromthe center of bit body 140 which corresponds
to -l ongi twdigembsoaxi s 50. Center |ine 155 of each pocket 15BCTRS&¥/10§Hed

parallel with and offset by distance (D{ergd) fromthe respective—radiu
|l ine 150. Typicall of f set {E{err]) I §| selestierr HAS BEEN
correspond with tmmmmmﬂmwﬂ"r or radial spacing| of z@EPLAGEDI ve o
six degrees (0-5 or* 6[ferk])"re atri ve to | ongitudi nal '
associ ated support arm and cutter cone assenbly 100. Wien center |ine 155

of each pocket 154 TDi nchdestatryhcothe deipkcbiteforndfosmingealbOrehoie wil |

be no of fset qﬁﬁ éhgiEQSQQi tggcha 5mCa S Ly 100 and the
Vo4 f Fom cgipF S EHY:

projected axis 0 tron for the resu Dependi ng upon the

out si de di aneter ofab@nebbﬂ?c§4bitth@dﬁnb%ﬁ%n§fabeEEGr(E?ﬁgiP? ﬁa?Pgeﬂy

fromzero to oferhebhnédeify sRi@T@¥ivE bie €8sarerivif sekihgr £bbe

associated cutter cone agsenply_ .1 previously noted, an inportant

feature of t heFPrakion of %%#dﬂr££%|€§Es the ability to machine pockets.

154 in ~ 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 respeétively 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; and

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 equalling said number of
support arms. ' '

_ This Sheet Has Been Replaced
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WD 96/ 05406 PCT/ US95/ 10015 24 the
associ ated bit body—1A0wth the desired offset prior to installing the
associ atwdwmt a rnative enbodi nent OPCEHIIS[HPUSent
invention is represe‘mﬂﬁ“‘mmw mm 2404g@nd support arm 270 shown in
FIGURE 6. For purposes of +IHUsFraf|onFé = U'E rn 270 and its .
associ at ed pocket 254 are shown in Fl GURH BHIS Ficap ? Fﬁr e support arns
270 and their associated cutter cone assqﬁvLieﬁ bHCH nmount ed on bit
body 240 in accordance with the present i mtton. Bit body 40 and bit
body 240 al ong wi 0B.sufper drilh Pdtass defioed hynCladmhaVe furthexr
features exc ghgggs gated below. Bit body 240 is shown with fluid

passageway 2 xtendi ng substantlally parallel with and concentric to
| ongi t udi nal aX|saSUeldeE5t9F°PVﬁe foyneg; bptween kbe PerimeR@YoPfset from

radius |ine gaghepbereétnénd adjacent portions of said support arm
disposed within said pockets, 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 arms,

' 19. The drill bit as defined by Claim 17 further
comprising an energizer disposed between a portion of -
said inside surface of each support arm and said back
wall of its associated pocket.

20. The drill bit as defined by Claim 17 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. . '

_21.. The drill bit as defined by Claim 17 further
”comprising. : -
said drill bit disposed within a- welding fixture
hav1ng,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;' S

said second portion having an inside diameter
‘corresponding with a gauge diameter for said cutter cone
assemblier of said drill bit; and
multiple windows formed in said second portion for
use- in welding portians-of-each'suppott—arm with its
~associated pocket. |

~
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from |l ongitudi
i ncl udes back

oct agon shaped
and 86 and ext

surface 242, angled surface 244 and angel ed surface

and 246 extend
t hr oughout the

nal axis 50 and parallel with center |line 294. Pocket 254

wal | 264 mﬁthﬁéﬁde walls 66 and 68 extending at e of
appr oxi mawno 96/65e06 y-—i %éﬁ;sé@ﬁk

portion of support. ar g 0 pockst 254 is
_ r c_ross m ‘“‘n part by insidg

err]) relative to bac

erior s | mside surface 276|i ncl

| ongitudinally fromthe top edge of support arn127
| engeR.of Apwelkdingsfixtuges £or ¥Re 45 SPTRIRGoA: T

The

extend substangpabl armitab&el nwvihgeachnataey B¢ BpAyOWith! e numhemloft o

center surface
at an angle re

242 of insid

Packets; ahdon, BREDER, 8L S3pPoEE PLES.SRUAT 10, BALd mi

the

angl e forned befwpecketse wacuttéf zornetassemblyaviounted 2&va sn;nﬁhq be
érgssggégggﬁrghlgagﬂnsfogaﬁﬁesGbBB§t339i§ RAfldveaeno ket 254

explained | ate
and support ar

said support arms disposed within one of said pockets,
comprising: '
'~ a generally cylindrical, hollow first portion

' connected to a generally cylindrical, hollow second

portion;

said first portion having a first inside diameter
corresponding with a gauge diameter for said bit body;

said second portion having a second inside diameter
corresponding with a gauge diameter for said cutter cone
assemblies when attached to said bit body; and

said first inside diameter smaller than said second
inside diameter. '

23. The welding fixture-of Claim 22 further
comprising: |

multiple windows extending through said second
portion for use in welding portions of each support arm
with its associated pocket; and

means for adjusting the position of each support arm
with respect to its associated pocket.

24. The welding fixture of Claim 23 wherein said
adjusting means further comprises an adjusting screw

-extending through said second portion adjacent to said

windows.

25. The welding fixture of Claim 23 further
comprising an energizer disposed between each support arm
and its associated pocket for limited movement of said
support arm in ?pposition to said adjusting means.

Sheet Has Been Re laced
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WD 96/ 05406 PCT/ US95/ 10015 25 pocket

54 and support arm 70 i ncl ude repIaC|ng posts 53 and 54 with kex ays 282,
284 andWQ96/054% . The dimensions of 1nside surface 276 ar #TEEAWE t o be

conpatible with the ck w8 | 264_and_side—wealls=6p and 68 of
pocket .254. The ¢ m"“[mﬂmﬂuﬂamghaped crod S THRCSHEET BAS 8tipfolft arm 270,
cooper at es with the acuk elty &ngfed si de wal 66 an®EPBAGEDpockel] 254 to
provide voi d spaces 271 and 273 which may be Used=t “wel di ng
support arm 270 in its_associated pocket kK 254. Al so, the configuration of

pocket 254 is cordti bTRe ethod ok xebrilding 3 LQEHEY { Fene| §1ons of
the associ atieik smwmcj arm871916@e bt ibsdy reith ian Wpper hpatrtonar i ous

gauge i AMElet ool LB CSREALSS b a 1P Ber iRy, | DnERBEE GEN O the
pockets formed in a mlddle portion of sald bit body, a
number of support arms equalling_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 sald support arms
and its associated pocket; and ' '
removing said support arm from 1ts associated ‘

pocket. : SR Y Lo _

27. The method of rebﬁilding theﬁrotary cone drill
bit of claim 26 further comprising the step of attaching
another support arm with a cutter conéféssembly mounted
thereon within said associated pocket. '

28. The method of rebuilding the rotary cone drill
bit of Claim 26 further comprising the steps of:

removing said cutter cone assembly from said one
support arm; _ ’ ' _

installing a new cutter cone assembly on said one
~support arm; and’ - -

attaching said one support arm w1th its associated
pocket. '

i This Sheet Has Been Reﬂlace
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FIGURE 6, keyway or key slot 282 is formed i'niback wall 264 and keyway or
key slot 284 is formed on inside surface 274. Key 286 is shown dlﬁposed I n
keyways 2D 2/M340B84_to assi st with proper positioning and RGTHRIEAPIS
support arm 270 in |ts_5§§66TéTEd‘pocket 2p% prior to meldlng portlons of

support arm 270" vmth”mmm pocket 254. ‘T 282
and 284 and key 286 m"'mmH t any.interfer WG‘HISABHEETHAS\MENS
formed between support af m270 am e portion of pdatket HePLAGERcent fjo

convex surface 48. Various conbi nati ons of keys and for
al i gnment and positioning of support arns 70 and 270 in pockets 54 and 254

respectively. Pockeig 54Thé5ﬂeﬁﬂéd25ﬂ ﬁéSuiQ&iﬁéeﬁhéth€a9§ edhg arigw of
t he various pogcket iﬂg@ratlons and e sa |sfactor|ly

ma
used with the Ptes ntf ﬁurﬁﬁﬁfe?gm ﬁlsi§ﬁ gﬂﬁ égﬁ ﬁrB Fde
subst anti al Iateralcﬁﬂpﬁﬂgtsiﬁd weldgpbéetwaem dachootdsailihsuppert apemiset

during domnholghgré+*an%sgggig£é8n§°ckggg sone applications, it nmay be

preferable to 1Tnst
removing each support arm from its associated

pocket; and

attéching a new support arm with a new cutter cone
assembly mounted thereon to each of said pockets.

30. The method of rebuilding the rotary cone drill
bit of Claim 26 further comprising the steps of: -

cutting said welds between each of said support arms
and said associated pocket;

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.

This:Sheet Has Been Reilaced
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majority of the thickness of each support armwithin its WO 96/ 05406

PCT/ US95/ 10015 26’5§§66Tared—peekep—_ For other applications, it nmay be
necessaryologoi4as e’ t e thickness of the supefikospps W t hin:
t heir associ at ed poum” ﬂ | nvgnt ion allows optimzing the
conflguratlon of the*ch ets» ir ad8goiated—susper t—a+3p based upon
t he i ntended downhol e- appli cat | on for the [leBIBtSHEETHAYD BEENL] Support arm

70 incorporating an enbodi ment of the presgnt i nREPLAGEDI s shpwn in nore
detail in FIGURES 7 and 8. Inside surface 0 preferably

includes center sgafaca #éendat bfafawmaftiag%eﬂlo%ui—&ae%elﬁl
extending frogmcenter. surface 142_to si.des respectively. Angl ed
surfaces 1444 ﬁﬁg g&GfBEPfBr E?QQAFPaFP?PFH§1§HnEhPuﬁ§FP§n059 previ ously

forming a one-pieoe 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, '

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 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; o S '

. 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;
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.

32. The method of Claim 31 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 to form said threaded
rollér 'bit connection on said upper portion of said bit
body.

N SISIiiiet iliilﬂtl]elnllleﬁaced
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described with respect to angl ed surféceé'244 -and 246 of support arm 270.
This configuration for. support arn170 i.s particularly beneficial with
respect t owpeeksiosS2- bl des+84—and—86—are preferably for medPEHSIWMMNIS] | v

paral l el with each of inal g¢s 72. Thus..a_wel ding groove
I's provi ded between %B f cavi ty 54 and tﬂxﬁb%qu ijpns
of sides 84 and 86 o *suppor as previously d scrlq%é?? u%%%r

arm 270 and pocket 254. A portlon of top surface 74,
and adj acent sides 84 and 86+fhave been renopved from the upper portlon of
support arm 70 to pm/.l dahep awethpd 26f Gkhiom\3x fwther coppmising th

| ubricant reser, QYgecontainer 92 therein. Lubricant container 92 has a
general ly cylindr |caI conflguratlon conpatible with Iubflcant cavity 90.

Lubri cant cont ai ner £rning gach Qb KALE RUPRACHARNR) WA i cant opening .
194 extendi ng tidHAtidiHEl axie Wi%%ﬁtﬂn&l{gmﬁrandzont ai ner 92 has

a f1anged shoul der” 196 SupRojLing 3, TP UR & adibid Hhbnd' VKA BAS 0N o1

seal s lubricant cont®f
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.

34. The method of Claim 31 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 S '

installing a nozzle within each of said second
openings of said fluid passageways.

35. The method of Claim 31 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.

36. The method of Claim 31 further comprising the
step of forming a cavity having a generally uniform
"inside diameter extending from said opening to a position
intermediate said middle portion of said bit body along
said 1ongitudina1 axis of said bit body.
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92 fromthe exterior of the associated. drill bit. Cap 93 covers di aphragm
198 and allows flui d—pressurefromthe WD 96/ 05406
PCT/ US93YQ 8485406 7 ext of su ort arm 70 through operRGTUSINEO0S oct
upon di aphragm 198." E@“ﬂﬂu ﬂﬁ u"anOSOer SU|tabIe nechanlsn1nay be used -
to install cap 93, di cont ai ng ety 90. Opening
193 in cap 93 all ows connunlcatlon of exter ith
di aphragm 198. Lubricant container 92 and | u y be filled
with a suitable lubricant through a filler pgo t he side of i
support arm 70. "Lubricant container 92 and Iubrlcant passageway 94
cooperate to provige |mhéimethed 68'chamni §9 ASSEREL| 8smPi$89890chet Ween
the exterior E%ﬁﬁpi dle 82 and chanber 114 of the associated cutter cone
assenbly 100°% *cone assenbly 100 may be retained on its

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 fluld passageway
adjacent to said lower portion of said bit body.

"This Sheet Has Been Reﬂlacecl

H|III|\ \III\I i




e

associ ated spindle 82 by inserting a plﬁrality of ball bearings 124 through
bal | passageway 96 extending from exterior surface 80 of support arm 70
t hrough sWO2HAS4E _ i spi ndl € 82. A mat chiBfF/BES0H7ce

will typically be pr X 114 ¢f cutter cone assenbly 100 ,
Once inserted, beari $ml ““mﬂ ﬂﬂr'at ion wth the ' itqr ) & EE N ]
R |

prevent di sengagenent =0Tccutie¥ cone assenbly 100 fro g
passage 96 nmay; be subsequently plugged by wel ding or |
t echni ques. For sone applicati-ons, a ball plug (not shown) may also be

pl aced i n passagewad896. AFsethed efpfabuirakingadi rotagyngpnsedrddde®isl ong

l'ongi tudinal  ayk&q €0 Ot oPMPROPOréh81d OndiigOacsiae wafle¥hangoteomo the
exterior of the associated rock bit 20. Lubricant passageway 94 is
preferably forf@BPF4S8E8Bport arm 70 as part of cavity 90 to al |l ow

comuni cation of | uborminy aroneepiety Bittboligl hapangagnwappes and bal
b 00 i ShOPESE, s ALabE hatREn; and"R bGE"pokeaH)! o0 o o
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;
fo:ming an upper surface and a back wall as an
integral pért 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 extgnding 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.

| 39. The method of Claim 38 further comprising the
step of forming a longitudinal weld between each side of
said_suppért arm and adjacent portions of said associated
pocket with the length of each longitudinal weld equal to
or 1onger'than the width of said support arm.
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during the same machining process with the same tooling. Boring cavity 90

and passageway 94 at tte—same-tinme elimnates the need for a separate-
machi ne wsamomo@nd / 05406 PCT/US95/10015

PCT/ US95/ 10015 28. s ‘mhl B is-typically associated with
form.ng | ubricant: pass or dr|II bits. Since one end of

passageway 94 termnates in caV|ty 90 and tHh Skageway 94
termnates in ball: passagevvay 96, there is np §§ﬁ§ﬁ“ﬂA§ Bﬁﬁa pI ug wel d

| eak or washing out one or nore plug welds
| ubri cant passage\my 9 4h eAgidithiod DE m&imge\aamrm onipi)i ity lamé or med

w t hin spindl 2 vi de f,iC f t a S y 122

and any addi B8 g%#‘ﬂ‘ g@&%‘d‘% \til{ﬁdtsh%\g"):tq}eIé & ngl u&%r?%ﬁ:y%%o and

spindl e 82. ayadf orcm ngsmattpdgmgm mimlnlsa}dpmulsebmending over _
the full perimeter of said pockets and said adjacent
portion of said support arms.

_ 41. The method of Claim 38 fufther'comprising the
steps of:

- providing a forging having a top ‘surface, and
exterior surface and a bottom portion with a boss
-projecting therefrom; ' ' _ |

_ " machining said forging to provide said top -
surface, said inside surface and saiad exterior surface
for said support arm; and ' '

machining said boss to provide said spindle for

mounting -said associated cutter cone assembly thereon.

42. The method of Claim 38 further comprising the
step of placing an energizer between the inside surface
of each support arm and its associated back wall.

//
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Iongitudinal axis 72 of the associated support arm 70, |ubricant reservoir
92 and the associateqhggg_%g—ng_beLLer protected during downhol e dr|II|ng
oper at i ORgolYpsdE" €aST Ng the di stance between cap d_vRFVUSBAENS

bor ehol e 24, A gener mﬂlmﬁt nmecy ned arﬁ D AR5 o] S ] _
formed on the exteri ﬂ“\m‘m \ ace g%adj ace ?“’?‘gsh. AS BEEN
Machi ned area 85 ‘may %onétihes” bé referred to as t ~HEERi ned
surface" of support arm70. A throat relief area 87 is prefera
on inside surface 76 adjacent to spindle 82 and extendi ng upwardly
therefrom Throat-: 43L|eThernetBGdsoﬁsChaimaBByquUheéscgﬁﬂrbﬁléglﬁhﬁates
wear on this sggéﬁge %blch is normal |y caused by abrasive particles and

fluids flow ng ween backface 112 of the associated cutter, cone assenbly
100 and the |ower portiofosmingseashoefasadd- sUBBert aFme7¥ithndse i ne

abrasive parti ibﬁ?ﬂ:ﬁaﬂn&@ 4R35 ayBEndifigl anefepﬁni-oﬁgn ;such as shirttail

88 of the associafed sy arm 70 cut cone, as n
during drilling opeP&FFEEinnﬁsePﬁPs ieﬁ?l support 22800UYeA0R bHE 8e

said pockets with said longitudinal axis of each support
arm aligned apprdximately parallel with said longitudinal
axis of adjacent support arms and aligned approximately
parallel with said longitudinal axis of said bit body;

and

vi ded

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.

Thls Sheet Has Been Rer
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i ncreases, the sealing surfaces between spindle 82 and cutter cone assenbly
100 may wear such that the associated seals fail. WO 96/ 05406

PCT/ USO5MQ@¥1054¢50 For gi ng 170 whi ch may be used to nanuf acaIusssugepdrt ar m
70 is shown in FIGURES 9 and 10. Since any desired offset in the resulting
dri-ll bit 20 is preferably provided by vfa\r%i ng the location or offset of °

pockets 54 with respect to |ongitudinal 4 s 50 of the associated bit body
40, the sane support arns 70 can be used with various drill bits 20 having

different offsets. Since the present 1Tnw 'v?.%léows st andar di zati on of
support arns 70, forgings 170 y be used - st ant i#&medﬁse t he cost
and time associated with fabricating each support larm shiown in.

FI GURES 9 and 10, forging 170 pr ef erably
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has the general configuration and overall dinensions conpatible with the
desired final configuration and di nensions for support arm 70. Boss 182 is
pr ef er abl womewmsdoded on the | ower portion of each forgi ng 1FOI/P89510615 ng
inwardly therefromat an angle correspondi ng approxi mately to the desired
angle for spindle 82. Top surface 174 ofof@Fging 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 | ubricant passageway 94. 'Sides 184 and 186 of forging 170 correspond
generally with sides 84 and 86 of the finished support arm70. Al so, a
relieved area 187 nmay 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 tine required to fabricate
each support arm 70 may be substantially reduced by starting with forging
170 having approximately the general configsration and overall dinensions
required for the fig;shed support arng70. N

- .




FI GURE 11 shows bit body 140 with support arm 170 welded within its

associ at ed pocket 154. For purposes of illustration, fluid passageway 162
i s"not siwowewsaodit body 140 in FIGURE 11. Al so, bit body pci@usesneihswn in
WD 96/ 05406 PCT/ US95/ 10015 30 FI GURE

11-with only one pocket 154 and one supg?ré arm 170 attached thereto. As

previously noted, posts 53 and 55 nay b /6 ed to position and align support
arms 70 and 170 within pockets 54 and 384 priggy to wel ding. Al so, back wall
164 and ‘upper surface 65 cooperate with inside surface 176 and upper end 74
of support arm 170 to establish thefdgsireg out
20 as defined by the associated cutdwr cong asger
and 13 provide alternative views s mﬁn$6 ltip

t he perineter ofz%ocket 154 and adjga 3 portidgn

“ .

| g

g'aneter for drill bit

100. FI GURES 11, 12
| ds 130 forned between
f support arm 170.

42
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Wl d 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 p¥MQ9IMS4Q6ongi t udi nal wel ds 134 and 136 extend bet V\é’gﬁ’“ﬁﬁ’fw{fhs of-
pocket 154 and the adjacent portion of sides 84 and 86, respectively, of
support arm 170. Portion 138 of weld 13Q extends between inside surface
176 of support arm 170 and the adjacent périneter of pocket 154 at the

i ntersection with convex s ace 48. The perineter of pocket 154 may be
‘machi ned as desireqggo oV e giggnor e wel'di ng grooves to assist in
form ng nmul tipligonel g Z. (i1 appl{ tion, a small radius or
J-shaped gro _ s : g e intersection of pocket 154 and
convex surfa xol: P8 nyCqrd®le for attachment of support arm
70 with its associA I i 4g4 radi us or J-shaped groove 79
may be provi dd&day 661170; An inportant feature of

t he present igge | t@ o provide nultiple welds 130

“ext endi ng ovd hﬁp?(éet g4




bet ween the adj acent portions of support arm 170. Welding groove 79 is also-
shown on inside surface 76 of support arm70 in FIGJRES 3, 7 and 8. For
oné appl i ¥x96%98406\el ds 134 and 136 are preferably equal .t oPOX/USIS/AMILS
96/ 05406 - © PCT/ US95/ 10015 31 | onger
than the width of the portion.of support arg 170 di sposed within the
associ at ed pocket 154. For illustration ﬂg]oses only, bit body 340 is
shown in FIGURE 14 having two different types of pockets 154 and 254.
Support arm 170 is shown di sposed in pocket 154 and support arm 270 is -
shown in pocket 254. Energizer 34ﬁ4is preferably di sposed bet weenﬂ;ql_si'de
surface 176 of support anme=170 ang back wal|l 164 of pocket 154. Energi zer
344 is preferably dip bet wegh i nside surface 276 of supporj7aam 270
and back wall 264 of pﬁ *i‘54.< Frergi zer 342 may be fornmed f
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el 198 A7
92% -. - FIG. 9
80 % 90 [192 7% |
N 79
94 L
\ | 87
96 ([ <
| 98
83—
78 85 81 |




el astoneric material or other material having sufficiently resilient
characteristics to allow limted radial novenent of support arm 170 within

- the assocwetsg@sqeecket 154. In a similar nmanner, energizer BAWURESABYS f or ned
fromelastoneric material or any other suitable material which will allow
limted radial novenent of support arnlégaﬁythin pocket 254. Energizers

342 and 344 could also be fornmed froms { “springs OQESF vilye shers as.
desired. For one application, energizer 344 may be di gpeset wi keyways

282 and 284 which are used to position and align suppor j with its
associ ated pocket 254. As wll be explained later in e L\ 176
energi zers 342 and 344 may be used to ensure that t épé e port
arm cutter cone assenblies are positioned r el 40iva 16 ' it
body with the desired gauge dianeter for the r | #1 | M1 4 to
wel di ng each support armto L8 associ at ed pocke}~ erpReer s 9%

cooperate with wel fFng TT Xt re32qu to nmaintain e a3 ' 0
at the desired gau di anet @r . -

140
26 42




Wl ding fixture 200 as shown in FI GURES 15 and 16 nmay be used both during
the initial manufacture of drill bit 20 and to rebuild drill bit 20 after
use in d%?f?bﬁ grilling operations. Welding fixture 200 rRGI/B895HeMEri bed
as a generally goIIOM/cyIindricaI menber sized WO 96/ 05406

PCT/ US95/ 10015 32 to receive drill bit 2Q therein. Welding fixture 200
conprises a first portion or |ower portiéﬁ/ 01 and an upper portion or
second portion 202. Firg§ portion 201 preferably has inside dianeter 211
whi ch corresponds tqagthe required gauge dianeter for middle portion 52 of
bit body 40. Second paktion 202 pr2&rably. has inside dianeter 221

correspondi ng w8 31 di o4 er for cutter cone assenblies
100 of the resulting £ ; gnd portion 202 preferably includes
openi ng 203 which w 2 Al §se &g Bt body 40,
100 100
221 '

100 20 203 291
FIG. 16 0 ¢ B Ty
NV —
200~ N
N
N %
NIRS %
88 7iTes
2040 |1 ) 160 |-204
70 — 70
208 Ne=8la 8r T 208
S 48 774
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80 4 80
20 342 A -206
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TSR 4,5

support arnms 70 and their associated cutter cone assenb W t hin
fixture 200 prior to welding each support _arm70 with it

54. First portion 201 and second portionaﬁoz are preferaa@m§égj ﬁﬁiﬁg%
concentric with each other. First cutter cone assenbl j-es—100 are |

nount ed on tﬁgpﬁ%gééggh;#gﬁrig#?dle 82. Each support g
positioned a a S associ at ed pocket ugi
and 55 in cooperation with opening 75 and 77 or keyway 8 SA—at-er
with key 286 as pjevi OpShutHeal é!df£9§ha§§n§”ﬂ Qque&chaeordﬁiemwaﬂ% 282

and 284 aredP %%erab#§ Ioca# E iu ficien |stan%e fromthe perineter of
pocket 54 t MB8Di BCahyTMnRePPEFBALE, WFPRPREPARI155S BREPS S 342 nay be
di sposed between ferwingpaocheapiece bid body wikh ﬁ410hgﬁ.lt&<ﬁsmm at ed
ner gi zor 308y FRERBA3HE " kha  Spnearat A8, Aamars, 4 BEEGL OB
second portiom 2a2dtbitl bodyasdapsefoforpoonnetcting apoandnmii[anringew of
each pocket fdr-apde2€i86€8F said drill bit;
forming a number of pockets in a middle portion of
said bit body for attaching a corresponding number of
support arme to said bit body; |
forming a threaded roller bit connection on said
upper portion of said bit bedy;
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 portion of said bit body;
~ forming each of said support arms with an inside
surface having a spindle connected thereto and pro;ecting
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. '
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FUl/Ud7 v/ VvV B ¥
portions of the associated support arm 70. Three positioni ng Screws, rg&gﬁggs
preferably provided within second porthgp 202 bet wepn—wi-RHwR Ay LN d- .
Drill bit 20 may be positioned within di ng flxtu‘éﬂﬂSEF$E¢WN§Eﬁq@ kch
support arm 70 and its associ ated pocket 54 are di sposed REFLACHD tO
respective w ndo {05 1 further comprisi

PCT/ US95/ 10015 3 '20641'%1%et%ach support arm O 1s preferably p03|t|oned

adj acent toauﬂpSﬁnimJated adj usting screw 208. Adjusting screw 208 in

cooperation with %E'éaé{l?ofmyam g@ﬁ%og-@ mﬁétﬁﬂﬂhtbe associ ated
support arm_70 and cutter cone asse i

q&h gnéo obtain the
desi r ed gaué@"&ﬂ%’é?a:* AXIHEX o T indi ’5?'1‘ or exanple, by
ti ghtening adjLEdegh&Eﬁﬁ&h@Oﬁad@a¢ﬂsia£dtsmppmrsuafmaewsbhmﬂ ohe of

assoct at ed S%PB? oéké%s CoidflCsd £8 pﬁ&ﬁé¥§h§ﬂ§£9'5§1333g shth Qﬁpﬁgggressed

al | owi ng thé
arm aligned approximately parallel with said longitudinal

axis of adjacent support arms and aligned approximately
parallel with said longitudinal axis of said bit body.

3. The method of Claim 1 further comprising the
steps of forming each of said support arms from a
forging.

4. The method of Claim 1 further comprising the
steps of: | : -

forming an enlarged cavity within said upper portion
of said bit body and providing an opening in said cavity
for cémmunicating 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. '
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rut/Uva v/

respective cutter cone assenbly 100 to nove radially inwar
| ongitudinal axis 50. In a simlar manne :

expand and nove the respective support arm 70 and

é adj usti ng ol D0 A [hies g
rotated in the opposite direction to all % the ass C Tl gHEREHAS BEEN32 to
ut t er REPRACESS enbl '

d_vi.th { 858°RH ¢ 4996

= = T A

100

radially outward gith raapaetnbd bENdNa4R Aaludther ConpriBing UEE 2ct 5 342

I n cooperation with _welding fixture 200, including adjusti

ng SCr ews 208,

al | ow positiBRPRF €8¢h support arm 70 and its associated cutter cone
assenbly 100 to olfbgminghandealatdeds cakiltit wdichiw eaidndppestipartion
geonetric copki gurations,f (AR il le { fi.cient
spot wel ds hggeggégnb% a?gg&bégabé%%phgl%%rg#bfgﬁg&%gggghé%ggié%ﬂéﬂiand
adj acent por femneowmunippsingafinuids between said doyille staringedud om
wel di ng fixtygpes2QQ«iMiLtiple welds 130 may then be formed around the ful

perimeter of pocket 54“&4nd adj-acent portions of support ar
conventional wel dfRE™EBSHALqdeIBtrones §Auidyprecaserry, in

m 70 usj ng

sadd Rityesirabl e

to replace appagt eitBenaiays belFethnt BalMdcavity and/ @aid lower portion
of said bit body prior to attaching said support arms to

said bit body;

forming a second opening in each of said
passageways adjacent to said lower portion of
body; and

fluid
said bit

installing a nozzle within each of said second

openings of said f£luid passageways.

6. 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.
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SREATMERVI S R
pneumatically actuated clanps. Various nodifications may | BL qggﬁ
fixture 200 to allow for relatively high volume, auto PR
support arms 70 with pockets 54. The use38f energizer ZHENSHDFT 1349 BERN
cooperaticon with welding fixture 200 allows greater tollerancREPRACKR

specified dlnen5|on a5500|ate ockets 54, su or.t D,

PCT/ US95/ 10015 34 7ar ns A7 (e&RP %c QF%E&?@ Pl - CRG Jarr)?él,'gt hese

Epgpg_nentts Wﬁlseaetﬂiﬁfﬂfxgcfaurb‘di'ehdﬁe.atdmpﬁnsmm @tepsdffi ng | nha drill
i i aneter |ess an esir S (o] ?3; d%;ﬁ their

associ at ed pocket é%ﬁh@nﬁﬁﬁrgﬁgék} Zqﬁxghggﬁ'e ‘ggbﬁ%%t arm 70

and_its assoaxa.see:dtaddnng itheretdhamoughugns tfQumirm) s YRRGe RREC i al | y

oult 3’?38 a !l sl Hi13"tody HaapeRe For' %&:ﬁﬁﬁwla o POCKPta®Aing

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 cecne 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;

forming an opening in said upper port;on 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 bedy.

8. The method of Claim 7, 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.

| S miblii‘liT|i'iilfiifi'lie‘ila°°d‘

26 AUG 1996

AMENDED SHEET



position the respective support arns 70 d ‘.|I 0
t he proper | ocation to ensure both the dgg _K, ésg%ﬁ BIG \996

mai ntai n concentricity of cutter cone assenm dhe

configuration of ocke | LR ; usitn
screw 208 wi | | n%\/é'f?éht%d#;uﬁ%o%r?‘%%ﬁtﬁ% Oasand |r§ysq{idsﬂfe7gra% cuttgr

cone assenbl ylsedo t@nlfprltm a roneldile haviag o side walds FFHMgi t udi nal

axis 50. Jdesired dr| [ 1 b|t di aneter can be obtai ned w t hout
conpr om si ng an e

sone applications fc\%ﬁ;g }‘q%eé_ th r %Sféi 3’&3”{“% : Udlmg%eﬁﬁxgnggrt Fg; ns
Zgi \é\ﬂ ;hl lni tcggragﬁamc:ﬁtnﬁmdngbarﬁfbw tdrdita t]lmvexs@@;tmrvgi@er% 342. For
desi regpconc &&”5@1 (?ﬁ‘sltﬁ '@%&e%%eéﬂalgyﬁgﬁl etsolg(r)oglngeithgegauge
di ameter resulti ng?dnmimg ree t:m‘etaddd atinnewiinn droreaist KRRES PRFEWppor t
arms 70, Al egenldvelo i iy HHIA YrIEA (BRI Sekthdetor
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 walls;
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;
wnd ;
' 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.
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screw 280. One or nore support arns 70 aﬂ& asso-f
assenblies 100 may be renoved from bit body 40

usi ng the sane bi 0_.a Se. ee—Siir J
cutter cone asserrgﬂb %We}q{e‘{nﬁﬁ)m%e STHE |
96/ 05406 step of forming a longltudlnal weld%bﬁﬂﬂﬁﬁ#]ﬁinﬁ stdenenti on

al l'ows reuse g3y tc#]rﬁrpgércb%ﬁ\ Rifadird> %ﬂﬁ%f eéaf&ﬂé‘aféssjﬁ‘o' ies

dependi ng upon ecti.ve con onent er the

associ at ed dside MQlﬁﬁa@ﬁae%ﬁﬂF@JﬁFqcﬁﬁam IRQSHe %d&@!lm ergtl 8ft 20
may be rebui leradw 1@@%&&1&16 WE1d bl R dr Adge® THAM thei width

associ ated pogket .54 support arm.

11. The method of Claim 9 furthexr 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. '

| ! lIll “ ‘“‘ . . o -.f This Sheet Has Been R aced
L Ll - IWWMM

REPLACEMENT SHEET

26 AUG 1996

L3I ALICET



carbon arc or dhiaSheeshrsBadalReplpe@cess may be used to cut MI'T[/IU% 5e|/d§ 939 ! 5
pect | ve

to rel ease each Oﬁ]ItS associ at ed pocket The res
support arm 70 or er cone assegpbly TREAIERY 26 AUG 1396
desired. If bit boady I s damaged, eac 7C

170 and
cutter cone assenbly 100 may: be renoved theref

C anot her
bit body 40 or 14012CpehlmgshQQGOﬁnf§h§1Gﬂtbngoa vcteawhcgnppdmuldrmuand

the configurajlon get PEEHChSpafend2d ﬂavzﬁg R 8YhdewhtChRAC okl S for

cutting welds 130 ween eagh support ar Its associated pocket. Al so,
t he cl ear anceCPPR%+8E8Ipet ween each cutter cone assenbly 100 and convex

surtace 48 all ows gerhing websls- ﬁsecuﬂbheUbod9naavmg taa ggeectlve cutter
\Y

cone assenbly_100, AIthou9$ i g gsent I nyent on an % ant ages have
been descri beRPT iRt o7 RiAdleBRAFH1B8. (ABS, & 8HthBP aPPSus changes,
substitutions and &btrwingi anthreaded cedsethioni onwsahduupgepapointd dir om

the spirit ang,Scopenbeiflg LAYANELPT128108ELNE 4Ry 15 PEc2RREG PRE ¢! al 5.

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 beody;

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 ingside 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; o .

providing a forging having a top surface, and
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
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-36- CLAIMS 1. brlcatlngarotary cone. l"(.al/Ufﬂt ‘:t)Js/e‘uiu rv
forma borehol u“mm *m‘im Il and bottom co mg@.@!é .‘ I & , iy AUQ ]996‘
)

one- pi ece bhit: an Uupper portloﬁ3 a m dI e pﬂgls,_mﬁ
portion; fornlng a threaded connection on said uppes=p necti ng

said drill bit stri rot at Lan of Gmm of
pockets in said mrﬂﬁf?kél U??l %"%Ob%?ﬁdéé gr%{r%éé g“'dt %giﬁlﬂg fob
correspondlngxnunhhu;oéasdpmesmcbahsdtouthen pone hasgembdynt reeah support

armw th an inside surface having a spindle connected thereto and

projecting generally downward|y and |nmardl with respect tg its associ ated
support arm forni¥- aifhepeeth f%éecbﬂﬁma Bafnriher aeMBRRiPARGgLRR part

of each pockedtep of placing an energizer between the inside surface
of each support arm and its associated back wall.

14. The method of Claim 9 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 bedy.
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cutter cone as
sai d support a a portion4¥ each §
associ at ed pocket mnth said top surface of said s!
upper surface and said |n5|de sur f :
adj acent to said Hﬁgk w%1¥ v?ﬁ?ﬁgg.f4 rﬁ*ﬁg

exterior Surfmﬂ.mgmhaametwlboandohommzh eohpPEEs ENGf ect i ng t her ef r om

formng a top surfacetﬁi\my]ummde surface on eatﬂ'L,EU art5a/ra| Q‘ﬂQ,lnl 59 a

machi-ning said for [ e and
said exterior surf% ’g?c# és)'ﬁaﬁg ? ﬁwz'ﬁi %ﬁcﬁggiéﬁl ﬁofgg?ﬂ ggggtéae
proyi de said ﬁqrrnbnnéc#lmguﬁﬂiﬂ Ehlh %s%o%?aﬁeﬁréﬁitﬁFréBﬁe ¥senbl y
thereon. 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; and

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 equalling said number of
support arms.

16. The drill bit as defined by Claim 15 further
comprlses '
_ a weldlng groove formed between the perimeter of
each pocket and adjacent portions of said support arxm
disposed within said pockets; 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 arms.
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2. The nethod of claim1 further conprising the sf

/IS
bet \mﬂmumlummlﬂﬂ“urface of each: suppor &?ﬁiﬁé&g

gT Hib& st epgsHBEEN

energi zer
back wal

form ng each of sé&id support *arms with a | ongitudinal
t her et hrough; positioning each of said support arns

laim1 furt4ger conpri si

axi s Bﬁ?tﬁ@ﬁhg

/10Ut 3

I

pockets with said 3ngi Theli dui Lhxbit cas inedpey t Chaimal § gfugther
appr oxi mat el sy 3 Shg V&ﬂ heﬁ@fg i@?%iéﬂéé@é Eé&ﬁe@ﬁ @0pagelbnsyEport

and al i gned apprOX|nate aral

sajgl Ing %93%5#ﬂ°%uﬂ%e¢a%# RS ?FWS%PS ﬁ?ﬂﬁl?aﬁbrtlon of

body; and

el with said |ongitud axi.s, of . sai d

said bit bodwall hofabts cdssotiaped kebckdwpyi ng a center line and said
center line for each of said pockets offset with respect to a radius line

ext endi ng

18. The drill bit as defined by Claim 15 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.

19. The drill bit as defined by Claim 15 further
comprising:

said drill bit disposed within a 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
assemblier of said drill bit; and

multiple windows formed in said second portion for
use in welding portions of each support arm with its
associated pocket. '
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fromsaid | ongit ‘ﬁud bit body. 4. A g _ a
roll er cone drllm ﬂ\“‘“ m a borep®l e, conprj '- ) ,sﬁ* QQ%
form ng a one-pi I'tv bddy Swith a | ongi t udi nal axi extﬁgﬁLﬂEE°bL l

t her et hrough; form ng an upper portion on said bit Py

connection to a dr2ol shrwejding fixburenfof BQEdlaffPFmbﬂg af FORATY a
number of pockghs &fs 1 bid! Babehl ngnuﬂitéf-gdbhtthGWW&Qh al bty of

correspondi ng nunber o 'support to said bit qﬁ §rn1n t hreaded
roller bit coeeketsnand aapumbeEcPEp8RPPERt TR BIBAL £8dPA 1M WESai d
m ddl e porti O@f%oéﬁéesbl 4 badyebavone assembiiydmodhasd: en ahisgindle

corresponds a with_t mal_|, st dj t re
formsaid thr gﬁ°£§?ﬁe¥rBWt°§8 nggtfﬁﬁ oﬁuggggg gﬁ@ %gr %%ﬁa%fﬁPald bi t
body; fornlngsaigesappbty armsedisposedowithihaoneonfaskdde pockets,
comprising:
a generally cylindrical, hollow first portion
connected to a generally cylindrical, hollow second

portion;

said first portion having a first inside diameter
corresponding with a gauge diameter for said bit body;

said second portion having a second inside diameter
corresponding with a gauge diameter for said cutter cone
assemblies when attached to said bit body; and _

said first inside diameter smaller than said second
inside diameter.

21. The welding fixture of Claim 20 further
comprising:

multiple windows extending through said second
portion for use in welding portions of each support arm
with ita associated pocket; and

means for adjustiﬁg the position of each support arm
with respect to its associated pocket.

22. The welding fixture of Claim 21 wherein said
adjusting means further comprises an adjusting screw .
extending through said second portion adjacent to said
windows. -

23. The welding fixture of Claim 21 further
comprising an energizer disposed between each support arm
and its associated pocket for limited movement of said
support arm in opposition to said adjusting means.
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-39- portion of said bit bodﬁl formng each of said suppqrt arns with

I nsi de surface ﬂﬁn Lconnected ereto
downwar dl y and ﬂnmnmﬂl [l B pect to i #J associ %éﬁ’% 56 r 996
nmounting a cuttet coné assenbly on each of said spi es &g

respectively from sg @rEprrace on
said | ower portion of sa b|t}§%dy pro&ﬁgés eﬁﬂance (Fﬁ%oﬁfbetmeen
said cutter cHA& heydmg ideonmpingey Rigndodowitdh an ‘&E%F RITHIRY. 5.

The net hod of aﬁ'a?t@ddf fo RN B G 1die 1t esr iy, formigeeash of said
support arnms wt

posi-tioni ng cRORkEE asls%]%bgﬂ 5 ﬁtﬁ%’%‘éﬂbtgreth Q‘Sg{@% dvﬁ’{.‘ﬁhsai d
| ongi t udi nal asich Pocketh viyy ta ebamlalwajrlectr@p& pdimtef ysixde aaklswi t h
sai d a number of support arms equaling said number of pockets
with a cutter cone assembly mounted on each support arm
and each support arxm attached to one of said pockets by
multiple walds comprising:
cutting said welds between one of said gupport 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.

- )

25. 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 pickets
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 aid support arms
and its associated pocket;

removing said support arm from said asscciated |
pocket;

removing said cutter cone assembly from said one
‘support arm;

- installing a new cutter cone assembly on said one
support arm; and

attaching said one support arm within said side

' walls of said associated pocket.
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| ongi t udi nal ﬂﬂm m_;éent support arms and--al i gnmré‘gfﬂsﬁ 36

parallel wth j' axis of sgid bit bo,w—*fr——~1
claim4 further I”m'Lteps of f&fm ng eacl] BHISSHIEETSIASHBFEN 4f s
froma forging. - 40- THe nethod of claim4 firtherREBAGERI ng the

steps of : form ng g enliLeh Gidd tde Wddindu ! LDl | ROTIFELY bi t

body and providing an _op engﬁg In sald cavity for communi cdt i ng flu

between sai d &t O Glaig ﬁﬂﬁQ¥Q§ﬂHQHPr§§i¥3(ﬂhﬁrﬂf%ﬁsl St one f|UId |
passageway in said d?ittti Yoabid anslidy) v et ofivedid asvbpart aomer

oy, 8. rheoe i Qﬁ%vfcp” H Aot GhHAER5 The steps of ; forming an
enl arged cavity andewmvingweaclp@upporofarm from its associated
pocket; and
attaching a new support arm with a new cutter cone
assembly mounted thereon to each of said pockets.

27. The method of rebuilding the rotary cone drill
bit of Claim 24 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 assoc1ated
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.
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said bit body openlng in said cavit

fluids bet weev\mﬂma“@“@“ i!‘m; g and said,gavity; fof umfﬂg@ 996
fluid passage ody extendi ng betvvee! Toa GHERNHAG BEEN

| ower portion of said bit body prior to attaching [sai d S&858FEDar ns

bi t body; form ng agsecaNhedId RE IFARATAANS Y FIULEE doreé
W i cach oRSed §o ST %o peReL G oM AL Thes iyt © ol o
The net hod of cl ai rtbﬁ-mmg ahenes-pipdes ibix Haalys tepa mf aricuppm partidhui d
passageuny exiandds ORI dA | ttob%%ﬁtua@t@lqlge £ Adtife 18n Sk 0
said dr111 bit and a lower portlon opposite from said
upper portion with a longltudlnal 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 £luids between said drill string and -
said cavity;
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;
and

forming at least one fluid passageway in said bit
body extending between said cavity and sald lower portion
of said bit body prior to attaching said support arms to
said bit body. |

29. The method of Claim 28 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. '
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positioning said ,mnthln said fluid passageway #o \Ch 1y
bet ween said cutU ,ﬂ ﬂmﬁﬂ r"gm 10. net hod of-' SO o i L
cone drill bit u ehol e, cOMprisi _ eps af '

one-pi ece bit body with a Iongltudlnal axis exte

form ng an upper pj’ét'Of‘hQ“méé‘thbbE épéymaﬂapf@flt er é@ﬁ?ﬁi&tﬁg tped drill
string for rotation of saird drill bit; formng a nunber pockets in a

m ddl e portlcﬁFQESS%fH bit body for attachlng a correspondi ng nunber of
support arms to safsrmihgbesdyh &6 sadd ﬁuﬁpﬁﬂtahfmscomuhxaexter|or surface

on a | ower p tion d_bit h_of gsupport arns wth
an inside su $ﬁé+ﬂ€i a§b§nﬁ¥€¥§8% g%ggrfﬁgfg?ghanégprOJectlng
general |y dovvnvvar dbysinioningreaghwof hsatdpsuppovti armaswathaneonsupdor t
arm ”DP”t'” %éﬁé%eEQ“ﬁi@ﬁssa?&y18ﬂgféﬁéiﬂélSikﬂaSBE”dhEﬁ stbpRitg
respectlvely rom
arm aligned approxlmately parallel with said longitudinal
axis of adjacent support arms and aligned approximately
parallel with said longitudinal axis of said bit bedy.

31. The method of Claim 28 further comprising the
steps of:

forming a second opening in each of said fluid.
passageways adjacent to said lower portion of said bit
bedy; and : -

installing a nozzle within each of said second
openings of said fluid passageways.

32. The method of Claim 28 further comprising the
steps of: .

forming said fluid passageway extendiﬁg through said
bit body at an angle relative to said longitudinal axis
of said bit body; and

positioning said nozzle within sa1d fluid passageway
to direct fluid flow between said cutter cone assemblies.

33. The method of Claim 28 further comprising the
steps of:
' forming an opening in said upper portion of said bit
body; and
. forming a cavity with a generally uniform inside
diameter extending from said opening along said
-longitudinal axis of said bit body.
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-42- whereby said convex exterior surface on said

y ' g bi t
body provi djjlﬂlﬂﬂ"jmuulﬂll l'f | ow bet weep, sai d cut %ﬁgﬁ i) Aind
said | ower Lol ( t body; formrng an opgni Ny AdpiSAeED UPPer,
portion of sai d bit body; and formng a cavity conpisting =

uni forminsi de diapeter. extending fr i §q0 e onpridithg @@ t udi nal
axis of said bit gﬁdy. he m?ﬁgmﬁeP%og%ﬁﬂc?gi %ﬁ%‘gﬁ?a‘:‘t her corrpﬁ sing the
steps of: fosvepyg efk:l uid passageway extending fromsaid cavity

substantial ly par ?I %ﬁ&my bﬁés%ifdthgr‘@ilh‘iﬁi palssagewayls sxtendinddigom and
positioning a noz PE™SMEh’Pn sai d uid pasaja%ﬁ_'w@/. %‘nj %}an drf 1%1£A%I\EI’
portion of saaddbeavityy substantiaddyqpsr i O35S X a%/ cone drill
bit used to LLo@ arbeagoldthdsdyg and de wal | and bottom conpri sing:
positioning a nozzle within said fluid passageway

adjacent to said lower portion of said bit body.
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form ng a one-pi i'ng an upper portion, If j f g d
a lower portionj ‘iﬁm [ mnal axi s 8 t endi n‘_E_{d )17 18 %
t hr eaded connec r portion Tor confe é %ﬁ#ﬁQEp pit to

a drill string for -43 rotatlon of said drill
pockets in said mggle R%Etaed%fsihﬁrhbht@agyaf ebtakhd

' —bit
correspondi ng nunber qf support arnps o] fo enerally
convex exter|B?EQUFPaéerﬁnaabPGﬁbPlﬂo%vaﬁgoP §§F& H%Plbéﬁglgaﬁ g each

support arn1m¢5ﬁpgmsha§|de surface having a splndle connected thereto and
Clpport arm Tor m FTRYIEpBePrEGPRACE BAG Fook. PRARE’ 3 debar oorar ' X o
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 inaside 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 respéctive 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 of 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.
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part of each pair of side walls a
each pocket V\Am @;l mr‘"u ‘I I de wal | s éFe eI
for L 1 deg

back wal I ; top surtsace and an i rm

respectively fron1§g|d gggpgggpggngf %&gi&pgﬁ

support armwithin [ ts assoc c i 3
suppor t arn1c%ﬁ?ﬁc?fn§°§@#§9uEpépnsaﬁﬂééﬁa&nﬂeééibeﬁﬁgpaeﬁﬁﬂheﬁkﬁQﬁO%ald

support arm dséﬂassdpaéreca&h taadsaaq.aéﬁﬁle Hti.\é(ﬁ%r%@s%a.'dj ﬁﬁb@ihted
exterior surface on SQ

i on sa b|t b V|de
enhanced fIU|B°?¥8ﬁ/BéF%e§H°s§FHQE g 358 1o i§wﬁ°
portion of sabf bohgeedghan the width of said support arm

37. The method of Claim 35 further comprising the
step of forming multiple -welds between each support arm
and its associated pocket with said walds extending over
the full perimeter of said pockets and adjacent portions
of said support arms.
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13. The nethod her conprising the step bt

| ongi t udi nal _ Lﬂq mﬁ si de of satlsg SUppOr t-asm-an Uﬁ%ﬁn@uﬁ 1996
portions of sa sisdezWal | s of salfd assoqg) aHBjStpﬂEkEAb\BEEN he

| ength of each Iongltudlnal wel d equal to or | ongg

support arm 14. Thg gémgeﬂbdﬂd% Babl i idelibRy

formng nultiple melds tween each support arm.and i t.s aSSOCIated pocket
with,said wel B§eéxi3§népﬁ'g‘ & boraghele Maviag @esdderWaddi Alh AR

adjacent port e ?rgglggid support arns. 15. A nmethod of fabricating a
rotary cone dri

It ysed to for havi a side mall and bottom
conprising: form ng OZ™IRE. B (,9&9'19% gﬂ}%ng\ﬂ% %ﬁ’f'q%ﬁp PN, a nmiddle
portion, and pokbtien,par middlel gortigpng talmbaddd:wamum:tﬁmpn sai d upper

D Sr I P pronneciolhand 4 Ylrldadid dobretildd o ‘Wt iipdd ' Hdi R
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 tc said bit bedy;

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
sSupport 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, and
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 asseﬁbly thereon.

39. The method of Claim 38 further comprising the
step of placing an energizer between the inside surface
of each support arm and its associated back wall.
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-45- formng a nunber of ockets in said mddle por, ézy 5a|d bi t body
3 4 HAUGHYE

for attaching a ¢ nﬂl er of support arudf
formng a generallmlmﬂlwm" 'Eungr surfac¥® on a lovg
body; form ng each supp rt arm W th an inside sur'ace
connected thereto and p ecting raléx domnﬁa
respect to its assdt@at %L@EEP? a?§1 Hi % 2nrEht s
wal | as an intpgdpd oyt of each pocket; formng a top surface and an
i nsi de surface on each s POEL: ar ntin C e_assenbly on each
of said spindles e §Be?€1%££§ Bﬁ?€5 gpﬁ%?ﬂ & ms; positioning
a portion of e&uﬂginudmmalaaxiaﬁehtendingashemeahndughzket with said top
surface of said suRpoie AGHI£ONEACH! 88 S48 YaPBbreULtAsewaRfinable BF de
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.
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surface of sai d- support armdi sposed adj acent to said back wall whereby
sai d convex exteri on said | ower portion of said bit body

provi des enhﬂmmmmim \i m\bet ween said cuttefry cone assenbl i es and said
| ower portio ody; providing a forging - 3

an exterior surface and a. botton1porf?5n with a bos R@hQAQEMkWQSHtEMW-@QQ

therefornhﬁnachlnlng said forging to provide said tlpp surface

surface SHA¥8i d interior surface for said support sﬁﬂ&e@ﬁp Eﬁd@ i.hg
boss to provide said spindle for nounting said assoftiates 5He

assenbly thereon. 16. The method of claim 15 further conpr|5|ng the st eps

of placigg an e@%ggb&gwb%ﬁ%%aﬁ;ﬁﬁg' Bsk-edeasy’ tane akigacBisuppent tar m and

its assocCiate
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 cor;gsponding 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 aséembly 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
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sai d support

d of claim15 further conprising the steps of: form ng each of

arms with a | ongitudi nal axis extending therethrough;

positioning each of said support arns within one of said pockets with said

AR 557 TR

| ongi t udi nal-

sai d Iongltud
parallel wth
nunber of poc
pockets havin
offset with r
axis of said

sai ¢ lwongi t sdi nal axis of” 347d bit body; il and il

kets in said nmddle portion of said bit b dV“%nTh =1- 100 0 B0 RIS

g a center line and said center line for €ach of said pocket s

et e T

d

havi ng a one @b%&?wguﬁ Jbody with an upper portlon adapted for connectlon to

adrill strin

2.

g, a number of pocket formed in a
providing a forging having a top surface, an exterior

surface and a bottom portion with a boss projecting
therefrom; l

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.

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.

The method of claim 1 further comprising the steps of:
forming each of.said support arms with a longitudinal
axis extending thérethrough;

positioning eéch 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



mddl e ;portion of said bit body with each pocket having a back wall and a
pair of si ; of support arns equaling said nunber of
pockets wit , assenbly nmounted on each JEOTT—fﬂ

support ar mﬂm@!{‘eﬂm%alﬂof sai d pockets by nultipl SEREAEEMENTSHESTNY:
cutting sai d« L yone of said Sfport arns and it 65ﬁpgﬂg%pd '
pocket; renoving said support armfromits associate 6@R3-,--‘--and--at-t-ac I ng’
anot her support armwith a cutter cone assenbly nounted thereon wthrmsaid

id |1 f i d d d ket.. . . i ] di
otary cone AEPERSEE S ISIHPTE ob; PREKSLAIR Sng TR EEREEPLoRT,
sai d wel ds betyeer, each; of w3l SUPROLL oI It Ak §3pBcRe st #RRgCRal ed
5 r arm a eg ang

pocket s;

r enmovicn

form

each suppo romits assocl pocket ;
center line and said center line for each of said

pdckets offset with respect to a radius line extending

from said longitudinal axis of said bit body.

A method of fabricating a roller cone drill bit used to
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
éaid bit body;

forming a generally convex exterior surface on a lower

ng



- 48- attaching a new support armw th a new cutter cone assenbly nounted

thereon to each of—said _pockets. 20. The nethod of rebuilding the rotary
cone dr|II claim 18 further conprising the steps of: cutting said
wel ds bet %ﬁ Jm’”m upport arns and each of said associated
pockets; rean Ert armfromjts aSSOC|atenggggg&ENfgﬁ@ngy
each cutter cone assenb y*fromits assoct 4t ed suppo arngk$q§ |ng H new
cutter cone assenbly on each support arm and attachi pgiceach 'Stppgent m
with its new cutter cone assenmbly to one of said po

rebui l ding a c I | vVing a one piece bit body with an
upper portlonbag%%¥gd% cgh%é?thﬁ§to a drill string, a nunber of pockets

formed in a mffatllﬁlﬁgrtéétthot;fsaéélal sy HrRachiRackeh Navsged

6.

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.

The method of c¢laim 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.

The method of claim 4 further comprising the steps of

forming each of said support arms from a forging.



back wall and a pair of side walls, a nunber of support arns equal ing said
nunber of peeke%s—m&%h—a—eu%%ew cone assenbly nount ed

and or ar attac hed to one sai d pockets .bﬁE’q}ﬂé#r\E’éf@l gﬁgg-p
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portion
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 £luid
passageways adjacent to said lower portion of said bit
body; and
installing a nozzle within each of said second openings

of said fluid passageways.



adapted for connection to a drill string for rotation of said drill
a |l ower portion opposite fromsaid upper portion with 3 ch
ext endi ng through Ssai d upper portion and said | owe

Ysard O¥.MLDG..each

nunber of po {m0: @ i portion of said bit

corr espondi nam{lm“glﬂ““‘mml rt arns to said bit bogf _

with a back cand arpai r *of side walt4l-form ng {ad en

Wi thin said upper portion of said bit body and providing an opening in said

cavity for conmmunicating fluids between said drill string and said cavity;
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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 genérélly 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



respect; to its associ ated support arm nounting a cutter cone assenbly on
each of sald spi ndl es extending respectively fromsaid

-stpportarns.and
form ng at Imn sageway in said bit body{lextmpdisgEPESUEER
said cavity ijMI "m tion of sajd bit body prijjor to aémqg‘% sal d
support arns to aid bt body. 23. The nethod of clalriﬁﬂntﬁ .........................
conprising the steps of: fornming a threaded roller bit‘conrection—ena—sai
upper portion of said bit body; and formng said mddle portlon of sai d b|t

body ‘having ar,qutspge ¢dis: é&ﬁ %&é’fiS%P%‘ﬁqﬁ egi& ’Eﬁ %Fe*}the

smal | est di aneter re U|re orm sa
connection on g SRS 991&' B'ﬂtoboﬁﬂﬂ %ﬂ&h&@é%nl@é]ncgﬁefﬂ!ﬁﬁﬁo@l% claim
22 further conprising the steps of: form ng each of said support arnms with
a | ongi t udi nalp s senxisiidi ngut Beretdymal0hs sertb100s4 t hadl i B@Chodkrsai d
support arnms wi thin one of

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



sai d ppckets w I nal axis of each -51- support arm

al i gned approxy lel With said |ongitudinal axi s of adjacent
support arns W XI mately parallel with angi t udi nal axi s
of said bit body.c od of claim 22 further wMebl ah h ePY
of: formng a second openlng I n each of %fld fluid pagsagewa gﬂgg‘%iﬁﬁ o]
said |l ower portion of said bit body; nstalling a ngg@l %bch

sai d second 09§ éeg§ﬁogfs égdghgkg%pﬁ%ﬁagemays 26. T

further conprrsing e st § said fluid passagemay ext endi

said bit body; ositioning said nozz t |n sal

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 séid 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

positioniﬁg 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

i ng

through said Bbimiagy A e, SELRLLYCI hOsRTHIhonald lipal ofbe of

passageway to



diirect fluid fl ow-between sait¢ cutter cone assenblies. 27. The nethod of

cl'aim 22 fur he steps of: formng said open|-- ErRai d
upper portio il!ﬁ'iwlﬂﬂil E and form ng said ey, LA Wwilf h a
general Iy un ter extendlng fro Yﬂ i S ‘3l ong| sai d

| ongi t udi nal aX|s of said bit body. Ao 28. V.ai.n 22
further conprising the steps of: forn1ng one of ”'”"m
extending fromsaid cavity substantially par al | el

ard | Iongltudlnal

axi s of said bi o [ ¥

passageway ad?8%8§ ggﬁd@ﬁzﬁ%ygp %é€?¥ﬁé§%n%ﬁgéﬂcé%ufﬁyﬁ%thod of
fabricating aﬂ%%&ﬁ@@ﬁ et cﬁtEeﬁ:‘SEgnEOafsQéﬁleEQr8ﬁ&| 8ahavisges side
wal | and bottom conpris orm ng a one-piece bit body having an upper

portion, a portion of sa1d 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;
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|on of S drifl | bit;

attaching a correspondlng nunber of Squﬁét ar s d_bhi+—boefF—F0r m ng

each support armw th an inside surface ving a splndle connected thereto
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support arms to said b1t 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 portien with a boss projecting



sai d respective back wall; formng a top surface and an inside surface on
each supporr arnrto conTorn1mAth said back wall and said side walls of said

pocket s; sone assenbly on each of said splndles ext endi ng
respectlvel | m ﬁl) rt arns; and osi ti oni Rg—a=perti oF—cae
support arm INui (s a5500|ated pocket Ith said taa?smmEMEﬂT§H§E§a d

support arm contacting said upper surface and saidjji nside f paid
pated.. Bsﬁi&f @a&gg

support arn1disposed adj acent to said back wall an

The net hod of a|5129 further conprising the step

Iongltudln?l 8fMen each side of said support arm and adj acent
portions of sai quﬁ:heé t h egyy | I nal
wel d equal toﬁ\ %ﬁaiﬁ(g)’?eﬁj? %§9dt l)gglihegf sal %pﬁgﬁ'? aﬁ% %?ﬁf%_ﬁg met hod

of claim 29 fugther CORY ifiNGddend Patd {QE&tIor "Whitate wBkdsahat ween

each support arn1an I'ts assocl ated pocket with said wel ds extending over
the full 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 bedy; 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



perimeter of said pockets and adjacent portions of said support arns.
-54- 32. Arotary cone driTT bit- for form ng a borehole haV|ng a S|de mall

and bottom co i €ce bit body having af ot ed
for connecti: nEﬂ“ﬂMﬂ I"ﬂl"ﬂi; milto adrill string for | d’tEP(—IA@IEWTS@ﬁEETd 11
bit; a nunber of rcadk y spaced support arns attachgd to gEglmg ody| and
extendi ng opposite from said upper poruﬁﬂi each of'ﬁﬂ%bsggﬁonLua£ga.
having an inside surface with a spindle connected th

proj ecting general ly.do Lol w. i r y h S to its associated
support arm rﬁﬂnﬁéFgoﬁgﬁg%ggﬁlgggea%?%e Iﬁé%heb%glgﬁg§sald nunber of
support arnms with one of said cutter cone assenblies nounted respectively

on each spindle for boring
18. A method of rebulldlng 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



ﬁngagenen} with said side wall and bottom of said borehole; said bit body
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side walls exft g at an angle from said back wal

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 cﬁtter 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 comne

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;



said side walls_extending fromsaid respective back wall for each pocket to
said exterior surface of said mddle portion of said =

rotary cone dr mmm“mmmmﬂl)wng a borehol e having a IFE&%?@%E&% m
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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
adapfed for connection to a drill string for rotation
of said driil 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
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body havi ng a,Iﬁ ortion wwth a convex surface and Spa
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of each pocketcapdceditaCqRl BALbIATAl stpbereuapA;t arm di sposed within
sai d pocket; and nmultiple welds fornmed in"Said wel ding groove between

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 6f 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



each support @arm-and—+s—associated pocket with said nu!tlple melds
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extendi ng over full perineter. of each pocket and adis
sai d support |a m Aﬂu ﬂﬂﬂlﬂ mtone drill bit for form gq@m@ﬁ@#ﬁﬂ
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upper portion adapt for connectlng salg larill bit to &
rotation of said drill bit; a nunber of radially spacedts
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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
ingide diameter extending from said opening along said

longitudinal axis of said bit body.
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said cavity substantlally 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 pbrtion, 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



associ af ed pocket—35 A rotary cone drill bit for form ng a borehol e
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surface and sauppoitearapno asofblkinewith 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.



a mddl e pertion—di-spesed-between said upper portion and said | owe

portion of.
cylindri cal
the exterio

attaching said support arng to said bit? body mnth!iﬁég
equal i ng sai d nunber of support arns; each of sai dpoeck
side walls extending at an angle from said back wal | ; and a Iong|tud|

jmd bi t bOdﬁ said m ddl e portion havi l!

IAIREI Lo: s, or coihi Y ites ﬁ%ﬁgg@aw

r

nal

WS:S I)grc%sb\;eé%éalcé?\&% d&ﬂ e?#il ong%&hﬁl ﬁm%%\ge%‘ﬁﬂ% %Ons °

w dth of spigl ﬁéppcgﬂda‘w%oé%o FOiALy. cone drill bit for formng a

borehol e having a side

and bottomT-n conbi nation with a wel ding

fixture conprigigfe-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;
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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 ffom 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 Dboring



sur.face .and said cutter cone assenblies; a mddle portion disposed between
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configuration w an 1 nside dianeter corresponding wth the outside
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having a generally cylindrical -61-
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 aﬁd 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

y



configuration with an inside dianeter corresponding with a gauge dianeter

for said cutter cone asseanﬂes of said drill bit; nultiple windows-fernmed

adj acent to $aid pgocRet§. 87 A rotary _cone drill bi
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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 generaliy downwardly and inwardly with
réspect 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
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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 aﬁd 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
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36.

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.

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



40. A rotary cone drill bit for formng a borehole having a side wall and
bott om conprising: a one-piece bi't body having an upper portion adapted for
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formed between sal ower portion and sald cutter Tone se I'es,;
of support arms with one of said cutter cone assemblies

mounted respectively on each spihdle 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 configurationm;

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
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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.

A rotary cone drill bit for forming a borehole having a
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;

bit;
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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 sgaid

support arm.
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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 supporﬁ 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;
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a plurallty of adjusting screws porvided within said second portion to
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borehole; said bit body having a | ower portion with a convex
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



surface and a void space forned between said | ower portion and said cutter
cone assenblies;
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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 vbid 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 poékets 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 Ehe 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



42,

side

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.

A rotary cone drill bit for forming a borehole having a
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 spindlé 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;
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(82). The radial spacing of the support arms on the perimeter of the
bit body along with their length and width dimensions are selected
to enhance fluid flow between the cone assemblies mounted on the
respective support arms and the lower portion of the bit body.
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AT Austria GB United Kingdnm -MR;  Mauritania

AU Australia GE Georgia: MW  Malawi

BB Barbados- - - : : GN Guinea - NE Niger

BE Belgiom . GR Greece NL  Netherlands

BF Burkins Faso' . HU Hungary NO Norway

BG Bulgaria - - IE Ireland NZ New Zealond

BJ Benin - IT Ttaly PL Poland

BR ° Brazil P Japan PT Portugal

BY ' Belams KE Kenya RO Romania

CA  Canada KG  Kymgysan RU  Russian Federation
CF Central African Republic KP Democratic People’s Republic sD Sudan

CG Congo s of Korea _SE Sweden

CH Switzerland KR - Republic of Korea s1 Slovenia

CI . Cbte d'Ivoire KZ Kazakhstan SK Slovakia

™ Cameroon u Liechzenstein SN Senegal

CN - Ching’ LK Sri Lanka ™ Chad

CS  Caechoslovakia LU Luxembourg TG Togo

cz Czech Republic v Latvia T3 Tajikistan

DE Germany . MC Monaco TT ~ Trinidad and Tobago
DK Denmark MD Republic of Moldova UA Ukraine )
ES Spain ~ MG Madagascar us United States of America
FI Finland ML Mali vz Uzbekistan

FR France MN Mongolia VN Viet Nam
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