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ROTARY CONE DRI LL BI' T MODULAR ARM TECHNI CAL FI ELD OF THE | NVENTI ON
This invention relates in general to rotary drill bits used in
drilling a borehole in the earth and in particular to a drill bit
havi ng an inproved nodular arm 5 BACKGROUND OF THE | NVENTI ON
Various typesWO6B¥6%kry drill bits or rock bits may b @CHAISH/8522f or m a
borehole in the earth. Exanples of 10 such bits include roller cone
bits or rotary cone bits often used in drilling oil and gas wells. A
typi cal roller cone bit conprises a bit body with an upper end
adapted for connection to a drill string. A plurality of support

arnms, typically three in nunber, depend fromthe 15 | ower portion of
the bit body with each arm having a spi ndl e protrudi ng downwardly
fromsaid bit body and radially and inwardly with respect to a

proj ect ed

ROTARY CONE DRILL BIT MODULAR ARM

TECHNICAT, 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 a drill bit having an improved modular arm.

BACKGROUND OF THE INVENTION
Various types of rotary drill bits or rock bits may
be used to form a borehole in the earth. Examples of
10 such bits include roller cone bits or rotary cone bits
often used in drilling oil and gas wells. A typical
roller cone bit comprises a bit body with an upper end
adapted for connection to a drill string. A plurality of
support arms, typically three in number, depend from the
15 lower portion of the bit body with each arm having a
spindle protruding dovnwardly from said bit body and
radially and inwardly with respect to a projected
rotational axis of the bit body.
For some applications, modular construction
20 techniques have been used to fabricate drill bits from a
' bit body and modular support arms. Such modular support
arms often included a flat locating face extending in an

. undeviated or line of sight path to the bit exterior,
requiring that the length of the weld bead be
- 25 _ perpendicular to a radial line extending from the center

of the bit. This section of the weld joint or weld bead
perpendicular to a radial line rummning from the center of
the bit is known as the straight section of the weld



rotational axis of the bit body. ) For sone applications, nodul ar
construction 20 t echni ques have béeh 'used to fabricate drill bits froma
bit body and nodul ar support arns. Such nodul ar support arnms often
included a flat |locating face extending in an undevi ated or |ine of
sight ‘path to_the bit exterior, requiring that the length of the weld
bead be 25 WOIBERi cular to a radial 1ine extending fronPEHUS8%23,

of the bit. This section of the weld joint »r wel d.bead

perpendicular to a radial line running fromthe center of the bit is
known as the straight section of the weld WD 96/ 39568
PCT/ US96/ 08522 : 2 bead. The

profile of kt [lef &féa%ppmteﬁiawg%weopr&?ebwgﬁx spproachiﬁgfq;neflaQeWﬁﬁhdfaosi ted
near a pocke rned | e Dbi . ody was. conponl y. stra .

SUVMARY OF THE ITRENITREN"SS Sepositea TieaT. BoPASKER DrTIed AR ;‘#‘gs%ﬁf'
invention, the beody wagi souwmemiwetraightpr obl ens associ ated with previous

rolling cone drill bits have been substantially reduced 10 or
el i m nat ed In one aspect of the present invention, a nodul ar
support artis provi ded, which has a top surface, an inside surface,
an exterior sur{SIMMARYt DFaTHBI INVENTION formed as a part thereof, and a
bottom edge. The insiyge S e d Fi [J s ur% e are
contiguous at the 15 aES?f%%?%%d%ﬁﬁ‘f%% ?%%§8§ %é#ﬁﬂé%?ei ?rst si de and
a disadvantages and problems associated with previous

rolling cone drill bits have been substantially reduced

10 or eliminated. In one aspect of the present invention, a

modular support arm is provided, which has a top surface,
an inside surface, an exterior surface with a shirttail
formed as a part thereof, and a bottom edge. The inside
surface and the shirttail surface are contiguous at the
15 bottom edge. The support arm has a first side and a
second side extending from the inside surface. The
inside surface of the support arm includes first and
second angled surfaces, the lower portions of which form
an inwardly projecting wedge from the inside surface of
20 the support arm which forms an upper surface and a lower
edge on the wedge. The wedge-shaped projection is )
located on the inside of the quular arm longitudinally
between the journal end of the modular arm and the
locating features or openings on the inside surface of
25 the modular arm. Portions of the support arm, such as
the top surface and the inside surface, are sized to
allow securing of a portion of the support arm within a
pocket formed in the bit body. Depending upon the
application, multiple recesses and projecting wedge’s may
30 be utilized. _

The inside surface of the support arm includes means
for aligning and positioning the support arm within the
pocket during fabrication of the drill bit.

The pocket in the bit body is sized to receive the
35 . support arm and typically inbludes a back wall, a wedge-
' shaped recess having the general shape of a wedge with a



second side extending fromthe inside surface. The I nsi de surface of
the support armincludes first and second angl ed surfaces, the | ower
portions of which form an inwardly projecting wedge fromthe inside
surface of 20 t he support arm which fornms an upper surface and a | ower
edge on the m%ﬁge. The wedge-shaped projection is | ocated on the :
i nsi de of the WO8¢F%8 arm | ongitudinally - bet ween the PEIPHS08BAd of
t he nodul ar arm and the | ocating featdures or openings on the inside
surface of 25 the nodular arm Portions of the support arm such as
the top surface and the inside surface, are sized to al | ow securing
of a portion of the support armwthin a pocket formed in the bit

body. Depending 4eaRabACapex, a PRl GRkiraBe BYhbidd &d GRS BaRKANE1L at

roj ecti ng wedge' 3 be_uti |1 zed. ] . The jnside syrface of
the support  ar m HEI AHUETHREF,age, andt GPpopeghingLined |RIdes SHERTOLAS
support arm wi t hiontwaedly from priskddackumiaidd.f althe citcbimesi stildesdandl thet .
The pocket in thg Rk Qggfe\%?lﬂ%ﬁ%e}%gg{eg%%ﬁabgﬁaﬁéecdess el gl arm and

typically includes a_bac | . . recess having the
general shape of TRR&N¥GeLHPt inwardly projectingryedgagrfdhe support arm.
PCT/ US96/ 08522 A spindle is attached to the imeide surface aeagefit@pex,
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opposed inclined sides €X “g rom ]
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One advantage of the present invention is that the |
wedge-shaped triangular projection and its matching
wedge-shaped recess, when welded together, results in a
triangular shaped weld joint which reduces the tensile

15 loading across the weld joint. The reduction is tensile
loading across the weld joint substantially reduces the
likelihood of cracking in the weld joint. The projection
of the wedée-shaped portion into the machined pocket of
the bit also lengthens the weld bead over which stresses

20 can be distributed and thereby further reduces the
tensile loading across the weld joint.

The stresses are transferred from the arm to the
body through contact of the upéer surface of the
projection to the lower surface of the pocket. _This has

25 the effect of increasing the area over which the stresses
are transferred and allows for a smooth transition of the
stresses from the arm to the body without the stresses
being concentrated in any singe area of the arm or the
body. Additionally, the profile of the arm is blended

30 gradually into the wedge-shaped projection so that
stresses are transferred through the arm without
concentration in any single area of the arm.

Further advantages are realized by relocating the
weld heat effective zone from the heavily loaded portion

35 - of the arm to a lower stressed inboard portibn. Thus,

- the projection serves to distribute stresses imposed by



bott om edge and angl ed downwardly and inwardly wth respect to the

support arm A cutter cone assenbly is provi ded with an openi ng and
a chanber for nounting the 10 cutter cone assenbly on the spindle.

One advantage of the present invention is that the wedge- shaped
triangul ar pro ectlon and its matching wedge- shaped recess, when

wel ded togetheh’ ¥Pts in a triangul ar shaped wel d [PSEAE%M852N
reduces the tenS|Ie 15 | oadi ng across t¥e weld joint. The reduction is
tensile | oadi ng across the weld joint substantially reduces the

|'i kel i hood of cracking in the weld joint. The projection of the
wedge- shaped portion into the machi ned pocket of the bit also

| engt hens t he weh@nREadtayehg Whe bit [0S eBat28tresséd Mk béinibhi But €k and

t hereby further duc across the weld J oint.
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the profile of theguiacPhended dfh veddedyabide! Bl hipatedge- shaped

proj ection so that tresses are erre t arnlmnthout
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portion. us, the proj €CtTon Serves u esses |nposed
by V{y@mgeggyggd w1th minimal overlaps and undercuts.

PCT/ US96/ 08522 configuration resulting from the tedching of the present
invention is less fatiguing for the welde:.

15 .
RIEF DESCRIPTION O ED TN

For a more complete understanding of the present
invention, and the advantages thereof, reference is now
made to. the following descriptions taken in conjunction

20 with the accompanying drawings, in which:

FIGURE 1 is a schematic drawing in elevation and
section with portions broken away of a rotary cone drill
bit, incorporating features of Ehe present invention
attached to one end of a drill string disposed in a

25 borehole;

FIGURE 2 is an isometric drawing showing a partially
exploded view of a rotary cone drill bit incorporating an
embodiment of the present invention;

FIGURE 3 is an exploded drawing in sections showing

30 portions of a one-piece bit body, support arm, and cutter
cone assembly incorporating an embodiment of the present
invention;

FIGURE 4 is an isometric drawing of the support arm
of the present invention; ’

35 _ FIGURE 5 is a drawing in elevation of the support
arm shown in FIGURE 4;



manuf acturing the bit so that stresses are benign to the structural
integrity of the welded support arnms. Wt hout this projection,
cracks may formas a result of manuf acturi ng and operationally

| nposed stresses across 5 the weld attaching the armto the body.
“Additienally, the adoption of a generally triangular configuration
for the wedge Y@hﬂ%ﬂ@@gthe nunber of segnents of wel di RETAISIFA85R
necessity for the welder to reach ardund behind the armto weld the
I sol ated central 10 segment. The welder is therefore able to produce a
sounder weld with m nimal overlaps and undercuts. The configuration
resulting fromthe teaching of the present I nvention is |ess
fatiguing for the vel ggsugr d¢5is a qravBRLEEaRERCRIES QNdd eLHEBRAW NGS
For a nore conpl ete _under st apndi ng of.the pr esent I nvention, and the
advant ages thereSFFUEEféfeﬂﬁa IS now made to the foll ow ng

descri ptions taken i nFTGURENTtism Arawing tin Bbetiox onpn\porgidnawi ngs, in
whi ch; | mapy' d N I ¥ﬁ&h a

section with por argﬁéggggﬁ%nbgmﬁy‘?gf a r%?'&%gégnga%%; . Qﬂ‘tb?.?m

i ncor por at ithg f eatGrEEeds theretp oidb fecord@Rceowith an embodiment ©F bhe end

of a drill stringrésspostavént oS bor ehol e; FIGURE 2 is an
i sometric drawi ng showi ng a partially expl oded view of a rotary cone
drill bit incorporating an enbodi ment of the present invention;
FIGURE 3 is an exploded drawing in sections show ng 30 portions of a
one- pi ece bit body, support arm and cutter cone assenbly

i ncor poratifng an | r avention;

FI GURE 4 fgpan iD% ﬂbﬁ? sCet T Fof of the present

i nvention; 35 The| pxpferred enhadimenysi aferhe presenyt imyensdpgport

arm shown in Fl Gdnd 4ts advantages are best understood by referring to
FIGURES 1-7 of the drawings, like numerals being used for
like and corresponding parts of the various drawings.

15 For purposes of illustration, the present invention
is shown embodied in rotary cone drill bit 20 of the type
used in drilling a borehble 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

20 preferably includes threaded connection or pin 44 for use
in attaching the drill bit 20 with drill string 22.
Threaded connection 44 and the. corresponding threaded
connection (not shown) associaﬁed with drill string 22
are designed to allow rotation of drill bit 20 in

25 response to rotation of drill string 22 at the well
surface.

In FIGURE 1, drill bit 20 is shown attached to drill
string 22 and disposed in borehole 24. Annulus 26 is
formed between the exterior of drill string 22 and the

30 interior or wall 28 of borehole 24. In addition to
rotating drill bit 20, drill string 22 is often used to
provide a conduit for communicating drilling fluids and
other fluids from the well surface to drill bit 20 at the
bottom of borehole 24. Such drilling fluids may be

35  directed to flow from drill string 22 to various nozzles
60 provided in drill bit 20. Cuttings formed by drill
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FIGURE 6 is a draw ng taken along |line 6-6 of FI GURE 5; and

FIGURE 7 is a drawing in section with portions broken away of a
unitary bit body having a support arm 5 attached thereto in accordance
w th an enbodi nent of the present invention. 10 DETAI LED
DESCRI PTI ON OFWPRHEEPS@/ENTI ON The preferred enmbodPEE/SAEE22t he
present invention and its advant ages @are best understood by
referring to FI GURES 1-7 of the drawi ngs, |ike nunerals being used
for | i ke and correspondi ng parts of the various draw ngs. 15

For purposes of illustration, the present invention I S shown
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referred to as a™
bit 20 20 prefandalrlejzuirnctudebetwmda@:tfacanvmal ammwlusi26.44 for use

in attaching the drillpohi £o20, i ddhd afgilusseog»cnaozzumng actmegged

connection 44 and th corresp ond| read connegti.on (not shown)
associ ated Wi th @Y 1§FrPﬁ5199 occhrs A% SUHEST oFiRRe 13PN EFo 9P| BFR® of
drill bit 20 in Zwolled arepndsthé bottiont iofn bolretolé | 245tby nptakian ofie wel |

surface. drill string 22. The resulting inside diameter of
' borehole 24 defined by wall 28 corresponds approximately
with the combined outside diameter or gage diameter of

10 cutter cone assemblies 100. Cutter cone assemblies 100
cooperate to cut the diameter of borehole 24 defined by
wall 28 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.”

15 As shown in FIGURES 1, 2, and 3, each cutter cone
agssembly 100 includes protruding inserts 104 which scrape
and gouge against the sides and bottom of borehole 24 in
response to weight and rotation applied to drill bit 20
from drill string 22. The position of the inserts 104

20 for each cutter cone assembly 100 may be varied to
provide the desired downhole cutting action. Other types
of cutter cone assemblies may be satisfactorily used with
the present invention includiné, but not limited to,
cutter cone assemblies having milled teeth instead of

25 inserts 104. _

Drill bit 20 preferably comprises a one-piece or
unitary bit body 40 with upper portion 42 having threaded
connection or pin 44 adapted thereto to secure drill bit
20 to the lower end of drill string 22. Three support

30 arms 70 are preferably attached to and extend
longitudinally from bit body 40 opposite from pin 44.
Each support arm 70 preferably includes a spindle 82
connected to and extending from inside surface 76 of the
respective support arm 70.

.35 _ Bit body 40 includes lower portlon 46 having a
generally convex exterior surface 48 formed thereon. The



In FIGURE 1, drill bit 20 is shown attached to drill string 22 and

di sposed in borehole 24. Annulus 26 is formed between the exterior
of drill string 22 and the 30 interior or wall 28 of borehole 24. *In
addition to rotating drill bit 20, drill string 22 is often used to
provide a conduit for comunicating drilling fluids and ot her fluids
fromthe wel | YEQPFE® to drill bit 20 at the bot t om oPCHUPMEAERE 24,
Such drilling fluids may be 35 directed®o flow fromdrill string 22 to
vari ous nozzles 60 provided in drill bit 20. Cuttings formed by
drill WD 96/ 39568

PCT/ US96/ 08522 6 bit 20 and
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The number of pockets 54 is selected to correspond to the
number of support arms 70 to be attached thereto. The
spacing of pockets 54 with respect to each other in the
exterior of bit body 40 is selected to correspond with
15 the desired spacing of support arms 70 and associated
cutter cone assemblies 100.

As shown in FIGURE 2, each of the pockets includes
back wall 64 and two inclined side walls 66 and 68 angled
outwardly from back wall 64. Back wall 64 begins at

20 upper surface 65 of pocket 54 and extends longitudinally
through a portion of pocket 54. The dimensions of back
wall 64, and side walls 66 and 68 are selected to be
compatible with the adjacent'iﬁside surface 76, sides 132
and 134, and top surface 74 of the associated support arm

25 70. First and second posts 53 and 55 are positioned on
back wall 64 and are sized to receive first and second
openings 75 and 77 of an associated support arm 70.

Near the lower portion of pocket 54, a wedge-shaped
recess 121 is formed by lower surface 67 of pocket 54 and

30 side walls 66 and 68. Lower surface 67 of pocket 54 is
generally triangular in shape. The connection of one
side of triangularly-shaped lower surface 67 and back
wall 64 preferably forms a radiused or rounded edge 69.

"~ 8imilarly, as shown in FIGURE 7, the connection of lower

35 = surface 67 and side walls 66 and 68 forms a apex or
rounded corner 73. The combination of lower surface 67



response to weight and rotation applied to drill bit 20 fromdril
string 22. The position of the inserts 104 20 ~ for each cutter cone
assenbly 100 may be varied to provi de the desired downhol e cutting
action. Qher types of cutter cone assenblies may be satisfactorily
used wi‘t h t he present invention including, but not Iimted to,

cutter cone adﬂ%ﬁ%ﬁé& having nmilled teeth instead of 25 PCTUS96(08522 04
Drill bit 20 preferably conprises a one-piec® or unitary bit body 40
wi t h upper portion 42 having threaded connection or pin 44 adapted
thereto to secure drill bit 20 to the lower end of drill string 22.
Three support 30 arns 70 are preferably attached to and extend

longi tudinal ly frgm tH:.TdebWéiléOs@p&%'ése fvcyerhes fézmn‘ag wedded@hapaapor t
arm 70 preferably includes a,spin and extendi ng

fraominside surfd&@FeRS JPlrnds PLiced ?%ﬁ?é’ﬁﬁv\?ewsagﬁo?}fa% ‘fnp)r@:'e\%l
Bit body 40 incl udss, |sheem fpor FIGURE G haofi mppport armgeher MddgecdRbeis
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PCT/ US96/ 08522 b IIERY BB Tnvdifly projecting Wehgl ﬁgga%erré‘ﬁy ons of

convex surface 4PERIeAGR inyardlywikh respect: o dpngtrdinale @%iSe$0106 are

sel ec:jed to optirbiac Bday do. Additienadeinweadliyopesiectingweligesf ahdt body
40 and cutter I c ts 5
resombl o5 00 r ARG rARBREEE By W upell GithCBhe Wrderdt ! {rient 20,

adj usting the Iength (WeltdherQEGC?l-%@e’eF fAFRec: O&r genvex surface,48 ﬁ@ :

spaci ng of each ipPBdyaly A0dotuhd kot lowertibet edge 7 tofb@aehdO.
10 pocket 54. Upon placement of support arm 70 in its
associated pocket 54, a length of weld 128, as shown in
FIGURE 7, is applied in weld groove 126 to firmly secure
each support arm 70 to bit body 40. :

FIGURE 3 is an exploded drawing that shows the

15 relationship between bit body 40, and one of the support
arms 70 and its associated cutter cone assembly 100. Bit
body 40 includes middle portion 52 disposed between upper
portion 42 and lower portion 46. Longitudinal axis or
central axis 50 extends through bit body 40 and

20 corresponds generally with the projected axis of rotation
for drill bit 20. Middle portion 52 preferably has a
generally cylindrical .configuration with pockets 54
formed in the exterior thereof.and spaced radially from
each other. . The number of pockets 54 is selected to '

25 correspond with the number of support arms 70 which will
be attached thereto. The spacing of pockets 54 with
respect to each other in the exterior of middle portion
52 is seiected to correspond with the desired spacing of
support arms 70 and their associated cutter cone

30 assemblies 100 with respect to longitudinal axis 50 and
the projected axis of rotation for drill bit 20.

Each support arm 70 has a longitudinal axis 72
extending therethrough. Support arms 70 are preferably
mounted in their respective pockets 54 with their

35 ~ respective longitudinal axis 72 aligned substantially



Bi t body 40 has a number of pockets 54 formed in the 10 exterior thereof

and spaced radially fromeach ot her. . The nunber of pockets 54 is
selected to correspond to the nunber of support arns 70 to be
attached thereto. The spaci ng of pockets 54 with respect to each

ot her .in the exterior of bit body 40 is selected to correspond with
15 t he deswP@®63%p8ici ng of support arms 70 and associ at ed PCT/US6/08833t t er
~cone assenblies 100. As shown i@ Fl GURE 2, each of the pockets

i ncl udes back wall 64 and two inclined side walls 66 and 68 angl ed
outwardly from back wall 64. Back wall 64 begins at 20 upper surface 65
of pocket 54 and extends longitudinally t hrough a portion of pocket

54. The di nensi ‘HL%:a‘ifleEa%EtP sach JBldr Gha YAdnS 18AIBLLESE B0b 6B e

selected to be acent I'nsi de surface 76, sides
132 - and khe a@rﬁi’@cﬂ-éﬁe@ub?r-‘éc@dm%ﬂ the associ ated support arm 25
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8 perimeter of wedge 125. Because of the triangular
configuration of weld groove 126, weld 128 does not
include any length that is perpendicular to a radial line
extending from longitudinal axis 50 of drill bit 20. The
15 absence of such a length of weld reduces the tensile
stresses from the attachment of support arm 70 to bit
body 40 at its associated weld groove 126.
Each cutter cone assembly 100 is preferably
constructed and mounted on its associated spindle 82 in a
20 substantially identical manner. Each support arm 70 is
preferably constructed and mounted in its associated
pocket 54 in substantially the same manner. Therefore,
only one support arm 70 and cuéter cone assembly 100 will
be described in detail since the same description applies
25 generally to the other two support arms 70 and their
associated cutter cone assemblies 100.
Support arm 70 has a generally rectangular
~ configuration with respect to longitudinal axis 72.
Support arm 70 may have various cross-sections taken
30 normal to longitudinal axis.72, depending upon the
configuration of the associated pocket 54 and other
features which may be incorporated into support arm 70 in
' accordance with the teachings of the present invention.
Support arm 70 includes top surface 74, inside surface
35 ~ 76, bottom edge 78, and exterior surface 80. Support arm
70 also includes sides 84 and 86 which preferably extend



and side walls 66 and 68, together form ng wedge-shaped recess 121,

IS sized to receive wedge-shaped projection 125, shown in FI GURE 4,
of support arm 70. Wedge 125 is designated as an inwardly projecting
wedge because it 5 projects inwardly with respect to |ongitudi.nal axis
50 of - bit body 40. Additional inwardly projecting wedges and

mat chi ng reced¥Q be used with the present invention. PCI/US96/08522 \ns|
groove 126 is formed on convex surface 48 @0 bit body 40 and runs

al ong | ower nost edge 71 of each 10 pocket 54. Upon pl acenent of support
arm70 inits - associ ated pocket 54, a length of weld 128, as shown
in, . FIGURE 7, is applied in weld groove 126 to firmy secure

each support arnpdfalleDitdo kadh 68her and longitudiehiREaRiss72an ephd oded
drawi ng t hat shoglf t he, 15

relationshjp between bit body 40, and one of
t he support MENFROTR,) A SO g&gEE%@f%f é%t cﬁ?t‘:?‘eﬁuggﬂﬁt a%%rﬂﬂa yF00. Bit
body 40 i ncl udesseilekcted guy beowohPatiibbeswitlhdtheeassoppated pocketpdrt.i on 42
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pockets 54 wi th angled reaamfaiest 04@a8hd ol & rforvmedradgstcent othafetto .ddiThe
portion 4 52,4 . A p??gf ' desi . spaci ng of .
support arr?s 70 gn%ffﬁlexf'afﬁgo%s%gi gggé&%u eraqtlcet)nr)’e6t glgy B8 gggle%gl ies 100 with

respect to | ongi PueRtARtially betysen top suxface 74 arflchobkor @399 JBati on
for drill bit 20Inside surface B&ChAnduaReéEticy ButEalkesse aveotdnttigidusaxi s

rou o 115 S USSR BB B ol b o
| ongi t udi nal axi €Xterigy aggh§Pafiermed adjacent to bottom edge 78 is
: 15 often referred to as shirttail surface 88.

Spindle 82 is preferably angled downwardly and
inwardly with respect to both longitudinal axis 72 of
support arm 70 and the projected axis of rotation of
drill bit 20. This orientation of spindle 82 results in

20 the exterior of cutter cone assembly 100 engaging the
side and bottom of borehole 24 during drilling
operations. For some applicat%ons, it may be preferable
to position each support arm 70 and its associated

) spindle 82 with cutter cone assembly 100 at an offset

25 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

30 or eix degrees or zero inches to one-half inch in the
direction of rotation of drill bit 20.

~As shown in FIGURE 3, each cutter cone assembly 100
preferably includes base portion 108 with a conically
shaped shell or nose 106 extending therefrom. For some

35 _ applications, base portion 108 includes a frustoconically
shaped outer surface 110 which is preferably angled in a
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9 parallel with each other and with |ongitudinal axis 50 of

t he associated bit body 40. Each support arm 70 is preferably
wel ded within its associ ated pocket by a series of welds, not all of
which 5 are shown. Weld groove 126 is forned on convex surface
48 and runs ap%%ﬁm?ﬂmernnst edge 71 of pocket 54. Ve | POBESIs8SaE o ced
in weld groove 126 to assist in secufilng each support arm 70 to bit
body 40. Weld groove 126 and weld 128 are of a generally triangular
10 configuration, corresponding approxinmately to the |l ower

perineter of wedge 125. Because of the triangul ar configuration of

O AL B e TR UL el on
dri.l 1" bit 20. TH’e1a ine i“é?ﬁ?eﬁé‘éké?c% q’r‘é&b mggﬂp?%%%é’e@at%

tensile sto geaetd chisomift hashdée aimrfade F6 s:fpphet asgocidted bit
body 40 at its lbd groove 126. Each cutter cone
assenbly 100 S pwégera%ﬁmwg constructed and nounted on its associ ated

spindl e 82%in a 20 BaS?uE@F&HPPaFP§ prrEarably dRcivdes epeping gt arm 70
i's pr ef erveidlly di@iibleirughedeRbending ikt ricms asnambei»e:nu

pocket 54 in su Ther.ef g one
Suppor t arm 70 E%ﬁafg%igly Shend8 EnEBUN ppal 0¥ 858 ingo nosdTude 07°
detai | since theTaafimensdons: pénopppiresl3as in chgmheralldy 2%° t#plegtesdt two
support arnms 70 tenchlletd mounting 65Seadchicitt 1l cdheC aB8embIe D0 an &

Support a5 70 N AR kgt e°bAN S or more sa%aggrgiﬁg&moﬂ@

respect to longitu ave varl ous
cross-sections t¥d@rRxsp prefexabiu m@@m%ﬁhg:m tﬁﬂlr!’ﬁlleaﬁ?salﬂ dgepesefl ng upon

t he between a bearing wall (not shown) within chamber 114 and
annular bearing surface 81 on spindle 82.

Cutter cone assembly 100 may be retained on its

15 associated spindle 82 by inserting a plurality of ball
bearings 124 through ball passageway 96 extending from
exterior surface 80 of support arm 70 through spindle 82.
A matching ball race (not shown) will typically be
provided on the interior of cutter cone assembly 100.

20 Once inserted, bali bearings 124 in cooperation with ball
race 98 and the matching ball race (not shown) on cutter
cone assembly 100 will prevent disengagement of cutter
cone assembly 100 from spindle 82. Ball passage 96 may
be subsequently plugged by welding or other well-known

25 techniques. For some applicatioﬁs, a ball plug (not.
shown) may also be placed in passageway 96.

As shown in FIGURE 3, 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

30 provide cavity 90 for installing a lubricant reservoir
(not shown) therein.

For one embodiment of the preseﬁt invention as shown
in FIGURES 4 and 5, first opening 75 and second opening
77 are formed on inside surface 76 of each support arm

35 ° 70. First post 53 and second post 55 are preferably
located in back wall 64 of each pocket 54. Posts 53 and



configuration of the associ ated pocket 54 and. ot her features which

may be incorporated into support arm 70 in accordance with the
teachi ngs of the present invention. Support arm 70 i ncludes top
surface 74, inside surface 35 76, bottom edge 78, and exterior surface
80. Support arm 70 al so includes sides 84 and 86 which preferably
ext end WO 963956 96/ 39568 PCT/US96/08522
PCT/ US96/ 08522 12 10 parallel to
each other and |ongitudinal axis 72. The di mensi ons and
configuration of each support arm70 are sel ected to be conpatible
with the associ ated pocket 54. As shown in FIGURES 2 and 3, a
portion of each sgpnttend radiadfiiy FPomi Sl Hadgk WaE1! 6B €48 ved and
adj acent portions, of |n%lde surface 76, is sized to fit within the
associ at ed pocket¥sgpectively, tirst opgming, 15, and;gerApf R ht’dr %Borti on

142 with aag| vol pogiftdons eddd auppddb dmr MBdwadhaneits tassoetiatedhe 10
configuration of LOnsi ur f B oS ' t | als

bet ween top surfa%g %?asff‘d .bg‘%?orznﬁgdge %ﬂé@fé %%_tf‘ﬁs?ﬁg%%?f%g?eér%g%ﬁd
exterior suPface el CR&NMNGyT5upreierably icopprisffegiongitidinndpdittar m
73. The portion oéxtending e@tioty top surface B and wideddiacreteive [Hdirsem
edge 78 is 15 I to [ [ r

Spindle 82 is pr eﬁé%tgl;%/%fah%&{eg 'doﬁ%&%’?_ Iéf;ég%d'lg % E’gg?ﬁgg?%i’ryhavﬁ th respect
to both |ongitudigerexsdly rFirsular configiymiriongsized kadrerrive fesonrdd
axis of rotation pbst 55 thedeinl. bFirgd.opddiiny @5 ¢t preberaibls Foited 82
results i ny80

side and bottom o?é B%rlgﬁﬁelree “%mgﬁir %géé S#‘? fé)%ge%%%%gberlgqumﬂ%nt e
between the dimensions of support arm 70 and its
associated pocket 54 including the relative position of
first opening 75, second opening 77, and respective first
post 53 and second post 55.

15 ‘Ags shown in FIGURE 4, inside surface 76 of support
arm 70 preferably includes center portion 142 with angled
surfaces 144 and 146 extending longitudinally and
parallel with each other from top surface 74 to throat
relief .area 87 formed on the lower portion of inside

20 surface 76.

Inwardly projecting wedge 125 has first and second
inclined sides 132 and 134 extgnding from angled surfaces
144 and 146 of inside surface 76. The meeting of
inclined sides 132 and 134 forms a rounded apex 151 of

25 wedge 125. An upper surface 136 extends from center
portion 142 to sides 132 and 134, forming an upper edge
138 of wedge 125. Upper surface 136 is.substantially
perpendicular to center portion 142. As shown in FIGURE
5, upper edge 138 may be chamfered. Alternatively, upper

30 edge 136 may be rounded or radiused.

Because center portion 142 and upper surface 136 are
positioned against back wall 64 and lower surface 67,
respectiﬁely, when the support arm 70 is placed in pocket
54, upper surface 136 and center portion 142 are machined

35 ~ to provide locating surfaces for easy assembly of support



operations. For sonme applications, it may be preferable to position
each support arm 70 and its associ ated spindle 82 with cutter cone
assenbly 100 at an offset 25 fromthe projected axis of rotation of
drill bit 20. The desired offset can be easily obtained by form ng
t he - associ ated pockets 54 in the exterior of bit body 40 with

a correspondi NYOBB®E! from | ongi tudinal axis 50 of bit PCT/YS96/08822. The
anount of offset may vary fromzero to five130 or six degrees or zero

i nches to one-half inch in the direction of rotation of drill bit 20.
As shown in FIGURE 3, each cutter cone assenbly 100 preferably

I ncl udes base portion 108 with a conically shaped shell or nose 106

extending therefr ;.S a  cat . pPpLt J.ncl udes
a frustoconicall y"’&q;l 7 msg’gglecgéoa%'er IC@%uc% aclggﬁﬁ \%%lﬁ%ﬁ ‘l')é %glefvgel‘r{gﬁﬂ;
angled in a wedge-shapedggegesegl2l of pocket 54.

PCT/ US96/ 08522 The throat relief area 87 of shipport arm 70direction

opposite fromth I . SO i

backface 112 whi aﬁﬁ@fﬁﬂ'&f &ﬁgg éeé&gzi‘%gﬁ?%% stdtlS g(b)r%l%%i | rzl"sﬁode
surface 76 ®f theasidgeicemagction withpleyer adae7(52 gf wedge 125355¢
portion 108 pref enaidat ivadliegearanedy hd Aedge 125 Wrkhcshe: usl &t

extendi ng therefrom Ch er 114 r ef hl v _extends through base. 108
and into nose 106:°WeT © geTPréadi n%ﬁ‘g?’f)n%g%? J%r’&gﬂi%é‘pfﬁﬁag}ﬁ € e 114 are
sel ected texristngnlarodnt shgpef aadhintkudes eonoubsteast paw- d30-t s

10 associ at ed e 2% 70098 PosIPLiSh&E A HbckeeeBl| £8Sthat 122 are

Dot o3 O T Rk Dol 5130 (18 SBAAEe 1owerndSt"E5He P GE ! N0 V!
pocket 54. Once support arm 70 is positioned in a
respective pocket 54, weld 128 is placed in weld groove
126 to firmly anchor support arm 70 to bit body 40.

FIGURE 6 shows the lower portion of support arm 70

15 viewed along line 6-6 of FIGURE 5. Spindle 82 includes
axis 83 extending from inside surface 76 of support arm
70. A generally circular, flat machined surface 85 is
preferably formed adjacent the junction between inside
surface 76 of support arm 70 and spindle 82. Machined

20 area 85 wmay sometimes be referred to as the "last
machined surface or IMS" of support arm 70. Machined
surface 85 preferably has a generally circular
configuration defined by radius R, as shown in FIGURE 6
extending from axis 83 of spindle 82 which results in

25 machined surface 85 extending uniformly through three
hundred sixtj degrees around axis 83 of spindle 82.
Machined surface 85 and its associated radius R, cooperate
with exterior surface 80 to partially define shirttail
surface 88 and bottom edge 78 of support arm 70. Dotted

30 line 112 shown in FIGURE 8 corresponds to the outside
diameter of backface 112.

Extending from spindle 82 and ridges 150 to lower
edge 152 of FIGURE 6 is throat relief area 87. First and
second angled surfaces 144 and 146 extend from first and

35  Bsecond sides 132 and 134, respectively, of wedge 125.
First and second sides 132 and 134 lie between upper edge



annul ar bearing surface 81 on spindle 82. Cutter cone assenbly
100 may be retained on its 15 associ ated spindle 82 by inserting a
plurality of ball beari ngs 124 through ball passageway 96 extending
from exterior surface 80 of support arm 70 t hrough spindle 82.

A matching ball race (not shown) will typically be provi ded on the
interior of cuw;e assenbly 100. 20 Once inserted, BEFUSYORIZRNgs
124 in cooperation with ball race 9814nd t he natchlng ball race (not
shown) on cutter cone assenbly 100 will prevent di sengagenent of
cutter cone assenbly 100 from spindle 82. Ball passage 96 may

be subsequently plugged by wel ding or other.well-known 25 t echni ques.

For” sonme appl i Catlﬁ‘%ndalaﬁéi‘ eag@ 18Wlof wedge 3POWN)sdBshdicpeniagptaced in
passageway 96. hown in FIGURE_3, a portion of top surface

74, ext eriig fﬁff“F&cB“Bﬁemé% BRESOM 248 des 84 and 86 have
been r enoved fronltheFuﬁpaE poshmws1tﬂespkqu@menarnfiﬁmpppﬁﬁ)arm iPokhde

cavity 90 for ingy %tnmaokuﬁ{ec&m y [QPCT Ve 125 is (S41 3R wh BELST

For one enb dlne the present 1nvention a Fl GURES 4

~and 5, firs oper?ﬁﬁ’@eTS’héﬁﬁdsE‘Eﬁ?ﬁPc?p@m ng wela®] 128/7""51"?"5‘9 af’er}gdgﬂfﬁq’ﬁm de

surface 76 of eacizé seporesasupfdrt arm’ 70 tii petkebs¥4 S&E did dodynd0post 55

are preferably "o ggfgggégg i Pasire'd | HideObufpsht RAGKSi0 34 Posts 53

and
PCT/ US96/ 08522 Poesitioned in pocket 54 such that oygermost Polnt5§3@x%%nd

radial ly from eacdjarentwabwedros eédfei?aeof pocket rdspectlength ofi weld
0 T 0 S RSUNE I 381a groove®1abOrBELIEY ARSI 2 T
arm 70 to bit body 40. Weld 128 is triangular in shape
and lacks any length that is perpendicular to a straight
line runming from longitudinal axis 50 of bit body 40.
The absence of such a section of weld 128 prevents the
15 application of purely tensile stresses in the area of
weld 128. The gradual curvature of throat relief area 87
provides a means by which the stresses of support arm 70
are transferred uniformly to bit body 40, without
concentration in any single site on the support arm 70 or
20 bit body 40. The stresses from the support arm 70 are
transferred to the bit body 40 through the longitudinal
contact of wedge 125 with lower surface 67 of pocket 54.
The transfer of the stresses tﬁrough wedgellzs.further
" reduces the stresses on weld 128 which has the effect of
25 reducing the possibility of cracking in weld 128.
Although the present invention has been described in
great detail, it should be understood that various
changes, substitutions, and alterations can be made
hereto without departing from the spirit and scope of the
30 invention as defined by the appended claims.



pocket 54. For one enbodi ment of the_present invention, Illll ul Hmw "H
75 preferably conprises a |ongitu ﬁ@msgthTH tendl

surface 74 and sized to receive fi REPLA thereln “Second
opening 77 preferably has a configuration sized
to receive secgnd post 55 therein. First opening 75 is referably
formed 10 agmﬁmpgﬁﬁltudlnal sl ot to conpensate for any vaf@& RJ

bet ween t he di nensions of support arm 70 andSits associ at ed pocket
54 including the relative position of first opening 75, second
opening 77, and respective first post 53 and second post 55. 15

As shown in FIGURE 4, inside surface 76 of support arm 70 preferably
i ncl udes center qgggL%F_gﬁigﬂggﬂlgggled surfaces 144 and 146
extending longitudinally an parallel with each other fromtop
surface 74 to throat relief area 87 fornmed on the | ower portion of
i nsi de 20 surfacelz6. A support armramid:lu}tpro'penei agsewhlge £025 ahas

first _and second gri1i bitnﬁhbﬂﬁ Sipes ggg& é%&sgﬁéendlng fron1ang|ed
surfaces 144 and, 146 o |nS|de surface 7

The eti
inclined sides 132 anﬁai§45PBPﬂ§taaFBJﬁH@dEbBQXt??lsBFgE é%w%ﬂﬁideS An
upper surface 13tsurfiazedsahr exteebdersurface wdthi anshﬂittm]smiﬁiab& and

134, form ng an Iumedegge g part. {i@r&; £ WeOQF o 1%51:1:9@4%&9‘%‘5”&%.9—?% 18 FI GURE

substantial ly cert er portl
5, upper edge 13814F&3¢eb§u€ﬁ§ﬁ?e%@ sa}d SHAttadly supEpee SPRtiguans k36 may
be rounded or radsaiskthottom edge; Because center portion 142 and upper

curface. 1360are, . ASE U898 BORISL IS P botto Pl Uslptibate 67

respectlve y, when the suppor
surface 136 and center porFFBﬁt1iEda?%FQRA;ﬁﬁﬂéGd3§urfaFﬁspr%ﬂ#dk“*%bat|ng

surfaces for easy asseaitionb 68pHaid angled surfaces forming a wedge
projecting from said inside surface, said wedge
having a lower edge and an upper edge;
15 a center poition between said first and second

angled surfaces; and

a triangular upper surface extendlng
perpendicularly from said center portion to said
upper edge of said wedge;

20 a throat relief area connected to said lower edge of
said wedge;

the dimensions of said top surface and said inside
surface selected to allow secufing a portion of said
support arm.-within a pocket formed in said bit body;

25 a spindle attached to said inside surface near said
bottom edge and angled downwardly and inwardly with
respect to said support arm; and

means provided on said inside surface of sald
support arm for alignment and positioning of said support

30 arm within said pocket during fabrication of said drill
bit.

2. The.support arm and cutter cone assembly of
claim 1, wherein said means for alignment comprises a
35 ~ post corresponding to a opening.
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wedge- shaped recess 121 of pocke S SHEET HAS BEEN flhe t hroat r%l i'ef "ar &a 87
of support arm 70 gradual | Y_cur PEPWAGER di v fjr om spindl e 82 and
ridges -150 5 to its connection W th Tower edge 152 of wedge 125.

Throat relief AYQ¥38568and wedge 125 are contiguous at | REAEISIERB52 152 .
Lower edge 152 is upwardly curving, t dieangul ar in shape, and i ncl udes
an outernost point 130. Support arm 70 is positioned in pocket 54 so
that 10 outernost point 130 is adjacent | owernost edge 71 of

pocket 54. Once support arm70 is positioned in a respective pocket

54, weld 128 is pl aceds' n %‘eds%e“ ndl%%tttﬁrf bBHLyaé‘é&M g#pport
arm70 to bit bOdZ ‘I GUR % shows [ ower ortlon of

support arm 70 15 lainlyafhepedngspidneans cﬁoq:p@;gjggmgnt gesp R
i ncl udes aﬂiﬁsﬁ%ﬁ@ﬁﬂhﬂgpééﬂn&d)ﬂﬁeﬁtbrﬁlihbace & 6£ DEsiS LD Idecontd

(o7 mod o) acent { PROHHRE: M Ehal ARk Ruft Bhibe o » JongiMUEET] Y,

arm 70 and $pi ndI%ng Machi ned 20 area 85 may sonetines be referred to
as the "l ast nachl ned surface or LMS" of support arm 70. Machi ned

surface 85 preferably enerally circul con t|o deflned
by radius Rlerr] as sh 'vvn arﬁ‘%F arm an é‘s}’t‘:&ﬁ& ﬁﬁn?r%#e'&b

spindl e 82 which etaimtl mhezem saidcinside swtace gempxiseriisatdini for my
t hrough three wedgdB/ndred sixty degrees around axis 83 of spindle 82.
Machi ned sgpf ace 85. and its associated radius R err] cooperate W th
exterior sarface 80 to partially define shirttail surface 88 and
bottom edge 78 of suppivt a@he sippbettarim IHhd cutlterccéhd adwemblyn ofl GURE 8
corresponds to thg d f f 1;32”

Ext endi ng from spi n%#ﬁ %Hz%air?d.elfldsgi&r%"eéa@ retﬂ%lf dk&a es fgpfartdlgl GURE
6 is throat reliefremSpigh spipdie: tgpgpid Wedgesrecond ang| ed surfaces 144
and 146 extend fromfirst and 35 second sides 132 and 134,

respect i vehy, Of wedges 125.me puppofk! Shm Uith HELRE SbHESadSAmAY 34 |1

bet ween upper edge
claim 1, wherein said center portion blends smoothly into

said upper edge of said wedge.

\1/\? 96/ 39568 arm 70 in pocket 54.W PCT{ :)JS??{ ﬂmﬁ"l“ I“" "ll' " l“]
C

7. The support arm and cutter cone assembly of
20 claim 1, wherein said upper edge of said wedge is
chamfered.

This Sheet Has Been RTlac
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\1/\51) 90/ 39568 138 and | ower edge 152'07fH!8l®‘dm=ETJ.gA mmyﬂu'nﬂﬂnl"l"l
is formed on center portion 142. REPLNB.» inhoms thé ptackneht *
of support arm 70 in pocket bady Wedge 125 is

posi ti oned MALQ§3W§§@L wedge- shaped recess 121. A weld 128 within meld

gr oove res support arm70 to gocket 54 of bit

As shown in FIGURE 1, once support arm70 i% positioned in pocket 54
such that outernost point 130 is adj acent | owernost edge 71 of

pocket 54, a length of weld 10 - 128 is placed in weld groove 126 to
firmy secure support arm70 to bit body 40. Weld 128 is triangul ar

: n shape f and | ggks Rﬂﬁeﬂi&mtﬂ%ﬁo Eﬁbrh&aﬁﬁﬁ@e@dhé‘dﬁﬁr tsep@oetramht
ine running fro ongrtu X 0 0 ence
of .such a sectro?o wef ﬁl%"%%ﬂ}' Fi’é"b'lfgc’gy' %%'Eﬁuflcsaftngonhce)f SB

tensil e stressesofn the area of meld 128. The gradual curvature of

throaf relief area 87forming R PP %x%ﬁﬁﬁ%1ﬁ§ aﬁrg&ptgu%fad@esses of
support arm 70 ar e, transferre uni t _body .40, w thout

concentratidn in any SPRGIRI 3% ST5H eh§u§3358r¥na?ﬂtéTF?§P' Armihi ¢ pody
40. The stresses froﬁorhhugtmpmntem pottienewith firsgt carsd eeceddio the bit

body 40 through %glbanﬂﬁff@éé@ pposin Is’i‘ﬁles%f“@é‘ﬂ? cent et bBrEQEﬁE
surface 67 of pocket trans e stresses throgg wedge
ff

er
125 further gﬁf‘@%”?h% we @épﬁﬁ %Paeﬁﬁwmf&w% P ect of
25 reduci ng Bhe‘fpoescdmmm:t;edafbemmelnr sgidnfiest 428 .second angled
Al t hough tfe preg@g@abggentron has been described in great detail,

it shoul d be understood that various
forming an upper surface on said wedge shaped

projection extending from said center portion such that
the dimensions of said top surface and said inside
surface of said support arm are sized to allow securing a
15 portion of said support arm within a pocket formed in
said bit body;
forming a throat relief area extending from said
wedge-shaped projection; and
forming means on said inside surface for alignment
20 and positioning of said support arm within said pocket of
said bit body.

9. The method for fabrieating a modular support
arm of claim 8, wherein said step of forming an upper
25 surface includes the steps of:
forming said upper surface generally
perpendicularly to said center portion; and
joining said upper surface and said wedge-shaped
projection at-'an upper edge.
30 |
10. The method for fabricating a modular support
arm of claim 9, further comprising the step of forming a
rounded corner on said upper edge.
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changes, substitutions, and alterations _can be nad _ mummuu ﬂj’
departing fromthe spirit and scopg= 30, nes BEI nti onﬂ* | -!_i i Hs |!||

t he appended cl ai ns.

PCT/ US96/ 08522 : ' VWHAT | S

CLAI MED | S: A support arm and cutter cone assenbly for a
drill bit hawW&’é""?ﬁ‘? body conprising: 5 sai d supp&FP ?ff“ﬁ?zﬁavi ng
an top surface, an inside surface, aA8exterior surface with a
shirttail surface formed as a part thereof, and a bottom edge, with
sai d i nside surface and said shirttail surface contiguous at

sai d bottom edge; 10 said inside surface of said support arm

conpri si ng: 11. The fhééxgo&%xs%chae%sda%&@%,subgeri;ower

portions of said angled sur ac ormng a we ecting
from sai d inside %‘J?f‘gcé’ adw; §, Egieher °°“‘Pns?'n9h51i}? <P I?ﬁ/\g}a‘}@‘aﬁénﬁnd an
upper edge; 15 said upper sarfe&séer portion between said first and second
angl ed surfaces; and a triangul ar upper surface extending
per pendi cul arly fromsaid center portion to said upper edge of
sai d wedge; 520 - 12.5; Theomethed | k9T fabricakivgt adnedrlas (fuPQWEF- edge
of sai d wesige,0of claim 8, fuitiserlidoupaiieingothe astep f Dorinieg and

sai d inside upwittd13F €ubGi G Povds SdeYUeS BhE" EQn iUt '} 81 a5

throat relief area and said wedge.

10
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support armwithin a pocket formed in said bif hody:25 umluul"u H“le
attached to said inside surface n g gm e
éﬁf HAS B i .

downwardly and inwardly with _F@@% ;ﬂg?éﬁald sllpport afm and

means provi ded on said inside surf o support arm for

al i gnnment andﬁosi tioning of said support 30 armw thin said pocket
during fabri cXXQ¥RB%#8 said drill bit. . 2. PCTYBR96498833 or t
arm and cutter cone assenbly of claix@1, wherein said nmeans for

al i gnment conprises a 35 post corresponding to a opening.

WD 96/ 39568 : PCT/ US96/- 08522
16 3. The support arm and cutter cone assenbly of

claim 1, wherein sai a i . | s&5 - fi
second post corr espo%d?ﬁgrlfgtogatr?r scgﬂgﬁgééjé;g%){d& %or(r)nﬁ'gﬁi ﬁgj?&%}é@e?'n
sai-d Tirst openi AgWPEL&RDngitudinal 5 sl ot . 4. The

SUpPort arm and Cutt&(ij-:-lsm&)o%ﬁﬁ@ﬁbﬁﬁgoé number ¢f qidakk,tswﬁﬁméa $Ai the nsi de
surface conprise i . S 0. 5. The support arm
and cutter cone %’s‘é%%?f/ % Sal\ge%qgcpg‘lji}'ﬁ 1, wherein said throat relief area
curves upwérdly a nywhexn Sl syppayt carwos sexteninge downwardly from

and mounted on said bit body, said number of support arms
equal in number to the number of pockets formed in said
bit body, each of said support arms having a top surface,
an inside surface, and a spindle connected to said inside
10 surface, 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 and mounted respectively on one of
said spindles;

15 each of said inside surfaces of each of said support
arms comprising: '
first and second angled surfaces, the lower
portion of said first and second angled surfaces
forming an inwardly projecting wedge having an upper
20 and a lower edge;
a center portion between said first and second
angled surfaces; )
an upper surface extending perpendicularly from
said center portidp to said upper edge of said
25 wedge; aﬁd '
‘a curving throat relief area extending from
said lower edge of said wedge;

each of said pockets comprising a back wall, a lower

_ surface connected to said back wall at said rounded edge,

30 opposed inclined sides extending outwardly from said back
wall, and a wedge-shaped recess formed by the combination
of said inclined sides and said lower surface;

the dimensions of said top surface and said inside
surface of each of said support arms selected tq-allow

35 . for securing a porfion of said support arm within one of
said respective pockets, and the dimensions of each of
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15 6. The support arm and cutter cone assenbl yumun llLululupjum)
wherein said center portion blends snoothly into f
sai d wedge. 7. The - fiit er cone assenb

20 ciaim 1, wherein said upper|l esisSBEEEHAS B is

WD 96/ 39568 REPLACED pcT/lus96/ 08522

17 WO 9689568, et hod f or ating a nodul ar supp@CT/USENss22
for a drill bit having a bit body, conprisimep the steps

formng a support arm having an top surface; 5
surface on said support arm
first and second

portion

y of

chanft er ed.

of :

SUI"f ;':ICE; connect eds%ec% eSréégll %lg@gg& g%aéffejcor%ra%éfzgg §€ gﬂéjsur aces

for.mi ng an upper mhsawam recesscdfconh fedaid resp#@]:emlmﬂmﬁsenéndg
fromsaid center port In@anw@&obmaéd on saidérliRnsherscofosaddby @ surface

d d d
Socuring a 15 PG RS APRSSERh AT SHON i ARALDRE LT A a s

sai d bit bo8y;

10

15

20

25

30

14. The rotary cone drill bit of claim 13,
wherein each of said pockets includes a lowermost

edge formed at the connection of said pocket and said bit

body;

wherein said bit body includes a groove extending in

a triangular pattern along each of said lowermost edges

of said pockets; and

a length of weld in each of said weld grooves for
securing each of said support arms to said bit body.

15. The rotary cone drill bit of claim 14, wherein
egch of said lower edges of said wedges is upwardly

curving and includes an outermost point positioned

adjacent one of each of said lowermost edges of said

pockets.

16. The rotary cone drill bit of claim 13, wherein
each of said upper edges of said wedges forms a rounded

edge.

17. The rotary cone drill bit of claim 13, wherein
the connection of each of said bottom surfaces and each

of said inclined sides forms a rounded corner.

form ng an inside
formng a center portion with
angl ed surfaces on opposing sides of said center

pockets forf eddpnyent tamdposidionfingr of sxid rslippprir emmsai d
within said pockets during fabrication of said drill bit.
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wedge- shaped proj ection; and form ng nmeans ﬂwm”mmmmﬁ”“l
surface for alignment 20 and positioning of-sad su

sai d pocket of sald bit § . AS BEEN || 9. The net hod " or®
fabricating a nodul ar support jssquT E@Ia|n1p mhereln said step of

form ng an upper 25 surfaceil form ng
sai d upper surWVa@&3Y¥eherally per pendi cul arly to sai d cREVEPII8I2E| on;
and joining said upper surface ahd sai d wedge-shaped

projection at an upper edge. 30 10. The method for fabricating
a nodul ar support armof claim9, further conprising the step of '
formng a rounded corner on said upper edge.

Thi s Sheet Has Been Re | aced WO 96/39568

PCT/ US96/ 08522 The

met hod for fabricatind8a nBaal ¥etampsane drill béFH?%f°¥ﬁ¥ﬂ|%PS W?ﬁFFh%r
conprising the stembfmBaidmpser surfacesi dfupaeh ofirdaik support arms

v is a machined surface; and wherein each of said bottom
5 surfaces of each of said pockets is a machined surface.

19. The rotary cone drill bit of claim 13, wherein
each of said pockets includes a lowermost edge at the
connection of each of said pockets and said bit body;

10 : wherein each of said lower edges of each of said
wedges includes an outermost point positioned adjacent
said lowermost edge of each of said pockets; and

wherein said bit body includes a weld groove and
weld extending in a triangular pattern around each of

15 said lowermost edges for securing each of said support
arms to said bit body.

20. The rotary cone drill bit of claim 13, wherein
said means for alignment and pbsitioning comprises first
20 and second openings formed on each said support arms, and
first and second posts positioned on the back wall of
each of said pockets.
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5 ’ 12. The nethod for fabricating a nodul ar support ar m of
claim@8, further conprising the step of form ng an upwar dly curving
| oner edge at the connection of .said ; throat relief area and said
wedge. 10 WD 96/ 39568 '
PCT/ US96/ 0852 19 - 13.
rotary cone d%WPPaﬁﬁTsfor form ng a borehol e, conpr i sPREUSI6/08522
a bit body having a nunber of pockets forned in-the exterior of said
bit body; 5 a nunmber of support #ife extending downwardly from
and mounted on said bit body, said nunber of support arns equal in
nunber to the nunber of pockets forped—n sad-tg—-. bit body, each of
said support arms having a top sugface, -a®Pnside_surface, and a
spi ndl e connected to said inside 10 surfacef‘§§5ﬂ sp}aﬁ(},prdjecting
general ly downwardly and - imwardly with respegt to its associated
support arm g punber jof cutter cone aspenblies equaling said
nunber of support arns anf%ﬁ%%@ ed respectively on bNEeERERRL”” said

. . NP 1. . Y/ .
spi ndl es; 15 each o 4 dii nsi de surfaces of epts of said support
arns conpri sing: inrSt and second ng4?: surfaces, the
| ower portion of i rst and second ahgl g&surfaces
formng an inwardly projecti Tge havi ng an uppel
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20 and a | ower edge; a center -portion between

said first and second angl ed surfaces; an
upper surface extendi ng perpendicularly from said center
portion to said upper edge of said 25 wedge; and a
curving throat | ef area extending from said | ower edge of

sai d wedge; Wb Sessses each of said pockets conprising a bak

| ower surface connected to said back |1 at said rounded edge, 30
opposed inclined sides extendi ng outwardl ? 4 om sai d back wal |, and a
wedge- shaped recess fornmed by the conbination of said inclined sides
and said | ower surface; t he di nensions of said top surface and
sai d inside surface of each of said support arns selected to allow 35
for securing a portion of said support armw thin one of sai d
respelti ve pockets, and the dinmensions of each of WO 96/ 39568
20 : sai d wedges selected to allow for securing said wedge

withig said recess of one of said respective pockets; and ' nmeans
provi ded on said inside surface of each of sai d support arns and on
each of said back walls of said 5 qe¥ckets foraglignment and positioning
of said support arm J W't hin said poe g fabrication of said
drill bit. -

ofocCl @i m 13,
wherei n each of s @0




10 edge forned at the connection of said pocket and said bit body;
wherein said bit body includes a groove extending in a triangular
pattern al ong each of said | owernost edges of said pockets; and 15

a length of weld in each of said weld grooves for securing each of
15. The rotary cone drill

said support arns to said bit body.
bit of claim OBk n each of said | ower edges of SECHUSRS®8®E | s
upwardly 20 curving and includes an outernost point positioned
adj acent one of each of said | owernost eddg®gqof said pocket s.
16. The rotary cone drill bit of claim 13, wherein 25 each of said upper
edges of said wedges fornms a rounded edges 17. The :
rotary cone drill bit-of claim13, wherein F; t he connection of each of
said bottom surfaces and each 30 o] ' ' iﬂfs forns a rounded
cor ner. WD 96/ 39568

18.

PCT/ US96/ 08522 20
The rgtary cone drill ‘Dt of claim1

72
74
i *3/_}75
.
QQ l
0 ' /.\};5

DA\

81
80"
96
88
78 85
120
108

110
; 104



each of said upper surfaces of each of said support arns s a

machi ned surface; and wherein each of said bottom 5 surfaces of each

of said pockets is a nmachined surface. 19. The rotary cone

drill bit of claim13, wherein each of said pockets includes a

| ower nost edge_at the connection of each of said pockets and said bit

body; 10 WOSRREPRi n each of said | ower edges of each of PERUS

wedges includes an outernost point positioned adjacent sai d | ower nost

edge of each -of said pockets; and - 4/%wherein said bit body includes
Rl T gxQund each

a wel d groove and wel d.extendiqg in a triang
of 15 sai d | ower nost edges f curing each d
arms to said bit body: 33. The rotar
13, wherein sai d nmeans f/for tgnment and g
20 . = and second openi nd84 f g md%each sai d gug
first and second posts post ned op~444 back

pockegs.
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