WO 96/ 05403 PCT/ US95/ 10050 1 MODULAR
ROTARY DRI LL BI T TECHNI CAL FI ELD OF THE 1 NVENTI ON Thi s i nvention rel ates in

general to rotary drill bits used in drilling a borehole in the earth and:
inb5 p&ot96esd0ar to a drill bit having a one piece bit bpoyusss/ieesme or
nore support arns attached to the bit body. WO 96/ 05403

PCT/ US95/ 10050 BACKGROUND OF THE | NVENTI ON Various types of rotary dril
bits or rock bits nay be used to forma borehole in the earth. Exanpl es of
such rock bits include roller cone bits or rotary cone 5 bits used in
drilling oil and gas wells. A typical roller cone bit conprises a bit body
with an upper end adapted for connection to a drill string. A plurality of
support arns, typically three, depend fromthe | ower end portion of the bit
body with each arm having a spindle 10 protrudlng radially inward and
downward with respect to a projected rotatilonal axis of the bit body.
Conventional ‘roller cone bits are typlcally constructed in three segnents. -
The segnents may be positioned to et her itudinally with a weld groove -
15 bet ween each segnent. gbéﬁeﬁggAgﬁyDBﬁéﬁ BéTmelded wi th each

ot her using conventi onal techniques to formthe -

'TECHNICAL FIELD OF THE INVENTION
This 1nventlon relates in general to rotary drill

bits used in drilling a borehole in the earth and in
5 ‘particular to a drill ‘bit having a one piece bit body
with one or more support arms attached to the bit body.



bit body. Each segnent al so includes an associ ated support arm extendi ng
fromthe bit body. An enlarged cavity or passageway is typically forned in
the bit Q8§§66§93 to receive drilling fluids fromthe drill string. US.
Pat ent 4, ; entitled, Positioning Systgmfor Rock Bit REVHSMH(0&Hows a
met hod and apparatus for constructing a three cone rotary rock bit from
three individual segnents. U S. Patent 4,054,772 is incorporated by 25
reference for all purposes within this application. A cutter cone is
general ly nounted on each spindle and supported rotatably on bearings

acting bet weenBAGKGROUND| OFaTHE! MMVENTIBN of a spindle receiving cavity in
the cutter cone. . _Nmre nozz e fo on 30 t he undersi de
of the bit body a(?jngggﬁfmtso ?R&ss&%&@%ﬁ%ér{rﬁ%&i@g zpeki bitsampy

positioned to beéreseddtol form &l Botadrsls Nih AWEVGE SN . f r BRBIBEedr biFl
string WO 9 CT/ US95/ 10050

4 . . .
3 through the %é?ébggﬁkt B#&Fq 1PFdUsis BRRIRT 13RPD PR RF LEPEBEYOFRES.
Drillindfluidoibsgesedalihydpidliised diyl tdrrd djds lwelIsng Aotpgitaim several

borehol 6. cf oah boCT hECBE PLF CHMBE LERT) % 15 ITRAY HEL by 8P 1UBDPACRRR y
outward and t hadepbedr fowi tbnnechdomnd us diefinestPoigeenat peuesl ¢Eiyob£of
the bit body agd,sort arms, typically three, depend from the lower end
portion of the bit body with each arm having a spindle
10 protruding radially inward and downward with respect to a
projected rotational axis of the bit body. -

Conventional roller cone bits are typically
constructed in three segments. The segments may be
positioned together longitudinally with a weld groove

15 between each segment. The segments may then be welded
with each other using conventional techniques to form the
bit body. Each segment also includes an associated
support arm extending from the bit body. An enlarged
cavity or passageway is typically formed in the bit body

20 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

25 reference for all purposes within this application.

A cutter cone is generally mounted on each spindle
and supported rotatably on bearings acting between the
spindle and the inside of a spindle receiving cavity in
the cutter cone. One or more nozzles may be formed on

30 the underside of the bit body adjacent to the support
arms. The nozzles are typically positioned to direct
drilling fluid passing downwardly from the drill string



the wal |l of the borehole. U.S. Patent 4,056, 153 entitled, Rotary Rock Bit
with Multiple Row Coverage for 10 Very Hard Formations and U S. Patent
4,280,571 entitled, Rock Bit show exanpl es of conventional roller cone bits

W th cutteodgmsssassenbl i es nounted on a spindl e projecti ngcirfusy/fpose PPor t
arm U S. Patent 4,056,153 and U.S. Patent 34, 280,571 are incorporated by
reference for 15 all purposes within this application. Wile. drilling
with such rotary or rock bits, cuttings and other types of debris may
collect in downhole | ocations with restricted fluid flom1 Exanples of such

| ocations with restricted fluid flow include the 20 Eortion of
the bit body athEREER F%ethbtr%@%EcFPVérguBBSrP°EFﬁ§ ofhﬁhﬁnhﬂ gBodrea

bet ween the exp&{hgrrOiméle bbhPpﬂﬁgafﬂuiaeladgaﬁeﬂaw@l Prehaaa Bgr ehol e.

O her areas of restricted fluid flow may i1 ncludé_the backtace of
respective cutthe @shbl aﬁalmaetaapsr6¢rmssever@hefgegﬁhené 1nﬂ§u§1F§Sult

of coll ecting yaehifghaidy hieRISE PUAbYEA! o6 heubdrtbitoirs hgduced

even further resulting in_an increase in fluid velocity through such areas
and eros?on of ?ﬁ@hﬁh?acé%?aﬂ%@ﬁltb@nﬁ%ﬁﬁﬁ?scoﬁﬁsthﬁgdeF6§FUhnﬁr§§ﬁesses

vital Conponeﬂé§t€£&8safa&?ally §ﬁ€& P&Saﬁﬂdtﬁ€ﬂ|ﬁpﬂﬁfdbﬁleh@ﬁsﬁﬂeto
drilling fluids and well debris can | ead premature failure of the
associ at ed rocd®alus defined between the exterlor 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
10 Very Hard Formations énd U.S. Patent 4,280,571 entitled,
Rock Bit show examples of conventional roller cone bits
with cutter cone assemblies mounted on a spindle
projecting from a support arm. U.S. Patent-4,056,153 and
U.S. Patent 4,280,571 are incorporated by reference for
15 all purposes within this application.

' While drilling with such rotary 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

20 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 cones and the wall of

25 the borehole. As a result of collecting such debris, the
area available for fluid flow is reduced even further
resulting in an increase in fluid velocity through such
areas and erosion of the adjacent metal components. As
this erosion progresses, vital components such as

30 " bearings and seals may be exposed to drilling fluids and

| well debris which can lead to premature failure of the
associated rock bit. |



WD 96/ 05403 PCT/ US95/ 10050 4 SUMVARY
OF THE I NVENTION I n accordance with the present invention, the

di sadvant ages and probl ens associ ated with previous rock bits and rotary
cone dril ave been substantially 5 reduced or e :
aspect ofw{)ﬁjg;o%'rogsent I nvention includes agone-piece or un#'g)yg%%&obody ¢
whi'ch provides enhanced fluid flow around the exterior of the associated
rotary drill bit during drilling operations and enhanced fluid flow for
removal of cuttings and other 10 debris fromthe bottom of the borehol e
to the well surface. The lower portion of the bit body adjacent to the
associ at ed supSMMARY 'OF pTEE cEINMVENTIONI| udes a general l'y convex exterior
surface which elimpat f t n JUNN fluids
above a 15 cutt£$ %%n§£§§§€%b Etgsgﬁ% %f&%én@ gé% iéﬁ pgg? arm The
convex surfacedb#a¢VEntage%oﬂwdamnobbemsngSQQGMQDQdt%bthuppevioesnsock
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support arns @rpoikias venllramcerbcﬁmsdfﬂmmmd then exkexioerobrthé the
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_ and enhanced fluid flow for removal of cuttings and other

10 debris from the bottom of the borehole to the well " ‘
surface. The lower portion of the bit body adjacent to
the associated support arms preferably includes a |
generally convex exterior surface which eliminates

_ stagnationldf cuttings and/or drilling fluids above a

15 cutter cone assembly associated with each eupport,arm.
The convex surface of the bit body and spacing between
the support arms'prombtes movement of cuttings and any
other debris outwardlyffrom the cutter cone assemblies
towards the wall of the borehole and upward through the

20 annulus formed between the wall of the borehole and the
‘associated drill pipe. o .

Another aspect of the present inventlon includes a
rotary cone drill bit hav1ng a one-piece bit body with at
least three support arms disposed within pockets formed

25 in the exterior of the bit body. The dimen31qns 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-its_asseciated
pocket.

30 A further aspect of the present invention lncludes a

rotary cone drill bit having a one-piece bit body with at
least one support arm disposed within a pocket formed in



Sel ected such that a substantial portion of the thickness of each support
armis contained within its associ ated pocket. 30 A further aspect
of the present invention includes. a rotary cone drill bit having a

one- pi ecewh eda@ly W th at Ieast one support arm di sposed drhdesqedapcket
fofmed in WO 96/ 05403

PCT/ US95/ 10050 t he exterior of -the bit body The support arm may have a
general |y symmetrical configuration with respect to a |ongitudinal axis
extendi ng therethrough and an inside surface with a spindle projecting

i nwardly and downwardly 5 fromthe inside surface for nounting a cutter
cone assenbl y dihe exteniost abdhpibid odhe ST OFUPROTE AXD May | have &

oo Shirirer ) " Sy S o b O AR Ay BB fBbek pyrd 208 and
some 10 apmqrzgaimuﬂmak rex i repxtending cthexgiurough nand cam i inside
jvlu(rjz ﬁcgft?hlet ;ﬁ%f)fr ' %ﬂgﬁ} %&% ?%ﬁje a‘lpilp%van age@ é%?‘g‘\’%ﬁg‘iye
rotary céne dr iﬁnonbithmaknsig:laa wﬁqn@cﬁpmlmommnwa hewtporcons ar ns
Tventon | nel SYERRAY: Bt ik esid st p hdpe I Patbiot gk £265'
fabri cate each ingimgdes & mopﬁ\ls;n;f&ag/, desshixrt td ik esubfacecnandieca bottom
edge. The inside surface and the shirttail surface are
preferably contiguous at the bottom edge. For some
10 applications, the length of each support arm from its top.
surface to its bottom edge may be selected to be at least”
three times the width of the support arm.
~ Important technical advantages of providing a rotary
cone drill bit having a one-piece bit body with support
15 arms attached to pockets formed in the bit body in
accordance with the present invention include reducing
the overall amount of raw material used to fabricate each
support arm. Also, any desired offset between the
projected axis of rotation for the drill bit and the
20 associated cutter cone assemblies can be obtained by
varying the location of the respective pockets without
requiring a variation in the configutatioh of the support
arms and/or respective spindle projecting therefrom. By
eliminating the feduirement for providing an offset in
25 the support arm and/or twisting the support arm with
respect to its associated spindle, both manufacturing and
inventory costs may.be substantially reduced by reducing
the number of different types and designs of support
arms. Additional cost savings may be achieved by several
30 other factors including reduced shipping costs per
support arm due to reduced weight and more support arms
Can_be heat treated and processed at one time due to



projected axis of rotation for the drill bit and the 20 associ at ed
cutter cone assenblies can be obtained by varying the | ocation of the
respective pockets without requiring a variation in the configuration of

t he suppowi ssmsam3and/ or respective spindle projecting therpé&ro89s/18850
elimnating the requirement for providing & offset in 25 t he support ¢
armand/or tw sting the support armw th respect to its associated spindle,
bot h manufacturing and inventory costs nmaybe substantially reduced by
reduci ng the nunber of different types and desi gns of support arns.

Addi ti onal cost, savin na be chle ever al other_factors
i ncl udi ng reduRRESHF ceet guﬁﬁ%ﬁfeﬁfﬂ??ﬁ%ﬁ?ﬁﬁ?%ﬁ%cedA%§9ght and

nore support aféﬁeﬁaﬁamiﬁleaset*-@p\sedré“ﬂe@ﬁﬂﬁ@é%rﬂﬁg&ﬂ@nﬁfﬂ@tﬂ#ﬂnéo _
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reduced wei ghtaraq‘udf%mI%’Favéb?ﬁ?g?ﬁﬂ?’b\‘\fa%'éﬁinqeﬁﬁeﬁa’éﬁﬁ €et-ups are
required duri ﬁipd@ﬁltﬁ@cfolfla\gd@s\ﬂgﬁ eﬂ@én@@ adaé 0o Ostdmdardfzation 6fl es
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et aThed | S ﬁ#ﬁlﬂ?&‘éﬁé{’{ﬁ%&?%ﬁ%@”“ {ly surstantlaily
reducing the number of component parts which must be
maintained in inventory to produce the various sizes and
10 . types of drill bits. R
A further technical advantage of the present -
invention 1nc1udes.9051tioning_a lubricant reservoir
extending substantially_parallel'with the longitudinal
axis_of each support arm to provide greater ease for the
15 manufacture and assembly of the support arm and lubricant
reservoir. The location of the 1ubricant reservoir
better protects_an'associated cap which seals the
lubricant reservoir during downhole drilling operations.
_ In one aspect of the invention, a support arm and
20 cutter cone assembly mounted on a unitary bit body of a
_drotary drill bit provide superior erosion protection.
The assembly includes a support arm having an inside
surface, a shirttail surface, and a bottom edge. A
spindle is attached to the inside surface_and is angled
25 downwardly with respect to the support arm. The
dimensions of the support arm and various machined areas
formed on the inside surface of the support arm are
selected to optimize fluid flow with'respect to the
'support arm and cutter cone assembly'mounted on the
30 associated spindle. _ _ _
A further.technical advantage_of the present
invention includes the ability to manufacture a rotary



10 ~ types of drill bits. A further technical advantage of the present

i nvention includes positioning a lubricant reservoir extending
substantially parallel with the |ongitudinal axis of. each support armto
pravi de gr¥8P6P5484se for the 15 manuf acture and assenbl PCHUSIIB0OUppOT t
arm and lubricant reservoir. The location df the lubricant reservoir
better protects an associated cap which seals the |ubricant reservoir
dur-i ng downhol e drilling operations. In one aspect of the invention, a
support arm and 20 cutter cone assenbly nounted on a unitary bit body
of arotary dri i Vy .0 c QS§ p egll T ssenbl

i ncl udes a supp%é?gaéﬁgﬁgv#%g gﬁggﬁéiée8é§r¥§§¥,5§&sﬁp?§$5F|Qgﬁ?f%@éﬁe§nd a
bottom edge. A Empmdiéfferentatypest oft metenialls whithcésandrimalagghet 25

arm and vari oudPESEoEe PELAGCePUPREL pRbBResIHE, HLUBE pRBR-TperRc IR
arm are selecteﬂhecmammfattnrélafdafromamytbonespeilltbi;hgavmpgoatb?ﬁn1and
Fechni cal® advareoat 8, BaFBe LR hekis Carmedn a5 BhinBE PRI BRF 1/ yhE5eot.

manuf acture.a rotary . WD 96/ 05403
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cone drill bit having a bit body and support arns formed fromdifferent
types of materials which is nornmally not possible using typical processing

~ steps associated with the manufacture of a rotary cone drill bit having a
bit 5 woagseeund support arnms fornmed as an integral par tpdrigdoS2doso WO
96/ 05403 8 PCT/ US95/ 10050 8 BRIEF ¢

DESCRI PTI ON OF THE DRAW NGS For a nore conplete under st andi ng of the _
present invention, and the advantages thereof, reference is now made to the
fol |l ow ng descriptions taken in conjunction 5 wi th the accompanyi ng
drawi ngs, in which: Fl GURE 1 IS a schenatlc drawing in el evation and
section with et a.l. A pinmeyaeone drill bit, incorporating
features of the pr td féﬁ@cﬂﬂdefgt Bf tRedbtblest i N

di sposed in a 10 réﬂ¥ﬁg éﬁ?lJ 'S an |so§§?s?c raa?ng gﬁ%mnng a
partial |y explinkentieny And the aﬁ@%@m%ﬁ.them@fn nﬂé@f%ﬁeat:e n&S aRow
embodi ment of fo PGSR £ FMiRS: aés At foh @é‘k@ﬂpiﬂdéénflﬁﬂ&ti@n' n
~section show ng : port?%ns 0 &a one- plece %I body, support arm and
cutter done a§§@ﬂbl§h¢rﬁQﬂ?ﬂP@ﬂYh@Haﬁriﬁﬁﬁﬂﬁ wriehe present invention;

FIGURE 4 is an end pygyri1 1 & écﬁ@ﬁgthQEPbehg in elevation and

section with portions broken away of a rotary cone drill

bit, incorporating features of the present invention
attached to one end of a drill string disposed in a
10 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 section showing
15 portions of a one-piece bit body, suppbrt arm, and cutter
cone assembly incorporating an embodiment of the present'

invention; _
FIGURE 4 is an end view of the bit body shown in
. FIGURE 3;
20 FIGURE 5 is a schemati¢ drawing in section showing

an offset between the center line of pockets formed in a
unitary bit body incorporating another embodiment of the’
present invention and the projected axis of rotation for
an associated drill bit;

25 FIGURE 6 is a drawing in section showing an
alternative configuration of a pocket and support arm
incorporatihg a further_émbodiment of the present '

invention; _
FIGURE 7 is a drawing in section with portions
30 broken away showing a support arm having a lubricant

reservoir incorporating still another embodiment of the

present invention; and



FI GURE 3; 20 FIGURE 5 is a schematic drawing in section show ng an
of fset between the center |ine of pockets fornmed in a unitary bit body
i_.ncorporating anot her enbodi ment of the present invention and the proj ect ed
axi s of ro¥@®eBH03or an associated drill bit; 25 Fb&ERTSosiobd 2

dr awi ng in section showing an alternative comfl guration of a pocket and
support armincorporating a further enbodi nent of -the present invention;
FIGURE 7 is a drawing in section with portions 30 br oken away show ng a
support arm having a | ubricant reservoir ineorporating still another

enbodi nent of the erE,'ig% gventl on;, and WD 96/,05403

PCT/ US95/ 10050 FI GU n 1iSs GReisomedrif SF awingh oL khsounnants egwm i n
FIGURE 7. = WOsB6WAS4A3FIGURE 7.

PCT/ US95/ 10050 10 DETAI LED DESCRI PTI ON ‘OF THE | NVENTI ON The pref erred
enbodi nents of the present invention and its advantages are best understood
by referring to '



FI GURES 1-8 of the drawings, |ike nunerals being used for 5 i ke and
correspondi ng parts of the various drawi ngs. As shown in the draw ngs for

purposes of illustration, the present invention is enbodied in rotary cone:
drill bitwtPogafsagshe type used indrilling a borehole in th?c‘iﬁfsb&hoo tary
cone drill bit 20 may sonetinmes be 10 neferred 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 correspondi ng t hreaded connections (not
shown) associated 15  wth drill string 22 are designed to all ow

rotation of dri drill string 22 at the

wel | surface. As sh i e@i@lﬁ 4 ' HTRY. ; il
string 22 and dis o?gc} Pr?él?or eho éem%d;ﬁl\{nenu %Jsgfgoﬁw %Gﬁi@%%ﬁ cse}%we_en
the exterior ofng iliis advantagesadre hesthiundenstaoddy aferring diml e 24.

I n addition topeRE I £ j &y%,- id | ySityd | ; lﬁg%?t
provi de a condlﬂt fo?gg@n{nﬁ:‘rﬂ g'gitelt ng rlﬁqél'ngﬁﬁéui gs %r?ol’[% S %)1%. an oft}hrer
fluids fBom t hdike ansycoryespengiing pegts obitheyanique drawings |
borehole 24. Such gd I f;Lui j T, romdril
string 22 to vari oug'snggl??gls 1?0 pro%&@q}gﬁ% dﬁ;frlt ?ablﬁbgzégo%&t tings (not
shown) forned Bylystiration,2Ehenpresendt iavendtion ig embodimd dm glotary
borehol e 24 Wi Lhng e A idd iehe Wpe wdldd it P11y 'f HBAHALS

60 and return to the we surface via an
in the earth. Rotary cone drill bit 20 may sometimes be
10 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
15 with drill string 22 are designed to allow rotation of
drill bit 20 in response to rotation of drill string 22
~at the well surface. '
As shown in FIGURE 1, drill bit 20 may be attached
to drill string 22 and disposed in borehole 24. Annulus
20 26 is formed between the exterior of drill string 22 and
the interior or wall 28 of borehole 24. In addition to
rotating drill bit 20, drill string 22 is often used to
provide a conduit for communicating drilling fluids (not
shan) and other fluids from the well surface to drill
25 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
(not shown) formed by drill bit 20 and any other debris
at the bottom of borehole 24 will mix with the drilling
30 fluids exiting from nozzles 60 and return to the well
| surface via annulus 26.



WD 96/ 05403 ' PCT/ US95/ 10050 11 For
rotary cone drill bit 20 cutting action or drilling action occurs as cutter
cone assenblies 100 are rolled around the bottomof..borehole 24 by rotation
of drill ovowergs482. The resulting inside dianmeter of 5 PODUSYSM065024
defined by wall 28 corresponds approximatefy with the outside di aneter or
gauge di aneter 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 10 assenblies 100 may soneti nes

' FLGRES 1, 2" and FSragbhat, Fohe. Gra Lo bito Ry HHtiNG SRRERAS ng edges
102 wi th protr deiddings ectdohlécdursh asc icuitean dopel g sephiliss t100 wdrtes
2ppl i ed to ori FELBRR B3CRAR aB ot Ry Borehea 2 r AR A eages
102 and insertdriQd Striegc22cut The cesuliingiinside) diamdtervaf ed to
Doy O She) CoBohHod YR B, UR%p EriSetpEt Yerkimadhiy
i ncl udi ng, but with Ithe batstide diameteromr geugedidiemetear of Mutter t eet h
instead of Insghts LQ%emblibs"430%M Rltter LR sHeRBIIt LN dY !
cooperate with each other to form wall 28 of borehole 24
in résponse to rotation of drill bit 20. Cutter cone
10 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 edQes 102 with protruding
inserts 104 which scrape and gouge against the sides and
15 bottom of borehole 24 in response to the weight and
rotation applied to drill bit 20 from drill string 22.
The position of cutting edges 102 and inserts 104 for
each cutter cone assembly'loo may be varied to provide
the desired downhole cuttihg action. Other types of
20 cutter cone assemblies may be satisfactorily used with
| the present invention including, but not limited to,
cutter cone assemblies having milled teeth instead of
- inserts 104. Cuttings and: other debris created by drill
bit 20 may be carried from the bottom of borehole 24 to
25 the well surface by drilling fluids exiting from no#zles
60. The debris carrying fluid generally flows radially
outward from beneath drill bit 20 and then flows upward
towards the well surface through annulus 26.
Drill bit 20 preferably comprises a one-piece or
30 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



bit 20 may be carried fromthe bottom of borehole 24 to 25 t he
surface by drilling fluids exiting fromnozzles 60. The debris carrying

fluid generally flows radially outward from beneath dril

wel |

bit 20 and t hen

fl ows upvwod6oswards the wel |l surface through annulus 26. pEtiukosiiphse20

pr ef er abl

y conprises a one-piece or 30 1@nitary bit body 40 wth upper
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96/ 05403
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associated cutter cone assemblies 100 may be removed from

one bit body 40 - and used to rebuild another drill bi
Bit body 40 includes lower portion 46 having a
generally convex exterior surface 48 formed-thereon.
dimensions of convex surface 48 and the location of

- .cutter cone aSseﬁblies 100 are selécted to optimize
flow between lower portion 46 of'bit'body 40 and cut

t 20.

The

fluid
ter.

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 adjust
~ the length of the associated support arm 70 and the
spacing of each support arm 70 on the exterior of bi
body 40. |

~middle portion 52 disposed between upper portion 42

-~ lower portion'46. Longitudinal axis or central axis
extends through bit body 40 and ‘corresponds generall
with the projected axis of rotation for drill bit 20

- Middle poftion 52 preferably has a generally cylindr
configuration with pockets 54 formed in the exterior

ing

t

As shown in FIGURES 2 and 3, bit body 40 includes

and
50

Yy

ical

thereof and spaced radially from each other. The number
of pockets 54 is selected to correspond with the number

of support arms 70 which will be attached thereto.
spacing between pockets 54 in the exterior of middle

The



cone assenblies 100. As will be explained later in nore detail, the
| ocation of cutter cone assenblies 100 relative to | ower portion 46 may be
varied by adjusting the I ength of the associated support arm 70 and the 20

spaci ng oﬁwoasm&mypport arm 70 on the exterior of “bi't body g#8rp %ﬁ R in
FIGURES 2 and 3, bit body 40 includes m ddl g3portion 52 di spose Betmeen
upper portion 42 and |lower portion 46. Longitudinal axis or central axis
50.25 extends through bit body 40 and corresponds generally with the
projected axis of rotation for drill bit 20. Mddle portion 52 preferably
has a generally cylindrical configuration with pockets 54 formed in the
exterior theredPORhiPRpatedsr 881 8FF§df FonFeRERSPPREr Withethentesized of

pockets 54 is sepeeing betweehesEBpdry abmgh%nuﬂhe&he& ueegg‘-&a%ﬁs 70 .

whi-ch will be attached thereto. e spacing between poc
exterior of ni doEter 9@pg6pggg@§11es 100.  Any deszred offset with

PCT/ US95/ 10050 2dspect i 69 Pngftadiagicdxig SO"hRAPERY Brblelboalgaibefle

SpaCI ng b%t ween Sfoggort ar ne hel r assocl ate cone asse
100. Any Uesir kPbrtier fprndrilbebitt 30| Sagi cubteaxn cgnﬁsaseeahaxeaeloo

DLl s iop by e prsolasaony! Gaciliy) hb' p2BetoenCHY' Ehe Salociarey
gke . Varlous algernatlves with respect to offsets
w111 be discussed with respect to bit bodies 140 and 240
shown in FIGURES 5 énd 6 respectively.

10 - Each support arm 70 has a londitudinal axis 72
extending therethrough. Support arms 70 are preferably
mounted in their respective pockets 54 with their
respective longitudinal axis 72 aligned approximately _
parallel with each other and with longitudinal axis 50 of

15 the associated bit body 40. For one application poftions
of each support arm 70 may be welded within its
associated pocket 54 by a series of welds (not shown)
formed between the perimeter of each pocket 54 and the
adjacent portions of the associated support arm 70.

20 - FIGURE 3 is an exploded drawing which shows the
relationship between a portion of bit body 40, one of the
support arms 70 and its associated cutter cone.assembly
100. Each cutter coné assembly 100 is preferably
constructed and mounted on its associated spindle 82 in a

25 substantially identical manner. Each support arm 70 is
preferably constructed and mounted in its aésoqiated

" pocket 54 in substantiallylthe same manner. Therefore,
only one support arm 70 and cutter cone assembly 100 will
be described in detail sincé the same deécription applies

30 generally to the other two_support'arms 70 and their
associated cutter cone assemblies 100.



pocket 54. Various alternatives with respect to offsets will be discussed
wWth respect to bit bodies 140 and 240 shown in FIGURES 5 and-6

.respectively. 10 Each support arm 70 has a |l ongitudinal axis 72

extendi ng. .t heret hrough. Support arms 70 are preferably nounted in their
respecti vavP8¢MMPY 54 with their respective,longitudinal BGSISANISHNned
approximately parallel with each other and th longitudinal axis 50 of 15
t he associated bit body 40. For one application portions of each support
arm 70 may be welded within i.ts associated pocket 54 by a series of welds
(not shown) formed between the perinmeter of each pocket 54 and the adjacent

portions of the assogiippedtSHRPROTD AAE 40geRfrally recthh@l/rEr3 is an
expl oded dramnng whi ch shows the relationship between_a portion of bit body

40, one of the ﬁﬁﬁbgPriFﬁﬁn7UishdrPFEe§§sBEPS%EHdéBP%eréﬁngzass§HBP9rE00

Each cutter congrms3enkhy eaelbaspé@ﬁfi@bk&tseﬁstﬁyﬁhegesﬁécﬂvﬁateéoea—lts
associ ated spindle 82 in a 25 . substantially _identical nanner. Eac

support arm 70 $§°E+%$§rEBF?ncBﬁEP?&cF@dlﬂﬁﬂiﬁﬂﬁ%FéH ?%iﬁtzzassgbﬁated
pocket 545in’ SUSSHE: ﬂéhﬁetYoﬁthséﬁﬁ?Gﬁﬂnﬁim LI Qﬁé v99i¥doﬂﬁ support arm

70 and cutter cone assenbl . be descri be detail since the sane
descri pti on apprfeerdgnce Wﬁﬁheth?lPeﬁﬁh%hﬁso?ﬁeth?mbrgﬁﬁﬂﬁr%nﬁﬁﬁﬁlvg and

their aSSOC'atQﬂeﬁéﬁ&fﬁgCﬁﬁ@naéﬁé”Qﬁt@ﬁdé@oapplication for the
associated drill bit 20. Support arm 70 preferably has a
generally symmetrical configuration with respect to
10 longitudinal axis 72 when viewed from either inside q
‘surface 76 or exterior surface 80. Support arm 70 and
‘spindle 82 projecting therefrom also have a generally
symmetrical configuration with respecttto longitudinal
axis 72 when viewed from the end of spindle 82 opposite
15 from the associated support arm 70.
Support arm 70 includes top surface or upper end 74,
inside surface 76, bottom edge 78 and exterior surface
‘80, Support arm 70 also includes sides 84 and 86 which
preferably'extend perallel with longitudinal axis 72.
20  The dimensions of each support arm 70 are selected to be
| compatible with the associated pocket 54. As shown in
FIGURES 2 and 3, a portion of each support arm 70,
including upper end or top surface 74 and adjacent
portions of ins1de surface 76 and sides 84 and 86
25 extending therefrom, is sized to fit within the
associated pocket 54.
The portion of support arm 70 attached to the
| associated pocket 54 is defined in pert by the width of
support arm between side walls 84 and 86 and the
30  thickness of support arm 70 between inside surface 76 and
'exterior surface 80. For one application at least one
half of the thickness of this portion of support arm 70
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Support arm 70 has a generally rectangul ar configuration wth respect
| ongi tudi nal axis 72. Support arm 70 has vari ous configurations W th

respect towowesssssections taken normal to |ongitudinal axig 952ﬂ350
configuration of support arm 70 may be variagd in accordance mntﬁ

teachi ngs of the present invention dependi ng upon the intended application
for the associated drill bit 20. Support arm 70 preferably has a generally
symmetrical configuration with respect to 10 ‘I ongi tudi nal axis 72 when
- viewed fromeither inside_surface 76 or exterior surface 80. Support arm

70 and spi ndl e182PprERERPLYydinpPsRCWikbin ade ak tgehedaltioy thenmet ri cal

configuration abgbciagggcbobgekogqltudlnaI axis 72 when viewed fromthe end
of spindle 82 opp03|te fromthe associated support arm 70. Support
arm 70 includes top §uWF&éeb8reﬁﬁéé#néﬁdlaier'ﬁﬁl@@r§udﬁ&@617®1ﬁhﬁtcwnedge

78 and exteri OfeSEéEECEOSQIGUﬁBBpﬁr hﬁar 8, 79.n§é.l 8 s ﬁ‘i"f%@%sg%' g%@ %‘E and 86

whi ch preferablé ext'end parall | ohgi'tu axl s
di mensi ofs of B eﬁféaﬁpaﬁtdsﬁﬁred §pep§@wééeeaa¢éou§ é@nﬁutﬁbleﬁmuhb the

associ ated pockgéséfit fﬁv@ﬂﬁﬁ@n'” gh@“@gﬁfggﬁQ?tio gsqg.asd?¥gé

support arm 70, _i ncl udi ng er end or to ace 7 cent portlons
of inside surfAfemay HﬁHYSF §tent3ﬁa186bgsween &Qpeﬁurﬁgcbhéﬂehm@n i S

sized to fit vpoPtomt 84g@ST8C! aFsY PREX8hbddiment shown in FIGURES 2
and 8, ineide surface 76 includes angled surfaces 144 and

10 146 which will be discussed later in more detail. Inside
surface 76 and exterior surface 80 are contiguous at
bottom edge 78 of the respective support arm 70. The
portion of exterior surface 80 formed adjacent to bottom

 edge 78 is often referred to as shirttail surface 88.

15 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
each cutter cone assembly 100 engaging the side and

20 bottom of borehole 24 during drilling operations. For
some applications, it may be preferable to position each
support arm 70 and its associated spindle 82 with cutter

- cone assembly 100 having an offset from the projected ,
axis of rotation of drill bit 20. The desired offset can

25 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 in the
30 direction of rotation of drill bit 20.
If desired, the lower portion of support arm 70
could be twisted with respect to longitudinal axis 72 to



The portion of support arm 70 attached to the associ ated pocket 54 is
defined in part by the width of support arm between side walls 84 and 86
and the 30 - t hi ckness of support arm 70 between inside surface 76 and

exteri or wolbdikges 80. For one application at |east one halgeraisekigdso
thi ckness of this portion of support arm 16 WO 96/ 05403

PCT/ US95/ 10050 15 is preferably di sposed within and attached to the
associ at ed pocket 54. As will be expl ai ned later in nore detail wth
respect to FIGURES 7 and 8, inside surface 76 nay be 5 nodi fied as

desired to provide various features of the present invention. The
confi gur at i onPEPVAAS §Besdesiredroffsetvar Plodhs ERiNKddE . B2 condsh beop

surface 74 an@w@ekha%%daﬁgi%d Wakht E@sf,@eﬁedt@se%ngfi@mﬂzﬁlFlaﬁi@ESzZ

I nsi de surface 76 includes angl ed surfaces_144 and whi ch mnll be
di scussed | at Brovidgpthejdegired pifisgl .suHpyeyers: EHU‘@Hﬁ%%ngFh§Urface 80

are conti 9u0u§o§itheht oF %ﬁa_eaZ:%oe:fla%a pothkets ¥2 tePR®taidy Enid. The
portion of exterior surface 80 formed adjacent to bottom edge 78 is often

referrel to adeshred: afEself 4&c iggpossible to stapndaddd zg> SUPPEE: e abl y
angl ed downvapgiy qndahaw@h%ytamtiam%&@ahc@ce%tt@ ladadidiadied it S 72 of

support arm 70 and proj ected axis rotation of
manufacture and 1nventory of support arms 70 and their
associated cutter cone assemblies 100. .
As shown in FIGURES 1, 2, and 3, each cutter cone

10 assembly 100 preferably includes base portion 108 with a ‘
conically shaped shell or tip 106 extending therefrom.
For some applications, base portion 108 includes a
frustoconically-shaped outer surface 110 which is
preferably angled in a direction opPOsite from the angle

15 of shell 106. Base 108 also includes backface 112 which
may be disposed adjacent-to portions of inside surface 76
of the associated support arm 70. An important feature
of one embodiment of the invention includes the
relationship between backface 112, the adjacent portions

20 of .inside surface 76 and shirttail 88 formed on exterior
surface 80 of the associated support arm 70.

- Base 108 preferably includes opening 120 with
chamber 114 ektending therefrom; Chamber 114 preferably
extends through base 108 and into tip 106. The

25 dimensions of opening 120 and chamber 1;4'are selected to
allow mounting éach'cutter-cqne.assembly 100 on its
associated spindle 82. One or more bearing'assemblies
122 are preferably mounted on spindle 82 and disposed
between a bearing wall within chamber 114 and annular

30 bearing surface 81 on spindle 82. A conventional ball
retaining system 124 may be used to secure cutter cone

assembly 100 to spindle 82,



drill bit 20. This orientation of spindle 82 results in each cutter cone
assenbly 100 engagi ng the side and 20 bott om of borehol e 24 during
drilling operations. For sone applications, it may be preferable to
position waxeeesegsport arm.70 and its associated splndle 82 pettitsoSdoiser cone
assenbly 100 having an offset fromthe projldcted axis of rotation of dril
bit 20. The desired offset can 25 be easily obtained by formng the
associ at ed pockets 54 in the exterior of bit body 40 with a correspondi ng
of f set fron1|ongitudina| axis 50 of bit body 40. The anpunt of offset may

vary fromzero to fi inch in
they30 .direction rot adthlegﬁag%# 8 3{ 12@ &%%% ?néd'g‘lsfﬁr@%% af
portion of sup@@ﬂd&ﬁﬂhhﬁ)aﬁnﬁljdnaquhen(highﬁstnengnhxengnﬂenmﬁnguhImdy

axis 72 to
PCT/ US95/ 10050 16%2{ Y 2dqquate st FERF e FOUIRRESS s S0 e coul d be
twi sted or anglreélxﬁttamqeemmmhsuan@thﬁjlmommt downhqire \diiel X iveg .

ket
54t obrai n ansoseceion, oY RS ANy 12 e, Py TG Mttt 'S

support arns 78nachamben 44 alhi»,chaillw aexdtat ixgs axff aduttter tdronmnuf acture
and inventory glsPAY oY Wan'd Hitred 'the AT A eIt dE L AL |
drill bit 20. Once drilling debris is allowed to
infiltrate between the bearing surfaces of cutter cone
10 assembly 100 and spindle 82, failure of drill bit 20 will
follow shortly. The present invention provides for -
enhanced fluid flow around the exterior of drill bit 20
and the-ésséciated support arms 70 and cutter cone
assemblies 100 to help keep debris from entering between

15 the various bearing surfaces of each cutter cone assembly

100 and its associated spindle 82. Often an elastomeric
seal such as seal 116 may be disposed within the gap
between the bearihg surfacés of cutter cone assembly 100
and the associated spindle 82. However, once seal 116
20 fails, drilling fluids and debris can quickly contaminate
the bearing surfaces via the gap between cutter cone
assembly 100 and its associated spindle 82. : _
- For some applications, bit body 40 may be fabricated '
- or machined from a generally cylindrical, solid piece of
25 raw material or bar stock (not show@) having the desired
- metallurgical characteristics for the resulting drill bit
20. AISI 8620 alloy steel is an example of the type of
material which may be used to form bit body 40.
Threaded connection 44 may be formed on upper
30 portion 42 of bit body 40 using conventional threading
techniques. One of the prlmary requirements in
determining the outside diameter of middle portion 52 of



As shown in FIGURES 1, 2, and 3, each cutter cone 10 assenbly 100
preferably includes base portion 108 with a conically shaped shell or tip
106 extending therefrom For some applications, base portion 108 includes a
f rust oconjyedslodsoznaped outer surface 110 which is preferab ad.dn a
direction opg}c‘)%?otge fromthe angle 15 gfg shel | 106. BaggT?gg’@ﬁ%do

I ncl udes backface 112 which may be di sposed adjacent to portions of inside
surface 76 of the associated support arm 70. An inportant feature of one .
- enbodi mrent of the invention includes the relationship between backface 112,
the adjacent portions 20 - of inside surface 76 and shirttail 88 forned
on exterior siiftabed30 46 itshdhes soacunted S mateniad mbdckrisss xMapiired

preferably inglu ni.ng..120 with chan da14 Yo RR Pl m
Chanber 114 pﬁ:é’_f g’%o‘ﬁ%e%r%?ﬁ*r%%%g{ 1‘%% .agré{e?%ol q’lv{oﬂ%?&ﬁhe 25
di mensi ons of tabdre rfiprl 2® ldretr Hidnimonnect ions sliows athnioud (sieemwof i ng
each cutter - c S 2 on ..t ' Spirndle 82. One or nore
beari ng assen@gﬁég'%ggﬁg¥%&g8%¥£f%%ﬁ?ﬂﬁgﬁﬁﬁggﬁgﬁﬁgbindle 82 and di sposed
bet weensa bearing wall within cROIMIER BIT SONNEQTIONS 30 bearing '
surface 81 on spindle.82. A .cenventional ball retaining system 124 may be
used to secure cutter cone assenbly 100 to spindle 82. WO 96/ 05403

PCT/ US95/ 1005Q _1 . 2 ' 3 4

Bit Sub Bit sub

S . Size and Style Bevel Dia. Bevel Dia. .
10 Size of Bit, ' of Rotary t 1/64 + 1/64
' inches -~ - - Pin Connection - _inches inches ‘
3 3/4 to 4 1/2, incl. 2 3/8 REG 3 3/64 3 5/64 B
4 5/8 to 5, incl. ) :2 7/8 REBG 3 39/64. 3 11/64
5 1/8 to 7 3/8, incl. 3 1/2 REG 4 7/64 4 9/64
- 15 7 1/2 to 9 3/8, incl. 4 1/2 REG. § 21/64 -5 23/64
9 1/2 to 14 1/2, incl.. 6 5/8 REG 7 23/64 7 25/64
14 5/8 to 18 1/2, incl. 7 5/8 REG 8 15/32 8 1/2
18 5/8 and larger 8 5/8 REG 9 35/64 9 37/64
20 ' ~ The size of drill bit 20 is determined by the

maximum outside diametér or gauge diameter associated
with the three cutter cone assemblies 100. 'The'positiqn
of each cutter cone assembly 100 relative to the
projected axis of rotation of drill bit 20 is a function
25 of the dimensions of pockets 54 and their associated
support arms. 70. Therefore, the same one-piece bit body
40 having threaded connection 44 appropriate for a 7%
inch drill bit may also be used for a 9% inch drill bit
. or any drill bit size therebetween. It is important to
30 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.
Therefote, the flow area in annulus 26 between the
_.éxterior_df bit bbdy 40 and wall 28 of borehole 24 is
35 substantiAIIY.enhénced for a 9% inch_driil bit as
compared to a 7} inch drill bit.



17 cutter cone assenbly 100 may be manufactured of any hardenabl e steel or
ot her high-strength engineering all oy which has adequate strength,

t oughness, and wear resistance to withstand the rigors of downhole _
drilling. v8096/05483 ot ecti on of bearing assenbly 122 and any pe&hgsedRasel NOS
i n ‘chanber 114 which allow rotation of cutt®® cone assenbly 100 can _

| engt hen 'the useful service'life of drill bit 20. Once drilling debris is
al l.owed to infiltrate between the bearing surfaces of cutter cone 10
assenbly 100 and spindle 82, failure of drill bit 20 will follow shortly.

The present invention provides for enhanced fluid flow around the exterior
of drill bit 20 and #%e5B%R 18t EICUREp3r t 20 FR1AVIEd jCaViILE, SEomay be

assenbl i es 100 formed pvitlein deppes poprient £2i 69 betVesdy 150. obéﬁéﬂéri ous
opindi e 52 o ot Bfoefabe tin “Bie? BEFELEn 12, P05 SimpaBIoEkIpEC .
within the gap Piterbetween Arihl ssn:ﬁmgszzfan@tcwitpnssﬁseziy?rllpe and
t he assoqj at ed ' : \ 's&§# rilling
fluids a(r?d debr%%%%cﬁﬁvgo t%emmhg?% t ef%%grfﬁ%i%ﬁrégceétw a the gap

bet ween cutter CHRNAGRG Hrom opening | 38 tasapesitiop; iutermediate sone
ST i ol soptamm e br devess ey s rione et s
eyl narical, SOliiil 68 il Bn ortl ABMCMELAS WPEL 505 chd TR g oni)
bit 20. AlSI 8@&WD of it bady 4G. arome o woré fiwid\pesSdgeways 62 may
10 be formed in bit body 40 extending between cavity 56 and
convex surface 48 on lower portion 46 of bit body 40.
Nozzles or nozzle inserts 60 having one or more outlet
orifices 59 may be disposed in each fluid péssageway 62
to allow communicating fluids from cavity 56 through the
15 respective fluid passageway 62 and the associated nozzle
60 to the exterior of bit body 40. '

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

20 40 without affecting the location of pockets 54 and the
associated support arms 70. For example, in FIGURE 4,
bit body 40 is shown with three pockets 54 and three
fluid passageways 62 spaced radially with respect to each
other around the perimeter of bit body 40. For the

25 . specific example shown in FIGURE 4, fluid passageways 62
is spaced radially approximately one hundred twenty
degrees (120°) from each other. In a similar manner,
each support pocket 54 is spaced radially approximately
one hundred twenty degrees (120°) from an adjacent pocket

.30 54. An alternative embodiment of the present invention
represented by bit body 140 shown in FIGURE S5 includes
fluid passageway 162 which extends substantially parallel
to and concentric with longitudinal axis 50 of the

~ associated bit body 140. One nozzle 60 may be disposed



material which may be used to formbit body 40. Threaded connection 44 may
be formed on upper 30 portion 42 of bit body 40 using conventi onal

t hreadi ng techni ques. One of the primary requirenents in determning the
out si de ¢ of mddle portion 52 of WO 96/ 05403

PCT/ US95 1‘8%@&6?‘%8 bit body 40 is the anough of naterial t Tﬁus«ggléooﬁeqw red:
to provide threaded connection 44. The followng APl table for roller bit

connections shows various sizes of drill bits and the required pin size. 5.
ROLLER BI T CONNECTIONS 1 2 3 4 Bit Sub
Bit Sub Size and Style .Bevel Dia. Bevel Dia. 10 Size of Bit,

of Rotary within] £luid passafjeway 1624proxliimate the inEermsEctient ofin

5764 4 oy (oFS ndpSbdeld ojufy Higrace 8%affsRELeugtint Bhioy

3/8, incl. © hedy 1404 7/64 4°'9/64 15- ~ 7 1/2 to 9 3/8,

incl. . 4 1/2 Fﬁxis shoﬁn21h6éxcunné 23afd 4, 162chOp$&két254'mﬁblude§ o/ 8
REG 7 23/ 64 8 15/ 32

14 5/
g8 1/2 98 5/ &gk V%}g §4 and a SF ﬁEEﬁée "§i£§/6§ an 59 37?9& 20
The size of ddiﬁénbiénBOQfdeekewalmed4banﬂheide walls 66 and 68 are

selected to be compatible with the adjacent inside
- surface 76 and sides 84 and 86 of the associated support
arm 70. The width (W,) of each pocket is determined in
10 - part by the distance between the associated side walls 66
and 68. An important feature of the present invention - ‘
includes limiting the combined width of support arms 70
to less than one-half the circumference of bit body 40.
. By limiting the width of support arms 70, sufficient void
15 - 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
20 to provide the desired fluid flow between the associated
cutter cone assembly 100 mounted on each support arm 70
and the lower end convex surface 48 on lower portion 46
of bit body 40. For one application, the length of
support arm 70 from top surface 74 to boﬁtom edge 78 is
25  preferably selected to be at least threa times the width'
of support arm 70. . o . :
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
30 = similar features except as noted below. Bit body 140
-inCludes_three”pockéts 154 having a generally sgquare
configuration ﬁsjampared to pocket§~54 of bit beody 40.
Inside surface 76 and sides 84 and 86 of support arm 70
may be modified as desired to §bnfdrm with pockets 154.



maxi mum out si de di ameter or gauge dianeter associated with the three cutter
cone assenblies 100. The position of each cutter cone assenbly 100
relative to the projected axis of rotation of drikl bit 20 is a function 25
of the di WRyyslogsys of pockets 54 and their associ at ed SUPPOGlrif

Therefore, the same one-piece bit body 40 sgving threaded connec |on 44

appropriate for a 7[err] inch drill bit may al so be used for a 9% i nch
dri-ll bit or any drill bit size therebetween. It is inportant to 30
note that as the drill bit size increases from7[err] inches to 9% inches,

the outside dianeter of mddle portion 52 of bit body 40 can renain
essential |y theneaaf thacbenefitstnf thewpuesentninvantion2dncdudesnthiee

exterior of bijpPegy 4QoaOQr¥ﬁ£he2§pQElherSbohﬁpﬁérhSaEEs 70 §HESEﬁQHka||Y
enhanced for a 9@6|nch drill bit as coggare {[err] inch drill bit.

WD 96/ 05403 respective cutter cone a emblies 10pcyﬁ oXespest o gge
shown in Fl GURpr8jeecte@narigedfcagtayibh oB8ythe assoedatedhariappditpeotion

cComun c3t i ng PY LYHEV G0 08 apRrRhd) bF fobBeliSs BRR 6B 161, 6 sne; <

preferably hase&tgnﬁeraofybﬁhlbodn1Aﬂsaué dranwith wespectngof r om openi ng
58 to a pos't'fanéﬂﬁﬁéﬂﬁgiaﬁﬁig‘gale portion 52 of bit body 40. For sone
applications, -
In FIGURE 5, radius lines 150 are shown extending
radially from the center of bit body 140 which
10 corresponds to 1ongitudina1 axis 50. Center line 155 of
‘each pocket 154 is offset by distance (D;) from the
respective radius line 150. Typically, the amount of
offset (D) is selected to corfespond with the desired
angular or radial spacing of zero to 5 or 6 degrees (0-5°
15 or 6°) relative to longitudinal axis 50 for the
associated support arm 70 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 assemblies 100 and the
20 projected axis of rotation for the drill bit 20.
Depending upon the outside diameter of bit body 140, the
amount of offset (D,) may vary from zero to one-half an
inch to provide the desired offset for the associated
cutter cone assembly 100.
25 ' Another alternative embodiment of the present
invention is represented by bit body 240 and support arm
270 shown in FIGURE 6. For purposes of illustration only
one support arm 270 and its associated pocket 254 are
shown in FIGURE 6. Typically three support arms 270 and
30 their associated cutter cone assemblies 100 will be
mounted on bit body 240 in accordance with the present
invention. Bit body 240 is shown with fluid passageway
262 extending substantially parallel with and concentric
to longitudinal axis 250. Center line 294 of pocket 254




cavity 56 may be formed concentric with |ongitudinal axis 50 of bit body
40. One or nore fluid passageways 62 may 10 be formed in bit body 40
ext endi ng between cavity 56 and convex surface 48 on | ower portion 46 of
bit body WO.96/8403| es or nozzle inserts 60 having one or noPET/HEIVIEPSO
orifices 59 may be disposed in each fhﬂci%%ssagemay 62 to allow

communi cating fluids fromcavity 56 through the 15 respective fluid
passageway 62 and the associated nozzle 60 to the exterior of bit body 40. .
. An inportant feature of the present invention includes the ability to vary

ngypggi Y on4(c)§w t%ut@?‘gﬁ% t%pﬁpgat I on o? poci’g%‘?leéfﬁgew ﬁPbﬁ o

associ at ed supprstius king (250 R¥tending Lrom Jo ta’ﬁgﬂy 500 is shown
with three pockets fdciae 354 eﬁzéiuuéls méélagﬁmyszﬁe tﬁmsediaadwaiis @6th

respect to each rou t he erlneter of bit pbod he 25 :
specific examﬂ’@f %ﬁﬁ"ﬂ“ﬂ Eta nacRte %g eﬁgﬁg %“‘%ﬁ% 3 radial ly
appr f)XI mat el y fmetyfive dégeedy (iﬂfr)ee:el(a]ﬂ})e ftmrbaniciwa)lhezsu n The

sim | ar manner P Sa r te

hundr ed twentfcf%f&é 61{) %&%&%?g%n a%?%%%?\tﬁg&éﬂeg%pxiga y one
al ternative erstmwnrmitmfatwer&bmwtmmwp r%%%?ﬁ‘e%ﬁ%? ent body 140
shown i n' Fl CURfe f1ddis| tiS5ait e DRESEEUEYEASR 296 Ohapragroensebstant al |y

parallel to an concentrlc mnt ongi tudinal axis 50 of the asspci ated bit
body 140. One RRESH @wwcbeamfp&wface 244 “and 246 exténding

10  therefrom. The dimensions of inside gurface 276 are _ |
selected to be compatible with the corresponding back ‘
wall 264 and side walls 66 and 68 of pocket 254. The
generally octagon shaped cross-section of support arm 270
cooperates with the acutely angled side walls 66 and 68

15 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

20 manufacture drill bits having various gauge diameters
from the same size bit body 240.

Exterior surface 280 of support arm 270 may include
tapered surface 291 and 293 which extend longitudinally
and generally parallel with each other on opposite sides

25 of center line 294 of support arm 270.' Center portion
292 of exterior surface 280 preferably extends
longitudinally between tapered surfaces 291 and 293. For

- one application, center portion 292 has a radius of
curvature approximately equal to one-half the radius of

30- curvature of wall 28 for borehole 24. .

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 center
_ portion 242 of inside surface 276. Key 286 is shown



WO 96/ 05403 PCT/ US95/ 10050 20 wi t hin
fluid passageway 162 prOX|nate the intersection of the associ ated convex
surface 4 i tudinal-axis .50 of bit body 140, As shown in FlI GURES 2
and 4, eagﬁagg@%®?g54 i ncl udes 5 back mgh 64 and a pai PCHUSEYIESY\q] | s
66 'and 68. The di nensi ons of back wal | d side wall's 66 and 68 are
selected to be conpatible with the adjacent I nsi de surface 76 and sides 84
and 86 of the associated support arm70. The width (Werr]) of each pocket
is determned in 10 part by the distance between the associ ated side

r@|!5_66 aﬂd 68di£po§§ﬁog?ﬁn ¥ﬁﬁﬁbuhsfoﬁnhhﬁggrfaeahsiareﬂﬁtﬁnpbﬁ?k?dfﬁe
imting the co Q or o_lLess e-
C|rcunfgrence ogg%??g8859g4ﬁndBﬁigg g?h@“ﬁ?ﬂ BFNSEEB RP At8s 70,
sufficient voi dag8ociategapockét 254pdurudgdabsémb&y ofj thenresulitdnyg ar ns
70 to allow for n fl W, PQlt nv
surfgce 48mgn |%€£?i BE? Vﬁgigpg Pﬁ%wggeiéﬁgAﬁgtﬁg&gsﬁég ?§§P%$§aﬁﬁﬁé of
the presedt |nvbﬁtVSﬁduﬁeruabsgnmensbandtyosétuanynghof|sngpbr@faznppant

arm 70 20 tandr 27pdent fecRess’ 54 Sha'§5R'9&h96Eﬂﬁea1 he associ at ed
cutter cone assenbly 100 nDunted on,each Rort arm_70 and .t he | ower end

convex surface 48 onSPBREFEBYR; 3 i8 GP°HPt Bowpraodetadl éﬁeFEEHRF§aF|on,
the length of sap@o8t aThe7foftiont of suppoet Zfmt Pobghien dégoattlched

to pocket 54 has the same general exterior configuration
10 as previously described. with respect to support arm 270.
One of the differences between support arm 270 and
support arm 70 includes first opening 75 and second
opening 77 which are formed on inside surface 76 of
support arm 70. For one application, cavity 90 may be
15 formed along longitudinal axis 72 of support arm 70 with
opening 126 extending to the exterior of the associated
rock bit 20. A portion of top surface 74, ekterior
surface 80 and adjacent sides 84 and 86 have been removed
from the upper portion of support arm 70 to provide
20 opening 126 and cavity 90 for installing lubricant
~ reservoir 92 therein. The present invention allows
forming both cavity 90 and passageway 94 during the same
machining process. Lubricant container has a generally
~cylindrical configuration compatible with lubricant
25 cavity 90. Lubricant dbntainer_sz includes closed end
' 192 having a lubricant opening extending therethrough.
The opposite end of lubricant container 92 has a flanged
shoulder 196 supporting a flexible, resilient diaphragm
198 which seals lubricant container 92 from the exterior
30 of’ the associated drill bit. Cap 93 preferably covers
diaphragm 198 and allows fluid pressure from the exterior
of support arm 70 through opening 126 to act upon
diaphragm 198. Snap ring 199 or another suitable
mechanism may be used to install cap 93, diaphragm 198



25 preferably selected to be at |least three tinmes the width of support
arm 70. As previously noted, an alternative embodi nent of the present

i nvention is represented by bit body 140 shown in FIGURE 5. Bit body 40 and
bi't body Wag60s403 30 simlar features except as noted mes/vsysno@ot body
140 includes three pockets 154 having a geRérally square configuration as *°
conpared to pockets 54 of bit body 40. Inside surface 76 and sides 84 and

86 of support arm 70 nay. be nodified as desired to conformw th pockets .
154. . WD 96/ 05403 PCT/ US95/ 10050 21

One of the benefits o he ptresent. i,nventi ncl u he ty to vary
t he spacing of® gﬂpﬁBP%a% 9 HﬁﬁhéﬂeFP FggpQEtlvgpf Pgrggan &N S8BNBPRI es
100 with respeallbwstbemmunpeatédnamfsenternaatfmuldfprb-saseowiahed dril

bit 20 5 %i%g§¥£§8 iBg gﬁb?gﬁgﬁthSEééinéﬁ éﬂdéﬂg igﬁrﬁﬁahﬁe

exterior of bi resgh g axi's 50. In
FI GURE 5, rad|G§Vitﬂe8018§Yabe Sh&lﬁdewi danguitabiel jubrigantetboough of

bi t bodys 140 vhi #4110 por€0(h8EPERE solhoeﬂi | pagbeasuppipe aBENYEL | ne

155 of each pocket 154 set ¥B Stance err e respective
radi us |ine 158UPrigantaepptainerafdupndotubrisant PRreppgevAY gélected to

correspond w tBoéperaeéei £t60provide lubrication for bearing assemblies
o disposed between the exterior of spindle 82 and chamber
144 of the associated cutter cone assembly 100.
10 ' Lubricant passageway 94 is preferably formed in
- support arm 70 to allow communication of lubricant from ‘
cavity 90 to]ball'passageway 96 and'ball'bearings 124
disposed within'ball’raee 98. Additional passageways
(not shown) may be formed within spindle 82 to provide a
15 lubricant flowpath to bearing assemhly 122 disposed
. between cutter cone assembly 100 and spindle 82. By
forming cavity 90 substantially parallel with
longitudinal axis 72 of the associated support arm 70,
lubricant reservoir 92 and the associated cap 93 are
20 better protected during downhole drilling operations by
increasing the distance between cap 93 and wall 28 of
borehole 24. Top surface 74 and the poffions of sides 84
and 86, which form opening 126, also cooperate with each
. other to protect cap 93 during drilling operations.
25 - Cutter cone assembly 100 may be retained on its
- associated spindle 82'by'insertinq a plurality of ball
_ bearings 124 through ball passageway 96 extending from
exterior surface 80 of support arm 70 through spindle 82
and ball race 98 in spindle 82. A matching ball race
30 will typically be provided On'the'interiOr'of cutter cone
assembly 100. Once inserted, ball bearings 124 in
cooperation with the ball races will prevent
disengagement of cutter cone assembly 100 from spindle
82. Ball passage 96 may be subsequently plugged by



‘angul ar or radial spacing of zero to 5 or 6 degrees (0O-5[err] 15 or 6)
relative to longitudinal axis 50 for the associated support arm 70 and
cutter cone assenbly 100. Wen center |ine 155 of .each pocket 154 coincides
With the MQPEMHMPYe radius |ine 150 there will be no of f set PGRUSBHA0Ohe
associ ated cutter cone assenblies 100 and t4% 20 proj ected axis of
rotation for the drill bit 20. Depending upon the outside diameter of bit
body 140, the amount of offset (D[err]) nmay vary fromzero to one-half an
inch to provide the desired offset for the associated cutter cone assenbly

100. 25 YH%? ' ’E?RSQLigﬁﬁr e - Lnvention is
r epr esent ed by%elt o%;e/c.;rz%&gén{]d%séui/%or arm fs%%%\%lgfﬁ%&é6 For
pur poses of il aRR}gatsenmi 2 dall g t (9% shewnh maY alsae dee pLacedcket
254 are shown ijh igddddgdway 9@l cal |y three support arns 270 and 30

e assoct ot e U el SoR SSaTObE e e bheb et S B 240
passagewdy 262 opersiny p and tsetord | gpemsing |27 are formed oimeimsidet o
ond, Ly el St A ol il SN, 2 hirae 68 Ry,
radi us |ine 2563%amshderprid post my tdewell 55 @xe Ireferably disposed in . -
‘back wall 64 of each pocket 54. Posts 53 and 54 extend
radially from each back wall 64 to cooperate respectively
10 with first opening 75 and second opening 77 to position
' 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
15 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
20 dimensions 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.
' This configuration of first opening 75 and second
25 . opening 77 is particularly beneficial during the
manufacture and/or rebuilding of the associated drill
bit. For example, one of the support arms 70 may be -
removed from its associated pocket 54 and a new support
arm 70 installed therein even though the new support arm
30 70 may be manufactured with some variation from the
dimensions of the original support arm 70. Also, posts
or dowels 53 and 54 could be initially disposed extending
from inside surface 76 of support arm 70 with appropriate



Pocket 254 includes back wall 264 wth side walls 66 and 68 extending at an
acute angle of approxinmately 5 forty-five degrees (45[err]) relative to
back wall 264. The portion of support arm 270 di sposed in pocket 254 is
shown wi t WOP6@8408r al | y oct agon shaped cross-section defi neBCTASHwI0SMY -

i nside surface 276 having center portion 28 and angl ed surface 244 and 246
extendi ng 10 therefrom The di nmensions of inside surface 276 are
selected to be conpatible with the correspondi ng back wall 264 and side

wal I's 66 and 68 of pocket 254. The general Iy octagon shaped cross-section

of support ar Zg_ﬂ?y) #@‘ qﬁﬂt 66 and 68
15 of pock@gt% 25 gﬁ;)or%:ilw e v0| paces]'e (ﬁ%?é\?ﬁ%g@ may be used

to assist in RO pport arm270 in its assom ated pocket 254. Al so,
the configuration m z@ﬁﬁﬂo&nﬁr&wﬂ Eﬂ&@@%&%ﬂafe‘?r easi ng
e drill .

t he di nensi on f he associ S r.t 70.to manuf act uyr

bi ts having vZ‘ﬁ% ueGAL §ESET: r"@)%ﬂ jé'a léehﬁt ungerstons

Ext eri ob surf&batzwrd.bmmngw,msﬁ&tmptﬂmiwdmd Alverdtioisan91 and

- 293 whi ch ext gnd Wi ch her on -
opposi te si deSB g.ha@glthg%&%[ | ne ?ag{‘éi)sﬁ%?ﬁ % ?&{} %q'oﬂﬂ

portion 292 OFCQEPePifoﬂihmrM@@ pISeﬁ@fdmeyl mmmdamlmms.

bet ween t apered surfaces 291 and 293. For one application, center portion

292 has a radius of curvature approxi mately equal to one- half t he radi us of
30 curvature of wall 28 for borehol e 24.



-For the enbodi nent of the invention jmmmummm keyway or key sl ot
282 is fornmed in back wall 264 and k o & 284 is fornmed on
center portion 242 of inside surface 276.° Key 28 -i's sho / 05403
-PCT/ US95M@B8e5408 di sposed i n keyways 282 and 284 to assi wCW§%Wg&§per
positioning and alignnment of support arm 2?8 in its associ ated pocket 254
during assenbly of the resulting drill bit. Various conbinations of keys

and keyways may 5 be used for alignnment and positioning of support arns
70 and 270 in pockets 54 and 254 respectively. Support arm70 is shown in

nore detail inﬂghgyg§§ﬁiaipgngls%2e portion of support arm 70 which is
attached to pocke general exterior configuration 10 as
previously described-wit A ¥o5pzyt copesdzydddt bitmforo forming a horehole,

di fferences betemppisipgert arm 270 and support arm 70 includes first

opening 75 and second_openi,ng 7 C ormed on |n5|de surfa 76 of
support arm 70. For 2oRBe5BE PEEagﬁghb gﬁ ﬁﬁyigg ARy UpPefs PO Bh&shg
| ongi t udbnal afo® éﬁnnéctdppotb ardrlQlwstbingeﬁnmgrt&ﬁtdnmemm maiid t he
exterior of thg.3 380 gted rock bit 20. A portion of top surface 74,

exterior surface’ 'adj acent sides 84 and 86 have been renoved frdn1the
upper portion of sugpddt bitnbodyt baying @clongitudinal axis

corresponding approximately with the projected axis of
rotation of said drill bit;

10 a number of 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
15 support arm; .
each of said support arms having a longitudinal axis
extending substantially parallel with the longitudinal
axis of said bit body; -
a number of cutter cone assemblies equal to said
20 number of support arms with each cutter cone assembly
mounted respectively on one of said spindles;
said bit body having a lower portion with a
generally convex exterior surface formed thereon to
provide enhanced fluid flow between said cutter cone
25  assemblies and said lower portion of said bit body; and
said bit body having a middle portion disposed
between said upper portion and said lower portion of said
bit body with a number of pockets formed in the exterior
of said middle portion for attaching said support arms to
30 said bit body with said number of pockets equal to sald |
number of support arms.



20 opening 126 and caV| |ng | ubricant reservoir 92
therein. The present inventi Hﬂm"mmnm g both cavity 90 and passageway
94 during the sane mach |n|ng*processn sbrkcant container has a generally
cyl i ndri cWO9%®84a3gur ati on‘conpatible with lubricant 25 PERUSHS/1005b
Lubri cant container 92 includes closed end2B92 having a |ubricant opening
ext endi ng t heret hrough. The opposite end of |ubricant container 92 has a
fl anged shoul der 196 supporting a flexible, resilient diaphragm 198 which
seal s |ubricant container 92 fromthe exterior 30 of the associ at ed
drill bit.  Cap 93 eferably er,s. d| ws . f | Ui
pressure fromthe eft’eri fdrggl\ép ﬁ%ﬁ%% Sg'\ act
upon di aphr agmea@h dﬁuﬂaﬂdlﬂpﬁkﬁtsnfumhhdnﬂcampniﬂdss nechanlsn1nay be used
to install cap 93, d

& YaHem ]i% exeéﬂéi‘i{ %ﬁ%ugéx sai&) é:ocketl opd s cap 03

PCT/ US95/ 10050 24 and cont ai ne In caV|ty
al | ows comuni m%ﬁ@(mhqq Fiy sRdss packek i ang aphragm 198.

Lub{I E?nsl cgnt ai nter ﬁ%mﬁxd qtirﬂecaaétf efiml | f&{bmﬂae orl maamﬂah fhxdis f
sui tabl e |ubrican | or e si.de o
support arm 70° o2 ﬁﬁﬁgbgﬁ& aﬁﬁ%s ﬁiﬁ} g%éhf

cooperate to pldwedandilwentey ary af fzed mglimﬂdd |ﬁmmllaimhe:hdiats/veen
t he exterior o&liglndle 82 and chanber

10 3. The drill bit as defined by Claim 1 wherein
each of said pockets further comprises: ‘
_ a back wall extending substantially parallel with
-said longitudinal axis of said bit body; |
_ a pair of side walls extending substantially normal
15 to said back wall; and ;
the dimensions of said back wall and said side walls
selected to allow inserting a portion of one of said
support arms'partially therein.

20 4. The drill bit as defined by Claim 1 wherein
each of said pockets comprises°
a back wall extending substéntially parallel with
said 1ongitud1na1 axis of said bit body;
a pair of side walls extending at an acute angle
25 relative to said back wall; and
' the dimensions of said back wall and said side walls
selected to allow inserting a portion of one of said
support arms partially therein.



144 of the associated cutter cone asse _ Lubri cant
passageway 94 is preferably forned in gtlmmmnmm)m I““lal | ow communi cati on
of |ubri cg‘;}% J/JSQ@ cavity 90 to ball passagefway" 98 afd bal| bearings 124

di sposed W 1hi A Bal | race 98. Additional pagsageways (not SHOUPFSHIbe
formed wthin spindle 82 to provide a 15 | ubricant flowpath to béaring
assenbly 122 di sposed between cutter cone assenbly 100 and spindle 82. By
formng cavity 90 substantially parallel with longitudinal axis 72 of the
associ ated support arm 70, lubricant reservoir 92 and the associ ated cap 93

are 20 better pratectmie @il BLEVHY | defined i Y cpeimtl oferéier

i ncreasing the distance between cap 93 and wall 28 of borehole 24. Top
surface 74 andqﬂﬂ?ﬁﬁﬁ*qQﬁw of sides 84 and 86, which form openi ng 126,
al so cooperate w th atadeastheond bgmmriny tassemidly disposeld i bétween each

operations. 25 .3 t ined on its
agsociated spiﬁﬁﬁ§Q%?tﬁ#%ﬂégﬁt#é%?éﬁaﬁ§ﬁi§#§€§§G£§%#I %é%?%g§'124'through
bal | pasPageway 96 @irassuNpin mm&irw Iubrigangriispesedovithim 70

through spi ndl eah bt drge 98 in spindle 82. A matching ball race 30

will typically be provided on the interior of, cutter cone assenbly 100.
Once i mserted, bal | ki Passrqeras Mreading \FHTOUTR eAFh SURBRTE

|
prevent di sengageneyonniits iespactive wes@tvoiPOcs rewid bedting2. Bal |
passage 96 nayég%&%ﬁf%f 5¥nééﬁﬁﬁﬁ¥g§¥k§3'lubricant between said
10 respective reservoir and said bearing assembly; and
said fluid passageway having an inside diameter and
said lubricant reservoir having a generally cylindrical
configuration with an outside diameter larger than said
inside diameter of said fluid passageway with said
15 lubricant reservoir aligned concentric with a portion of
said fluid passageway.

6. The drill bit as defined by Claim 1 further
comprising: = .
20 ‘each pocket having a back wall with a first post and
a second post extending radially from said back wall;
' a first opening and a second opening formed in said
inside surface of each support arm; and
said first opening and said second opening
25 cooperating respectively with said first post and said
second post for positioning each support arm within its
associated pocket.



\(;\P gﬂ]g?\?\gl | known techni ques. |4“‘“HH'“E“HHNI|"(MI:D(c):-r:/sUSgS/b;PPSgI 33 \(Aﬁl)?i "
shown) may al so be placed in passageway 98. for* one enbodi nent of the

present WRMSH, first 5 opening 75 and second openiRGI/USES/A0050f or ned
in inside surface 76 of each support arm A® First post or dowel 53 and
second post or dowel 55 are preferably disposed in -back wall 64 of each
pocket 54. Posts 53 and 54 extend radially fromeach back wall 64 to
cooperate respectively 10 with first opening 75 and second openi ng 77 to

position each suppgt argm 70 1 ;.f@.]
assenbly of drill g’lr°t 2 Igﬁg%ﬂeﬁeénb%%laénen a%e present |nve&[g| on,
first opening cmnriaim%l y conprises a |ongitudinal slot extending from

top surface 15 N e BT of MhamseCond
openi ng 77 preferabsl7 ‘ﬁas e% fcfﬂv&fd ﬁ’ls;m& s ac

receive seconcF‘-}RP:Rr ?Ifnh eq: %%/Pﬂ%wilhg’r 7?’;]95{%?&%]38? I‘%g?rrteg as a
| ongi tugy nal PRARSRIFLY Gthearethirsugh iamd eizebtd heeddive
el ative posi ﬁ%ﬁ”éiq% an%éﬁ} $50 o openi ng. 77 and the. respect i ve
first post 53 and sarihdeuond dpering ivrdaiflirinsigde urface abesach 75
and second 25 g QREUMNY e i med A 'M@rﬂf’ Q%‘ﬁé&iﬂ' Kb r@li&f to
receive said second post therein.
10 - . . .
8. The drill bit as def:.ned by Claim 1 further ‘
comprising: ' -
each pocket having a back wall with a keyway formed
therein; C
15 a matching key extending radially from said inside
' surface of each support arm and projecting therefrom; and
said key and said keyway cooperating with each other
for alignment and positioning of each support arm within
its associated pocket during fabrication of the drill

20 bit.

9. - The drill bit as defined by c1aim 1 further
comprising: _ :
each pocket having a key extending radially
25 - ' therefrom; ~
a matching keyway formed in said inside surface of
each support arm and sized to receive said key of said
associated pocket therein; and '
said key and said keyway cooperating with each other
30 for alignment and positioning of each support arm within
its associated pocket during fabrication of said drill
bit.



‘manuf acture and/or rebuilding of the a ' ' j t. For exanple, one
of the support arns 70 nay be renoved ammm"mmglm"mred pocket ‘54 and a
new support arm 70 installed therein even tthough*th® rfew support arm 30
70 may be WRPH548% ured with sonme variation,fromthe di nensi’%ﬁ?"%ﬁs"f'%@
original support arm 70. Also, posts or doWwels 53 and 54 could be initially
~di sposed extending frominside surface 76 of support arm 70 with
appropriate WO 96/ 05403
PCT/ US95/ 10050 26 openi ngs provided in back wall 64 of the associated

pocket 54. Althoughibhe phesapillnyitt aehaardneds bydcaatiagas thrtheeen
described in detail . i,t should be understood 5 t hat vari ous changes,

substitutions gﬂﬂpﬁP?épﬁfions can be made therein wi thout departing from
the spirit and scopeach shppomteatrmohazingeannappey end dispoded eiithim
WD 96/ 05403 . _ - PG/ U 0,27 I 1S
CLAIMED |'s: 1. 1t8,3p8PSiated pogket apd & 8?“%“8%9%‘*5?5%1‘%315% ,t?° sd1d
conprisifg:  spindle; and . , | : |
the length of each support arm from said upper end
to said bottom edge selected to be at least three times

the width of said support arm.

10 ~ 11. The drill bit as defined by Claim 1 further
comprising: . . : _
a portion of each support arm attached with one of
- said pockets; g : - .
_ said portion of each support arm having a width and
15 a thickness with respect to said lbngitudinal axis; and
at least one half of said thickness of said portion
of each support arm disposed within and attached to one
of said pockets. ' |



a one-pi ece bit body h rtion adapted 5 for connection
to adrill string for mﬂﬂ Mnﬂﬂﬁi Eidrill bit; said bit body having a
Iongltudlnal aX|s corr mately with the projected axis of

rotation SYOWMSA3 i || bit; 10 a nunber of suppor PCIUSES/HOSEChed
to said bit body and extendlng opposite f r 8 sai d upper portion, each of
sai d support arnms having an inside surface with a spindle connected

t hereto, each spindle projecting generally dowwardly and inwardly with
respect to its associated 15° support arm each of said support ar s

 longt tudinal Caxi s of2sa ) EEPbEES, Afn°HRS, Blttgk YoRE' AksEuniy Bok'E
. equal to said petary ensedrillsbpbohavingsawbit bedy sgmpyiSéoge assenbl y

mount ed respecti vel saﬂa sippettsarsl ﬁawﬁl;ea 1éﬁgitﬁainhmdxxhaw ng a | ower
portion with a gene convex exterior Surface n to provide
enhanced fIU|deggﬁﬂﬁgﬁgmﬁgﬁrggﬁﬁ°ﬂﬂbtEP cﬁﬂeuEBer en agséﬁb F§g dend said
| oner poStion shrgacd, bah értgriondsasfacei withdy shirttadlnsdgiacgorti on
i sposed bet vepdgacyPRcho Bl halad8] S8a%s! BUELORORLRWEEn Rhtal DO
attachi ng sai dim rsunfacet andosaiad shintbailbsdyfapehcoatﬂguouseatof
pocket s equal éQléabgtEHﬂbﬁéth support arms.
said support arm having a first side and a second
10 side extending from said -inside surface;
the dimensions of said upper end and the adjacent ‘
.portions of said inside surface and said first side and
said second side selected to allow securing a portion of
‘said support-arm-within'arpocket formed in said bit body;
15 . 'a spindle attached to said inside ‘surface near said
bottom edge and angled downwardly and inwardly with -
respect to said support arm; S : '
said cutter cone assembly having an opening and a
chamber extending therefrom for mounting said cutter cone
20 assembly on saia spindle; and | _
means provided on said inside surface of said
support arm for alignment and positioning of said support
arm within said pocket during fabrication of said drill
bit. |
25 .
13. The support arm of Claim 12 wherein the length
of said support arm from its upper end to its bottom edge
is selected to be at least three times the width of said
support -arm.’
30 '



g\ﬂ I9I6/ 8:5:1025 defined by Caim1l wherein eH“IIIHHII‘EHmmajmsgoggrfﬁerz The

conprises: _a center line extending through*sa dpoeket and said support arm
attached t WA$4QFocket ; and 5 ' a radius-l'ine extendargusesasssai d

| ongi tudi nal axis of said bit body substantid@ |y parallel with said center
line and center armoffset a distance fromsaid radius |ine. 10 3.
The drill bit as defined by Oaim1 wherein each of said pockets further
conprises: a back wall extending substantially parallel with said

i se a
Subtanti ai 1y normal 15 The, sERBRrE” AR e a4 evkeRer GRmkhiatner

back wal | and said sad&iwsit opening and @ alecond rupemim ﬁb:m!rd iom sdidne

of said support jag ] “g, The drill bit as
defined by d ai r%ﬁlq\?hdgrél?réeléggorfh? g.d“g g)o%:t cdrrprl ses: a back wall
ext endi ng” subst ant i aPRydp #iFBteoPanings and saig second apening said bit

body; a psir of choferatling 2espedtivedy ¥ithC4l ¢i2ad Dozt and 'olsddomy L ©
said back. wall; posg provided by an associated pocket of said bit body

for positioning said support arm within said associated
pocket. '

10 15. The support arm of Claim 14 further comprising:
said first opening in said inside surface of said
support arm defined in part by a longitudinal slot
- extending partially therethrough and sized to receive
said first post therein; and
15 . 'said second opening in said inside surface of said
' support arm defined in part by a circular hole sized to
receive said second post therein. |

16. The support arm of Claim 12 further comprising:
20 a keyway formed in said inside surface of said
support arm and sized to receive a key disposed in an
associated pocket of said bit body; and
said key and said keyway cooperating with each other
for alignment and positioning of said support arm within
25 - said associated pocket.



t he di nensi ons of said back wa ' wal | s selected to all ow
i nserting a portion of one of nﬂﬂ HF iﬁ partially therein. WO
96/ 05403 * ¢ L CT/ US95/ 10050 29 5. The
drill bitwevsosi3 ned in Claim1l further corrprl sing: at | eamtT/USHS/10054r | NQ
assenbly di sposed between each spindle and4ts associated cutter cone
assenbly; 5 : a reservoir ‘containing |ubricant disposed wthin each
support arm a fluid passageway extendi ng through each support armfromitsg
respective reservoir to said bearing assenbly for comrunicating | ubricant.
bet ween said 10 respective reservoir_a | d. hear ] S . d
said fluid passagewsd h %gs‘éﬁp?ﬁglﬁ'@"o?%ré?éf %%a#%@bi?%thgp |
reservoir havieemprisiwyal |y cylindrical configuration with an outside
diameter larger th | Qb VB4 LhEs O AT S dé Uitk £956 30 Ve i th
said 15 | ubri c%tﬁ%g%ir.%%?@%%gne c%gn)%den:tﬁ?ﬁ \%a portion of _said-
fluid passagevﬂ;ppﬁrt amcfor i insertion ?n%d“%ﬁc}é%ﬁ ayvway t ed
conprisigg: 2%y an ass d&fﬁb@ e@aé(f Ngla £ DBDK H&i& V&ﬁd‘ a first post

and a second ost exten I'n fron1sa|d bac
P said key and sa keyway cooperk% ng with each other
for alignment and positioning of said support arm within

said associated pocket.

10 18. The support arm and cutter cone assembly of
Claim 12 wherein said cutter cone assembly further ;‘ _
comprises a generally conical cutter body having a base
with an opening formed therein and a tip pointed away
from said opening, an outer-portion of said base having a

15 . generally frustoconically-shape directed away from said
base and surrounding said opening.

19. The support.arm'and cutter cone assembly of
" ‘Claim 12 further comprisinga '
20 ._. a bearing assembly disposed between said spindlé and
said cutter cone assembly; : :
a reservoir containing lubricant disposed within
said support arm; _ :
: " said reservoir having a 1ongitudina1 axis extending
25 substantially parallel with said longitudinal axis of
said support arm; and :
a fluid passageway extending from said reservoir to
said bearing assembly for communicating lubricant between
said reservoir and said bearing assembly.

30



a first opening and a second opening for ' admnegle surface of each
support arm and said first opening and | “lmlzlEgl ||I{H§ ng 25 )
cooperating respectively wiith said first post and msaisd second post for

‘posi ti oni we ggmedpzsupport armwithin its associ ated pocket . pcrpdéafesg5403
PCT/ US95/ 10050 30 7. The drill bit as dejsned by Caimé6 further ]
conprising: said first opening in said inside surface of each support arm
defined in part by a longitudinal slot 5 - extending partially

t her et hrough and sized to receive said first post therein; and said second
opening in said inside surface of each support armdefined in gart by a
circular hole sized2®e rThejFepRart arxBopRdpedttercreng. asgepbly 9fic dri|

bit as definedchaigl £6nFdrthéiheompLIBLIAGE NY: each pocket having a back
wall with a keyway fo ' X endkag

d therein; .15 _ a matchin e
radial ly from said ?ﬂi$§Ee§ﬁFV8iE 9%588§ﬁdsﬁﬁpﬁptuBPﬁFaﬂargiéfee i ig
therefrom andssppdrtegrmnthseaghkanvwepeningeint sajdwexberdor stubface

5 of said support arm; and
a portion of said fluid passageway extending from
said reservoir to said bearing assembly disposed
substantially parallel with said longitudinal axis of
said support arm.
10 . .
21. The support arm and cutter cone assembly of
Claim 12 further comprising: .
said first side and said second side formed
substantially parallel with each other and said
15 longitudinal axis; and -
said first side and said second side extending
between said inside surface and said exterior surface.

_ 22. The support arm and cutter cone assembly of
20  Claim 12 wherein a portion of said support arm further
comprises a generally octagon shaped cross section normal
to said longitudinal axis. '

23. The support arm and cutter cone assembly of
25 Claim 12 further comprising said support arm having a
generally symmetrical configuration with respect to said
longitudinal axis of said support arm and said spindle.



for alignment and positioning of each support armwithin its associ ated
pocket during fabrication of the drill 20 bit. 9. The drill bit as
defined by Claim1l further conprising: each pocket having a key extending
Tadially ¥3o96/0s4eher ef rom a matchi ng keyway fornmed in sai ®PONEIYE00SUr f ace
of - each support arm and sized to receive,sa d key of said associ ated pocket
therein; and said key and said keyway co%ati ng with each other 30

for alignnment and positioning of each support_armwthin its associated
pocket during fabrication of saigd-drTTI ~k#~-~~I 96/ 05403

PCT/ US95/ 10050 31 10. The drill fbit as def (o 8 ai Fjajrth r
conprising: each support arm hali ng an upper end d| spode «thih its

associ at ed pocket and a bottom ddge adjacent to sald 5 spi ndl e; and the
| engt h of each—suppe < :sai d upper end to ' el ected
to be at least three ti wi dt h of said suppor 11.

The drill bit as defined E¥ ailm 1 furt her
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conprising: a portion of each support armattached with one of said
pockets; said portion of each support armhaving a wdth and 15 a

t hi ckness with respect to said |ongitudinal axis; and at |east one half of
sai d t hi ckIW@P6/08403sai d porti on of each support arm di sposedporiusismoaswd

att'ached to one of said pockets. PCT/ Us9eg 10050 32 12. A support arm and
cutter cone assenbly for a rotary cone dri1l” bit having a bit body
conprising: said support arm having a | ongitudinal axis extending
t her et hrough and an upper end, an inside 5 Surface, an exterior surface

with a shirttail surface forned as a part thereof, and a bottom edge with
said inside surface and said shirttail surface contiguous at said bottom
edge; said support armhaving a first side and a second 10 si de
extending fromsaid inside surface; the dinensions of said upper end and

t he adj acent portions of said inside surface and said first side and said
second side selected to allow securing a pokbion of said support armw thin
a pocket fornmed in sgid bit body; 15
i nsi de surface near said




“bott om edge and angl ed downwardly and inwardly with respect to said support
arm said cutter cone assenbly having an opening and a chanber extending
therefromfor mounting said cutter cone 20 assenbly on said spindle;
~and nmeanswifogiisegd on said inside surface of said support peEpukediogde gnment
and positioning of said support armwthin said pocket during fabrication
of said drill bit. 25 13. The support ar@8/@& Caim 12 wherein the length of
said support armfromits upper end to5Bts |boggom edge is selected to be at
| east three tinmes the width of said sugportifarm 30 WO 96/ 05403

PCT/ US95/ 10050 33 14. The support arsmy urither conprising: a
first opening and a second opening f s ' iS1 de surface of said
support arm and said first opening opening 5 '
cooperating respectively with a fir cond post provided by an
associ at ed pocket2@f said bit body § it ionywg $ai d support armw thin
sai d associ ated pock& . :




10 . 15. The support armof Caim14 further conprising: said first
opening in said inside surface of said support armdefined in part by a

| ongi tudi nal slot extending partially therethrough and sized to receive

sai d first woosstosadser ei n; . and 15 ' sai d second openi ngr,irﬂls§§}{dg5({ nsi de
surface of said support armdefined in part by a circular hole size o]

recei ve said second post therein. 16. The4,9‘fﬁ)port armof Caim12 further
conpri sing: 20 a keyway forned in said inside surface of said
support arm and si ZE t o gpeeerve.a keé di sposed in an associ ated pocket of
sai d bit body; j)l 6 W d k sal gl 6yway cooperating with each other for
alignnment and p ti oQKhe A gAANpport 186m within 25 sai d associ at ed
pocket . W55 443 PCT/ US95/ 10050
34 17. The suppo 3 b ’aﬁ-ﬁ@g further conprising: a key

proj ecting fro%f ) Je 6761 aks support armfor insertion into -
a mat chi ng keyway 106 '
and said key H wi th each other for alignnment and-

- positioning of sai 2 ‘ aiﬁh]a@socigt ed pocket .




10 18. The support arm and cutter cone assenbly of Caim 12
wherein said cutter cone assenbly further conprises a generally' conical
cutter body haWb@@mﬁo ase wirth an opening forned therein and a tip pointed
away from said opening, an outer portion of said base having a 15
general ly frustoconically-shape directed away from said base aﬂiﬂnrg'um -
surroundi ng said opening. 19. The support ar@4dgd cutter cone asseé%ﬁ& 50
Claim 12 further conprising: 20 a bearing assenbly di sposed

bet ween said spindle and said cutter cone assenbly; a reservoir containing
| ubri cant di sposed within said support arm said reservoir having a

| ongi tudi nal axis extendi ng 25 substantially7garallel wth said

| ongi tudi nal axis of said support aqu§Eh36a.fI%}d passageway extendi ng
fromsaid reservoir to said bearing as | y forp communi cating | ubricant
bet ween said reservoir and said bearing A5se —30 -~ WD 96/ 05403

PCT/ US95/ 10050 35 20. The sup t arm gnd yeut t codne assenbly of Claim19
further conprising: said reseP@%ir di sgosed in[dn fip@br portion of said
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(54) Title:_MODULAR ROTARY DRILL BIT \/

| (57) Abstract

A rotary cone drill bit (20) for forming a borehole (24) having
a one-piece bit body (40) with a lower portion (46) having a convex
exterior surface (48) and an upper portion (42) adapted for connection
to a drill string (22). A number of support arms (70) are preferably
attached to pockets (54) formed in the bit body (40) and depend
therefrom. Each support arm (70) has an inside surface (76) with
a spindle (82) connected thereto and an outer surface (80). Each
spindle (82) projects generally downwardly and inwardly with respect
to the longitudinal axis (72) of the associated support arm (70) and
the central axis (50) of the bit body (40). A number of cone cutter

respectively on each of the spindles (82).

assemblies (100) equal to the number of support arms (70) are mounted
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