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1 ROTARY CONE DRILL BIT WTH | NTEGRAL STABI LI ZERS

TECHNI CAL I ELD OF THE | NVENTI ON This invention relates in
Jenerak to the field of . rotary drill bits used in drillin

gorehole in t@902633 o5 th and in particular to a rotary CP&T@%?W bi t
wth 5 an integral stabilizer and an angled ranp fornmed on the
exterior of each support arm - BACKGROUND OF THE | NVENTI ON

Various types of rotary drill bits or rock bits 10 may be used to forma
borehole in the earth. Exanples of such rock bits include roller
cone bits or rotary cone - bits used inm drilling oil and gas wells. A
typi cal

ROTARY -CONE DRILL BIT WITH INTEGRAL STABILIZERS

TECHNICAL FIELD OF THE INVENTION
This 1nvent10n relates in general to the field of

rotary dr111 blts used in drilling a borehole in the
earth and 1n partlcular to a rotary cone drill bit with

5 an 1ntegral stablllzer and an angled ramp formed on the
exterior of.egch support arm.

BACKGROUND OF: THE INVENTION
Va_ibus types of rotary drill bits or rock bits

10 may be usedffciform a borehole in the earth. Examples of
such rock b;ﬁé include roller cone bits or rotary cone
bits used iéﬁérilling oil and gas wells. A typical
roller conefﬁét comprises a bit body with an upper end
adapted foréé@nnection to a drill string. A plurality of

15 support armé}?typically three, depend from the lower end
portion of tﬁgfbit body with each arm having a spindle
protruding“rééially inward and downward with respect to a
projected rqﬁé;ional axis of the bit body.

Convenfianal roller cone bits are typically

20 constructedf;ﬁithree segments. The segments may be
positioned ﬁégether longitudinally with a welding groove
between eachféggment. The segments may then be welded

. with each oﬁﬁé? using conventional techniques to form the .

’ bit body. .Eééh segment also includes an associated.

. 25 support arm extending from the bit body. An enlarged
cavity or pasgageway is typically formed in the bit body
to receive q;;lling fluids from the drill string. U.S.



*oller cone bit conprises a bit body with an upper end adapted for
connection to a drill string. A plurality of 15 . support arns,
typically.three, depend fromthe |ower end portion of the bit body
*wi th each arm having a splndle protruding radially inward and
downwar d WiVRIPEMBECt to a proj ected rotational axiBCHPSHYRESP; ¢
body. Conventi‘onal roller cone bits are typically 20
constructed in three segments. The segnments may be posi ti oned
together longitudinally with a welding groove bet ween each segnent.
The segnents may then be wel ded wi th each other using conventional
techniques to formthe .+. bit body. Each segment also includes an
associ ated 25 support ;arm extending fromthe bit body. An enlarged
cavity or passageway is typlcally formed in the bit body to receive

drilling fluids fromthe drill string, US. WD 98/ 02633
PCT/ US97/ 0638&atent 4,054, 772 entitled, Positioning Sysgem for Rock

Bit Welding gnows a method and apparatus for constructing
a three cone:rotary rock bit from three individual

segments. U.S. Patent 4,054,772 is incorporated by

5 reference fe 11 purposes within this application.

A cutter.cone is generally mounted on each spindle
and supportedéﬁdtatably on bearings acting between the
spindle and'ﬁﬁe7inside of a spindle receiving cavity in

the cutter cone. One or more nozzles may be formed on

10 the under51d :of the bit body adjacent to the support

zzles are typically positioned to direct:
drilling fluid-passing downwardly from the drill string
through the:ﬁitﬁbody toward the bottom of the borehole
being formedffiDrilling fluid is generally provided by

15 the drill stfihg to perform several functions including
washing away materlal removed from the bottom of the
borehole, cleanzng the cutter cones, and carrying the
cuttings rad;e 1y outward and then upward within the
annulus definé ?between the exterior of the bit body and

20 :  the wall of the borehole. U.S. Patent 4,056,153

: entitled, Roté:y Rock Bit with Multiple Row Coverage for

Very Hard Formatlons and U.S. Patent 4,280,571 entitled,

Rock Bit show examples of conventional roller cone bits

with cutter cone assemblies mounted on a splndle

25  projecting from a support arm. U.S. Patent 4,056,153 and
U.S. Patent 4 280 571 are incorporated by reference for
all purposes w1th1n this application.

During drllllng with rotary cone drill bits and rock

bits, fluid f;ow in the vicinity of the drill bits is

30 very turbulengg. Also, fluid flow in the annulus between
the exterior”éﬁethe associated drill string and the



Patent 4,054,772 entitled, Positioning Systemfor Rock Bit Welding
shows a nethod and apparatus for constructing a three cone rotary
rock bit fron1three i ndi vi dual segnents. U. S. Patent 4,054,772 is

I ncor por at ed b reference for all purposes within th|s @ﬁ %@élon
A cutter cone ¥¥rally nounted on each spindle %E

rotatably on bearlngs acting between the spindl e and the I nsi de of a
spindle receiving cavity in the cutter cone. One or nore nozzles
may be formed on 10 t he underside of the bit body adjacent to the
support arnms. The nozzles are typically positioned to direct
drilling fluid passing downwardly fromthe 3rill string t hrough the’
bit body toward the bottom of the borehol e being forned. Drilling
fluid is generally provided by 15 the drill strihg to perform several

functions incl udi,n nat er,i nmoved_fr bot t om of
the borehcﬁlégwélléfaﬁf\,\gﬁ? h%g’é%fm%? 1csor?é'ss° 85 rtdas ng“f?]‘gleent and"
cut tii ngs radi al InoneunidodmandThésen wgwiatdonst Hinn £ibéd flow abond usitdefi ned
beteen the ox{ 5t ih LR LM VR segckiBpall brola (g6 hgyeole
Cover age for frequvetyyknequixﬁrﬂﬁahmk;amng the. dpaldnstrin@Oary drill

entitled, g bifOGKtRih EROVHSXABAES Qiazq%\ée@ggggabfrguﬁﬂm bits
with cutter cone assenblles nmpunted on a spi.nd projecting froma

support arm U239/pg ERRtRabbgens hayR Previougly bPﬁPe‘ﬁ?eq IBPHLL oFr e
i ncor por ated by a dbahtBste aﬁnlmg as8dmly.poFes Woinbi aphicatiyd,cali on.
AR Vbl o 3 SR AhE ad S T ddeahee® BRORESK prracnlidy, dhg, " O
flow in the ann@iridlbstwirg above theamitlebier oForhethesoci ated dril
string aqq,the applications, stabilizer pads or luqs;have been welded to
.the exterior of a drill bit after original manufacture
and sale of ‘the.drill bit. For examﬁie, Security Dresser
has developed stabilizer pads or lugs;to provide
additional bit stabilization and shirftail protection
15 during sevefeidownhole drilling appliéations. Such
stabilizer pads are typically most eﬁfective during
drilling of horizontal and directionéi well bores which
result in sideloading of the associated drill bit and
premature drill bit failure due to ihéreased abrasion,
20 erosion, and/or wear of the shirttail;portion. Such
stabilizer pads or lugs are generally manufactured as a
separate component and attached to. the exterior of a
selected drill bit by welding. Flus r
carbide inserts may be included as_ﬁg#t of the stabilizer
25 pad or lug to further enhance abrasiéﬁ; erosion and/or

Qeurface tungsten

wear resistance.

SUMMARY OF THE INVENTION
In accordance with teachings q the present

30 invention, dlsadvantages and problems assoc1ated w1th
previous rock bits and rotary cone drlll bits have been .
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3 sidewal | of the borehole is also often very turbul ent and
non-uni form These variations in fluid flow along with rotation and
~vi bration of the associated drill string, frequently require
stabilizingVOR802633 || string and drill 5 bit within tfﬂ?ﬂ&ﬁ%ﬁﬂ@ﬂb.
Various types of stabilizers and/or centralizers have previously
been used as part of a downhole drilling assenbly. For sone
applications, a stabilizer may be a separate conmponent attached to
t he drill string above the drill bit. For other 10

applications, stabilizer pads or |ugs have been wel ded to t he
exterior of a drill bit after original manufacture and sal e of the
drill bit. For exanple, Security Dresser has devel oped stabilizer
pads or lugs to provide additional bit stabilization and shirttai

protection 15 Substantisd lyeveducaduprorkimimatachy dppPpeatedimendych
stabilizer padgmeigrdsgpitCahk¥ni®sh Shébsddy @ Guppdet arm and'&httdyw of

hori zontal an ir [ I 2|, | res, whi ch
° ontal and, direct %g%y_&gichbgrgvides enhanced fluid flow around

cone asse
the exterior of an associated rotary cone drill bit to
5 remove cuttings and other debris from the bottom of a
borehole to the well surface. A stabilizer pad or lug is
preferably formed as an integral part of the exterior
surface of each support arm. '

Technical advantages of the present invention

10 include providing a stabilizer pad or lug as an integral
part of each support arm to eliminate the need to add a
stabilizer as an additional component in the drill string
above the drill bit and the associated extra threaded
connections. Integral stabilizer pads formed in

15 accordance with the teachings of the present invention
are not subject to cracking and/or corrosion associated
with lugs or pads added to previously manufactured drill
bit using welding processes such as weld-overlay or
welding a separate pad to each support arm after

20 manufacture of the drill bit.

The present invention allows fabricating a
stabilizer pad as an integral part of a support arm prior
to attaching the support arm with its associated bit
body. As a result of the present invention, compacts

25 and/or inserts may be installed within the integral
stabilizer pad and/or hardfacing material applied to the
exterior of the stabilizer pad prior to assembly of the
support arm with its associated bit body. Alternatively,
the stabilizer pad may be manufactured with one or more

30 holes to accommodate installing inserts after the
associated drill bit has been assembled.



result in si del oadi ng of the associated drill bit and premat ur e

drill bit failure due to increased abrasion, 20 erosi on, and/or wear of
the shirttail portion. Such. stabilizer pads or lugs are gene_rallyf
manuf att ur ed separate conmponent and attached to rpor o
a selé@?ﬁ@mﬂ?fll bit by welding. Flush surface tungst ﬁﬁ"g%bg“k _
carbide inserts nmay be included as part of the stabilizer 25 pad or | ug

to further
SUVVARY OF THE | NVENTI ON

present 30 (
previous rock bits and rotary cone drill bifs have been WO

98/ 02633
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enhance abrasi on, erosion and/or wear resistance.
I n accordance with teachings of the

I nvention, disadvantages and probl ens associated with

PCT/ US97/ 06388

One aspect of the present invention includes
fabricating each support arm with anlintegral stabilizer
pad or lug and applying hardfacing to the exterior of the
integral stabilizer pad prior to securing the support arm
with the associated bit body to minimize abrasion,
erosion and/or wear of the respective support arm.
Forming the stabilizer pad as an integral part of the
respective support arm allows selecting various
configurations such as spiraled or straight to optimize
the performance of the associated drill bit. Also,
multiple integral stabilizer pads may be formed on the
exterior of each support arm.

The present invention allows optimizing the location
of the integrai stabilizer pad on the exterior of the
associated support arm without possibly damaging internal
components such as a lubricant reservoir or bearing
seals. Welding techniques associated with attaching
stabilizer pads to the exterior of a previously
manufactured drill bit frequently limit suitable

. locations for attaching the separate stabilizer pad to

the exterior of the drill bit. Thus, fabrication of a

-stabilizer pad as an integral part of each support arm

prior to assembly of the resulting drill bit may be
optimized without concern for potential heat damage to
other components.

Another aspect of the present invention includes
providing a ramp on the exterior surface of each support
arm. The ramp is preferably formed at an angle such that
a top surface of the ramp slopes generally upward from
the leading edge to the trailing edge of the support arm.
The ramp has a predetermined thickness to provide a gap



substantially, reduced or elimnated. In one enbodi nent, t he present
i nvention includes a support armand cutter cone assenbly which
provi des enhanced fluid flow around the exterior of an associ ated
‘Totary cone drill bit to 5 remove cuttings and other debris fromthe
bott om of AWO98/02633 borehole to the well surface. A stabi |RGRASIHHAISHr | ug
S preferably formed as an integral part of the exterior

surface of each support arm Techni cal -advant ages of the
present invention 10 i ncl ude providing a stabilizer pad or lug as an

I nt egr al part of each support armto elimnate the need to add a
stabilizer as an additional conponent in ghe drill string above the
drill bit and the associated extra threaded connections. |ntegral
stabilizer pads formed in 15 accordance with the teachings of the
present invention are not subject to cracking and/or corrosion
associ ated  betwegn rtheug@stsrlgadguaﬁm o theeFupPory AtmusRdtthed drill

bit using wel dmgewlqceﬁsQﬁesasbeaéweéwb@/emea&a& wel ding a _
separate pad to each suppor.t arn1ffter nuf ct re of the drill bit.

The present invent i%gh 3PsH_RFELY E%I??E]EfaChlngs 5PEi PERSERE as an
integral part fventsigep®iothasmspabblizer padtamda&hmphamg iheegripppyt arm

W th |ts aSSOCf&gmg%%n theeﬁctepggl\.{b%f\iseaati ng or%f Qle péﬁsent i nventi on,

conpacts™ 25 in°th ?ntegral
stabilizer pmubEahﬂlmzehapdﬁaendgranpeareﬂpnﬂﬁﬂnahdytoffbet from eaati eri or of

the stabi |l zerodasy i il ngSEEoh s Of1LDE, cutcingBPRRR! oBRILI L Tt

associ ated bit Al't er na i zer my be
manuf act ur ed vﬁ%brkﬁu£49m ﬁbﬁeb99t°m ofiothe harehedemtedshe Fﬁ%ﬂhﬁ$|ng

inserts after #d¥ned betweansehbakedewdil lodithddoraeneasnambhed.
10 exterior of-the associated drill string.

Further technical advantages of the present
invention include providing an integral stabilizer pad
and associated ramp to divide turbulent fluid flow around
the associated rotating cutter cones from fluid flow in

15 the annulus abo#e the drill bit such that cuttings and
other debris entering the annulus williﬁot be drawn back
down toward the cutter cones. Fluid fléw'below the ramp
is turbulent and multidirectional due to fluid exitirg
the associated nozzles and the churninqjeffect of the

20 cutter cones. Fluid flow above the staﬁilizer pad is
relatively less turbulent and unidirectionally upward.

The outside dimensions of both theﬁintegral
stabilizer pad*ahd the associated ramp é&e preferably
substantially equal to the desired radius for the

25 borehole. Thus, vibration and latera"movement of the
associated drlll bit at the bottom of the borehole during
drilling operatlons is substantially ;
eliminated. By formlnq both the stab“ izer pad and the
ramp as 1ntegral components of each sﬁp ort arm, their

30 corresponding dimensions (thickness, length, width, and
exterior radlus) may be optimized to enhance downhole
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5 . One aspect of the present invention includes

fabricating each support armwth an integral stabilizer pad or | ug
and applying hardfacing to the exterior of the integral stabiljzer
pad prior to W8M3I63} t he support arm 5 with the associ XL PFbdy to
m ni mze abrasion, erosi on and/or wear of the respective support

arm Forming the stabilizer pad as an integral part of the
respective support arm all ows sel ecting various configurations such
as spiraled or straight to optimze 10 t he performance of the associated
drill bit. Also, multiple integral ®tabilizer pads may be fornmed on
t he exterior of. each support arm The present invention
allaws optim zing the |ocation of the integral stabilizer pad on the

oo o e g sna RSk E P D IR cBes bl g
seal-s. Wl di ng tdthni feeshinsgooofitteik \prdeeaattt dakengion allowt abilizer pads
to the eXteriOrs%Ls%aRE?Xifgsiﬁbroved quality control and substantially
reduced variation in dimensional tolerances. The
5 stabilizer pad and the ramp cooperate with other
components of the bit body to separate fluid flow at the
drill bit intp'two substantially independent regions.
Other tédhnical advantages of the present invention
includes elimihating forged nozzle bosses associated with
10 conventionalirotary cone drill bits which results in an
increase infénnular flow area around the exterior of the
drill bit. J&he increased annular flow area in
cooperation ﬁith the integral stabilizer pad and the ramp
on each support arm provides enhanced fluid flow of
15 cuttings ahd{bther borehole debris from the bottom of the -
borehole to fhe well surface. Increasing the annular
area between the exterior of the drill bit and the
sidewall of_fhe borehole substantially reduces scoring or
plowing of the sidewall while tripping the associated
20 drill string and drill bit. Scoring or plowing of the
sidewall is a significant concern in directional and/or
extended reaéh horizontal drilling applications. For
some downhole applications, the length of each support
arm may be i@greased to provide two or more integral
25 stabilizer p?ds for even greater downhole drilling
stability.
Still further technical advantages which result from
- using a drill biﬁ incorporating various teachings of the
present inve@tioﬁ include improved downhole cleaning,
30 higher fluid flow rate capabilities, reduced bit balling
problens, mo?e consistent uniform downhole drilling



-manuf actured drill bit frequently limt suitable 20 | ocations for
attaching the separate stabilizer pad to the exterior of the dril
bit. Thus, fabrication of a stabilizer pad as an integral part of
*each support arm prior to assenbly of the resultin%'drlll bit may be
optinmi zed WOB¥®MEoncern for potential heat damage to 25 PCI/ERHAGI8s
conponents. Anot her aspect of the present invention includes
providing a ranp on the exterior surface of each support arm The
ranp is preferably forned at an angl e such that a top surface of the
ranp sl opes generally upward from 30 the | eading edge to the trailing
edge of the support arm - The ranp s a predeterm ned thickness to
provi de a gap WO 98/ 02633 _

PCT/ US97/ 06388 . 6 bet ween

the exterior surface of the support m and ? i dewal | of the
bor ehol e abov?efﬁgrpéﬁﬁe and reduced 1rectlona erlllng problems by

eliminating "plowing” or scoring of the well bore
sidewall while tripping the associated: drlll bit.
The open area provided between the lower portion or
5 dome of the bit body and the assoc1ated cutter cone
assemblies in combination with an anglg@ shirttail ramp
having a layer of hardfacing and an enﬁgnced fluid flow
return area combined to prevent packlng of cuttings and
substantially reduce abrasion, erosion. and/or wear of the
10 various components of the drill bit. As a result, seal
life is substantially lengthened to inqﬁease the downhole
drilling time for the associated drill bit. Drill bits
incorporating teachings of the present invention have
demonstrated longer downhole drilling-iéfe, higher rate
15 of penetration (ROP) and lower total drjilling costs.

BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present

invention, and the advantages thereof, reference is now
20 made to the following description taken in conjunction

with the accompanying drawings in whichilike reference

numbers indicate like features and whetéln:
FIGURE 1 is a schematic drawing in:élevation and
section with portions broken away of a rotary cone drill
25 bit incorporating features of the present invention
attached to one end of a drill string d 'pbsed in a
borehole;

FIGURE 2 is an isometric drawing éhowing a support

30 stabilizer pad and ramp in accordance ﬁﬁth teachings of
the present invention; “



I'n accordance with the teachings of the present I nvention both a
stabilizer pad and ranp are integrally 5 formed on the .exterior of
each support arm The ~ stabilizer pad and ranp are preferably offset
from each other to aid the flow of fluid, cuttings, _
debris from tWR%¥6om of the borehole to the annul us QQﬂaﬁéﬂﬁéﬂ%tmeen
the sidewall of the borehole and the 10 exterior of the associated drill
string. Furt her technical advantages of the present

i nvention include providing an integral stabilizer pad - and
associated ranp to divide turbulent fluid fl ow around t he associ at ed
rotating cutter cones fromfluid flowin 12 t he annul us above the dril

bit such that cuttings and ot her debris entering the annulus wl|l
not be drawn back down toward the cutter cones. Fluid flow bel ow t he

ranp I's turbu mul tidirectiangl due to fluid.exitin

t he associ at ed nozzl gegﬁg'?h rﬁﬁlﬁégg gE?wb?gtﬁ% 3i%vatl°@UFPgP cones.

Fl ui'd fl ow aboveorhéoss abrdkearerawsd sheowing thereheegmaﬂ)sﬁahiiumembpbant and

uni di rectional | p decdj t he
4nH %@#ﬁ on the engrleghquQBEE &t tEEQ§l prgfgrag

I nt egr al Sta zer -pad and thé assocrated ra
substantially eéﬁﬁUREOZthtMe%déuiiqn@dlGgsﬁﬁtsthe qgmpactaunOew@ﬂ@ce Thus

vi brationsand | a-g58bn "ONE Wl r Hrdn'@ownhole 9§§9&'€¢6%’C”'|| bit at the
bottom of the borehole dur ing, drilling operations is substantially

reduced or FEVRE et 1s pp P&P&Pﬁ&dbGFﬂw%Wé D FAGEI0 WIEB and the -
ramp as IntegraboeﬁﬂaﬂnﬁﬁﬁﬁeﬂﬁaW§¥ﬂ%HEWQﬁ§rbo@tﬂbnéfﬁ&rafﬂhe plee@rbespondlng

di mensi ons (thi ess, length wndt exterior ,radius
optim zed to enﬁaﬁgé a %ke? rm, % cutger cone aasembly 1ncorpo§at1¥g
an embodiment of the present invention
10 FIGURE 5 is an end view of the blt body shown in

FIGURE 4; and.

"FIGURE '6:is a drawing in elevatiqp showing a support

arm having an alternative embodiment of the present
invention including two integral stabilizer pads.
15 )
DETAILED DESCRIPTION OF THE INVENTION-
The present invention and its advantages are best
understood by referring to FIGURES 1 through 6 of the
drawings, like numerals being used fdi@like and

20 corresponding parts of the drawings.
FIGURE 1 is a schematic drawing éhowing an isometric

view of a rotary cone drill bit indicated generally at
20, 1ncorporat1ng various teachings-: of'the present

hed to drill

Annulus 26 is
formed between the exterior of drlll_strlng 22 and
sidewall 28 of borehole 24. 1In addltlln to rotating
drill bit 20, drill string 22 is use iJs a conduit to
communicate drilling fluids and other fluids from the

30 well surface to drill bit 20 at theibdttom of borehole
24. such drilling fluids may be directed to flow from

invention. prlll bit 20 is shown at
25 string 22 disposed within borehole 2
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7 . drilling performance of the resulting rotary cone dril

bit. Teachings of the present invention allow substantially inproved
qual ity control and substantially reduced variation in dinmensional
t ol er ances. Wipl98/02633 stabilizer pad and the ranp cooper REXU$B638E her
conponents of the bit body to separate fluid flow at the drill bit
into two substantially independent regions. Q her technica
advant ages of the present invention |ncludes elimnating forged
nozzl e bosses associated wth 10 conventional rotary cone drill bits
which results in an I ncrease in amgul ar flow area around the
exterior of the drill bit. The increased anhular flow area in
cooperation with the integral stabilizer pad and the ranp on each
support arm provi des enhanced fluid flow of 15 cuttings and ot her

bor ehol e debr B8ifioftrieg bé7 tEmigh idt body 3Bokeh¥reiews ez adels| 38ur f ace.

I ncreasi ng th%x@ﬂ@aéarm dr111 82 At m&t&hesef&%é@rbpfdfﬂq Wik | bit
and the i dewal | of 't he borehql e substantially reduces scoring or

pl owi ng of th@osﬁﬁém&Fheﬁh@?¥F¥§lﬁﬁ)qﬂf Pﬁ§t8§sﬁglﬁ?éﬂh?kﬁ 24 widid| migtring
and drill bitwithCereNgr Il MPWNfidlexit@ng from one or more nozzles

5 30 and return to the well surface via annulus 26.
As shown in FIGURES 1, 4 and 5, drill bit 20
preferably comprlses a one piece or un1tary bit body 32.
Bit body 32 1ncludes upper portion 34 hav1ng threaded
connection or pen 36 adapted to secure drill bit 20 with

10 the lower end of drill string 22. Three support arms S50
are preferably .attached to and extend longltudlnally from
bit body 32 opp051te from threaded connectlon 36.  Only
two support arms 50 and cutter cone assemblles 90 are
shown in FIGURE 1.

15 Each support arm 50 preferably 1ncludes spindle 52
connected to and extending from inside surface of the
respective support arm 50, Cutter cone assemblies 90 are
rotatably mounted on respective spindles;52 which extend
generally downWard and inward from eacﬁfsupport arm SO.

20 An important ﬁeature of the present invehtion includes
the ability to:fabricate ramp 120 and stabilizer pad 140
as an 1ntegral parts of exterior surface 54 of each
support arm 50 prlor to attaching support arms 50 to bit
body 32. S

25 U.S. Patent 5,439,067 entitled Rock:Bit With
Enhanced Flu;d Return Area and U.S. Patent 5,439,068
entitled Mbdular Rotary Drill Bit prov1de additional
information concerning the manufacture and assembly of
unitary bit bodies, support arms and cutter cone

30 assemblies whlch are satisfactory for use with the
present invention. Both of these patents are



sidewall is a significant concern in directional and/or ext ended
reach horizontal drilling applications. For some downhol e
applications, the length of each support arm may be increased to

rovide two or re integral 25 stabilizer pads for even greater
gownhole dri | YP1t0263s stability. Still further REn
advant ages which result from using a drill bit incorporating various
-teachings of the present invention include inproved downhol e
cl eani ng, 30 higher fluid flow rate capabilities, reduced bit balling

probl ens, nore consistent uniform downhole drilling WO
98/ 02633 11 PCT/ US97/ 06388

performance and reduced directional drilling problens by ~elimnating
"pl owi ng" or scoring of the well bore sidewal | while tripping the
nggfgﬁtg? dr"kn@b%porated by refé;%%cgp%gragff'sﬁéggéggjd¥%ﬂqgeghgge | ovier
: application.
Bit body 32 includes lower portion 38 having a
generally convex exterior surface 40 formed thereon.
5 Lower portion 38 may sometimes be referred to as a dome.
The dimensions of convex surface 40 and the location of
cutter cone assemblies 90 relative to lower portion 38
may be varied by adjusting the length of the support arms
50 and the spacing of each support arm 50 on the exterior
10 of bit body 32. One or more nozzles 30 are preferably
formed within lower portion 38 of bit body 32 to supply
drilling fluid from the well surface through drill string
22 to drill bit 20 for removal of cuttings and other
downhole debris created by drill bit 20. The number of
15 nozzles 30 and their location within bit body 32 may be
varied depending upon the intended downhole drilling
application.

Debris carrying drilling fluid will generally flow
radially outward between convex surface 40 and the bottom

20 of borehole 24 and then flow generally upward toward the
well surface through annulus 26. For the embodiment of
the present invention as shown in FIGURES 1-5, bit body
32 includes three nozzles 30 and their associated fluid
flow passage ways which will be discussed later in more

25 detail.

Forming nozzles 30 and their associated fluid flow
passages within unitary bit body 32 eliminates the
requirement to form nozzle bosses associated with
conventional drill bits on the exterior of bit body 32.

30 One result of forming nozzles 30 within bit body 32 in
accordance with teachings of this bresent invention is a



5 donme of the bit body and the associated cutter cone assenbl i es
I n conbination with an angled shirttail ranp havi ng a | ayer of
har df aci ng and an enhanced fluid fl ow return area conbined to
prevent packing of cuttings and substantially reduce abrasion,

er osi on andmeér9sieed of the 10 vari ous conponents of thePEFUBI7/063%8. As a
result, seal life is substantially | engthened to increase the
downhol e drilling time for the associated drill bit. Drill bits

i ncorporating teachings of the present invention have denonstrat ed
| onger downhole drilling life, higher rate 15 of penetration (ROP) and
| ower total drilling costs. BRI ER.2DESCRI PTI ON OF THE DRAW NGS

For a nore conpl ete understandi ng of the present i nvention, and the
advant ages thereof, reference is now 20 nade to the follow ng

description taken in conaunctlon ith the acconpanying drawi ngs in
which |ike refSbsteggtially ﬁBﬁB§9§d|$$H¥QHQJQW eEereREEYRN abe wher ei n:

FIGURE 1 is aexteaiel efdaammgbw 20 ey isiiedadl 28 of B&EEROTEe VB4
portions brok one it inco atjng

away.of _.a rotary of
features of tﬁ@sﬁreﬁgﬁt 1PRAEAPROA n°zzdfesat3[°aalfé’éfl Ssoﬁer%ing thyely dr| | |
string disposemddthaexterlorbeﬁehate for bit body 3E|ﬁhEEh2miﬁuﬁHhe§0nEtriC

.drawi ng 5shovvl &S {)ggd orePlo an%n né:!l_é:elé’ HG" SGoN ilssg % havi ng bot h

an integral ramp I n-accor. ?%achlngs of
t he present |nkadﬂ|gm;1ng:22 and drill bit 20 in and out of borehole

24. Scoring or plowing of sidewall 28 is of particular
concern for hbrizontal or highly deviated boreholes.
As shown in FIGURES 1, 2 and 4, each cutter cone

10 assembly 90 includes grooves 92 along with protruding
inserts 94 which scrape and_gouge.agaihst the sides and
bottom of:borehole 24 in response to weight and rotation
applied to drill bit 20 by drill string 22. The position
of grooves 92:and inserts 94 for each cutter cone

15 assenbly 90 may be varied to provide the desired downhole
drilling action. Other types of cutter cone assemblies
may be satisfactorily used with the present invention
including, but not limited to, cutter cone assemblies
having milledfteeth instead of inserts 94. A plurality of

20 surface compacts 96 are disposed in gauge face surface 98
of each cutter cone assembly 90. Inserts 94 and surface
compacts 96 may be formed from various #ypes of hard
materials associated with the manufactuie of downhole
drill bits.

25 Ramp 120 .and stabilizer pad 140 are formed on
exterior surface 54 as an integral part of each support
arm 50 in accordance with teachings of the present

invention to stabilize drill bit 20 within borehole 24

and to aid drilling fluid flow in carrying debris from
30 the bottom of borehole 24 to the well surface Ramp 120

and stabilizer pad 140 preferably extend radially from
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9 FIGURE 3 is an enlarged drawing in elevation with
portions bfoken away showi ng the integral stabilizer pad and ranp on

the exterior gurface of the support arm of FIGURE 2 with additiona
i nserts or coﬁﬁﬁ@&?%?o reduce 5 erosi on and wear from dBGAISTAEE i o

flow FIGURE 4 is an expl oded drawing in section with

portion broken away showi ng portions of a one-piece bit body,
support arm and cutter cone assenbly incorporating an enbodi nent of
t he present invention; 10 FIGURE 5 is an end view of the bit body
shown in FI GURE 4; and " FABGURE 6 is a drawing in

el evati on showi ng a support arm having an alternative enbodi nent of
t he -present invention including two integral stabilizer pads. 15

ts advantages &sipeappore sbCR8 Suseconce whicn' 1S BRERBRIaREREY" | IV 00K
6 of the efiuadi itgs thei deshnedrmadivgifar bpoaehbde Rdke and
: For one application, outer surface 130 of ramp 120
and outer surface 142 of stabilizer pad 140 are separated
5 from sidewall 28 of borehole 24 by a nominal distance of
approximately 0.03 inches. Therefore, contact between
the exterior of ramp 120 and/or stabilizer pad 140 and
adjacent portions of sidewall 28, may occur depending
upon specific downhole drilling conditions. For purposes

10 of illustration, a relatively large gap is shown in
FIGURE 1 between exterior surfaces 130 and 142 and
sidewall 28. Both ramps 120 and stabilizer pads 140 may:
be protected by inserts and/or hardfacing which will be
described later in more detail.

15 Stabilizer pad 140 is preferably spaced :
longitudinally from the associated ramp 120 to form fluid
flow channel 144 between each support arm 50 and sidewall
28 of borehole 24. Fluid flow channels 144 cooperate
with each other to direct turbulent fluid flow and

20 cuttings from the bottom of borehole 24 upwardly into
annulus 26. One of the benefits of combining stabilizer
pad 140 with ramp 120 is incréased separation of
turbulent fluid in the vicinity of cutter cone assemblies
90 at the bottom of borehole 24 from generally upward

25 fluid flow in annulus 26 above support arms 50. For some
downhole drilling applications only stabilizer pad 140
may be required on exterior surfacg 54 of support arm 50.
Alternatively only ramp 120 may be required for other
applications.

30 As shown in FIGURES 1, 2 and 3, ramp 120 is
protected by a plurality of inserts 134 and hardfacing



-20 correspondi ng parts of the draw ngs. FIGURE 1 is a
schematic drawi ng showi ng an isonetric : view of a rotary cone dril

bit indicated generally at 20, incorporating various teachings of

't he present invention. Drill bit 20 is shown attached to drill 25
string 22 dWOpYed within borehole 24. Annul us 26 is PCT/YSI7/AE38B bet ween
the-exterior of drill string 22 and_ -5+t 28 of borehole 24. In
add'tlon to rotating drill )WH\&SHEEW Hf\é @[EN ng 22 is used as a

ij}‘ aSBﬁeﬂReﬂlﬁcsﬁim‘rum cate drilking fRERLASERNd other fluids fromthe 30

’mﬂ”uﬂ ill bit 20 at the—ottomor borehol e 24. Such

y be directed to flow fiaom WO 98/ 02633

PCT/ US97/ 06388 10 dril
string 22 through bit body 32 to various nozzles 30 provided in drill
bit 20. Cuttings fornmed by drill bit 20 and other debris at the
bott om of bor eBYRE 236y |Inspsts 134 are disposed in ramp 120 adjacent

to top surface 126. Hardfacing layer 136 is disposed on

the lower edge of shirttail portion 56. Hardfacing layer
136 may comprise, for example, chips or particles of

5 tungsten carbide or other appropriate material for
resisting erosion, abrasion and wear.

As shown in FIGURES 1, 2 and 3, stabilizer pad 140
may also be protected by a plurality of inserts or
surface compacts 146 disposed in outer surface 142.

10 Various types of hardfacing may also be formed on outer
surface 142 in addition to inserts 146. By initially
manufacturing support arm 50 as a separate component from
bit body 32 and cutter cone assembly 90 various '
fabrication and manufacturing techniques may be used to

15 form ramp 120 and/or stabilizer pad 140 which would not
be compatible with forming the same type of ramp and/or
stabilizer pad on the exterior portion of a conventional
rotary cone drill bit.

As shown in FIGURES 2 and 3, each support arm 50

20 includes leading edge 122 and trailing edge 124 disposed
on opposite sides of exterior surface 54. Drill string
22 preferably rotates rotary cone drill bit 20 to the
right to form borehole 24 while drilling fluid is ejected
from nozzles 30 toward cutter cones 90. Thus, ramp 120

25 at leading edge 122 will pick up cuttings and fluids from
the bottom of borehole 24. The fluid and cuttings move
up along top surface 126 within channel 144 toward
trailing edge 124 of each support arm 50 and flow upward
into annulus 26 toward the well surface. Fluid flow

30 channel 144 is defined in part by top surface 126 of ramp
120, bottom surface 148 of stabilizer pad 140 and the



wth the drilling fluid exiting fromone or nore nozzles 5 30 and

return to the well surface via annulus 26. _ As shown in FI GURES
1, 4 and 5, drill bit 20 preferably conprises a one piece or unitary
bi t bady 32. t body 32 includes upper portion 34 haV|89 thre%ded
connection or ﬁﬁﬁm adapted to secure drill bit 20 with 10 06388 \ver
‘end of drill string 22. Three support arns 50 are preferably
attached to and extend longitudinally from bit body 32 opposite from
t hreaded connection 36. Only two support arms 50 and cutter cone
assenblies 90 are shown in FIGURE 1. 15 Each support arm 50
preferably includes spindle 52 connéét ed to and extending from

i nside surface of the respective support arm50. Cutter cone
assenblies 90 are rotatably mounted on respective spi ndl es gg mgbch
ext end o] n rq fr.omeac port arm

An i npor t ant fe %?:gH&?o? Mg\%ﬁ%‘ﬁtsqlrnt\n/en i°ch 9 ﬁBPﬁag ween namp 340 ity
to fabricate raﬁﬁleedahﬂostablllzer pad 140 as an integral parts of

exterior surface 54 gbpeaghrace 126 YPRE 38 TaPhhQlof QELALE

support arns 50 to bit
enPPtIed Rock BPE 9@§h111zer PQ#Wi%ﬂxﬁfQﬁQJablmeﬁbﬁneAGQE?Eﬁ&inJuﬁwaEdtent

5, 439, 068 5 alenyi ekedr MpE U rRAY &gy o2 lshprkE &fﬁvsdjefﬁﬂrﬂ 1téa@1"ﬁ
i nformati on conc rnlfg%t e nan facture and assenb b|t

bodi es, support ® d-2 Jc“cgmfdﬂ? 'asgéﬁbﬁl’é%a%lw a?rf’él
sati sfactory fobohtemmsmhfa®e 148 may miompeiisei AVED&t Ofurffnd,h 20fcohbase

patents are surface, or any other appropriate configuration to aid in
removal of cuttings and other debris from borehole 24.

10 As best shown in enlarged FIGURE 3, top surface 126
and bottom surface 148 comprises concave surfaces having
respective predetermined radius of curvature shown at 128
and 150. Top surface 126 and bottom surface 148 extend
radially from exterior surface 54. Top surface 126 and

15 bottom surface 148 may be disposed lower on support arm
50 if nozzles 30 are located closer to the .center of bit
body 32. It is desirable to have the entrance to channel
144 as low as possible on support arm 50 to aid in
removal of cuttings and other debris. The thickness:of

20 ramp 120 and stabilizer pad 140 may be chosen such that
respective outer surfaces 130 and 142 are located at-a
desired distance from sidewall 28 of berehole 24,

Ramp 120 and stabilizer pad 140 are preferably
formed as integral parts of extericr'éﬁrface 54 of each

25 support arm 50. For some applicationéé ramp 120 and
stabilizer pad 150 may be formed as an integral part of
support arm 50 by machining an appropiiately sized piece
of raw material. Ramp 120 and stabiliéer pad 120 may also
be formed as an integral part of suppéét arm 50 during

30 forging of support arm 50. After suééért arm 50 has been
forged, ramp 120 and stabilizer pad 140 may be further
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I ncorporated by reference for all purposes within this application
Bit body 32 includes |ower portion 38 having a general |y convex
‘'exterior surface 40 formed thereon. 5 Lower portion 38 may sonetines
be referredwa®sf2633 done. The di mensi ons of convex EBGFAUSY®6PE and
the | ocation of cutter cone assenblies 90 relative to | ower portion
38 may be varied by adjusting the |length of the support arns

50 and the spacing of each support arm 50 on the exterior 10 of bit
body 32. One or nore nozzles 30 are preferably formed within | ower
portion 38 of bit body 32 to supply i6drilling fluid fromthe well
surface through drill string 22 to drill bit 20 for renoval of
cuttings and ot her downhol e debris created by drill bit 20. The

nunber of 15 nozzl es 30 _and thejr |ocation within bit body 32 may be
vari ed dependi®RFHER tRe dRALRAJERE Ho VR ke dimensdons and shape cat i on.

Debris carryi nthcludinign@hkl Blépei bf Bspeshittface 1128 and bottédli bt yact war d
bet ween conve urface 40 and the bottom 20 of borehole 24 and then
fIOM/generalléhﬁbmard toward the wel | surface through annul us 26.
For the: enbodi nent Tle slope and structure of ramp 120 and stabilizer

‘5 pad 140 may he varied without departing from the
teachings of the present invention. For example, ramp
120 and stabilizer pad 140 may have linear slopes from
leading edge 122 to trailing edge 124 along exterior
surface 54. Alternatively, ramp 120 and stabilizer pad

10 140 may have nonuniform slopes and/or widths across
exterior surface 54.

For somg;applications, it may be desirable to

install one or more inserts 146 on leading edge 122
adjacent to the opening for channel 144. Also, inserts

15 146 may be installed within top surface 126 and bottom
surface 148 as shown in FIGURE 3. Inserts 146 thus
cooperate with each other to minimize erosion, abrasion
and wear from fluid flow adjacent to leading edge 122 and
surfaces 126 and 148 of flow channel 144. Various types

20 of inserts or compacts may be satisfactorily ‘used as
inserts 146. _sﬁch inserts include but are not limited to
tungsten carbide inserts, polycrystalline diamond
inserts, or other suitable hard materials compatible with
the associated downhole drilling envir@nment.

25 As shown in FIGURES 1 and 4, bitgbbdy 32 includes
middle portion 42 disposed between upper portion 34 and
lower portion 38. Longitudinal axis o?_central axis 44
extends through bit body 32 and correségnds generally
with the projected axis of rotation for drill bit 20.

30 Middle portion 42 preferably has a geﬁénally cylindrical
configuration with pockets 46 formed in the exterior



t"he present invention as shown in FI GURES 1-5, bit body 32 incl udes

three nozzles 30 and their associated fluid fl ow passage ways which
will be discussed later in nore 25 detail . - For m ng nozglgs
30 and their lated fluid flow passages W thin un ody
32 elimnat eswkés requirenent to formnozzle bosses agé'glél %@w th
conventional drill bits on the exterior of bit body 32. 30 One result
of form ng nozzles 30 within bit body 32 in accordance with
teachings of this present invention is a WO 98/ 02633

PCT/ US97/ 06388 12

substantially enlarged fluid flow area between the exterior of dril
bit 20 and sidewall 28 of borehole 24. Al so, .the |location of nozzles
30 provides a relatively snooth exterior surface for bit body 32

which mnim zes tyreoSGRL 882808/ PLaPh PV Wl HcHOWRhE-28 #HL! Sufifd PP NO

of pockets 46 is selected to correqugd with the number
of support arms 50 which will be attaéhed thereto. The
spacing between pockets 46 in the exﬁérior of middle
5 portion 42 is selected to correspondiﬁith the desired

spacing between support arms 50 and-tgeir associated
cutter cone assemblies 90. The location of pockets 46
may also be véried to provide any désired offset for
cutter cone assemblies 90 with respect to longitudinal

10 axis 44 and the projected axis of rotétion for drill bit
20.

Each support arm 50 has a longitudinal axis 72
extending therethrough. Support armsfSO are preferably
mounted in their respective pockets 46 with their

15 respective longitudinal axis 72 aligned parallel with
each other and with longitudinal axisid44 of the
associated bit body 32. For one application a portion of
each support arm 50 is preferably welded within its
associated pocket 46 by a series of wélds (not expressly .

20 shown) forméd between the exterior or7perimeter of each
pocket 46 and adjacent portions of the associated support
arm 50. The. perlmeter of each pocket 46 adjacent to the

exterior of bit body 32 may be modlf ed to provide

welding surfaces and/or welding groov;_ to assist in
25 attaching each support arm 50 with its assoc1ated pocket
46.

FIGURE 4 is an exploded drawing Wwhich shows the

relationship between bit body 32, oné' f the support arms.
50 and its associated cutter cone agz'ﬁbly"go. Each
30 cutter cone assembly 90 is preferabl

rotatably mounted on its associated'épindle 52 in a

qnstructed and




drill string 22 and drill bit 20 in and out of borehole 24. Scoring

or plowing of sidewall 28 is of particular concern for horizontal or
hi ghly devi at ed bor ehol es. As shown in FIGURES 1, 2 and 4, each
‘cutter cone 10 assenbly 90 includes grooves 92 along with protruding

i nserts 94 WA9YMEIEr ape and gouge agai nst the sides and PCT/USHHBEBBHmM of
borehole 24 in response to weight and rotation applied to drill bit
20 by drill string 22. The ‘position of grooves 92 and inserts 94 for
each cutter cone 15 assenbly 90 nay be varied to provide the desired
downhol e drilling action. Oher types of cutter cone assenblies

may be satisfactorily used with the pres®®t invention I ncl udi ng, but
not limted to, cutter cone assenblies having mlled teeth instead of
inserts 94. A plurality of 20 surface conpacts 96 are di sposed i n gauge
face surface 98 of each cutter cone assenbly 90. Inserts 94 and

surface substniial b6 tHapticatoPaRReF r oA | AL @M POnAE
material s azspféﬁéfabﬂft&bffﬁtuat%dfaﬂﬂumegﬁfedowwﬂﬁﬂséassociatdai}| bits. 25
Ranp 120 and stabilizer. pad.14Q are.for on exterjor _surface 54 as
an integral pRrTEoY é%c -'sstﬁ?ﬁg:ra 18119 gﬁ?’n 59°F eorr'dar’ﬁ%‘grﬁi%f’ﬁet eachi ngs
of the presentnly one suppaitorario SOt abdl cuttelri¢dndidss@mbliyt BOnwihddlehol e 24
and to @id dryLlj Wi d ot oo cak LY L ngy debr 30 . t om of
bor ehol & 24" (55 ASeE i in Bral PRI kLT 2ike AP Ftion RB1BEL! 21T
preferably exgemerably i the ebher support arms 50 and their

associated cutter cone assemblies 90.
Support éfm 50 has a generally rectangular
configurationfwith respect longitudinal axis 72. Suppdrt

1o arm 50 may hayéjvarious cross-sections taken normal to
longitudinal aXis 72 depending upon the configuration of
the associated pocket 46, ramp 120 and stabilizer pad 140
along other feaﬁhres which may be incorporated into
support arm Sb.in accordance with the teachings of the

15 present inventibn. Support arm 50 includes top surface
74, inside sutféce 76, bottom edge 78 and exterior
surface 54. Support arm 50 also includes sides 84 and 86
which preferabi& extend substantially parallel with
longitudinal axis 72.

20 Various féﬁtures of the present invention may be
incorporated as;part of inside surface 76, exterior
surface 54 and”éides 84 and 86. The various dimensions
of each support;arm 50 are selected to be compatible with
the associatedﬂﬁpcket 46. As shown in FIGURES 1 and 4, a

25 portion of eachESupport arm 50 including upper end or top
surface 74 and adjacent portions of inside surface 76
along with sides 84 and 86 extending therefrom, are sized
to fit within the associated pocket 46.

Inside surface 76 may be modified as desired to

30 provide variOQSfjeatures of the present invention. The

configuration of inside surface 76 may be varied
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13 each support arm 50 a distance which is approximtely

equal to the desired radius for borehole 24. For one

appl i cation, rface 130 of ranmp 120 and outer 142 of
stabilizer pagwiﬁﬁngﬁe separated 5 from sidewal | 28 of %g%éﬁ%ﬁ@”§4 by
a nom nal distance of approxi mately 0.03 inches. Therefore, contact
bet ween the exterior of ranp 120 and/or stabilizer pad 140 and

adj acent portions of sidewall 28, may occur dependi ng upon specific
downhol e drilling conditions. For purposes 10 of illustration, a
relatively large gap is shown in FI @3RE 1 between exterior surfaces
130 and 142 and sidewal | 28. Both ranps 120 and stabilizer pads 140
may - be protected by inserts and/or hardfacing which will be

described | ater Jd .dehal -4 zer Oy
preferably spaceécljbmn%lgﬁé%%%teﬁégﬁgl T?Ffsr%rn%%g 7'5155521& g?ga&ﬁaﬁ%gﬁz—be‘t o]
formfluid Alsgq.okhehgrnéignaat ben vk rinsicle surfece 36nwith arespaatewal |

28 of borehol e 24, dildesdshl ?aﬂ’dc@@”ﬂ@!ksbé i i | each ot her
to direct turbulentf?ljid,f ow_and 2 4&?%%??%%%k?93ﬁ9tHg?%g§$%n1of
borehol e 24 upwdidijigugpbion of the agspcintedopocketsne Bentdetunface

conbi ni ng 5t abi I1&@nd exteripadsdAfadé 194 raye cbd?ilguouBChLABSEL SR | On
o orbul it LEgob L5 21 iy 2 Sl 5 SOPE-B5PTRILS, 54

formed adjacent to bottom edge 78 is often referred to as

shirttail portion 56. Ramp 120 may also be referred to
as a shirttail ramp. '

10 For one embodiment of the present invention, first
opening 75 and second opening 77 are formed in inside
surface 76 .0of :each support arm 50. First post 53 and.
second post 55 may be formed on back wall 64 of each

_ pocket 46.. Post 53 and 55 extend radially from each back

15 wall 64 to cooperate respectfully with first opening 75
and second-opening 77 to position each support arm 50
within its associated pocket 46. For some applications,
first opening 75 preferably comprises a longitudinal slot
extending from top surface 74 and size to receive first

20 post 53 therein. Second opening 77 preferably has a
generally circular configuration to receive second post
55 therein. Posts 53 and 55 and openings 75 and 77 may
be used to position each support arm 50 within the
associated pocket 46 prior to welding.

25 Spindle 52 is preferably angled downwardly and
inwardly with respect to both longitudinal axis 72 of
support arm 50 and the projected axis of rotation of
drill bit 20. This orientation of spindle 52 results in
the exterior of cutter cone assembly 20 engaging the side

30 and bottom of borehole 24 during drilling operations.

For some applications, it may be preferably to position



<90 at the bottom of borehole 24 from generally upward 25

fluid flowin

annul us 26 above support arnms 50. For sone downhol e drilling
applications only stabilizer pad 140 may be required on exterior
"surface 54 of support arm 50. Alternatively only ra 120 may be
required f 3O W03633 appl i cations. 30 As sh&&HUSHASEURES 1

2 and 3, ranp 120 is protected by a plurality of inserts 134 and

har df aci ng . 14

| ayer 136. Inserts 134 are disposed in ranp 120 adj acent to top
surface 126. Hardfacing |ayer 136 is di sposed on t he | ower edge
of shirttail portion 56. Hardfacing | aye® 136 may conprise, for
exanpl e, chips or particles of 5 tungsten carbi de or other
appropriate material for resi sting erosion, abrasion and wear.
As shown in FIGQJRES 1, 2 and al so be

tabjli d, 140
protected by 88 FURPPEY BFM; ﬁge?s‘? %FSI “assdciat -és.apﬁﬁééecf‘}%p"g’cn’%/)% 146

di sposed in auittfersdohacasiénbly 90 at an offset from the projected

10

15

20

25

30

axis of rotation of drill bit 20. The desired offset can
be easily obtained by‘forming the associated pockets 46
in the exterior of bit body 32 with a ébrresponding
offset from longitudinal axis 44 of bit body 32. The
amount of offset may vary from zero to five or six
degrees (6°) or approximately zero (0) inches to one half
{}2) inch in the direction of rotation of drill bit 20.

Each cutter cone assembly 90 includes base portion
108 with a conically shaped shell or tip. 106 extending
therefrom. For some applications, base portion 108
includes frustroconically shaped gauge face surface 98
which is preferably angled in a direction opposite from
the angle of shell 106. Base 108 also includes backface
112 which may be disposed adjacent to portions of inside
surface 76 of the associated support arm 50. Base 108
preferably includes opening 110 with chamber 114
extending therefrom. Chamber 114 extends through base
108 and into tip 106. The dimensions of opening 110 and
chamber 114 are selected to allow mounting each cutter
cone assembly 90 on its associated spindle 52. One or
more bearing assemblies 116 may be mounﬁéd on spindle 52
and disposed between a bearing wall within chamber 114
and annular bearing surface 81 on spindle: 52. A
conventional ball retaining system 118 may be used to
secure cutter cone assembly 90 to spiﬁdiéfsz.

As shown in FIGURE 4, enlarged caviﬁy 57 may be
formed within upper portion 34 of bit bédy 32. Opening
58 is provided in upper portion 34 for § §municating
fluids between drill string 22 and cavif§:57. Cavity 57



10 Various types of hardfacing 336 may al so be fornmed on

outer surface 142 in addition to inserts 146. By initially
manuf act uring support arm 50 as a separate . conponent from bit
body 32 and cytt ne assenbly 90 various fabrication and
nanufacturind“%@@hﬁﬁgues may be 15 used to formranp ﬁg%ugﬂﬂgﬁ?
stabilizer pad 140 which woul d not be conpatible with form ng the
sanme type of ranp and/or stabilizer pad on the exterior portion
of a conventional rotary cone drill bit. As shown in FI GURES 2
and 3, each support arm 50 20 i ncl udes | eadi ng edge 122 and trailing
edge 124 di sposed on opposite si@ds of exterior surface 54.

Drill string 22 preferably rotates rotary cone drill bit 20 to

t he right to formborehole 24 while drilling fluid is ejected
from nozzl es 30 t o . a . .25 at | eading
edge 122 w || pip%%\&%p%ggﬁyt %ﬁésga@?ﬁ%&l&m#?ﬁr& %S%ag df%'%e%%’ftom of
borehol e 24. Tiextiendingafdonuepemipsy mfydo a positionpintermgedixgtesurface

126 wi thin chanpglysdd4pbPPRbA 42 of bit Hdad '32ng ﬁ*ggesé&%‘h%é%\gﬁf&s% port

arm 50 and flow upward i nto_annul'us 26 towar [ | ace.
Fluid flow  3¢aVit¥hadnBpyike formag iqeaeentrisr wikh lepoktndined BXd sof
ranp 5 1200 £bpt topbayriace dAS 1Y st ahdl bg@ﬁiﬁg&s‘s il he
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relatively large fluid chamber having little if any

resistance to fluid flow from drill string 22 into drill

bit 20.

One or more fluid passageways 62 may be formed in

10 bit body 32 extending between cavity 57 and convex
surface 40 on lower portion 38 of bit body 32. Opening
61 may:be provided in each fluid passageway 62 adjacent
to convex surface 40. A plurality of recesses 63 are
preferably provided within each opening 61 to allow

15 installing various types of nozzles or nozzle inserts 30.
within each fluid passageway 62. Additional components. -
(not shown) such as a snap ring and/or O-ring seal may be
provided to position each nozzle insert 30 within
recesses 63. Cavity 57 and passageways 62 cooperate with

20 each other to provide improved fluid flow and enhanced
cleaning efficiency at cutter cone assemblies 90.

Various techniques are commercially available for
satisfactorily installing each nozzle 30 within its
associated opening 61. For some applications, nozzles 30

25 may be formed from tungsten carbide‘d: other suitable
materials to resist erosion from fluids flowing
therethrough. Also, one or more access ports (not shown)
may be provided in bit body 32 adjacént to openings 61 to
allow lock screws or pins and/or plug welds (not shown)

30 to secure nozzles 30 within recesses 63.



15 portion of exterior surface 54 disposed between ranmp 120

and pad 140. Top surface 126 of ranp 120 and bottom surface
148 . of stabilizer pad 140 preferably sl ope generally upward 5

al ong, exterior surface 54 of support arm 50 from | eadi ng edge 122 to
trailing edy@o¥02433 Top surface 126 and bot t om sur f REETOSIBOGIBY,
conprise a flat surface, a concave surface, or any other appropriate
configuration to aid in renoval of cuttings and other debris from
borehol e 24. 10 As best shown in enlarged FIGURE 3, top surface 126
and bottom surface 148 conprises concave surfaces having respective
predeterm ned radi us of curvature shown 22 128 and 150. Top surface
126 and bottom surface 148 extend radially fromexterior surface 54.
Top surface 126 and 15 bottom surface 148 may be di sposed | ower on
support arm 50 if nozzles 30 are |located closer to the center of bit
body 32. It is des¥o&®ies (3P mrederpblynipghedet ene hmare outlet144 as | ow

as possi bl e 09r$EPEOS t5R Mf: A1@s2i3¢ By be dlsgs&émam GachiiehhRgs and

ot her debris. The thickness of 20 and_stabilizer pad 140 nay be
chosen such tRafsageway %§§béﬁgy&aﬁﬁtgggéé 25%%5 @%ﬁ‘ﬁﬁﬂtﬁhégare | ocat ed
at a _ destoegh dtisd aﬂ“é&pédtd.IVIeS IfdaWdl pazBagéwdpréhaimi Zhe '

parts of oxt cibereatfid abere s, B8 SkBeeior of nyt Rl sgs, Bhie
appl i cati ons, lengph 1203 adhichmeter OfsEathfleidedS$&§EWEﬁ/Gﬁemhgrbed as an
integral partg@iected for some applications to provide laminar flow
between cavity 57 and the respective nozzle 30. The
present lnventlon allows forming fluid passageway 62 with
10 a diameter larger than previously possible with
conventional rotary cone drill bits. The straight path
from drill strifig 22 through cavity 57 and the large
inside diametefféf passageways 62 reduce turbulence and
swirl to significantly minimize erosion or washout of
15 nozzles 30 while at the same time providing very little
resistance to high fluid flow rates.

An important feature of the present invention
includes the ability to vary the position of fluid
passageways 62 énd associated nozzles 30 within bit body -

20 32 without affecting the location of pockets 46 and the
associated support arms 50. For some applications,
nozzles 30 wiilfpreferably be positioned to direct
drilling fluid flow between the associated cutter cone
assemblies 90 at a location inside the full diameter of

25 well bore 24. Nozzles on priqr rotary drill cone bits
often direct drilling fluid flow at the gauge diameter of
the borehole which results in'forcing a substantial
volume of cuttings to flow from the outside diameter
radially inward to the center of the borehole. This

30 undesirable, inward flow path £or cuttings results in
significant inefficiencies frbm requiring the associated



support arm 50 by machi ning an appropriately sized piece
material. Ranp 120 and stabilizer pad 120 may al so

of raw
be forned as an

i ntegral part of support arm 50 during 30 forging of support arm 50.
After .support_arm 50 has been forged, ranp 120 and stablllzerﬂpad
140 may be fYPAUP2633 . \\D 98/02633 PCTAUS063

PCT/ US97/ 06388 ' 16 machi ned
to define their desired dlnen5|ons and shape i ncludi ng the sl ope of
top surface 126 and bottom surface 148. The sl ope and
structure of ranp 120 and stabilizer 5 pad 140 may be varied w thout
departing fromthe t eachi ngs of the2present invention. For exanple,
ranp 120 and stabilizer pad 140 may have |inear slopes from

| eadi ng edge 122 to trailing edge 124 al ong exterior
Al ternatively,
sl opes and/ or

surface 54.

chagﬁgg' (,zicgc?rg%n dasssterrB:J!llezse rtop%gs%gtlallg} 419eém' flllha}:\ﬁe ggg\gnl form

cuttings. The fluid flow pattern resulting from

positioning nqzz1es 30 to direct fluid flow at a location

spaced radially inward from the outside diameter of well

5 bore 24 results in better cleaning of the drive row of

inserts 94 on;éach cutter cone assembly 90 and directs a

larger volume of cuttings to flow radially outwardly and

upward from cutter cone assemblies 90. Moving the

location of nozzles 30 inwardly towards centerline 44 of

10 . bit body 32epésults in better flushing of cuttings and

other debris from the bottom of borehole 24.

As a result

of improvedﬁcntting removal and better cleaning at the

bottom of borehole 24, the efficiency and rate of

penetration_(EQP) of rotary cone drill bit 20 will be

15 substantial}y“improved.

FIGURE 5 shows lower portion 38 of bit body 32 with
three pockets 46 and three openings 61 for associated
fluid passageways 62 spaced radially with respect to each

other around the perimeter of bit body 32.

For the

20 specific examéie shown in FIGURE 5, fluid passageways 62

and associated-openings 61 are spaced radially
approximately one hundred twenty degrees (120°) from each

other. 1In é similar manner, each support pocket 46 is

spaced radialgy approximately one hundred twenty degrees

25 (120°) from?ahfadjacent pocket 54.

FIGURE 6 is enlarged drawing in elevation with

portions broken away showing support arm 250 constructed

according to teachings of the present invention. Support

. arm 250 is longer than previously described support arm

30 50 to accomquate first stabilizer pad 240 and second

stabilizer §ad3260 which are formed as an integral part



exterior surface 54. For some applications, it may be desirable

to install one or nore inserts 146 on | eadi ng edge 122

adj acent to the opening for channel 144. Also, inserts 15 146 may be
installed within top surface 126 and bottom surface 148 as shown in
FI GURE 3. | WOSBR263146 t hus o ot hePCHESHHORBRI 2
erosion, abrasion ____and wear f{rBH5fIHEE HAS)EE%M acent to | eadi ng edge
122 amd— —surfaces 126 and 148 of fRERLADEDNnel Various types 20
of IﬂSEfﬁég@é ceipy be satisfactortTy USEd as i nserts 146.
Such |ns t are not limted to tungsten carbi de

I nserts, wm B}E‘fﬁi e di anond Raserts, or other suitable hard
mat eri‘al W th. t he associ ated downhole drilling

envi ronment . As shown in FIGURES 1 and 4, bit body 32 includes
m ddl e portlon 42 dlsPosed bet ween upper ROFtIOﬂ 34 _and | ower portion
38. Longit udi REI @X%PEiRF Wiacs Zpd-s Aqpluralityehdnsertdu®s bit body 32

and correerondﬁrg@aer@éﬂglyacts 146/\nntafy bbelﬁsehgsé@dlﬁxrésﬁcﬂlwtlOn for

drill bit 20. 3 ort| f er.ab has' a ener I
cylindrical gerleﬁn? Ei% %ﬁ% gégkgfs g%b¥ %é eRP8r i or
WO 98/ 02633 260. . PCT/U897/06388

5 ~ As previously noted, stabilizer pads 50, 240 and 260
are preferably manufactured as integrai components of
respective supporting arms 50 and 250. For some
applications, stabilizer pads 50, 240 and 260 may be
manufactured with only openings to receive corresponding

10 inserts 146 and inserts 146 are not installed during the
initial manufacture and assembly of theﬁéssociated rotary
cone drill bit. By not installing insefts 146 during the

- initial manufacture, it is possible to grind off or alter
the configuration of one or more pads at a field location

15 prior to using the associated rotary cone drill bit.
Also, inserts 146 made from various types of material may
be installed at the field location to cofrespond with the
specific downhole drilling environment in which the
associated rotary cone drill bit will be used.

20 Ramp 222 is preferably formed as an integral part of
exterior surface 254 of support arm 220 adjacent to
shirttail portion 256. Ramp 220 includes top surface 226
extending from leading edge 222 to trailing edge 224 to

aid in removal of cuttings and other debgls from the
25 bottom of a borehole. Slot or channel 22 may be formed

as part of leading edge 222 to assist ;

cuttings, debris and fluids upwardly fromithe lower edge
of shirttail portion 56 to top surface 226 of ramp 220.
In addition to first stabilizer pad£240 and second
30 stabilizer pad 260, hardfacing layer 232!15 formed on a
much larger portion of exterior surface 254 as compare to



17 t hereof and spaced radially fromeach other. The nunber

of pockets 46 is selected to correspond with the nunber of support
arms 50 which will be attached thereto. The spaci ng bet ween pockets
46 in the exterior of mddle 5 portion 42 is selected to correggond
with the desiVad¥2633  spacing between support arnms 50 and XGEY97/06388
associ at ed cutter cone assenblies 90. The l|ocation of pockets 46
may al so be varied to provide any desired offset for cutter cone
assenblies 90 with respect to |ongitudinal 10 axis 44 and the projected
axis of rotation for drill bit 20. Each support arm 50
has a longitudinal axis 72 ext endi ng5t her et hrough. Support arns 50
are preferably nounted in their respective pockets 46 with their 15
respective |ongitudinal axis 72 aligned parallel wth each ot her and

i Lont v ngheBsudd lydi's g e, RSP, AhE 1L A el oLy 1

application a por ron
withinits FIGURE 0¢i kaxdf gicigetl ag@rb @36 estémds afverelmich( oft expressly

20 ket Go0am) ! SKEBELOF AEERIS 00X LREBbpBRa R | WP 339] porrjon

pocket 46 and adgacent portions o 00|a
The perineter of éachﬁiﬁﬁﬁﬁﬁin@61@&F§céﬁﬁ pseferably COVQE&(&OPOEUUfabet body

32 may besnodifped &@ ﬁﬁ:@/lzzhfo Also,w/ﬁhéafacﬁwfféfe% gl %&t\éﬁhg' Pto

grooves to assi attachi ng. each support arm 50 W t
associ at ed pockgi id §i°WZR?an“el 244" betwee Syfage 244 Séeaaﬁpamnng

whi ch shows the220 and bottom surface 248 of first stabilizer pad 240.
First stabilizer pad 240 is preferably spaced

_ longitudinally from ramp 220 to define fluid flow channel
10 224 therebetween. The sides of fluid flow channel 244
are defined in part by top surface 226 of ramp 220 and
bottom surface 268 of stabilizer pad 240. As previously
noted the portion of exterior surface 254 disposed
between bottom surface 268 and top surface 226 is
15 preferably covered with hardfacing layer 236.

Second stabilizer pad 260 is preferably spaced
longitudinally from first stabilizer pad.240 to form
second fluid flow channel 264 on exterior surface 254 of
support arm 250. The sides of fluid flow channel 264 are

20 defined in part by top surface 241 of stabilizer pad 240
and bottom surface 268 of stabilizer pad 260. As
previously noted an important advantage of forming
stabilizer pads 240 and 260 and ramp 220 as integral
parts of support arm 250 includes the ability to vary the

25 dimensions and configurations of these cémponents to
optimize the downhole drilling performance of the
associated rotary cone drill bit.

Although the present invention and its advantages
have been described in detail, it should be understood

30 that various changes, substitutions and alterations can
be made therein without departing from the spirit and



relationship between bit body 32, one of the support arns 50 and its

associ ated cutter cone assenbly 90. Each 30 cutter cone assenbly 90 is
preferably constructed and rotatably nounted on its associ ated
spindle 52 in a WO 98/ 02633

PCT/ US97/ 06 98198/62633 : - 18 PCT/US97/06388
substantially identical manner. Each support arm50 is preferably
constructed and nounted in its associated pocket 46 in substantially
t he sane manner. Therefore, only one support arm 50 and cutter cone
assenbly 90 wll 5 be described in detail since the sanme description
applies ‘generally to the other supgport arns 50 and their

associ ated cutter cone assenblies 90. : Support arm 50 has a
general ly rectangul ar configuration wth respect |ongitudinal axis
72. Support 10 arm 50 may have various cross-sections taken normal to

| ongi t udi nal $dope7 @fdEpendnvgntpon ascdebingdyiyathenappended claims.
For example, the ramp may not extend along the entire
width of a support arm.



t'he associ ated pocket 46, ranp 120 and stabilizer pad 140 al ong

ot her features which may be incorporated into support arm50 in
accordance with the teachlngs of the 15 present invention. Support arm
50 includes t 74, inside surface 76, bottom edge 78 a
exterior ag@ﬁﬁ? e 54 Support arm 50 al so includes S|dgg%ggngﬁ5886
whi ch preferably extend substantially parallel wth | ongi tudi nal axis
72. 20  ...o-u. Variousfeatyres of the present invention nmay be

i ncor por a;ﬁﬂlﬂgu ide surface 76, exterior surface 54 and

si des 84 ﬂmu”ﬂ ”ms di mensi ons of each support arm 50 are
sel ect ed t:0™be: conpat i IE*MAt t he ag3oci ated pocket 46. As shown in
FIGURES 1 and 4, a 25 “portion of each support arm 50 including upper end
or t-op surface 74 and.adjacent portions of inside surface 76

along with side 3 ending therefrom are sized to fit
MAth?n t he assoiﬁgﬁeig "§£§%ﬁéﬂ9 ° I nsi de surface 76 may be

nodi fied as desired to 30 provide various features of the present

i nvention. The copfiguration of [ surfage 76 ma arled
VIO 98/ 02633 1. CORMLGHIAY | L lurs TS B SELL RSB Y DS Y3

comprising:

5 a bit body having an upper portion adapted for
connection to a drill string for rotation of said bit
body:

a number of support arms attached to and extending
from said bit body, each of said support arms having a

10 leading edge, a trailing edge, and an exterior surface
disposed therebetween:;

a number of cutter cone assemblies equaling said
number of support arms and rotatably mounted on
respective support arms with each cutter cone assembly

15 projecting generally downwardly and inwardly with respect
to its respective support arm;

a stabilizer pad formed as an integral part of said
exterior surface of each of said support arms prior to
attaching said support arms to said bit body; and

20 said stabilizer pad projecting radially outward from
said respective support arm a distance approximately
equal to a desired radius for said borehole.



19 substantially between top surface 74 and bottom edge -78.

Al so, the configuration of inside surface 76 with respect to sides
84 and 86. nay be varied dependi ng upon the configuration of the
"associ ated pockets. Inside surface 5 76 and exterior surface 54 are
conti guous WP %BIBHmM edge 78 of support arm 50. ThePGRIPSHTB638Y

exterior surface 54 formed adj - lge 78 is often
referred to_as__—_—sm—uf—teul port| FHISESHERINPAS BBENYyY al so be referred
REBLAGHLE enbqdi nent of the

to a
present |r1v III“; !lm I i opem econd opening 77 are forned
I n inside - of each suppggt arm 50. First post 53 and

second post 55 nay be. forned on back wall 64 of each pocket 46.

Post 53 and 55 extend radially fron1each back 15 wal | 64 to cooperate
respectfully with flrst openln and second opening 77 to position
each support arm 59- he H1tt§fa§§6éma¥eﬁu¥kkﬁ&ﬂcqmprlﬁép950ne

appl i cati ons, said lé:&éezqmmswfzc'éepbef 858k JuSEEHY 12385 havliagdht udi nal

sl ot ext endin fron1top surface 74 and size to receive first 20

post 53 there?"}ﬂlr %%£5 'ng 77 preferably has a general |y

ci (rjcggar gonflguraél%\;t O.Eddx(;d;ﬁ R Saﬁﬁndxgéﬁior surfad dfﬂ%ﬂae:hnorf; Posts 53
an nd openi ngs n [ e ition.each_sypport
o 20 & ni rephg Surfvort ot B aceps ke Sabd bt i G ighT DaRd
Spindle 52 is prefsazdﬂqampuﬁayingoanwapdbyrﬂmde inclinadhwar dny angll respect
to both | ongi X p 0j ect ed
axis of rotat ?g%hn% 1d iesacﬂgxgo dge °f28§H$h?é§%%§n‘?%tﬁ%% tr? sgﬁndl e 52
results in towar@h%a%&tﬁﬁakiansreéast@ﬁ gahd EesRemiiveIGuUPPgAYi AYM: he side

such that said top surfaces of said ramps cooperate with

10 each other to direct cuttings and fluid upwardly in said
borehole.

3. The drill bit of Claim 2, wherein said top
surface of each ramp comprises a layer of hardfacing -
15 material.

4. The drill bit of Claim 2, further comprising:

said top surface of said ramp having an
approximately linear slope from said leading edge of said

20 support arm to said trailing edge of said support arm;

and '

said stabilizer pad having a bottom surface with a
linear slope approximately equal to said slope of said
top surface of said ramp.

25
5. The drill bit of Claim 2, wherein said ramps
project from said support arms a radial distance
approximately equal to a maximum outer diameter of said
drill bit such that as said drill bit is rotated in said
30 borehole to form cuttings, said ramp forces said cuttings

This Sheet Has Been Reﬂlaced
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30 and bottom of borehole 24 during drilling operations. For

sone applications, it nmay be preferably to position WO

98/ 02633 PCT/ US97/ 06388

20 - ' port arm50 and its associ ated spindl e |

cutter cone aggéﬁgﬁ§?90 at an offset fromthe projected ;Eiﬁﬁﬁéﬁﬁﬁ
rotation of drill bit 20. The desire t—ean be easily obtained
by fornmmngthe-assogiated—pockets 46| THIS SHEER HABEBERN brior of bit body 32
Wth a compgspanding < | offset from | oREPLAGEDnal _aXi s 44 of bit body
32. Tﬁémﬂmmnlw&mmnmfset may ery—fTOm zero to five or six

degrees “(‘e)...or. apH Osrnwtely zero (0) inch@f to one half ([err])
inch in the direction of: rotation of drill bit 20. 10 Each cutter
cone- assenbly 90 includes base portion 108 with a conically shaped

shell or tip 10 epdi {9 erefr sQ |l j.cations,. base
portion 108 gl%)ﬁibntg:%gego?r%%ﬁfr%%or?ﬁ:a%mf E%égeggg%%‘gée) 4%‘&“&% ffggg' 98
. a bottom of said borehole. ,

6. The drill bit of Claim 2 further comprising a
5 channel formed on said exterior surface of each support
arm between said stabilizer pad and said ramp.

7. The drill bit of Claim 1, wherein each
stabilizer pad further comprises an exterior surface with
10 hardfacing disposed thereon.

8. The drill bit of Claim 1 wherein each
stabilizer pad further comprises an exterior surface with
a plurality of inserts disposed therein.
15
9. The drill bit of Claim 1 further comprising:
at least two stabilizer pads formed as an integral
part of said exterior surface of each of said support
arms; and
20 said stabilizer pads spaced longitudinally from each
other to defihe a fluid flow channel between said
stabilizer pads on said exterior surface of each support
arm.

e e

i
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«which is preferably angled in a direction opposite f
shell 106. Base 108 al so includes backface
di sposed adj acent to portions of inside
*support arm 50. Base 108
chamber 11A¥098/02633 ext endi ng therefrom Chanber
108 and\Ln\o tip 106. The dinensi

are selected to—ak-ew mounting eac Tiit

osl

rom 15 t he angl e of

112 which may be
surface 76 of the associ ated
preferably includes opening 110 with

ext en®ETUSPHI® base 20
and chanber 114
ne assenbly 90 on its

aSSOCI 2. One or no senblies 116 may be
rmunte mﬁl’jﬁ”’é and disposed between a bearing wall within
chanber 11& 25 nnul ar bearing sy face 81 on spindle 52. A
conventional ball retdining system 118 may be used to secure cutter

cone assenbly 90 to spindle 52.
cavity 57 may be formed_w thin

Openi ng 30 58 % pridei gEdilnbippet (gfﬂlt“}
98/ 02633

21 said support arms;

As shown in Fl GURE 4,
portion 34 of bit body 32.
oh Byrther eeRRELFERET ng

fluids between drid lrawy ife@méd 8RUs&Aiditerior GHrhkeSdf each of
PCT/ US97/ 06388

enl ar ged

WO

each of s?id ramps having a top surface inclined at

support arm toward said trailing edge of
support arm;

an angle from said leading edge of said respective

said respective

said top surfaces of said ramps cooperating with

each other to direct cuttings and fluid upwardly in said

10 borehole; and

a second .channel formed on said exterior surface of

each support arm between one of said stabilizer pads and

said top surface of said ramp.

Iy

i



preferably has a generally uniforminside dianeter extending from

opening 58 to a position internedi ate m ddl e portion 42 of bit body
32. For sone appllcatlons cavity 57 may be formed concentric with
Iongltudlnal 44 of bit body 32. Cavity 57 and o B
provi de a amggﬁtively | arge fluid chanber haV| I|tt|§8?kgng§&

resistance to fluid flow fromdrill rsti-rg=2 bi t~ 20.
One or nDre fluid passageways 62 may WHS FAHE b|t body 32

40 on | ower portion
e provided in each fluid

ggt gpdlblrl? H ﬂm"m W -and coglex R

passageway’ 62'ad}adbnﬁ - to convex sur¥lace 40. A plurality of
recesses 63 are preferably provi ded within each opening 61 to all ow
15 . installing various types of nozzles or nozzle inserts 30

wi thin each fluid passage 62 ddition nponent.s not_ shown)
such as a snap ring zﬁd/oga%PPPﬁﬁéégﬁT ﬁ%@‘H&&'r cone P8§Fﬂgﬁyt oﬁd%ltlon
each nozzl e i nserqta3y wonki drill bitrkaetsesa g4t @@dMchﬁpanshmssageways
62 cooperate with 204,54 %P?Po?&hg{rmtﬂaﬂﬂ%/ £9 dmngved l%%é%ﬂ’!r?d“

enhanced cl eaning e ciency at cut cone assemblies

Various techni quRgear @nc itreraPal FYrbaee | kpymed gherebetwesnti sfactorily
i nstal l'ingseach nozzues%@rwthhunpbﬁelon provﬁ§§p%ha?%9t08§négﬂd61 For
sone applications, nozzles 30 may be formed fromtungsten carbide or

other suitable exterl°ﬁh§EF¢aF§'to resist erosion fromfluids flow ng

therethrough. Al so, @ag@dotuliRee 868€S&s Pty (mht&b@%hounted oﬁraga:me
provided in bit b ock screws

or pins and/or Pl 596@%82’“1( %g néﬁ%ﬁ%‘(f) e " Snetr(?ltlé'cﬁf”emﬁg’z'% within

recesses 63. inwardly with respect to said support arm;

10 a first stabilizer pad formed on said exterior
surface of said'support arm as an integral part thereof.
during initial manufacture of said support arm; and

said first stabilizer pad projecting radially from
said exterior surface.

15

12. The support arm of Claim 11 further comprising:

a second stabilizer pad formed as an integral part
of said exterior surface of said support arm during
initial manufacture of said support arm; and

20 said second stabilizer pad spaced longitudinally
from said first stabilizer pad to form a fluid flow
channel therebetween. '

13. The support arm of Claim 11, wherein said first
25 stabilizer pad further comprises é-bqttom surface
inclined at an angle from séid laadiﬂé edge of said
support arm toward said trailing@edéqfof said support

arm,

———
e,
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22 Nozzl es 30 preferably include one or nore outl et
orifices:59. Nozzles 30 may be di sposed in each fluid passageway 62
"to regulate fluid flow fromcavity 57 t hrough the respective fluid
passageway WO %#3x he 5 associ ated nozzle 30 to the BGISISIHIEIRE bt

cavity-57 and. the respective nozzl . RERIA present invention allows
fOﬁtuﬁ “ l “ &“ﬁe“ay 62 with 16— a diameter |arger than previously
possEmRk limy TRLLIES B % conventional rotarwacone drill bits. The straight path

*

body 32. The | ength and di t-er—of Tl i d passageway 62 may be
selected for-sepe—apphtications to ‘pTMSi%EWdégé%ggéﬁow bet ween
e 3

fromdril I string 22 through cavity 57 and the |arge i nsi de di anmeter
of passageways 62 reduce turbul ence and swrl to significantly
m nimze erosion or washout of 15 nozzles 30 while at the sane tine

provi di ng very |itilce The suppext sumRE tGlatimgH It EUFEher oGPRRY Esing
said first stabilizer pad having a bottom surface with
approximately a linear slope from said leading edge of
said support arm to said trailing edge of said support
5 arm.

15. The support arm of Claim 11, wherein said first
stabilizer pad further comprises a layer of hardfacing
disposed thereon.

10

16. The support arm of Claim 11, wherein said first
stabilizer pad further comprises an exterior surface with -
a plurality of inserts disposed in said exterior surface.

15 17. The support arm of Claim 11 further comprising:
said first stabilizer pad having a layer of
hardfacing disposed thereon; and
said second stabilizer pad having a layer of
hardfacing disposed thereon.
20
18. The support arm of Claim 11 further comprising:
said first stabilizer pad having an exterior surface
with. a plurality of inserts disposed therein; and
said second stabilizer pad having an exterior

25 surface with a plurality ofﬁj é;ps disposed therein.

e —
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An inportant feature of the present invention i ncludes the ability

to vary the position of fluid passageways 62 and associ ated nozzl es
30 within - bit body 20 32 without affecting the |ocation of pockets 46
and the associ at ed support arns 50. For sone appllcatlons

nozzl es 30 wi VP92 ably be positioned to direct FEHUIGOBYi o

i es 90 at a | ocation

fl ow between the associated cutter ;
i nsi de ther—ftrr-f—-draﬂ%{—ef -of-2b oggﬁEZAHAS RBEY les on prior rotary
| iy LA@EDcifI aw at the gauge

drill cone di rect dr
di anet er wnu I uHuBMOI e whi ch orcing a substanti al
vol une of cu romthe outS|dé3d|anEter radially inward

cone

to the center ‘of the borehole. This 30 undesirable, inward flow path for
cuttings results in significant inefficiencies fromrequiring the
associ at ed 98/ 02633

PCT/ US97/ 06388 19.Vv%he support arm of Claim 11 fugﬁ?er comprlslggtter

cone assenblies to essemtp afdzymedechni bbldhexsenrnr surface adjacent to
said shirttail portion; and
said ramp having a top surface inclined at an angle
5 from said leading edge of said respective support arm
toward said trailing edge of said respective support arm;
such that said top surface of said ramp will direct
cuttings and fluid upwardly in a well bore.

10 20. The support arm of Claim 19 further comprising -
a channel formed on said exterior between said first
stabilizer pad and said ramp.

This Sheet Has Been Re ﬂ

MDA




-cutting w pattern resulting from posi tioni ng nozzl es
30 to d ‘ | , at a location spaced radially inward from
erls

t he OUISP well 5 bore 24 results in better cleaning of
‘the drive rom1of inserts 94 on each cutter cone assenbly 90 and
directs a WO9BM263 ger vol ume of cuttings to fIOM/radiaIIyCEG%Wﬁwapy and
upward from cutter cone assenblies 20 “hVI”HQB%&ﬁ;X | ocati on of

nozzles 30 inwardly towards center TH&iaﬁE bj t body 32 results in
better flushing of cuttings and ERACEB D | romthe bottom of
borehole 24. As a result of—mproved cutting renoval and better
cleaning at the bott om of borehol @424, the efficiency and rate of
penetration (ROP) of rotary cone drill bit 20 will be 15 substantial ly
| mproved. FIGURE 5 shows | ower portion 38 of bit body 32 with

t hree pockets 46 and three openings 61 for associated fluid
passageways 62 spaééd radrafayy wane rddiddcitoferckorning a farghodegund t he
perimeter of Bigkp Qngn 2. For the 20 speci fic exanple shown in FI GURE
5, fluid passagema and associ ated openin 61 are spaced

Chdi al Iy oo Bt BAFBPY AT Tt AR e B e LA R GRRE 9 Aor 1] ) f r om
each okcbanhectionatsi al daillstneing €ach rotuppooh @EbcdeRid 4458 S '
spaced Qad|alhx apprOX|nater one hundred twenty degrees 25 (120[err])
from an adjacent pocket 54. FIGURE 6 is enlarged drawing in

el evation with a nupberloﬁssmpmﬂ@n1anMQ/atmamhag o parod textrandAngy
constructed o} | f S }Q¥g n. Support
arm 250 is | oné‘é’?“ tsﬁ(iﬁ B?{é\?lg% sI scd;f?§a3ds§g§8§t£€a§%ﬁ% f}}ds%
accommodat e f#ﬁ§91§9a9¢9¢zeﬁ E%ﬁﬂ%&ﬂ?eﬂdﬂeseédﬁdan exterigphyyfage pad 260

which are for@aépaseanth8tegétheddy t
10 a number of cutter cone assemblies equaling said

number of support arms and rotatably mounted on

‘respective support arms with each cutter cone assembly
projecting generally downwardly and inwardly with respect
to its respective support arm;

15 a stabilizer pad formed as an integral part of said
exterior surface of each of said support arms during
initial manufacture of said support arms;

said stabilizer pads projecting radially outward
from said respective support arms a distance

20 approximately equal to a desired radius for said
borehole; '

a ramp formed on said exterior surface of each of
said support arms, said ramp having a top surface
inclined at an angle from said leading edge of said

25 support arms toward said trailing edge of each of said
support arms, such that said top surface of said ramps
cooperate with each other to direct cuttings and fluid
upwardly in said borehole;

said stabilizer pad spaced longitudinally from said

30 ramp to form a fluid flow channel'therebetween:

a plurality of inserts disposed in said ramp:; and

This Sheet
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24 of exterior surface 254. A plurality of inserts or

surface conpacts 146 may be installed in respective exterior
surfaces 242 and 262 of stabilizer pads 240 and 260.

previ ausl ynot ilizer pads 50, 240 and 260 are ferabl

manuf act ur ed g‘gj?sa’?égral conponent s of respective supggf'f’g?‘@‘s#rrs 50
and 250. fﬁF-SGﬁE- ——appti cations, | 50, 240 and 260 may

be Hmﬂﬂgmﬂ rrespondi ng 10

only open S '
i nserts 146 :&Eﬂare not ihstal lppgl HOED Ng t e initial
manuf act ur g’ 5" t he assoc cone drill bit.
By not installing i-nserts 146 during the 38 initial manufacture, it is
possible to-grind off or alter the configuration of one or nore pads
at a field |l ocation 15 pri or to using the associated rotary cone drill
bit. Al so, inserts rom_\varj.ous t ypes of teria
be i nstalled at the B BREOFRCHRY QiRepiat AEHEARU PRSP IA Tarp SReent; o
downhol e drillirg eaidr chasnélin which the associated rotary cone

drill bit will be us§g 2R rotary codgma}iaaobaﬁ ?Efffgfﬁﬁﬁbf(nﬂg¥%ﬂg e,

i ntegral part of
comprising:

--=t=_

5 a bit body having an upper portion adapted for
connection to a drill string for rotation of said bit
body;

a number of support arms attached to and extending
from said bit body, each of said support arms having a

10 leading edge, a trailing edge, and an exterior surface -
disposed therebetween;

a number of cutter cone assemblies equaling said
number of support arms and rotatably mounted on
respective support arms with each cutter cone assembly:

15 projecting generally downwardly and inwardly from its
respective support arm;

a ramp formed on said exterior surface of each of
said support arms, each of said ramps having a top
surface inclined at an angle from said leading edge of

20 said respective support arms toward said trailing edge of
said respective support arms, said ramps extending along
said exterior surface of said respective support arms
whereby said top surfaces cooperate with each other to
direct cuttings and fluid upwardly in said borehole; and

25 a layer of hardfacing material disposed on said top
surface of said ramps. |

23. A rotary cone drill bit of claim 22 further
comprising: ' y
30 a plurality of inserts installed in said leading
edge of each of said support arms; and

T




porti on zéﬁlllﬂﬁillglﬂﬂﬂlll MEGes Top Soriace™256 ° extending from

1 eading edge 222 to Yraili*ng edge 224 to aid in renmoval of cuttings
‘and ot her debris fromthe 25 bottom of a borehole. Slot or channel 228
may be forn¥@9M2633 s part of |eading edge 222 to assi stPGCTUSHIOESS | ng '
cuttings, debris and fluids upwardly fromthe Iome;—$dge of
shirttail portion 56 to top surfac ] EETaMAS BEEN In
addition to first stabilizer pad ZSFﬁgn REPEN@HJ3O stabilizer pad 260,
har df aci ng | ayer 236 is formed on aj raet—targer portion of exterior
surface 254 as conpare to V!k98/02633

PCT/ US97/ 06388 25

har df aci ng | ayer 136 of support arm 50. As shown in FI GURE 6
har df aci ng | ayer 236 extends over nuch of exterior surface 254

corresponding wi t h® Shyaakitly §dr dngarts instakled pitdtiacisagd hopr 236

preferably coygffac®bBWIALDE éald rgﬁgsof ranp 220. Al so, hardfacing
| ayer 236 extends into

i mﬁn




fluid flow channel 244 between top surface 226 of ranp 220 and

bottom surface 248 of first stabilizer pad 240. First
stabilizer pad 240 is preferably spaced l ongitudinally fromranmp 220
to define fluid fl ow channel 10 224 therebetween. The sjdes of fluid
fl ow channel 94802633 are defined in part by top surface "Jﬁ”’m 220
and bottom surface 268 of stabili2gf3 pad 240. As previously

noted the portion of exterior surface 254 disposed bet ween bott om
surface 268 and top ' 1th

har df aci ng | ayer 236. \ b3 econd stabilizer 1S preferably
spaced | ongi t udi nal rom- 4] ilizeri p 0 to form

second fluid fl ow channel 2& onl e
250.: The sides of fluid fi e hann
surface 241 of stabilizer %a

stabilizer pad 260. As 3

e |25 X support arm
3 ned in part by top

= m siikd ace 268 of

prlev = n |i t ant advant age of

form ng stabilizer pa 240E anp as integral
parts of support arm 250 inc del; : gu\gar e 25 di mensi ons
and configurations of these np ——1 2§ P¥¥ze t he downhol e
drilling performance of the =+ ry gone drill bit.
Al t hough the present inventio nd its advant ages ¥ 20have been
described in detail, it shoul e understood 30 ,tq'l'ra't’ vari ous changes,
substitutions and alterati @6 n be made tiherei-@8wi t hout departing
fromthe spirit and —— q
28 86 \LSZ
FIC. 1 500 {146 ] f r/50
' 14 40
146] YO (59 .?0 140
148 2 == —38
[T34 g
126 < J ~126
122 4007 | 7 | _—120
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WO 98/ 02633 PCT/ US97/ 06388
26 . scope of the invention as defined by the appended cl ai ns. For
exanpl e, the ranp may not extend along the entire wdth of a support arm

WD 98/.02633 PCT/ US97/ 06388
27 WO 98/02633 PCT/US97/06388
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MHAT |'S CLAI MED | S: 1. Arotary cone drill bit for formng a

“borehol e, conprising: 5 a bit body having an upper portion
‘adapted for connection to a drill string for rotation of said bit
‘body; a nunber of support arns attached to and |
fromsaid bi?mﬁﬁﬂy?seach of said support arms having a 10 ﬂéh?%?ﬁ?ﬁ% edge,
a trailing edge, and an exterior surfacéLKS di sposed t herebet ween;

a nunmber of cutter cone assenblies equali®g saj dga nunber of support
arnms and rotatably nounted on respecti vie support arnms with each
cutter cone assenbly 15 proj ecting geqyeraryy af Bgly and i nwardly

W th respect to its respective ort prm a stabilizer
pad forned as an integral part of said ssarxte ' surface of each of
sai d support arms prior to att aghi sajd s rt ms to said bit
body; and 20 28ai d stabilizer grojecti '§Bly outward from
sai d respective support m a di st anceh~ap roxihatel equal to a

desirred radi us for said borehol e.




28 2. Arotary cone drill bit for formng a borehole,
..conpri sing; a bit body having an upper portion adapted for
connection to a drill string for rotation of said th 5 body;

a nunber of support arnms attached to and extendi ng™ - fromsaid bit

body, each of said support arns having a L Ieaﬁhcﬂyiﬂg t é
edge, and an exterior- surface di sposed t‘here 1%7/6 39&8
nunber- of cutter cone assenblies equaling sai sup

- arms and rotatably nounted on respecti vqﬂgemm?gfﬁm m g 1998

cutter cone assenbly . projecting gerter al | and 1 nwar
‘Wi th.respect . to it's respective support arm 15 i _ a stablllzer
‘pad fornmed as an |ntegral part of said - ext Jsurtace of each of
-sai d support arns prior to attachlngsald 't arnms to sald bit
‘body; - layersdidp st d9ens Itk gnejdicnared akt atdmp GlRGead dceny

Said Tespect | o M-Il A2k St WY RIS N 1o afRled %

- desired radius- for said boreho ace d? each
‘support arn1h§hqu}qwer edgesﬂﬁrﬂhkﬂﬁtqyiprntlon 56.. Hardﬁacrng)raymmd on

Sard e erior 13 e uiail Ofeor exapel Y HUNP: YR AUSETE 0 S20d
at an algl e - tungs g, gagdiige éﬁdl%@d@@@omae mqmnaﬂe ﬁn.q)port arm
resisting erosion, abrasion and wear.ﬂﬁ'
As shown in FIGURES 1, 2 and 3, stablllzer pad 140
may also be protected by a plurallty of 1nserts or
RV : surface compacts 146 dlsposed in outer- surface 142,
10 Varlous ‘types of hardfac1ng 336 may also be formed on
-outer surface 142 in addltlon to 1nserts 146 - By

1n1t1ally manufacturing support arm 50 as a separate
'component from blt body 32 and cutter’ cone assembly 90
_ _varlous fabrlcatlon and manufacturlng technlques may be.n
15 used to form ramp 120 and/or stablllzer pad 140 which
would not be compatlble w1th forming the same type of
ramp and/or stablllzer pad on the exterlor portlon of ‘a .
. conventional rotary cone drill bit.
- ‘As shown in FIGURES 2 and 3, each support arm 50
20 - includes leading edge 122 and tralllng edge 124 disposed
o on opp051te sides of exterior surface- 54 Drill string
22 preferably rotates rotary cone drlll bit 20 to the _
7'r1ght to form borehole 24 while drllllng fluid is ejected
- from npzzles 30 toward cutter cones 90*{ Thus, ramp 120
25 - at leading edge 122 will plck up cuttl gs_and.fluids from
" the bottom of'borehole 24. The flui -
up'along top Surface 126 within'channe

RS

ﬁd'Cuttiﬁgs move
_;144 toward
trailing edge 124 of each’ support arm 50 .and flow upward
_ ' 1nto annulus 26 toward the well surfai ' Fluld flow
30  ‘channel 144 is defined in part. by top_furface 126 of ramp
' 120, bottom surface 148 of stablllzer%pad 140 and the

AMENDED SHEET



‘toward said trailing edge of said respective support arm ~ . such
that said top surfaces of said ranps:cooperate with each other to
direct cuttings and fluid upwardly in said 30 borehole

3. The drill bit of Qaim2, wherein saidtop - |
conprises a layer of hardfacing- materi al . ﬁtﬂfﬁ 9797006%3

4. . The drill bit of Gaim2; further conprising:

surf.ace of said ranmp having an : appr oxi ma I &fﬁf&]&%
| eadi ng edge of said- " support armto said al T ng edge of said
support arm 5 and : ‘said SA4bilizer. pad havi ng a bottom
surface with a - l'inear "sl ope approxi mately equal to said sl ope of

said - t op surface of said ranp. - '

of extexlor surface 254, Alpluralitjeof inserts or
_ surface compacts 146 may be instailed?in respeétive_
exterior surfaces 242 and 262 of stabilizer pads 240 and
260, . o | |
5 : As previously noted, stabilizer pads 50, 240 and 260 -
' arefpreferably manufactured as integ:el components of.
'~ respective supportihg_arms 50 and 250. For some .
applications, stabilizer pads 50, 240.and 260 may be
manufactured with only openings to receive corresponding

()

10 inserts 146 -and inserts 146 are not inStalled during the
- initial manufacture and assembly 6f.the-associated rotary
cone drill bit. By not inétalling'ineerts_146 during the
ihitial manufacture, it is possible to grind off or alter
the configuration of one or more padé'et a field location
15 prior to;using the associefed rotary cone drill bit.
Also, inserts 146 made from various types of material may
bé instailed at the field location to chrespond'with.the
specific downhole drilling environment in which the
associated rotary cone drill bit will be used.

(.

20 : . "Ramp 220 is preferably formed as ah'integral part of
exterior surface 254'of'support arm 250 adjacent to .
ehirttail portion 256. Ram§ 220 includes top surface 226
-extendlng from leadlng edge 222 to tralllng edge 224 to
aid 1%Iremoval of cuttlngs ‘and other ‘debris from the _

25 bottom of a borehole. Slot or channel 228 may be formed
as part of leading- edge 222 to a551st 1n directing .
cuttings, debrls and flulds upwardly from the lower edge
of shirttail portion 56 to top surface 226 of ramp 220.

_ In addition to first stabilizerféed 240 and second

30 -~ stabilizer pad 260, hardfacing layer 236 is formed on a

' - much ;arger p6rtiQn of exterior surface 254 as compare to

AMENDEL, ShECT



10 5.  The drill bit of Claim2,” iherein said ramps
prOJecL\\ron1sa|d support arns a radial di:stance appr oxi mat el y equal

t‘oamaxrrrum —dianeter of said - - “drill bit such @3 ééa‘%m
drrII ed |n 'said borehole to forﬂfbmfir
force mﬂmil al ong said top surface of "sald rarrp upwar ds and °

away f7onf tonrof sai d borehol e. oy ad
of Oaim?2 furt her conprising a channel ﬂr@ -,_;.ﬂaﬁﬁ‘gbﬁ%'éxﬁerrgé @558

surface of each support 20 arm bet ween28ai d st abilizer pad and said
ranp. 7. The drill bit of Claimi, wher ei n each _
.stabilizer pad further conpri'ses an exterior surface with - har df aci'ng
di sposed t hereon. The_drill bit.of Claim1 wherein each

stabilizer pad furt er cBnpPragY SHHGXQEFlérbéﬁrfﬁEefﬂFPhng a bargholelity
of inserts di spomp#ishagein.

a bit body having an upper portlon adapted for

connection to a drill strlng for rotation of. sald blt
5 body, ' '

a number of support arms attached to and extending -
from said bit body, each of said support arms having a
leading edge, a trailing edge, and an exterior surface .
disposed therebetween; -

10 . a number of cutter cone assemblles equaling sa1d

()

number of support arms and rotatably mounted on
respective support arms with each cutter cone assembly
projecting generally downwardly and 1nward1y with respect
| to its respective support arm;
15 - a stabilizer pad formed as an 1ntegral part of said
- exterior surface of each of sald support arms prior to
"attaching said support arms to said bit . body;
said stabilizer pad. progectlng radlally outward from'
said respective support arm a dlstance approx1mately
20 -equal to a desired radius for said borehole;
- said exterior surface. of each support arm hav1ng a
shirttail portlon,p
~a ramp formed on said exterlor surface of each of
. sa1d support arms adjacent to. sald sh1rtta11 portion; and
25 : sald ramp having a top surface 1nc11ned .at an angle
| from %?1d leadlng edge of sald respectlve support arm |
toward. sald trailing edge of said: respectlve support. arm,
such that sald top surfaces of said ramps cooperate with
each other to direct: cuttlngs and fluld upwardly in said-
30 ‘borehole. S

3. The drill bit of Claim 2, wherein said top
surface of each ramp - comprlses a layer of hardfac1ng
materlal "
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9. The drill bit of Caimi1 further conpr|5|ng ) at Ieast two
stabili ze”mmmlﬂ;mmlﬂlllan i nt egral d c part of sal d exterior surface-

f h arnms; an 2
gpagggl | gngl t tidihally % 6m each other to defi n 4a4{?{ﬁbdg Iﬁ&/ @ﬂ%g 8

bet.ween sai d-

arm

a ranp formed on said exterior surface of 2ach of gy

10

stabilizer pads on said exterior surface of each support

10.  The drill bit of Aaim9 fusther conpii-siNtyq ren

v Safd. Suppot £ fatis

-each of said ranps having-a top surface-inclined at. . .. an angle from

sai d | eadi ng edge of said respective 15
edge of said respective port ar
sai d ranps cooperatdng Wit aril?

—

10

15

20

f25 _

bit ofrglalm 2, further comprising:
sald top surface of said ramp hav1ng an

'approx1mately linear slope from said leadlng edge of said

support arm to said tralllng_edge of said- support arm;
and ' ' o '
said stabilizer pad having a bottoﬁ“surface with a

- linear slope approxlmately equal to sa1d slope of said

top surface of sald ramp

5. The drill bit of Claim 2, wherein said ramps

. project from said support arms a radial distance
_approkimately equal to a maximum outer diameter of said

drill bit such that as said drill bit is rotated'in said -
borehole to form cuttlngs, said ramp forces: said cuttings

‘along sald top surface of said ramp upwards and away from-

a bottom of said borehole.

6. The drill bit of Claim 2 further comprising a '
channel formed on said exterior surface of each support
arm between said stablllzer pad and sazd ramp.

7. The drill bit of Claim 1, wherein each
stabilizer pad further comprlses an exterlor surface with
hardfac1ng disposed thereon )

Coa
L -

si . The drlll bit of Clalm 1 whereln each

stablllzer pad further comprlses an exterlor surface w1th-

- a plurallty of 1nserts dlsposed thereln

AMENDED SHEET
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. suppor t arnltomard said trailing
. said top surfaces of



eéch-e%he+—%e—d+{ee%—eﬂ%{ings and fluid upwardly in said bor ehol e:

and 20 FWﬂ channel forned on said exterior surface of
each’ s n one of sai d stablllzer pads and . sai
surfac I'W !(Hﬁy% Pchgt 97 06?3%8

11. A support arm and cutter cone assenbly for - ary cone dril

- bit. having a bit body, conprising: sai d .su 8
| eadi ng edge, a trailing edge, an exteri o!@ﬁ&ﬁé&?dﬂm% FEB‘ ]99
t her ebet ween; 5 : -a shirttail port3®n pr d as part of said :
exterior surface; . " said cutter cone assenbly rotatabl'y nounted

on said . support arnland,prOJectlng general ly domnm?rdly andbI

inwardly with respe sai ¢ syupport 10 - a first stabilizer
pad forxed on said éxterT%ﬁ 8e21P b%%r? 2%1%¥ms%iﬁuEEB%Br?°%9ﬁ4%5n3n
integral part therenf 1east tﬂbrst@bindieﬂlmeQUfﬁﬁmédeanaﬁaiﬁhéy@@Drt

arm - and part of S@é féx@érféia bét!u': Sce pafl gagﬂ‘ eCE' nglé. aéjzlz};%cl)){tf rom
- arms; and '
5. said stabilizer pads spaced 19ngitudina11y from each

other to define a fluid'flow channel between said
stabilizer pads on said exterior surface of each support
arm. ' ' |

;E) .10 ' ~10. The drill bit of Clalm 9 further comprlslng
' ~ a ramp formed on said exterlor surface of each of
said support arms; '
each of said famp3'having a top'éﬁrféce inclined at
an angle from said leading edge of éaid;respective
15 support arm toward said trailing edge of said respective.
| support arm; | - S |
.said top surfaces of said famps'cboperating with
each other to direct cuttlngs and flu1d upwardly in said
_ 'borehole, and ’ S
20 .- a second channel formed on said exterior surface of
' each support arm between one of said stabilizer pads and

~said top surface of said ramp. .
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said exterior surface. 15

12 A—suppou_a.r_m_a_nd cut sse_nbly for a g o rotarﬁicone gggs
: FsTngT R sai

Iead| n Jﬂﬂgﬂm“u" m"”mg © 7 edge, an exterior up@g$

éi‘?éf.bor strt Sice = ai d cufter 8&2&@%%?(}'&%&3 1898

on .sai d ' support arm and proj ecting gene al'l'y downwardly and
inwardly with respect to said.support arnd _ a first stabilizer
pae formed on said exterior : surface of said support. armas an
integral part’thereof ) “during initial manufacture of said support

-arm . d first _stabilizer ecting radi from
sai d exterior surfgge ‘%SSupp armsap nﬁugﬁﬁt FP??raﬁgﬁmgh nE8%a8 an
i ntegral partrotary obneadméit bitohavingaaebdt bodyg,sepmprtisdng:duri ng
initial nanufacturgagé §ﬁbso§9p99ﬁthgaghgagdleadlng edge, a tra111ng

edge, an exterior surface formed therebetween;

5 a shirttail portlon prov1ded as part of sald
' exterior surface;
said cutter cone assembly rotatably mounted on sa1d
support arm and prOJectlng generally downwardly and
inwardly with respect to said support arm;

10 a first stabilizer pad formed on said exterior
\ff surface of said support arm as an integral part thereof
durlng 1n1t1a1 manufacture of said support arm; and
' said. first stabilizer pad pro:ectlng radlally ‘from
said exterlor surface '
15 ' '
#gj

.

""‘\i"‘-l"'l‘ ’l oot
.'\:s i



W

said second stabilizer pad spaced |ongitudinally fromsaid first

. stabilfEEF‘ﬁéﬁ“TU-feWFnéLiJuid flow 20 channel therebetween.

13, f Claim 11, wherein said first stabilizer pad
further m HH}@I m surface inclined at an angle fromsaid - .
| eadi ng €dgé ok “Sai . support armtoward said tr A«Eﬁg ?e .
support ooarm S 14. The support arm%? f nghﬁssoBB
conpri'sing said first stabilizer pad havin _a:bottoqlsur ace wt
approxi mately a [inear slope fromsaid | ead2ng @l %ﬂﬁ@jﬁ?ﬁ}.@3sﬁﬁﬁbﬂggg
armrto said trailing edge of said support arm

- 15. The support armof Claim1ll, wherein said first

12. A support arm -and cutter cone aSsembiy for a
‘rotary cone drill bit having a bit body, comprising:
said support arm having a leadlng edge, a trailing
edge, an exterior surface formed therebetween,
5 a shirttail portion provided as part. of sald
exterior surface, ,
said cutter cone assembly rotatably mounted on said
support arm and projecting generally downwardly and
inwardly with. respect to said sﬁpport arm;
T 10 a first stabilizer pad formed on said exterior
= surface of said'support afm as an integral part thereof
during initial manufacture of said support arm; -
said first stabilizer pad projecting radially-from
sa1d exterior surface;
15 a second stablllzer pad formed as an 1ntegra1 part
' ' Of said exterior surface of said support arm durlng
initial manufacture of said support arm; and
said second stabilizer pad spaced longitudinally
_ from sa1d first stabilizer pad to form a fluid flow
20 channel therebetween

~ ' ~ 13. The support arm oflclafm 11, wherein said first
stabilizer pad further comprises a bottom surface
_ inclined at an angle'froﬁfsaid-leading edge of said -
25 - support arm toward said trailing edge of said support
 arm. % ' B '
14, The'support arm“of'CIaim 11 further comprising
said first stabilizer pad hav1ng a bottom surface with
30 approximately a linear slope from said leading edge of
said support arm to said tra;llng edge of said support
arm.

AMENDED SHEET



tsfabi lizer pad further corrpri ses a layer of hardf aci ng : di sposed -

t her eon. - . The support armof Caim1ll, wherein said first
stabiliz r]“mmmu"'ﬂml“j prises an exterior surface with a
pluralit Msed in said exterior surface. _ _ 17.
The suppor’f a&rmof-"a & M 12 further conpri si ng: said first

stabilizer pad having a | ayer of har df aci ng d| S gegez
sai d second stabilizer pad having a |ayer of m péﬁ& 3 8 8

t hef eon. 15 : 18. . The support ar Bf m 12. Fuether
said first stabilizer pad haV| ng an exter| or ?mg (‘;ﬁﬂ,-g ,iJuWit;hW%ganga

of inserts disposed theréin; "and - said second stablglzer pgd
havi ng an exterior surf ace th a uraljty of inserts dispose
therein. 20 . 15. e SHRP‘HVFp %réﬁﬁ”b]a}rm%e’ﬁﬂ R FaFstsi ng:
a ranp formed Sj:ah;la]uckeec(tpad dursihén cmoupl) imemta tiayer of hardfac:%ng
said.shirttail h?é]qi said ranp having a top surface

i.ncl i ned at ar?lgﬁkf ée'Qi]ZSt rom sai d | eadi ng edge of said respective
support arm toward said trailing edge of said respective support

arm 5 such thats saiqhd %p'il&'xfta%%npfoﬁi‘ﬂ%ﬁr?'ﬂi Wv}ﬂez@ﬁ.(g?gahg? first
c¢uttings and fI ui.d upwardly, i e support
armof Caim & &%ip,ﬁgq r comprlses an exterior surface with

' a plurallty of inserts disposed in said exterior surface.

. 17. The support arm of Claim 12 further comprising:
LN 10 ' said first stabilizer pad having a layer of -
' hardfac1ng dlsposed thereon; and
. said second stabilizer pad having a layer of
hardfac1ng dlsposed thereon.

15 18. The support arm of Claim 12 further comprising:
said first stabilizer pad having an'exterior surface
w1th a plurality of 1nserts disposed - thereln,_and
| salé"second stablllzer pad having an exterior
- . surface with a plurallty of inserts disposed therein.
20 o _ - | o
19. The ‘support arm of Claim 11 further comprising
-a ramp formed on said exterlor surface adjacent to. .
said shirttail portlon, and - _
- said ramp ‘having a top surface inclined at an angle

!

25 from Said leading edge of said réépective support arm
, toward, said trailing edge of said respective support arm;
such that said top surface of said ramp will direct '
cuttings and fluid upwardly in a well bore.

30 : 20. The support arm of Claim 19 further comprising

a channel formed on said exterior between said flrst
stablllzer pad and said ramp.
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@ channel formed on sai d _ exterlor between said first’ stabilizer pad
and said 4aﬁﬁ"’““"”” 21. A rotary cone drill

tbit for for mmﬂL ~ conpri si ng: a bit
body havin m !““ ; adapt ed for connection to a drill
string for atlen 8f 3aid bit 5 body; r
support arns attached to and extending fromsaid bi @ﬁlﬂus egﬁzﬁzmaxh 8

support arms having a | eadi ng edge, a trailing edge, and an exterior
surf ace : di sposed therebetween; 330 a T
core assenblies equali ng sai d nunber Mm % EB 1998
rotatably rmounted on " respective support arms with each cutter
cone. assenbl y prOJectlng generally downwar dl y and |nmardly W th

. respect. - - 2% | As IRERFACCORe SXigdr Pik for forping a borejole,
stabilizer padohpriedngs an integral part .of said , exterior

surface of each of said Body° av%hgsa%yhpp%r portion adapted for

connectlon to a drill strlng for rotatlon of said bit
5 body; )
a number of support arms attached to and extending
from said bit body, each of said support arms having a
leading edge, a trailing edge, and an exterior surface
dlsposed therebetween; ' '
10 p a number of cutter cone assemblies equaling sald

)

number of support arms and rotatably mounted on
'respectlve support arms with each cutter cone assembly
projecting generally downwardly and 1nwardly with respect
to its respective support arm; - _
15 _ . a stabilizer pad formed as an integral part of said
exterior surface of each of said support arms during
1n1t1a1 manufacture of sa1d support arms;

said stabilizer pads projecting radially outward
from said respectlve support arms a distance
20 approximately equal to a desired radius for said

e, "borehole;

- ' - a ramp formed on said exterlor surface of each of -
said support arms, said ramp hav1ng_a top surface
inclined at an angle from said leading edge of said

25 supporp'arms toward said trailing edge of each of said
suppor% arms,'such'that said'top'surface of said ramps'
cooperate with each other to dlrect cuttlngs and f£luid
‘upwardly in said borehole,_-

said stabilizer pad spaced longitudinally from_said

30 - ramp to form a fluid flow.ohahhel therebetween,

a plurality of 1nserts dlsposed in said ramp,.and

a hardfac1ng material’ dlsposed on sald ramp adjacent-ﬂ. |

; to sald channel

&-{.i.- \‘+ ot X



4

|n|t|al manuf acture of-said support arns; said stabilizer
pads p Iﬂlﬂf y outward - fromsaid respective support
arns a 'l IH I apﬁr-@xi;nﬁtely equal - to a desired radius for said

_borehole mp formed on said exterior surface of each of-
sai d support ar s, sald ranp having a top surface - . clined_at “an
angle fromsaid Feadi ng edge of said 25 supp,d_’__,\t é 9 %cﬂ 8
trailing edge of each of said - uﬁfort ar:ms: such that sald top
surface of said ranps cooper at i JCh ) . r

cuttings and fluid upwardly in sai DI/ b Oqi Feﬁb 1998
said stabilizer pad spaced |ongitudinally from said’ 30  ramp to form

a fluid flow channgly thef ghalaReione drill b:lht fox %&Hrﬁ F! ybcﬂi res

di sposed in said ranp; and. aclng erla posed
on said ranp &fEREFAING: to sald channel .

22. Avrotary cone giid Hody frtvifrey rarﬂm@éiorpﬁ}ﬂii%n adapted for
T _ connection to a drill string for rotatlon of said bit
5 body; S
' a number of support arms attached to and extending
from said bit body, each of sald support arms having a
-leading edge, a trailing edge, and an’ exterlor surface
dlsposed therebetween,- _ . ' _
~—, 10 a number of cutter cone assemblles equaling said
~ - number of support arms and rotatably mounted on
' respective support arms with each cuttér cone assembly '
projecting generally downwardly and 1nwardly from its
respective support arm;
15 .a ramp formed on said exterior'surface of each of
said support arms, each of said ramps hav1ng a top
-surface 1nc11ned at an angle from said’ leadlng edge of
said respective support arms toward sald trailing edge of
said respectlve support arms, said ramgs extending along .

20 . said exterior surface of said respective support arms
- whereby said top surfaces cooperate with'each other to
— ' ~ direct cuttings and fluid upwardly in’ sald borehole, and

_ a layer of hardfacing material dlsposed on said top
surface of sald ramps.’ ' :

25 ;
gg A rotary cone drill blt of ':aim 22 further
. comprising: - :
_ a plurality of inserts installed'in said leading
_ edge of each of said support ‘arms; an . )
‘30 _ a plurality of inserts 1nsta11e :ithin said top

surface of each of said ramps.
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c"brrpri si ng: a bit body having an upper portion adapted $or
connection to a drill stringffor rotation of said bit 5 body; PR
g number of support arns attached to and extending o sal d=bi t

body, gach of said support arns having a | eadi ng edfgedt
edge, and an ext{RQPr sur f acWORLD INTELLECTUALJR ORBANEATID et Ve e N N
nunber of cutter tone assenblies e ué'\ n nunber of S’%ﬁgg,??&-»e
arns. and INTERNATIGNAL ARPLGATION PUBLISHED (ISR THE pATENT CROPERATION

cut t er | (UIistersusions Folent Classification §: I O] eoltl nauﬁmﬁaa&nkmmwry ang/WoveseDes3

fromits 2B 1018, 12RIPECti ve support| g M a ranp forned on
sai d eLterl or sur’f ace of each of (“)IM“S'W‘Y Deteirs, 20lapupry 1998 (20198

ranps havi n Ap . surf-ace I nclfi ned at an an e from sal d | eadi ng
edge of '@1) otstoations oaligrion Mebpract | ETLRATAG | & Prderistitter ShP® MY 881 i ng edge of
said r =ai)emﬂ..ua..mgpﬁﬁg, ar s 14 Apai16b7 (130439 [ext endi ng al ong 20 sai d
exteri pr surface of said respective suppdrPeblighedrs wher eby said top
sur facg ergle with each other to With ippernghional seqrghrepeitys and fl ui d
upwar d éo’%(& boreh ,@, lmmgs) Us a layer of hardfacing materi al
di sposgd on sai d top _ surface off said ranps. 25

23. A-{18t ar furt her conpri si ng:

a plurhp ﬁﬂ, mnw vsm,g, -gfbpm Ieadi ng edge of each of
sai d SJggort a[ rr‘vﬁ,’waﬁnc;lalm jurality of inserts installed

wi thin mme.rxvsoszw&% om_%y of said ranps.

19 Devanha Gardens East, Ferry Hill, Aberdeen AB1 2UH
(GB). RIEDERER, Paul, Ronald; 17 Balmoral Place,
Aberdeen AB1 6HR (GB). HUFFS'I‘UTLER Alan, Dee;
2760 Water Oak, Grand Prairic, TX 75052 (US). CAMPOS,
Harry, Morales, Jr.; 364t Ridgewood Drive, Grand Prairie,
TX 75052 (US).

{74) Agent; FELGER, Thomas, R.; Baker & Bous, LL.P., 2001
© Ross Avenue, Dallas, TX 75201-2916 (US).

(54) Titlee ROTARY CONE DRILL BIT WITH INTEGRAL STABILIZERS
(57) Abstract

A rotary cone drill bit (20) for forming a borehole
having a number of suppost arms (50) extending from a bit
body (32). Esch support arm (50) has an-exterior surface
with a stabilizer pad (140) formed as an integral part thereof.
A ramp (120) may also be formed on the.exterior surface
ofthewppmann(SO)uanimemlpmw Both
thestabilizer pad (140) and the ramp (320). preferably have
surfaces (148, 126) inclined at an angle fiom 4 leading edge
(122) of the support arm (50) toward a trailing edge (124) of
the ‘support arm (50) such that a fluid fow channel (144) is
formed thercbetween to direct drilling fluids and cuttings to
fiow upward in the borchole.

20
28

32

140

4“4
126

96
94

90 9895 94 94 8497 qg




