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(54) Title: ROTARY CONE DRILL BIT AND METHOD FOR ENHANCED LIFTING OF FLUIDS AND CUTTINGS

(57) Abstract

A rotary cone drill bit (10) for forming a borehole having a
bit body (18) with an upper portion (20) adapted for connection to

a drill string. A number of support arms (24) extend from the bit

body (18). Each support arm (24) has an exterior surface (38). A
number of cone assemblies (12) equal to the number of support arms
(24) are mounted respectively on the support arms (24) and project
generally downwardly and inwardly with respect to an -associated

1 support arm (24). A ramp (36) is formed on the exterior surface of

the support arm (24) and is inclined at an angle from a leading edge

| of the support arm (24) toward a trailing edge of the support arm
(24) such that the ramp (36) directs cuttings upward in the borehole.
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2 BACKGROUND OF THE | NVENTI ON Various types of
rotary drill. rock bits may be used to forma b t he
earth. Exanpl g}d;‘fl%w such rock bits include roller cone blfl%gor '}I’ ary
cone 5 bits used in drilling oil and gas wells. A typical S
roller cone bit conprises a bit body with an upper end adapted for
connection to a drill string. A plurality of support arns, typically
three, depend fromthe | ower end portion of the bit body with each
arm having a spindle 10 protruding radially inward and downward w th
respect to a projected rotational axis of the bit body.

Conventional roller cone bits are typically constructed in three
segnents. The segnents nay be posi ti oned together |ongitudinally

wi th a wel ding groove 15 bet ween each segnent. The segnents nay then be
wel ded wi th each other using conventignal techniques to formthe

bit body. Each segnent al so includes an assoliated support arm
extending fromthe bit body. An enl arged cavity or passageway is
typically formed in the bi tROTARY XCONE Dnn.xnm\mrmmmotgmmi ds fromthe

drill string. US. Nﬁiﬁ%& i19§?H§7BF gib&bg &ffﬁ%gg System

for Rock Bit Wel di ng Shows a e d an appar or constructing
a three cone rotary rock bit fromthree individual segnents. U. S
Patent 4,054,772 is incorporated by 25 reference for all purposes
within this application. : - A cutter cone is generally nounted on
each spindl e and supported rotatably on bearings acting between the
spi ndl e and the Tﬁéﬂﬁ? PIBHRE erHECANVENETGRVI ty in the cutter
cone. One or t he underside of the bit

body adj acent to t he Thppoirvention yelateshin (ggneral £ thepifdgld of

SOS: It i O?Gdst o di ¢8¢hry drxll%if!s't&‘ﬂeé'ihddf)ﬁﬁﬂﬁlﬂ dapdidtley i eRet he
ri strin
g earth and in particular to a rotary cone drill bit and

method for enhanced lifting of fluids and cuttings.



through the bit body toward the bottom of the borehol e bei ng forned

Drilling fyvgiogligese general ly provi ded by WO 96/ 180

PCT] S0 g Sihaets 3 Berusssisms |
string to perform several functions including washi ng away naterlal
renoved fromthe bottom of the borehol e, cleaning the cutter cones,
and carrying the : cuttings radially outward and then upward within
the 5 annul us defined between the exterior of the bit body and

the wall of the borehole. U S. Patent 4, 056, 153 entitled, Rotary
Rock Bit witBaMizRoBND BRWrfRY eie¢ERTION Very Hard Formations and

U S. Patent #7280757> gntirtred, ———__Rock Bit show exanpl es of
conventional roller coMerbrug tyres oftmotary cdribhdoiks cothl reek fuitrg ed on

a spindle bRl G8at tBULSERNE HSHEROT & f:'ir%héJe% te &5% 1y and
U S. Patent 4 80,571 are incorporated. by reference Eﬁi Exdhn pur poses

within this &BRi £EFkoRits include r°¥%$¥e¢%ﬁ¢lb4¢ﬁ)Qﬁt#PEﬁRY1QQn%uy'or
rock bpts, fblitd #bed 1nf8ﬁm1mgh@1l/|£nd“§‘afs Gfellle, Clﬁt ies my be
very ul ent e i nhi biti even, fl ow of
cuttings andrSE‘EEF ﬁgﬂ?lg % ?W%t?%%ﬂ’?% "Hcﬁ'ter?é} dpper end hrough
t he annul us adapbedwebt emmﬁémmioﬂltdfﬁﬁdﬁﬁlﬂ string.SuG b1 it y TR
col l ect in downhol Iocatl ns, W str d flyid flow =~ Exanpl es
of such | ocashBRSES; pRRE. ' EB1dALTy Theee, (dettnd drom dhsidanss moer T
portion of thertion ofbthe boily oliwoeith teadiharmedding/a spipdlle arns and
the 10 protruding radially inward and downward with respect to a ‘
' projected rotational axis of the blt body.
Conventional roller cone bits are typically
constructed in three segments. The segments may be
positioned together longitudinally with a welding groove
15 between each segment. The segments may then be welded
with each other using conventional techniques to form the
bit body. Each segment also includes an associated
support arm extending from the bit body. Aan enlarged
cavity or passageway is typically formed in the bit bbdy
20 . to reeeive drilling fluids from the drill string. U.S.
Patent 4,054,772 entitled, Positioning System for Rock
Bit Welding shows a method and apparatus'for constructing
a th:ee cone rotary rock bit from three individual
segments. U.S. Patent 4,054,772 is incorporated by
25 reference for all purposes within this application.
A cutter cone is generally mounted on each spindle
and supported rotatably on bearings acting between the
spindle and the inside of a spindle receiving cavity in
the cutter cone. One or more nozzles may be formed on
30 the underside of the bit body adjacent to the support
arms. The nozzles are typically positioned to direct
drilling fluid passing downwardly from the drill string
through the bit body toward the bottom of the borehole
being formed. Drilling fluid is generally provided by
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é _
annul us area between the exterior of the bit body and the adj acent

wal | of the bgpagagme Ot her areas of restricted 25 fluid Pcasifisers
i ncl ude the backface of the respective cutter cones and the wall of

the borehole. As a result -+~ of collecting such debris, the area

avail able for fluid flowis reduced even further resulting in an

I ncrease in fluid velocity through such areas and erosion of the 30
adj acent metal conponents. As this erosion progresses, vital
conponents such as bearings and seals nay be exposed to drilling

fluids and well g rdﬁmmﬁ%oezﬁrfom severRicFBheteohs bHESuGinghe
associ at ed rock
PCT/ US95/ 15926 washlng away material removed from thg bottom of the\pRY OF
THE | NVENTI ON - porehole, dleadfiGRy GHC utitlel EBQeBreﬁﬁ&tchﬂf9ﬂﬁboﬂhethe
di sadvant ages and pr.obl ens ciated mnth pr %IOU ro bits and
rotary cone drilf" ot %ﬁii? § eg quaF@dUbﬁﬂlﬁrthe
elimnatesg | 3 s lare) Qid firTed Helte:nbl emew&t ext_erﬁorl af_e'gheomtnsbgﬁf&fn@d'
_support arm an utter. .co SS ghl [ QVvi n ce ui
f1 ow around the A qr}fe the %oreixﬁl%wgi. t‘ega’ﬁgf’gr§'§?gf rg it during
drilling operatientitled, RAtary ®RoekalBidl wdtht Magnpmd RbWecotebags foépm
the bottom 10 of téhnio ehol e, to the |l e, I's provided
| on an V&Y Fasisine: 2t BshoPRcaRt 4rag0ranp estlifed,
formed at an anGkécikUBit lditw h@NpAEE YORSAVERLE6Halr 8811er coné BitLadi ng
edge of the support armto the traili edge.
with cutter cone asse ies mounted on a spindle
projecting from a support arm. U.S. Patent 4,056,153 and
U.S. Patent 4,280,571 are incorporated by reference for
all purposes within this application.
While drilling with such'rotary or rock bits, fluid
15 flow in the vicinity of the cutter cones may be very
turbulent, thereby inhibiting an even, upward flow of
cuttings and other debris from the bottom of the borehole
through the annulus to the well surface. Furthermore,
such debris méy collect in downhole locations with
20 restricted fluid flow. Examples of such locations with
restricted fluid flow include the lower portion of the
bit body adjacent to the respective support arms and the
annulus area between the exterior of the bit body and the
adjacent wall of the borehole. Other areas of restricted
25 fluid flow may include the backface of the respective
cutter cones and the wall of the borehole. As a result
of collecting such debris, the area available for fluid
flow is reduced even further resulting in an increase in
fluid velocity through such areas and erosion of the
30 adjacent metal components. As this erosion progresses,
vital components such as bearings and seals may be
exposed to drilling fluids and well debris which can lead
to premature failure of the associated rock bit.



The ranp aids the flow of fluid, cuttings, and other 15 debris to the
annul us f owgdnrbween the wall of the bor ehol e and plchfiys ?ﬁfsﬁid or of
an associated drill string. A techni cal advantage o

present invention i ncludes that the ranp divides turbulent fluid

fl ow around the rotating cutter cdhes fromfluid flowin the 20
annul us above the cutter cones such that cuttings and ot her debris
entering the annulus are not drawn back down toward the cutter
cones. The outer diameter of the ranp is substantially equal to the
di ameter of t eby, the ranp, in cooperation with

ot her corrpoan’tﬁl quE L;T%!M separates fluid at the drill bit
into t wo sdbsﬁEWHn§QQFQ Hd@beﬁb@nprﬁégn§ninvﬁn§iqniIbhﬁbelow :
the ranp is taydudenityed Bid | mehsoaatsoe&sf;&a WEh previots Ufc?cl?x't' ng

the nozzles and the churning effe t er cones. Id flow
above the raftis and fataanyy cope drillés§’1f-§rBGVBnPeaﬁdsﬁhﬁﬁﬁm%ﬁlb‘hal

upvar dlg/ t hr egfuddie or elimidarekus hacaHseehbedinant| NehédgLesént he ramp
bove the exit end_.of the nozzl es and

S preferably cha g a
the cutter cdf¥entHans 8; BoRUPROEi 8rReghdnchttepcone assembly)
96/18019 - whlch provxde en#anced fluid flo¥ Eﬁﬁﬁh@9ﬁﬁé5eﬂﬁerlor of

j.ect t.o.the churning.actjop t he [_cones._or
Gownvar d 11 o AR tRSE 7Ty 82:3T b2 Sartay SHHLEIRG e iione o o
the present iforetemoval of cutidhgseantihethéhedebnis pfrom delse boteons f or _
it "% of the borehole to the well surface. A ramp' is pr_ovided- ‘ .

on an exterior surface of each support arm. The ramp is

formed at an angle such that the ramp slopes upward from
the leading edge of the support arm to the trailing edge.
The ramp aids the flow of fluid, cuttings, and other
15 debris to the annulus formed between the wall of the
borehole and the exterior of an associated drill string.
A technical advantage of the present invention
includes that the ramp divides turbulent fluid flow
around the rotating cutter cones from fluid flow in the
20 annulus above the cutter cones such that cuttings and
other debris entering the annulus are not drawn back down
toward the cutter cones. The outer diameter of the ramp
is substantially equal to the diameter of the borehole.
Thereby, the ramp, in cooperation with other components .
25 of the bit body, separates fluid at the drill bit into
two substantially independent regions. Fluid flow below
the ramp is turbulent and multidirectional due to the
fluid exiting the nozzles and the churning effect of the
cutter cones.':Fluid:flow above the;ramp is relatively
30 less turbulent and unidirectional upwardly through the
annulus because the trailing édge of the ramp is
preferably located above the exit end of the nozzles and
the cutter cones. Thus, fluid flow in this region is not



b .
5 cuttings and other debris upward to the annul us and away from

the cutter co he drill bit rotates, fluid and dﬁﬁf' 5118948
upwar d al ong mg‘ir’gsngtomrd the annul us. Thi s reduces t e’b?fect of
cuttings interfering with the area. available for fluid flow 10

Anot her technical advantage of the present ifvention I ncl udes t hat
use of a ranp on the support arm provides a gap between the support
arm above the ranp and the wall of the borehol e thereby increasing
the upward flow of fluid and debris. Furthernore, a second gap is

flow This secon§ Incre m Xin

and cuttings to qunwarddeQWbﬁramruhp nOZZleSd|sposed on an adj acent
;gg?%ggS?REBZG aHOcREL18@Lfnical advantage of the present inyention
DESCRI PTI ON OF THRcipdesnthat the ramp proyidesna dweans|fak Lifddng andi ng

of the pregent cuttmt;evaﬁal 88hefNdebhEs AERELRUES ﬁﬂ‘@ré&ﬁfuldsefa%f%%y' s
now made to the foll owing description taken in con unctlon

with the acconmpak¥PRgtiraGHREST ﬁ°ﬂﬁ§ch'$$k§h9€9€&¥%ugit ) atQﬁnﬂ§%Q§

indicate like feahuraébemd wbeeehpward along the RtdAiRftowdrd athed SiRillfisC
view of a rotary, Eone

opstruct ed ccord to th
Veohinae of thoThigcxfiuces the; atlatt AT qurtings THCqxLgIRBo WLEh, the
schemati c draw ngred akvayabbde 88€ fluid flow.

10 Another technical advantage of the present invention

a0 18 e oProvidp|eR® @Y LRE ERMP YRS Uy P LALCESEE 'dAlidh or |

includes that use of a ramp on the support arm provides a
gap between the support arm above the ramp and the wall
of the borehole thereby increasing the upward flow of
fluid and debris.' Furthermore, a second gap is also

15 provided below the ramp which may also increase fluid
flow. This second gap allows for increased mixing of
drilling fluid and cuttings to be lifted up by a ramp
disposed on an adjacent'support arm.
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section with portions broken away showi ng a support arm of arotary

cone dri |l kwdpédnngotecor porati ng features of the : pr esengcrniso’ikdapn and

di sposed in a well bore; : FIGURE 3 is an isonetric view of ’
anot her enbodi nent 15 of a support armfor a rotary cone drill bit

havi ng a ranp constructed accordiﬁg to the teachings of the

present invention; and FIGURE 4 is an isonetric view.of another
enbodi nment of a support armfor a rotary cone drill bit having a 20
ranp constructed according to the teachings of the present invention.
WO 96/ 18019 prTEF DESCRIPTION OF THE DRAWINGS  PCT/US95/15926 -

7 - TDETAITCED DESCRIPTION OF 1 The

HE-TTNVENTI ON '
‘present inventiorF¥hd iRAFLFPIRIE]S wderstanding.of Ghecpsessathy
o 00, AL i i dioge et St saniear ol
E?IG{]JQREUie?I In?é‘?? :i’i‘gséé? rftﬂa]é’r”%é{eﬁ%ép&’@% %ake_n anSPBiFEthﬁge.r ally at
10, comstruaieth agnoraidignganyiiiy drawingsedehwhgeholiikeeragpechcel the
be used to Fpmeks Thdtcats 1R Fesbures ane, MEPEER on of cutter cones 15
as roller cone r EIGURE 11(s |amn dlsoaeétaticuvdeobfom tdtaty cone dbbrthole 16
by the rot atﬂ:ﬂp é)gné”}:xqféééd satc!éorl%igﬁottos tI\E?x\é'n}:ea_chir_lgs of thé present

invention; _ o .

10 FIGURE 2 is a schematic drawing in elevation and ( '
section with portions broken away showing a support arm |
of a rotary cone drill bit incorporating.-features of the
present invention and disposed in-a well bore;

FIGURE 3 is an isometric view of another embodiment

15 of a support arm for. a rotary cone drill bit having a
ramp constructed according to the teachings of the -
present invention; and _ _

FIGURE 4 is an isometric view of another embodiment
of a support arm for a rotary cone drill bit having a

20 ramp constructed according to the teachings' of the

present invention.
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attached to rol

conprises a bi&,olgglg%é 8 15 havi ng a tapered, externally threaded upper

section 20

string (not shown). Three cutter assenblies (two visible i n FI GURE

| er cone rock bit 10. Rol l er cone rock bhit 10

pted to be secured to the | ower end of t hBCHUFIYL

1) indicated generally at 22, depend from 7 bit body 18 (not shown).

Cutter cone assenblies 22 and 20

unit. Al
units that are

ternatively, cutter cone assenblies 22 nay be nodul ar

removably attached to bit body 18 (not shown). Each

cutter assenbly 22 preferably conmprises a support arm 24 and a
cutter cone 12. aEi%I_ED %%ségéngpNt8E.EEE€£§§§N££8§nCIude, for exanple,

nunber of surface conpactsTBe grepeaedihfeAtPondsndartes advant&géd ame 28 of

each cutter cone_12. Each cutter_cone_12 ., . o, i hcl ude a number
of teeth 30. SurPgSE BHSEE od by referﬁﬁﬂgtﬁgtﬁ?%%ﬁﬁéylc g ¢ @hact s

or inserts that
Al ternatively,

ahe Prawingbsor Midtel nameyalsobéihgrdsedt B6r al SkeSarstesi r ed.

uri ng dri 111 g, CpoReRBrEoeg, PACE Pe bR B PBIRE"™® ootiom 14 of

borehol e 16. A
PCT/ US95/ 15926
under si de 34 of

10

15

20

25

30

nunber FAGUREBz1| ¢3188teateada roller coWed Bl GHHS,

bit body 18 may conprise an integrated

a

c as . fro n
%gpﬁgPtggngengﬁl%VtaEOIgﬁdconStrucgékuﬁ%F%ﬁqﬁqqréf;qq% dto
aid in the renovdleaghings of one aspect of the present invention. As

shown in FIGURE 2, roller cone rock bit 10 may be used to
drill a borehole by the cutting action of cutter cones 12
as roller cone rock bit 10 is rolled around bottom 14 of

borehole 16 by the rotation of a drill string (not shown)
attached to roller cone rock bit 10.

Roller cone rock bit 10 comprises a bit body 18
having a tapered, externally threaded uppef section 20
adapted to be secured to the lower end of the drill
string (not shown). Three cutter assemblies (two visible
in FIGURE 1) indicated generally at 22, depend from
bit body 18 (not shown). Cutter cone assemblies 22 and
bit body 18 may comprise anlintegrated unit.
Alternatively, cutter cone assemblies 22 may be modular
units that are removably attached to bit body 18 (not
shown). Each cutter assembly 22 preferably comprises a
support arm 24 and a cutter cone 12.

Each cutter cone 12 may include, for example, a
number of surface ¢Ompacts 26 disposed in a gauge face
surface 28 of each cutter cone 12. Each cutter cone 12

‘may also include a number of teeth 30, Surface compacts
26 and teeth 30 may comprise compacts or inserts that are
formed from various hard materials as desired.
Alternatively, teeth 30 may be milled from cutter cone 12
itself.

During drilling, borehole debris is removed from

“bottom 14 of borehole 16. A number of nozzles 32 extend



debris: The drilling fluid flows radially outward bet ween t he

under si dev%”gmupottom 14 of borehole 16. A 5 nunbeg‘r_@@ rag’ps 36
sas9ze

| ocat ed on support arnms 24 also aid in t he renoval

Ranp 36 is disposed on exterior surface 38 of support arm 24. Ranp
36 may be formed out of each supp®rt arm 24 by a nachining
operation. Alternatively, 10 ranp 36 - may be forned on exterior surface
38 of support arm 24 by first depositing weld nmaterial on surface
38. The weld material may then be nmachined to a desired shape

for ranp 36. _Einally, r . y be_formed on suppor.t, rm 24 during
t he process 5F°Fb?8iHadgggbggtggrﬂ?259£igf °°9$ti§gknﬁﬁﬁn¥°* ‘Tt 24 has been

forged, ranps8ppiwydbélling flhidtberaidcin nek tremtefda neof tthedesired

structure. : . 36, L £8S i £ 40.. trajling edge 42
and top surfggke)rﬁ.' ngggg??‘gg%ﬁﬁz? %’kaéafrrjb&% g?quag'%g‘ley ' OUtwaréieneral |y
upwar d al ongbetweenetBe vhdeunppdet34randoditoom 2001 of Hogmticle adge A0 to
traili d LLi f [ .ef bl
railigg eddfufer 6k Lambsi 98 £86ted on S\f@%gzen@g. QI1Ed Pl o ably

| ocated at or above the nozz n nodular rollTer cone
rock bits, ttpe removal preeess8d4 namy be di sposed bel ow nozzle 32 if the

exit of oRgis 32 18 i 8Roses ol el tod WLl | body 29

18. It is desirable to have top surface 44 at edge 40 be as
| ow as possi BHBPSRtsaFBofe - arRamm 36 may the formed gut jof eaebval of

cuttings ands@%ﬁeftdsbmiz«a bP'a Sdthining optdltio.l OB terPRtIVRhgce 44 at
Ieadlna edge 4 og ranE g 36 may be | ocated at approxi mately fhe sa
| evel 18s bal Famp 36 may Pefermed on exterior sunfigces 38 o5 HHPPATLh ckners"i "

defined by tgpmspdfpgefirst depdsitility vidlid izderiafll oaRu3€atBY3B¢ chosen
such that an out er S%tface 8 of ranp.36 is |ocated,a predeterm ned

di stance from8 Wat? BALLFigh MY Hhers B MEchdnesd tosRedesired shape

for ramp 36. Finally, ramp 36 may be formed on support
arm 24 during the process of forging support arm 24.

15 After support arm 24 has been forged, ramp 38 may be
further machined to define its desired structure.

Ramp 36 comprises leading edge 40, trailing edge 42
and top surface 44. Top surface 44 of ramp 36 slopes
generally upward along surface 38 of support arm 24 from

20 leading edge 40 to trailing edge 42. At trailing edge
' 42, top surface 44 is preferably located at or above the |
exit of nozzle 32. In modular roller cone rock bits, top
surface 44 may be disposed below nozzle 32 if the exit of
nozzle 32 is disposed closer to the center of bit body
25 18. It is desirable to have top'surfaee 44 at leading
edge 40 be as low as possible on support arm 24 so as to
aid in removal of cuttings and other debris. For some
applications, top surface 44 at leading edge 40 of ramp
36 may be located at approximately the same level as ball
30 - plug hole 46. - _

Ramp 36 also has a thickness_defineq.by top surface
44, The thickness of ramp 36 may be chosen such that an
outer surface 48 of ramp 36 is located a predetermined
distance from a wall 50 of borehole 16 when roller cone
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9 fabie 10 is di sposed in borehole 16. The use @gﬁ,

36+ al | ows forﬁgfﬁﬁﬁh%& a first gap 52 between surface 38 qkng s&%%%rt
arm 24 and wall 50 of borehol e 16. First gap - 52 allows increased
fluid flow up into an annulus 54 5 fornBd between wall 50 of

borehol e-16 and the exterior of an associated drill string. A second
-gap 53 is also formed between surface 38 of support arm 24. and wal |
50 of borehole 16 bel ow ranp 36. Second gap 53 al |l ows

I ncreased m Xi ng,.Q; I Ngs; angls I ' t 1 ri Ll | uid
for renoval fromrgé]rcgﬁ%#efg&é éil%&éd dﬁp‘&]éeré&érl}ctlt}s'e g‘fher z‘i‘%ﬁ ?g %agf/&’be
protected by sevdfapllows formatiommf mafirstrigan 52 hetweensurfecer B8e a

luralit f i S : | H&g@l § ' MBYo4
gppl I ed %/o shi rt?gi fb%%aa%_as%gp%f%é m 24. 5'2(\)5 ﬁom@rﬁl%a%' Ellg%ﬁEggp
har df aci ng 62 may2apitowe ipereased oflwidiifpw up intajga appudusr §4p 36.

Har df aci ng562 MayofRER bEEwEEH PFall 50 of bd¥EHdIE 9% @¥nd RESkRReeabPi de oOr
ot her appropriate rial fona%feventlng wear on ramp 36. As shown

, At | nm
in Fl GURERR, a#%%%%?éo‘b%ﬂz]ztcﬁ NEemp B FRGARY 98Pc Ranfisr 84520
such that the thi6ienes SbétwéaitsBFfdty 3 PR FPPordMarm 24 ahaadaly sdge

posst b 11y of ‘o5t dhofepapn To BEIOE Sim 36, caneand Bepofo sl o
rotati ngki n bor eimtreased midfng BFf cuttingsiuamhowhern debSiBEwZ2thr ehker
cone. roc

Sne, "0 KaBTt Lot 1ing BREPE o el RS A ARSI 0 A Ot O
The structure of ramp 36 may be protected by several
different means. First, ramp 36 may comprise a plurality
of inserts 56. Additionally, hardfacing 58 may be
applied to shirttail 60 of support arm 24. As shown in

15 FIGURE 3,.hardfa¢ing 62 may also be applied to leading
edge 140 of ramp 36. Hardfacing 62 may comprise chips or
particles of tungsten carbide or other appropriate
material for preventing wear on ramp 36. As shown in
FIGURE 4, leading edge 240 of ramp 236 may be chamfered

20 such that the thickness of ramp 36 may increase from
leading edge 240 to trailing edge 242. The chamfered
leading edge 240 reduces the possibility of extra torque
on rotary cone drill bit 10 while rotating in borehole
l6.

25 - As shown in FIGURE 2, roller cone rock bit 10
operates to scrape and gauge the sides and bottom 14 of
boréhole 16 utilizing surface compacts 26 and teeth 30
under downhole force supplied through the drill string.
Roller cone rock bit 10 rotates to the right in borehole

30 16. Cutter cones 12 create cuttings and other debris at
the bottom 14 of borehole 16. Drilling fluid is ejected
from nozzles 32 toward cutter cones 12. As roller cone
rock bit 10 rotates, the leading edge 40 of ramp 36 picks
up cuttings and fluid. The fluid and cuttings move up



under downhol e force supplied through the drill string Rol | er cone
rock bit s to the right in borehole 30 12
create cut Pﬁ%éﬁggd ot her debris at t he botton114 oggkéﬁéﬂ%ﬁg 6. ™

Drilling fluid is ejected fromnozzles 32 toward cutter cones 12. As
roll er cone rock bit 10 rotates, tRB@ |eading edge 40 of ranp 36 picks

up cuttings and fluid. The fluid and cuttings nove up WO 96/ 18019

PCT/ US95/ 15926 10 al ong . :
surface 44 toward the trailing edge 42 of ranmp 36 and thus fl ow

upward into annul us t owgr,d. th ur, th ehol e
A techni cal é@&ﬁﬁféﬁgéEF%ﬁ%§ 5?&%& t& gﬁ?ﬂ&ﬁngsedge 12 ?ﬁaf Bn5636
di vi des tur bidmehtthidsuifiiow apwarduddtootanudgs 54 towanéit thecsuegade@ and.

| ess turbul e |l 4yiid flowin annul us 54 such that cuttings
and ot her degilgﬁghtggF%OH annul us 54 are not drawn back down toward
cutter cones A tgzhnA@@dtadnantpgetoﬁ thef presdnt oinvembi&n isfts 10

cuttings and sHatelraihiyes ai1h@Wakd BARERY S 241812180 round rotdLMAgUL ! Er

cones 12. This reducés the ngs i nLert errng w 't he
area avai | ablcititer fqomes 12 and ipgw Spshudert: twpwardeflupd flow in

Al though the J¥RAYY S4n%aehi Qﬂa%n@uti:inégV&ﬁ&aseﬁeﬁ%ebri@@ﬁt@?ﬁ‘?%
described in detail, it should be understoad hat vari ous changes,

substi t ut i on®TERdUS Odr #FPoRt dRawn back down toward cutter cones
12. Additionally, top surface 44 of ramp 36 lifts

10 cuttings and other debris up toward annulus 54 and away - ‘
from cutter cones 12. This reduces the.effect of
cuttings interfering with the area available for fluid
flow around cutter cones 12.
Although the present invention and its advantages
15 have been described in detail, it should be understood
' that various changes,fsubstitutionSnand'alterations can .
be made therein without departingwfrom the spirit and
scope of the invention as defined by the appended claims.

20



i . '
be nmade therein without departing fromthe spirit and scope of the

I nvention as | by the appended cl ai ns. 20 - 9
PCT/ US95/ 1592?&&%&9 VWHAT IS CLAIMED I S: %éé'%ﬂzﬁry
cone dritit—bit—for formng a borehol e, conprising: 5 a bit
body haV| ortlon adapted fori1 connection to a dril
Stl’l ng f qﬂmﬂm l“ﬂrl d bit . body; a nunber of
support ar#is extendi ng f£om said bit body, each of said support arns
havi ng a | eadi ng edge and 10 a trailing edge; a nunber of
cutter cone asseggétgggggﬁgl gg fgld nunber of support arns and
rotatably nounte . on one of said support arns and
projecting generally downwar dl y ‘and inmardly mﬁth respect to its

extori or of each suppbri & Por&EY cons drigt nff W MEmisTR kA e,
“angl e from said comprising: _

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

a number of support arms extehding from said bit
body, each of said support arms having a leading edge and

10 a trailing edge;

a number of cutter cone assemblies equaling said
number of support arms and rotatably mounted respectively
on one of said support arms and projecting generally
downwardly and inwardly with respect to its associated

15 support arm; and '

a surface formed on the exterior of each support
arm, each of said surfaces inclined at an angle from said
leading edge toward said trailing edge such that said
surfaces cooperate with each other to direct cuttings and

20 fluid upwardly in the borehole.

2. The drill bit of Claim 1, and further

comprising:
said surface having one end adjacent to said
25 trailing edge and another end adjacent to said leading
edge; and '

~ a nozzle having an exit disposed adjacent to at
least one of said support arms, wherein said end of said
surface at said trailing edge is positioned above said

30 exit from said nozzle.

3. The drill bit of Claim 1, wherein said surface
is formed on a ramp as an integral part of said support

arm.



| eadi ng edge toward said trailing edge such that said surfaces

cooper at e wlokyigpaeh other to direct cuttings and 20 GHQ%E% y in.
the bnrpholp 2. The drill bit of C|a|n11 an ur

nprisi ng said surface having one end adjacent to said 25
tra| | i nglmmmumuﬁ end adj acent t#&2said | eading edge; and
a nozzl di sposed adj acent to at | east one of said
support arns, Wherei’n Said end of said surface at said trailing edge
S p03|t|oned above said 30 exit fromsaid nozzle.

The drill bit of @ ai mg, &qig-gabg égggﬁcg reihS ranp
as an int egral part of Sg?ﬁ uppo 2 whereih %&g%?ﬁg%i
PCT/ US95/ 159@pmprises a weld materlal dep051ted on sapd exterior of

The drill bitgadfd Guppdrt, awhﬁrtel Eoi‘ﬁ\' §Hﬁ1{>aéﬁtend1ng EPORTiSE3 a el d
mat eri al depqQs |ted on SaI% exte g i " said support armto forma
r anp extend| o saldI et bngdﬁgg?o said trailing edge. 5

5. The drill bit of Clalm 1, whereln sald surface
is formed on said exterlor of sald support arm during the
forging process for forming said support. arm.

10 6. The drill bit of Claim 1, ‘wherein said support ‘
' arms further comprise.hardfacing formed. along a leading
edge of said respective surfaces.

7. The drill bit of Claim 1, further comprising a
15 plurality of inserts disposed in said exterior of said
support arm adjacent to said surfaces.

8. The drill bit of Clalm 1, wherein an outer
diameter of said surface is approxlmately equal to a
20 maximum outer diameter of the drill bit such that as the
drill bit is rotated in a borehole, said surface lifts
drilling fluids and cuttings upwards and away from a
bottom of the borehole.

25 9. The drill bit of Claim 1, wherein a leading
edge of said surface is chamfered such that the thickness
of the surface increases from said leading edge of said
surface to said trailing:edge_of”said support-arm.

30 : _
10. The drill bit of Claim 1, wherein said cutter

cone assemblies each comprise a cutter cone having a
plurélity of teeth milled out of said cutter cone.



5. The drill bit of laim1, wherein said surface Is formed on

sai d exterior oot SUPPOrt armduring the forging pr

form ng said support arm 10 6. The drill bit of @?gﬁﬁ?&%bs
wherein sa‘d—suppoft~———-—4nrm further conprise hardfacing forned along a

| eadi ng ' respective surf ak®s. 7. The
drill bit o E.EE r-conprising a 15 plurality of inserts
di sposed in sal sai d support arm adj acent to said

sur f aces. . The drill bit of Cdaim1l, wherein an outer
di aneter of said surface I's approxi mately equal to a 20 maxi mum out er
di ameter of the drill bit such that as the drill bit is rotated in a

borehol e, said surfacdl.if®ssupport dril andgchttersasselrly tfnys wptarys -
and away froma 4,333 bBQtqugﬂé ghslgoggggleco ng i 9. The drill
? saldlsurface Is C

bit of Caim1l, erein g %& hant er ed
such that the thickne$@id supposi aEe exteading nfremseaid ik hedy lasadi ng

edge of saigd hav1§@rEﬁp@xtgrgakdsafgg&épg edge of said support arm 30
10. The drill bit o | erein said cutter cone assenblies

each conprise a cutteﬁaégnEuﬁgﬁFnﬁoag assembly pointed AN (§&dd SRPPOFE out

of said cutter ceaim and projecting generally downwardly and 1nwardly with
respect to said support arm; and
a ramp formed on said exterior surface of said
10 support arm, said ramp inclined at an angle from a
leading edge of said support-arm toward a trailing edge
of said support arm such that said ramp directs cuttings
upwardly in a borehole.

15 12. The support arm of Claim 11, and further
comprising a nozzle disposed adjacent to each support _
arm, wherein a top surface of said ramp at said trailing
edge is positioned above an exit of said nozzle.

20 . 13. The support arm of Claim 11, wherein said ramp
is formed integral with said support arm.

14. The support arm of Claim 11, wherein said ramp
comprises a weld material deposited on said exterior
25 surface of said support arm to form said ramp.

15. The support arm of Claim 11, wherein said ramp
is formed on an exterior surface of said support arm
during the forging process for forming said support arm.

30

16. The support arm of Claim 11, wherein said ramp
further comprises hardfacing formed along a leading edge
of said ramp. '
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11. A sup and cutter assenbly for a rotary ' drill bit having

a bit bod&w’%ﬂ%ﬁ si ng: - said support arm ext enBFHYSI¥§M6sai d ’
bit body—and—>5 having an exterior surface; said cutter

cone ' on sai d support 14 arm and projecting generally
'downmam im :ﬁ / Wi th respect to said support arm and

a ranp c [ xterior surface of said 10 support arm said

ranp inclined at an angle froma | eadi ng edge of said support arm
toward a trailing_edge of said sypport armsuch that said ranp
directs cuttings 1. The, fYPRPTLi ArY Bgrgﬂg+g_{1,1§pere1n said xamprie

support arm cGur&harmcbhprisesf dr pliitality of CONPElts N spdEud |ih drSposed
adj acent to each _su ?hﬁmherein a top surface of said ranp at

sai d trailiné"ﬁ:er sg%%é%? PS 58%3{ Bd above an.exit of said nozzle. 20

13.© The support armof Caim1ll, wherein said ranp s forned
integr@ \MtrlsaiQS§UpQBEtsﬁﬁﬁbrt arm of Claim 11, wherein an outer
diameter of said ramp is approximately equal to a maximum
outer diameter of the drill bit such that as the drill
bit is rotated in a borehole, said ramp forces the flow
of cuttings along said ramp upwards and away from a
10 bottom of the borehole. S : g | ‘

19. The support arm of Claim 11, wherein a leading
edge of said ramp is chamfered such that the. thickness of
the ramp increases from said leading edge of said ramp to

15 said trailing edge of said support arm. '

20. The support arm of Claim 11, wherein said
cutter cone assemblies each comprise a cutter cone having
a plurality of teeth milled out of said cutter cone.
20



14. The support armof Caim 11, wherein said ranmp conprises a weld

mat eri al depo sai d exterlor 25 surface of said sup o]
formsaid rarrpsw‘tﬁaldaib 15. The support armof Caim11, p%@?%:hg&{ssai d
ranp is formed on an exterior surface of said support arm

durlng th for form ng said ¥upport arm 30 16.
~The suppor "ﬂlﬁmﬁlmlmmﬂ’l wherein said ranp further conprises
“hardf aci ng fornmed akong a | eadi ng edge of said ranp. W)
96/ 18019 PCT/ US95/ 15926

17. The support .arm o, e n her | ses
a pl ural ity of insert d| 2%2%%%9?%\@ %f%h arid' &Eféw asusrermbg.g :)fr"’g’ % 5%%%

5 18. dméliubpbrhavingod loitibedy, cowmpmisingy outer

ot er of he” PPk BREAS TR RURLAR AP UL bt pos P |
borehol e, said rbapingransexteriopwurface; of cuttings along said ranp
~upwards ang away frong@;d0cuttePold 2N Hisddisl PHRMYSE on said support
arm and projecting generally downwardly and inwardly with
respect to said support arm;
a ramp formed on said exterior of said support arm,
said ramp having a surface inclined at an angle from a
10 leading edge of said support arm toward a trailing edge
of said support arm such that said ramp directs cuttings
upwardly in the borehole;
a plurality of inserts disposed in said ramp; and
a hardfacing material disposed on a leading edge of
15 said ramp and a shirttail of said support arm.

22. The support arm of Claim 21, wherein said ramp
is integral with said support arm.

20



19. The support armof Caim1ll, wherein a | eading edge of said

ranp i s chegfghigslesuch that the thickness of t he rarph*l& SES from
said | eading edge of said ranp to 15 said trailing edge 0Of Ssald support
arm 20. The support armof Caim1ll, wherein said

cutt 1lmnwﬁmﬁllml ‘each conprise a cdbter cone having a .

pl ur | ed out of said cutter cone.. 20 WO 96/ 18019
PCT/ US95/%15%26" s 15 * C L n S *

21. A support arnland cutter assenbly for a rotary drill bit having

a bit body, conprissng: I endi;ag om sai d

bit body and 23 av}} r%et%oc%axftoerr %@agll?r% Qf’tlgg”b‘%xkiﬂghg aéacutt

cone assenbl \CHeuiReEs Brema Pangheder comprlsépg|§hg stepscefng generally

downwar dly and inwardl yopéditiing a rdﬁ%&@e%bnbodiﬁid SHEPBE%lﬁé”&
a ranp fornmed on saJd exterior of said sup ranp havi ng

ar d
a surface i ndTHRLLLY A SHRROTYL SFMS Eﬁte%dlpgaJFﬁﬂ édﬁétoPOQMfdasupport
armtovgrd a dutter r@wgﬁ:ogectlngofgemeu:dlaypaewhwatanyuahdt bajagdlg ranp

directs CUtt'rmEh respect to each support arm;
forming a surface on an exterior of each support
arm, each of said surfaces inclined at an angle from a
leading edge to a trailing edge of its respective support

10 arm; | - (

inserting the rotary cone rock bit into a
borehole; |

directing drilllng fluld from the rotary cone
rock bit toward a bottom of the borehole. and .

15 rotating the rotary cone rock bit within the
borehole such that the cutter cones rotate on the support
arms so as to form cuttings and the inclined surfaces on
the support arms cooperate with each other to direct the
cuttings and fluid upwardly in the borehole.

20
24, The method of Claim 23, wherein said step of
directing drilling fluid comprises the step of ejecting
drilling fluid from a plurality of nozzles disposed
adjacent to each support arm.
25

25. The method of Claim 23, wherein said step of
providing a rotary cone rock bit comprises the step of
providing a“rotary cone rock bit wherein the inclined
surface is formed on a ramp as an integral part of the

30 respective support arm.



uﬁmardly i n the borehol e; a plurality of inserts disposed in

sai d ranp; ango 9618019 a hardfacing material disposed.on edge
_oﬁ 15 ‘sard‘raﬁﬁ~and—a~serttalI of said support arm ﬁch%é%h@&s

W r 21, wherein said ai,7 . disintegral with sald
Iiég'PerSBS?rlg,'ﬂmH "' '""I,”” o 53012 nmet hod for enhanced lifting of

fluids and cuttlngs froma borehol e, conprising the steps of:
providing a rotary cone drill bit having a plurality of support arns

extending froma bit iJG)dy Tie method Gf (QAai0R2S, PERreskkrNBoMBAES PhY Yihe
downwar dly and |nvvar wWth respect to each support arm

formng a surfac®e %ﬁ WRAF DR sedd JeFegigl on th eaﬁ?ﬁ:e’éh‘éﬁ of said

surfaces inclinegach support earfnrcms Form a rakn@aéklﬁﬁnadﬁg Epom theiling edge
of its respectl nserti

S ort.10 g.the rqtary
cone rock bit fa%f’r? edge g etﬁ}ﬁ ggralling edge of thedFP@B?Fﬂ |"I'{t? g
fluid fronst he rtharinckired surface deposed thereon.

27. The fnethod of Claim 23, wherein the step of
providing a rotary cone rock bit comprises the step of
forming on an exterior of the support arm during forging

10 of the associated support arm.

28. The method of Claim 23, wherein said step of
providing a rotary cone rock bit comprises the step of
providing a hardfacing formed along a leading edge of the

15 inclined surfaces. '

29, The method of Claim 23, wherein said step of
forming a surface on an exterior of each suppdrt arm
comprises the step of chamfering a leading edge of each

20 inclined surface such that the thickness of each inclined
surface increases from the leading edge of said inclined
surface to the trailing edge of the respective support
arm.



srock bit toward a bottom of the borehole; and 15 rotating the
rotary cone rock bit within the 4 i bidrighgl e such that t hgefroddsake26 0nes
rotate on tiveose/soty t arns'’so as to formcuttings and the inclined
Surfaces on t he support arms cooperate with each other to direct the
cuttings and fluid upwardly in the borehole. 20 24.. The net hod
of Claim23, wherein said step of fdypecting drilling fluid conprises
the step of ejecting drilling fluid froma plurality of nozzles
di sposed adj acent to each support arm 25 25. The net hod
of Claim 23, wherein said step of providing a rotary cone rock bit
conprises the step of providing a rotary cone rock bit wherein the
i nclined surface is forned on a ranp as an integral part of the 30
respective support arm WO 96/ 18019
PCT/ US95/ 15926 26. The nethod e C aim 23, fyrther
conprising the step ofedepositing a weld nmaterial on theg pgxterior of
each support armto forma rang extending fronff he & [
the trailing edge of thecrs 7 1 h g
deposed t hereon.

N
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27. The method of Claim 23, wherein the step of providing a rotary

cone rock bitwewgagsses the step of form ng on an ext epicefusoénsose
support armduring forging 10 of the associated support arm

28. The nethod of C aim 23, wherein said step of providing a rotary
cone rock bit conprises the step of rovi ding a hardfacing forned

al ong a | eadi ng edge of the 15 I ncline /§arfaces. ' 29.

The nethod of C aim 23, wherein said step. of form ng a surface on an
exterior of each support arm conprises the step of chanfering a

| eadi ng- edge of each 20 i nclined surface such that the thickness of
each inclined surface increases fromthe | eadi ng edge of said

i nclined surface to the trailing edge of the respective support

arm




