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ROTARY CO\IEwaiyshhoﬂl T WTH ANGLED RAMPS - TECHNI CAL FI Eb%% 'm?”

| NVENTI ON This invention relates in general to the (f

rotary drill bits used in drilling a borehole in the 5 earth and in
particular to a rotary cone drill bit with . angl ed ranps. WO
96/ 18020 ' PCT/ US95/ 15889 ' ;
2 BACKGRCUND- OF THE I NVENLON Various types of
rotary drill bits or rock bits may be used to forma borehole in the
eart h. Exanpl es of ‘such rock bits include roller cone bits or rotary
cone 5 . bits used indrilling oil and gas wells. A-.typical -

rol'ler cone bit conprises a bit -body with an upper end adapted for
connection to a drill string. A plurality of - - support arns, typically
t hree, depend fron1the | ower end . - 1 o o :

ROTARY CONE DRILL BIT WITH ANGLED RAMPS

TECHNICAL FIELD OF THE JINVENTION :
' This invention relates in general to the field of .
rotary drill bits used in drillihq a borehole in the
5 earth and in particular to a rotary cone drill bit with
| angled ramps. :

T ant



portion of the bit body wth each arm having a spindle 10 pr ot rudi ng
radi al | y iwoaéds8e2dd downward with respect to a pr oj ectmerusysasssonal
axi s of the bit body. ... Conventional roller cone bits are
typically constructed in three segnents. The segnents nay be
positioned together longitudinally with a wel ding groove 15 bet ween
each segnent. The segnents may then be wel ded w th each ot her using
conventional techniques to formthe bit body. Each segnent al so

i ncludes an associ at ed support armextending fromthe bit body. An
enl ar ged EOR i BIoONpically formed in the bit body 20

to receive drlllfhykfIU| oy

4 054,772 entitled, Ponglggfﬁ':’o%@ %}&gg + PoEARY ariT1 g"tts\/‘@é;%‘:gaéh%%s
met hod and appmatles ﬂ%edctnstfm mg:oreholeainhtbs earshr.ot Bxanpkes HE
fromthree i ”C&Yéﬁ%ck bits IR - &ﬁrpébﬂat bitQ5$r7%%ﬁ&gp ene

| ncor porat ed ere fo poses wthin t cation.
A cuttefP cone jst%e‘i‘é?‘al E? gﬁseid‘%rf”e]acgnépgﬂﬂl?e 1is. N@'F&ﬁﬂ;orted

r ot a; ?bl y on hesilewscendi bitheomarisde a bit beaynd&ehaa@h upparmeEntt of a
spindl e receiv, n I e

may be forned Aéy%%ga £¥fhg°ﬁnggr sjlédg%‘fué %f? gtﬁ Sgd a e "ﬁarit%@ ot
suppor t suppert TAtngez typically ylmrceﬂ ydppsn@h GI‘QD thealilowar end
drilling flui :}»d&?éféﬂgof'o%&awi'ﬁ’ Cﬁ“%{‘@xdéaéh akh! Hﬁvin? a éﬂl the

bit body toward the bottom of th bei n I ng
fluid A9 generﬁﬁqwmdéﬁ dpldy inwargd %H‘¢I¢°¥PY’FH’Q Vé%%ﬂﬁ%\f@a#

functions incl j‘ébted rotatibnal awds et ethal bitnpway.from the bottom of
t he 6/1 RCT/ US95/ 15889

4 Dor ahol SORYRBEAPAR Y FOLARE (FOR8 BLES AR EVPHCAT Iohe

cuttings radi adnstmcted indthree gegmentst hi Thehsegments mayulbes defi ned
beLeen Lhe SRl elofiba' Baolithditboifiuainany Guh b Shaling Sie
Cover ad® for between each segment. The segments may then be welded
with each other using conventional techniques to form the
bit body. Each segment also includes an associated
support arm extending from the bit body. An enlarged
cavity or passageway is typically formed in the bit boady
20 to receive drilling fluids from the drill string. U.S. °:
‘Patent 4,054,772 entitled, Positioning System for Rock
Bit Welding shows a method and apparatus for constructing
a three cone rotary rock bit from three individual
segments. U.S. Patent 4,054,772 is incorporated by
25 reference for all purposes within this application.

A cutter cone is generally mounted on each spindle
and supported rotatably on bearings acting between the
spindle and the inside of a spindle receiving cavity in

.the cutter cone. One or more nozzles may be formed on
30 the underside of the bit body adjacent to the support
arms. The nozzles are typically positioned to direct
drilling fluid passing downwardly from the drill string
through the bit body toward the bottom of the borehole
being formed. Drilling fluid is generally provided by
35 the drill string to perform several functions including
washing away material removed from the bottom of the




Very Hard Formations and U.S. Patent 4,280,571 entitled, Rock Bit
show exanpl qgo 91999V ent i onal- roll er cone bits Wt h Cu?‘f’r@%&
. : - 8?1
S.

assenblies nounted on a spindle - projecting froma supp

Pat ent 4, 056, 153 and 10 U.S. Patent. 4,280,571 are incorporated by .
reference for , all purposes within thi 8 application.

Wiile drilling with such rotary or rock bits, fluid flowin the
vicinity of the cutter cones may be very. : turbul ent, thereby

i nhi biting an even, upward flow of 15 cuttings and other debris fromthe

bot t f the'b

Fﬁrtgtranrﬁore © %%%‘ﬁﬁf §erst ralrism ug{ga ‘JTE@‘?;@U‘J’%Z o+ I%@%ﬁgﬁg ﬁh :
restricted flui mqmwaomdm thenvmpward withigsthect ed
fluid flow incl geatiies |d§‘ﬁ!nd@r5e€ﬁhéﬁ iﬁ@ Eteribit o?%eaﬂ&ecsaa { gnighe

annul us area between the.extérior of

respective supp arng and
the bit body an%S‘Ph all é”cﬁ &‘Eﬂh%a% N ?heP%B?’éﬁo‘Feosﬁ Fté? areas of
restrictes entﬁ.lhlml f Rotary Rock B twibth ki eiplef Rokecovapage Yor

cutter cones an jt ting
such debris, thee%a avai | Mﬁ}%?°8%&éﬁg f%ggéa'z%eéné%#iga :
further resulti RgcknBit ishow exanples of conventiemalirgllerocghesbits
areas. and er osi gt chli:%er cone ¥# 1&?%&:@9&@%“&% ffdi&' S er 05' on

pr ogr esses, as bear| ngs-and

Vi conmponent s suc
exposed to dri IPFHé‘F&S'F‘Es (R Ao [SURRAF G A%k P oBin ?%'&Gnt 4 0550153 and

premat urgof ai | uDesQf Patents IS, BT Y te: b.lricorporated Mp BetdéBenbe for
PCT/ US95/ 15889 SUMVARY OF

THE [NVENTION 81l purposes within this %R’r?-‘iﬂ'ei‘iﬁment i nvention, the
di sadvant ages and pr Whiides drdddding edth tsugh. a:cota:sy rexe krock. bitb;tslamd_

rotary cone dri k#oai ?].ﬁ %&eﬁt%qqd%*b%fa@ﬂealé% 9 esu’ﬁgg B%o?%*g‘r nat ed.

| n one enbodi nen MVentT on 1T he m and
cutter cone asst\mbylent. thma&y@mmimmmmenmmam flowmneft he

exteriorygf cuttings and other debris from the bottom of the borehole °
' ' ' through the annulus to the well surface. Furthermore,
- such debris may collect in dovmhole locations with
restricted fluid flow. Examples of such locations with
~ restricted fluid flow include the lower portion of the
- 20 bit body adjacent to the respective support arms: and the
annulus area between ths exterior of— the bit body and the
adjacent wall of the borehole. Other areas of restricted
fluid flow may include the backface- of the respective
o cutter cones: and the wall of the borehole- As. a result
25 of collectingf such debris, ‘the area available for fluid
' flow is reduced even further resulting inan increase in
| flu:i.d velocity through such areas and erosion of the.
adjacent metal components- As this erosion progresses, '
: vital components such as bearings and seals may be
30 ~exposead to dr:n.ll:.ng fluids and well debris which can 1ead"..
to premature failure of the associated rock bit. '



- an asso%&tgg’gq‘{z&t ary drill bit duri ng drilling e_perations ~for _ :
ngs and other debris fromthe bottom 10 POI/USYsA588w ehol e .

r enoval ’ !
to the well surface. A ranp is provided on an exterior surface of .

-~ each support arm The.ranmp is fogned at an angle such that a top
‘surface of the ranp sl opes .general |y upward fromthe | eading edge of -
t he - - support- armto the trailing edge. The ranp has a 15 -
predet erm ned- thickness so as to. provide a gap b tween: . the support

armand the wal | of a borehole above the ‘ranp. The ranp aids the
flow of fl| uREMMEEELA 4 other ‘debris to the annulus forned

- between the :| lﬁf accordaanee m}?hﬂi@ ohe fﬁvﬁﬁtﬁfmm +fi@ associ ated. |

drill 20 strln | n anot her. aspect resent i nvention

includes-a 9 tages: ‘E‘ﬁ’arﬂ?@bmrﬁﬁw F%ﬁla\‘i‘y'hdﬁmmpﬂsar% t he

| ﬁadl ng edghits ahd rotaryr cone tdnj]lwrﬁm lﬁvéhﬁeéﬁllﬁubsgantihg\l@rd the
shirtg ai u [ s an ids in directing
cuttlgngs 19% Ee& Bgoh&iﬂ'i%tgaedet#% ‘%e % ecPEESABE and -
toward the. eraention ingindes & mmmoano cmennubne assembly A"

techni cal aglypéh ogpovelet Bﬁhﬁh&%@tflui‘@rﬁlcﬁg around tR&! 4gesyiBgt oehe ranp

di vides turbulent flLuid_flow 30 _ .arou rotatln ‘er- cones from
fluid flow3dn §pBociated rotary. dnddle b %’ﬂg% ingceperations: | ngs
and | mmerenevamsoﬁnbattdngetemwﬁu& aiébfmé £ thé Chotesh

h Th t f th '
Lo 1% 6 BOPRReA B thel i S esiles ik Sl 15 merviged: ho
ranp in comrmmxteriorosurfaemptnm afupport ai. blTthﬂafmﬁeﬂsr ates '

fluid at.t ééiedlaé' hn' Qb&x&wﬁucn that \Qet%% %e of the ramp

PCT/ US95/ 1
subst ant i aISl,PF%Mﬂ-lYeBPUﬂgd £rom d:lﬁ.dﬁaﬂingvadga of- therarrp i s

turbul ent adifppios '&'i'ﬁeﬁé' Qﬁél tﬂ!il’iﬂgt %gfé.u' The ramp %&‘5‘9 the nozzles
and the Chlgr.peld]ect ef ff ed: thicl%nggs» so as. to provide a’ gap hetween
the support am and the wall of a borehole above the
ramp. The ramp aids the flow of. fluid, cuttings, and
other: debris to tne annulus formedr hetween the wall of
. - . the borehole and the exterior ot an. associated drill
- 20 string.. .. - . ... LR L _
- In another aspect,, the present invention includes a
slot or channel extendinq generally downward along the
: leading edge: o£ thee ramp: from a. top surface of the: ‘ramp
_ . toward the shirttei.'L of the support arm.. _The slot or '

25 channel aids in. directing cuttings . fluid and other .
debris awap front the cutter cones and toward the top
surface of. the ramp; and to the annulus. L :

A technical advantage of. the present invention
includes. that the ramp divides turhulent fluid .f.low

30 around. the rotating cutter cones from fluid flow in the
annulus. above. the cutter cones such that cuttings and
other debris entering the annulus are not drawn hack down

- toward the cutter cones. The outer diameter of the ramp
is substantially equal to the diameter of -the borehole. _
35 Thereby, the ramp in cooperation with ‘other components of
the bit body separates fluid at the drill bit into two '



cones. Fluid fl above the ranp is relatively less 5 urbulent and
uni di rect i o964} rdly through the annulus = - because th@c¥ 515889

edge of the ranp is preferably | ocat ed above the exit end of t he

nozzl es-and the cutter “¢ones. Thus, gluid fllowin this region is -
not subject to t he churnlng action of the cutter cones or downward .
flow 10 fromthe nozzles. : Anot her technlcal advant age of the
present invention include that the ranp prOV|de a nmeans for lifting

cuttings and ot her debrjs upward to the annul.us and fromthe

avay,
cutter cones. Ahhstkankially; indepepdent;rggions. F&ﬁ%é&%hﬁ#@ FRer d
al ong the ranp rizmmris ttlsurmaunSand multz.éihr&ctidnaesmbetof fehed fafuia

cuttings interfe ayai uid f

Anot her techni & d&%@n‘%@% %?z}%% ‘b‘?‘gsgﬁ? v ?P% b@leeck! (‘1; %d@é“tttfﬁ’ﬁ
use of a ranp wondse sBlwid £lowpabovecthe Zamp 1§apeﬁattwctlyt Hessuppor t
arm above t he r F¥h t..Fva"l".y h I DYy

t he upvva?’d fl ov‘l\/ﬁ‘ioEFb ¢ rﬁ? ul di %:ir.]rje%t%aﬁal ﬁp@ﬂf&ﬁ? El.L'r":gagﬁher tecﬁnl "{%J
advant age of tReqauae the txailing edge of \thejramphis Prefexaldy or slot
al l ows cuttinggcuxtetd abov@tm éke:blilénﬂoobetﬁechﬁdz!lﬁsaaﬁddthﬁckﬁﬂ:ﬁei\/\/ard

}32:% U;gg, 15889 co%xtest.he ei:zlisd,' " u ffowttfn LEEB regign is no% su%cjlectBlsloEF

DESCRI PTI ON OF tHeE dmumgs action of théocutterrconespbrt downwarst &lgtiwng

of the present and the advantages thereof, reference is
now b d(—".\‘:"".to(g'I fT%é ;]-Ycﬁﬁh ng description taken in conj unctlon 5

with the accorrpanyl &natthest repchnioal cadvantagef efchbe presentnimvention
indicate |ike fj %H"‘ﬁi&'fhmp provides a #&ﬁ&t forsliQt'iigmt ric

vi ew of an enbo rrent of cone dri hav
const ruct ed acmws and °W¥M’é¥%h‘m§§r9f tenhkhg;, E@H@uﬁnm *Y 10

FIGURE 2 is an foitinptaRe clittds’ odried’] VRS | €Hea@fill bit rotates, fluid
' 15 and debris move upward along the ramp toward the annulus.
This reduces the effect of cuttings interfer:.ng with the
‘area available for fluid flow.
Another technical advantage of the present :.nvention
_ includes that use of a ramp on the support arm provides a
2_6 | gap between the support arm. above the ramp and the wall_.
| of the borehole thereby :mcreasing the upward flow. of
| fluid and debris. o -
' Another technica]. advantage of the present J.nventz.on
o includes that the channel or slot allows cuttings and
25 othexr debris to be picked up and directed toward the ramp
at the leading edge of the ramp. -

Q)




W th portlons ’groken away showi ng a support arm of anot her

enmbodi n¥R? rotary cone drill bit - constructed aswswmgsszo t he

t eachi ngs of t he present i nvention; 15 FIGURE 3is a side .
view-of the support armof FIGURE 62; : FIGURE 4 is a side -
vi ew of the support armof FIGURE .3 - FIGURE 5 is an )

i sometric view of another enbodi nent 20 of a rotary cone drill bit o
havi ng a ranp. constructed accordlng to the teachings of the present

i nvention; : . FIGURE 6 is an i sometric view of a support ar m of

t he r ot ar y .';,.',\ o 2 “'!‘ ALk .‘m:" DIt 2o \‘ B a ran’p o construct ed
according to theréﬁashmase eompletd Qﬁﬂ&rs’ﬁndi %Wﬁrﬁh@r‘present

E: %SE 673 'Sy ekl argeg}‘%,;gg n%dgn %evat{ﬁ%aﬁ ort arm of

: FRIRTRSBoUP nBAY of the
support ar made Rt ERecfollowing descrigiiiion taken sixdeconjaunotionot her -

mbogy ment ORI GURE 10
?s g(gs ng Vv?’ie%vﬁ 2?\ gn%cﬁoﬁﬂaﬁgﬁ.gﬁgﬁéi@aww@i%vﬁ%%@dl ppor %?rr:r?% EFI GURE 6. -
WO 96/ 1802(pumbers indicate likepfeatuaes sgwb wherein: )

7 . DETPFt@@;EEﬁcBhPIhGﬂsQEeEHEd RAfehI I8N a!% embodi:?ent of dhe

-present .i nvention and i vantages .ar e : best. under st oo

referring t’%? rgene %‘ﬁ?‘gg‘ ﬁ%o ing” a ramp; oengk dt ‘il?{%c%#s?ﬁl s -
bei ng used twrthe keeachings ofcuheepp'eseulng ipmexﬁ:icdn,t he drawi ngs. .

FI 1.illustr okle erallyat-"

_ Glic@%nstruct ed lg%cor % k‘% thgﬂiai'&gﬁ ?gsw%si #%ﬁ?}s%gc%%gf t he _
present i Nkl cnnrtions bnokear avaye shoving @& swpporth@mmedfto drill a ‘
bor ehol e 1Qnoriur téfb6aihbAE 88! AONrBtaty bine WA DA Mol ler cone

' - constructed according to. the teachings of the present '

invention; o - ;
15 | FIGURE 3 is a side view of the support arm of FIGURE

FIGURE 4isa 'side. view of ._the’- 'su_pport ‘arm of FIGURE

FIGURE 5 is an isometric view of another embodiment
20 ‘of a rotary 'cone» drill bit having a ramp constructed '
| " according to the teachings of the present J.nvention,
FIGURE 6 is an isometric view of a. support arm of
" 'th'e rotary cone drill bit of FIGURE 5 having a ramp
constructed according to the teaclunqs of the present
25 invention, o : = :
FIGURE 7 is an enlarqed drawingt in elevation of the
_ support arm of FIGURE 6;
. FIGURE 8 is a side view of another embodiment of the
: support arm of FIGURE 6; - _
30 FIGURE 9 is a side view of another embodiment of the |
support arm of FIGURE 67 and : '
FIGURE 10 is a side view of another embodiment of
" the support arm of EIGURE 6. -



ro\ck' bit 10 is rolled. around bottom 14 of borehole 16 by t he

rotati on of WO9/18020 string (not shown) attached to ~ rol lpersosessseck
bit 10. _ Rol | er cone rock bit 10 conprises a bit body 18 15
havi.ng a tapered, externally threaded upper s,ectlon 20 adapted to be
secured to the Iower end of the drill - string 21. Three cutter :
assenblies (two visible in FI GURE 1) indicated generally at 22, :
depend from bit body .18. In this enbodi-nent, cutter assenblies 22 20
and bit body 18 conprise an int egrat ed unlt Each cutter. . assenbly

22 preferably cORTAIIED 3 ON cutter  cone 12.

B e Cone o o) e ﬁ%‘%’*&b fé%%%t%ﬁf 86 ire, 20TRMSe 2%e
cutter cone 11 heptaundenatiaatt by refernimgecto BIGURBS: i $broSghf 40cof

conpacts 26 a”dth%eﬁi:aﬁﬁr{%é’ like éfﬁ’ ﬁ@ﬂﬁ?ciﬁe&r £bBSeike Whal are
formed fromvarious ard materi a as_de Alternatively, teeth
30 my -3  beSRFFESPOnNding Raxks dbﬁeuli dragingssp - Duri ng

drilling, borehote dEIGURE U riNustrdtesna rollépt toneldoek batghole. 16. A

it 10 and . ihgiCatidaneraary T 18, [RHSrIGRed Apafaih, £ Ene"c"
debris. The dri keachings ®ff lanes aspect: |9f cthegpresént ihventionihe
undersi de 34 ANRoIE Bolie Fodi®BIV! 1o ]n@y'%e used. ‘léov&gﬁlﬁoggreﬁgle

PCT/ US95/ 15889
ranmps 361Pocat ebyO#thmnir& aetion of uttern cones: 12tas reoddenl cone

Dipert arm oa. R, TR 38 absiancaiunt wgukot ut seeef10 s oy
p y

TaChi ni ng. oper AERAnFOLARIGM &% FLIdFLLL Btring (ot cshaynbeRPbARBAdoRS

exterior surfacgoiletf comepaidck bit 10.arm 24 by first depositing weld

material on surface 3))er cone HiEWGEE " bibriBa' R°B1RopBRG"LE%0 1O @

desi red shape
15 hav1ng a tapered, externally threaded upper section 20

adapted to be secured to the lower end of the drill
string 21. Three cutter assemblies (two- visible in
FIGURE 1) indicated generally at 22, depend from
: bit body 18. In this embodiment, cutter assemblies 22
20  and bit body 18 coinpri‘sé an integrated unit. Each cutter:
_ 'assembly 22 preferahlyr comprises a snpport arm 24 and a
cutter cone 12. - ' ‘ -
Eachr cutter cone: 12 mar includav a number of surface
_ compacts 26 disposed. in a gauge: face surface 28 of each -
25 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, teath 30 may
. be milled from cutter cone 12 -itself. ’ .

30 Dur:.ng dri.lling', borehole debris is removed from
bottom 14 of borehole 16. A number’ of nozzles. 32 extend _
from an underside 34 of roller cone: rock bit 10 and
supply drilling fluid to aid in the. removal of the
debris. The drilling fluid flows radially outward

35  between the underside 34 and bottom 14 of borehole 16. A




f ally, ranp 36 may be formed on support 10 arm24
o ”“ﬁé%@&@ :

_ dur| ng t ss of forging support arm 24. Af t er PETYDSINESSSY M 24
has been forged, ranp 36 may- be ~ . i further machined to define its
desired structure. Ranp 36 -cigpri'ses a. | eading.edge 40, :
trailing edge . - 42 and top surface 44. Ranp 36 extends from | ead| ng
edge 15 - 40 to trailing edge 42 and fromtop surface 44 to
shirttail 45 of support arm 24 on surface 38. Top surface 44 of 'rarrp_

36 sl opes generally upvvard al on surface 38 of support arm 24 from.
| eadinng eddBIREE PL ramps;3§; g?ﬁgteégemgupmtsmemam abdpihse a
flat 20 .ﬂwfmvﬂwcssurface or any ot her ‘appropriate

surface for aidi val of debris fromborehole 16.  As :
shown in Fl GURE" gékmk%p 3t #a SH9%eR o8 exterdor surface 3% ©f Top surface

- 44a sl opes GYBPRFY arm 2% crRamp 36 mayrban cnmemewrd‘:aeacﬁﬁa of support

R P fLe 'e’x??"%?"nozgﬁ‘i‘@@gs??“&%&éiﬁ Fapakinely, ' *

top surfaceFMR36 R LRymed oR ﬁ%tﬂﬁﬁpéfsspvggpu 88 of suppormpport
arm 24 so aarmo2ai <by Efm\dﬁpdﬁiﬁiﬁ%lﬂéﬁdaﬂﬂterial oft! %gi-:% ra For

sone applic o t W *36 may'
be | ocat ed g %ldolﬂlad

ea
ﬂebﬁa%c!‘g 93 &‘9 Baf’lesﬂ-ﬂ’-'@gl rﬁh&pme
~ Ranp 36" has £@rt masph 36 dd’fimaaumy ramps36fmay Bé: formed ohNsuppioiitness. of

ra 6 ma 0 surface 48 of ranmp 36 is
Iogz%gd a %?e etg'gr ﬁe%W?‘@%g%ff?%’Fﬁn&aﬁWQB Eﬂ‘réﬁol e 16 when
rol l er coneAfEek support arm @4 has sean dforged; chahp: 36. ‘mAgr we o
appl i cati Onfurther mabRi¥ed! ¥ Yefine its desired gtructure.-

PCT/ US95/ 15889 outer -

surface 48 of raﬁﬁn%3§hm‘ﬁ§%[§aﬁe&m§icﬁ#%lim trailiﬁgoédber ehol e

16 by appros2nahdl top Sarfacesa4qr 36 exterd$ f'f&imo%?%agﬁg \AILIFY\BSO
or

(P00, lq288 BEatTUECbase, a2, o s o worEAh A e o

annul us 54 shirttail 45 of support arm 24 on surface 38. - Top
surface 44 of ramp- 36 slopee generally upward along~
surface 38 of support arm 24» fron 1eading edge 40 to
trailing edge 42. Top surface 44 may' comprise a flat

20 surface, a concave surface: or any other appropriate _

' surface for . aidinq in the removal of debris from borehole
'16. As shown in FIGURE 3, top surface 44a is a curved
‘surface. Top surf.acef 44a«, slopes= downward and extends

_ from exterior surface. 38a of support arm 24a- At
25 , -trailinq edqe 42, top surface: 44 is preferably located at
’ or above- the exit ot nozzle 32. it is desirable to have
top surface 44 at leadinq edge 40 he as low as possible-
'_on support arm 24 1. as to aid; in removal of cuttings and
_other debris. For some applications top surface 44 at
30 leading edge 40 of ramp 36 may be: located. at; o
' approximately the same level as. ball plug hole 46-
Ramp 36 has a thickness define& hyz top surface 44.
The thickness of ramp 36 may be chosen such that an outer
_ surface 48 of- ramp 36 is. located a predeterm.ned distance
. 35° ~ from a wall. 50 of borehole 16 when roller cone rock bit.
10 is disposed in horehole 16. For one application,



-

formed between wall .50 of borehole 16 and the exterior of driII
string 21. wo96/18020 Ranp 36 nmay het protected by inserts, IP H{ ' or
bath. As shown in FIGURE 1, Ranp 36 is protected by a 10 urality o
inserts. 56 and hardfacing 58. Inserts 56 are dlsposed in ranmp 36

al ong | eadi ng edge 40 and top : surface244. Additionally, hardfacing
58 is disposed on surface 48 along shirttail 44., leading edge 40
and adjacent to top surface 44. Hardfacing 58. nay conprise, 15

f-or exanple, chips or particles of tungsten carbide or - ot her

appropriate mat 8{: %%ﬁ%g itd rag_, Pt % rmﬁﬁ be . sdséara%e%'??%cﬁr

rock bit 10 opera 0 scrape an

bor ehol e 16 uuspzpﬁgbeer qmm@%lﬁrm-% nplmsmnemore-
downhol e force Qaaphsedoaor tshsr Qb Estndtidh (o a osé%esaeenr ock

bit 10 r ot ates t i,n borehol e t nes
create cuttingsS4h aﬁ?h pﬁrtbm 414?'5% 'fﬁ)]rq;r#)& cre&ghe 16.
Drilling $luid Gapebaca&d.oilsorimcmm FAuidalbw up intatamrannalus 184 As

roller cone rockoghkdlﬂe'&%%e%ﬁﬁfS cf;% b %s Uhd é"@x@@r?&fké

cuttings and fl 1'ngs nove up along surtace
t owar d tegilingtedpeg 22.0f rarrp 36 and thus flow upward into
annul us 54 toward t hgamp 58Caay’ Heo inserts, lﬂﬁffcﬁncy? or

enl arged drawi n el evat W|th Q ortjons en a ng_a.
support arm Zg{’p‘ s h’??’m p Mﬁéf \,E%%t%‘?mf? oA
prefsent JZ& f pmuganu.ay oSUﬁns&Wmsz%d:Wdﬁumrm Sﬁ@smﬂgsa ]
surface 44a for_ai \Y ._cut.tinags ot ebris omthe
bott om.of -t he b%’FEthlg fﬁga g‘h %r?}".p k%éon?glﬁaq#@g o?d%?oqféjﬁs#st$ér med
in I eading edgesupfiace Adnp Additickadly,ChardfadingiSs is dispasedoon

cuttings, debri 0 ,
PCT/ USOB) 15889 Sur®ife 48 along’BhiGAYA4A04s, lead% edge 40 and . up

towards surfaceadiacent: §8ptop.Surfiaee 3d: oHardfacing 58 may comprise,
15 .~ for example, chips or particles of tungsten carbide or

other appropriate material for resisting wear on ramp 36.
‘Roller cone rocl:' bit 10 opsratss to scrape and gauge .

the sides and bottom 14 of borehole 16 utilizing surface

'compacts 26 and teeth 30 under downhole force supplied

20 ‘through the drill string. Roller cone rock bit 10
' rotates to the right in. borshclel 16.; Cutter cones 12

‘create cuttings and other debris at bottom 14 of borehole o

16. Drilling fluid is ejected from nozzles 32 toward

cuttsr conss 12. as roller cone rock bit 10 rotates,

25 leadinq edge 40 of ramp 36 picks up cuttings and. fluid.
The fluid and cuttings movs~ up: along surface 44 toward
trailing edg& 42 of ramp 36 and thus flow upward into
annulus 54 toward the surface of borehole. 16. . '

. FIGURE 2 is enlarged. drawing in elevation with
' 30 portions broken away showing a support arm 24a
constructed according to the teachings of the prsse_nt'
invention. 'suppcrt' arm 24a comprises a ramp 36a having a
' surface 44a for aiding removal of cuttings and other
. debris from the bottom of the borehole (not shown) « A

35  channel or slot 60 is formed in leading edge 40a of ramp.

36a. Channel 60 aids in directing cuttings, debris, and



conpri ses hardfaC|ng 62 di'sposed on Ieadlng edge 40a of ranp 36

adj acenW&364802% channel 60 so as to protect ranp - PEANUSIS 15889
FI GUREs 3 and 4 show side views of support arm 24a. ~of FIGURE 2.

Har df aci ng 62" may al so be disposed al ongg . shirttail 45a . as well as
“adj acent to slot 60. Furt hernore, an appropriate hardfacing material -
may be di sposed in slot 60 and on surface 44a. Such hardfacing 10
material nmay conprise a powder of tungsten carbide . - material :
FIGURE 5 is an isonetric drawing of a rotary cone . drill bit

~indicated gehetdlup towaddsosurfacecddacof d:rup 36a. nmphssaeazsbngs of

t he present ﬁ%]_e{g 72 and
di sposed in 6‘ Oret&”%&f&fi&@% %5 disﬁoskﬁ% or me ?i\e %&%x?grl or
surface of ramp 36 pdjacent; ﬁ§°?2°5n§hen@ei1m6@r S an tmmrcme@t bamphol e
74. In addlzew.ntorotatlng drill bit 70, drill string- ' 72 is often

used -0 -provide for co ni'catin drilling fluids and other .
fluids fromtheﬁ%@‘?ﬁg r#aﬁﬁdtg gmj’ i&ﬁ %iears[ %%!m%m&ﬁ%f o
" borehol e 74f FXGUREr2! | i Hardfacingf bai dayrra)lsloehi IHEpsbd® d1lewg from '

drill stringhitddil 4sa asa&s?!t'saEO%B %bog}gﬁ.d gq drill ot 7o

Cuttings - . f or med any ot i s at -the bottom
25-  of bMW%|¢nmempﬁ ake aarﬂtpsgngm imay be from

nozzl es 80 dsswrmolswtt@s #R4l ofUBhReACE d4a. SucH HHrEE cgin 82

Dr|II bi t 7 abI co ses a on I'ece or -- - unitary :

wi t FOupper “}?5%‘? ehReBE¥ &ego"f tupgsten gaxkidan se adapt ed
t.o secure uhaﬁérital.?O W|th . the lower end of drill string 72. Three‘
.support arns pref erabl ttac ed to and .ext end '
| ongi t udi nal | y Gr%&?f[\% bio%yg i%%ﬁ%@ﬁ‘é #BWBanga q" & upport
~arm 88 prefdaviddl )b itdndicated generadiy at. 795constnmmed:(auccﬁéﬂimq ends

- Jeneral Y iR doackthdd'6f tile preseht thodfElth A Yown o
1115 attached to .a drill string 72 and disposed in a borehole
74. Annulus 76 is. formed between exterior surface of |
drill ‘string 72 and the interior or wall 78 of borehole
74. In addition to rotating dril:L bit 70, drill string
72 is often used to provide a conduit for comunicating
20 drilling fluids and other fluids from the well surface to
| ~ drill bit 70 at the bottom of borehole 74. Such drilling
fluids may be directed to flow from drill string 72 to
o various nozzles 80 provided in drill bit 70. Cuttings
) formed by drill bit 70 and any other dehris at the bottom:
25 = of borehole 74 will mix with the drilling fluids exiting :
" -from nozzles 80 and returned tc the well surface via '
annulus 76. o : ' .
Drill bit 70 preferably comprises a one-piece or
. unitary' body 82 with upper portion 84 havinq a threaded
30 . connection or pin 86 adapted..tc:s_e_cure:_drill bit 70 with
" the lower end of drill string 72.. Three support arms
(two visible) 88 are preferahly attached to and extend
longitudinally from. bit body 82 opposite frcm pin 86. _
Each support arm 88 preferably includes a cutter cone 90.
35 Cutter cone 90 extends generally downwardly and inwardly

from support arm 88.



-

Bi't body 82 incl ud"es. | ower portion 92 having a genefal |y convex
exterior s formed thereon.  The di nensi ons of vex
surface 94@#&@% ocati on of " cutter cones 90 are sel g@&&ﬁf’gss’,

optimze fluid flow 5 bet ween l'ower portion 92 of bit body 82 and
cutter cone 90. The location of eachxutter cone 90 relative to a

| ower portion 92 may be varied by adjustlng the I ength of ' -the-

associ at ed support- arm 88 and Ihe spacing of each - support arm 88 on
the exterior of bit body 82. Cutter cone 90 may further
conprise a plurality qf - rface, conpacts 96 djsposed in,a gauge face
surface 98 : ofBéébPQQﬁtﬁﬁ}iﬂﬁ%¥ 93&?12%5?%9£c3ﬁeh§ﬁ ﬁﬂgaa?so

i ncl ude a nunbegeperagdyh cbfrex wmﬁ@umcem afdrmed theteohhd 1@tie

may conprise co rt t f r|o hard
ma%/eri glp S as ,degﬁﬁég‘%i%_;'s . Alcf’i"r‘}r?é{j1 i*)%l[{ﬁcl? ee1 mﬁﬁ% i%%ﬁ??e from:
cutter cone cutgeri covles 90 are selectedita miaenfBBidl g€doWwonpri ses
a ranp 10g to abdtwgen wze&h o%q%%z)fof W'E&f%é'é‘ﬂ& édtterebne

debris from 20 or eh I s di sposed on_an exterior surface
104 of support #Pm BE’heRﬂ-ﬁ’Ea ?"mﬁ?l?é Q?Ethﬂe 90 relagivestPpdrt
?r m 83 by a rrachweﬁgpfomm @2 may be vﬁﬁﬁmasy vauj%stm the renghth of
ornmed on exter r r S ort siting
wel | materi al Sﬁggﬁﬁagtguﬂ?%% %@ % g?rgéi{“heﬁkbgggﬁchl ned
to a dessupporhaprmf 88 mmmaesxtarmm bitpbady 82y be -

f or med support ar f rm.
88. Aftg'?osupport arﬁ}lgge%; een forf?qa%'wig ﬁ%ﬁszanglu%yfgehﬁf
machi ned to defsweface goppaskss@6 disnosed um a mmrtaesnsusfaﬁe 9&8np
102 are also ShBi!’”eaEh cutter” bgrl@E&ﬁ angach cutter cone 49 "Ray U21s0

conprises |eadi ng edge 106, tral 8 and top surface 110.

in
Top surface 110iBE3W 9 a numbeg. %ﬂ%’gﬁ&%ﬁ eﬁ‘{ﬁﬁf%%r? g8% 3¢ Wdport
arm 88 from 35 teethegdonﬁagd@emgﬁﬂga) donpactsy oaflindéifts ﬁwcsuréace 110

TRy COMRILSe @ HBhed ELAR° vat 10U ReE S AR Y i senizen.
Alternatively, teeth 100 ‘may be milled from cutter cone
90 itself. - _ . :
- Bach support arm 88 also comprises a ramp 102 to aid
. - in the process of remov:mg cuttings and other dehr:.s from
20 borehole 74. Ramp 102 is disposed on an exterior surface
. 104 of support arm 88. Ramp 102 may: be formed out of o
"each support arm 88 by a machininq operation.. '
Alternatively, ramp 102 may be formed on exterior surface_
104 of support arm 88 by first depositing well material
25 on surface: 104. The raw naterial may then be machined to
a desired shape for ramp 102. Finally, ramp 102 may be
formed. on support arm 88 during the process of forging
support arm 88. After support arm 88 has been forged, -
_ ~ ramp 102 may be further machined to define its desired
30 structure. Support arm 88 and ramp 102 are also shown 1nl'
FIGURES 6 and 7. - - :
_ Ramp. 102 comprises leadinq edge 106, trailing edge o
' 108 and top surface 110. Top surface 110 slopes
'generally upward along surface 104 of support arm 88 from
35 leading edge 106 to trailing edge 108. Top surface 110
may - comprise a flat surface, a concave surface, or any




12 ther appropriate surface for aiding in the renoval of
cuttings. angl sqzﬁer. debris from borehole 74. As shown in PCT/Us9s/15889 ar ged

FIGURE 7, top surface 10 conprises a concave surface having a -
.predet ernined radi us of curvature shown 125 at 112. Top surface 110
sl opes general ly downward and © extends fromexterior surface 104.
At trailing edge 108, - top surface 110 is preferably located at or
above the : eX|t of nozzle 80. It.is noted that top surfacell0 may

be di sposed | r su port arm88 if nozzle 80 is . 10 " located cl oser
to thepcent é’rt?’(ﬁr ate syrfage for aidid@limlﬁtfe tredkewel | ¢adi ng

‘edge 106 becan:ﬁimgsasamsstMﬁ debris £reh S99 885% S to aid 'tgp

| -of ot her _debr s. or sone

;5?? \allge 210 at i %%dl T n t%ﬂgﬁuﬁﬁﬁcﬁailﬂemi@@ﬂata a;!:p':merat ely
the same 1§urfadechaving lmlprﬂelgerminedlfad_ir.ﬁs of curvatiide f Szama.y
t hi cksess dati b ‘I‘dip g'aé‘@ e SS. 0
' beI ghggen sﬁ% Ij"[Q'Qatyan é&rf %1]1? sur?acegfﬁer hﬁ at ed at

| EEEPgFm mfatmsmmm 78 Bt tnad%dhg aagqurog '20f

| oneto cbulmfesem.ﬂos id HheerskapPoi 7 use o
;gmaerlog al éQp r E ga&ﬁ? betg/eeﬁéatad dt 0-1[ ?b(?gela‘ﬁ'eof support
arm 88 and Wa# g g? 53‘%%& 8 n°t°dd¥pa§113°a| Smaﬁscrlé.asmayfl uid

flow up i ntBeafhapesedslover on suppo:ﬂar&rﬂ@s NB¥ RezE1E! 86! i%lgyagj acent

f
pl urpdlty Oiocﬂﬁﬂdt éliéér Egdﬁ’ rﬁ%%t arﬁ%#i €?§§dﬁr21§5fl:1ray%%g igi sposed on a

top surface o
Shirttail Besiraklepbet have: gsading edge 10614 cas CDOR 48C °bo§1e°% e 74 ‘

d u I 7 otjom 79 .0
e e 8 s2r S0 B W i o
~through t s¥PEn§ome 4 reop surface Dig gﬁd O her
éggr Ir ;ggz |Jredu1tm¢uoédg&4zéosciglhyebe0%%§t%ﬁ gtfﬁp'pqg *ima Gé& %?%C%;a & om
nozzl es 80qt owaragcul??:'ef %gu ﬁ°g8né§' 450. As'roller cone rock bit 70 -
rotates, |eadi nRamp 102 chiag ‘40EhbEkness aaawwrtdwtédﬁmérﬁé' ui d.
The - " The thickness of ramp 102 may be chosen such that an
_outer surface 116 of ramp 102 is located at a
| predetermined distance from a wall 78 of borehole 74 when
200  roller cone rock bits 70 is disposed in borehole 74. The
" use of ramp 102 allowe formation ot gap 118 between
surface 104 of support arm 88 and. wall 78 o£ borehole 74.
Gap 118 allows increased fluid flow up into annulus 76.
-~ Ramp 102 may be protected by a plurality of inserts.

25 120 that are. disposed in surface 116 adjacent top surface
110. Additionally, hardfacing 122 may be disposed on. a
shirttai.‘L 124 of support arm 88. :

Roller cone rock bit 70 operates to scrape and gouge
_ . walls 78 and botton 79 of borehole 74 utilizing compacts
30 96 and teeth 100 under downhole force supplied through
the drill string 72. Roller cone rock bit 70 rotates to
;the right in borehole 74. Cutter cones 90 create -
cutt:.ngs and other debris at bottom 79 of borehole 74 .
. Drilling fluid is ejected from nozzles 80 toward cutter

35 cones 90. As roller cone rock bit 70 rotates, leading

edge 106 of ramp 102 picks up cuttings and fluid. The
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13 ‘'wolog/ghagnd cut.tings nove up al ong surface 110 t owagCrus “s
trailing edge 108 of ranp 102 and thus flow upward into . annu

towasyd the surface of borehole 74. . . The sl ope and structure of
ranp 102 may be varied 5  "wthout departlﬁﬁ fromthe teachings of the

pr esent. i nvention. For exanpl e, ranp 102a may have a | i near

sl ope from | eadi ng edge 106a t.@ trailing edge 108a al ong surface

|1 Ca. Alternatively, ranp- 102b of FI GURE 8 may have a nonuni form -
sl ope al ong the h RE 9,
ranp 102 of FI Gﬁ@g’%h"&i é'm?%éa'ﬁg‘ﬁémﬁ %lbﬁgbfggégca ?#B k"?1"€”v&\7q|oJath 126
formed in - tmadkking %ﬂﬁ,eo#o%@?)ol?%marhp88énd rBugi £om,ppwagd into

tcha_nln'_el_ .123 'rra>1/ Oa?rﬁﬂﬁ:f gemr@e;&amm%g dgyrfa8d beapbPéhole ;\ut.edge 1060tto
railing edge ¢ of _.sup ar - the prese

i nvention and its advelt a%g%p 4a o5 é‘bﬁ%n"ﬁe‘s’ﬂ‘?béag g& IQ' 315%
shoul d besunder stidibut departttngva'omwhe hteachingabefi thei presant

and O Copdnyenticif, T Rbbley’ LAl 1078 MY Hakkll 1ITeRE )

For exanple, th&Yane ﬂmnrﬂeﬁamgareﬂeeohgs@hboehraib ng edge,l@sm eflong

support arm surface’Q 1% 18%ernatively, ramp- 102b of FIGURE 8 may
PCT/ US95/ 15889

Arotary cone HaVe a,NORULIQETiSAPRE RIRAG) the 1en9tk of top surface _'
o 10 110b. As shown in FIGURE 9, ramp 102 of. FIGURES 5 -

through 7 ‘may be replaced with a flow path 126 formed in
surface 94c of support arm 88c. As with ramp 102,
channel 126 may slope generally upwardly from leadinq
_ edge 106c to trailing edge 108c of support arm 88c.
15 Although the present invention and its advantages
| ‘have been described in detail, it should be understood
that 'v'arieue changea;' substitutions ana alterations can
be made therein without departing from the spirit and _
. scope of the invention as defined by the appended clainms.
20 . For example, the ramp mayr not: extend alonq the entire
' width of. a suppert arm. o :



conpri sing: avi ng an upper end portion adapted for
connectW&P‘l@“@ dr |”ﬂ“ﬂiﬂ jwmﬂjﬂg’[‘at ion of said bit PCT/US98/Y5889 :

romsaid bit body, each of said

a nunber of support
support arns having a |eading edge, a 194 trailing edge, an exterior:

- surface disposed therebetween, =~ and a |ower shirttail portion;
a- nunber of cutter cone assenblles equal ing said =~ nunber . of support
arms and rotatably nounted respectively on said support ar s _
projecting generally downwardly and 15 inwardly with respect to its.
associ at ed VHRIhES CLAIMED OIS ~aranp formed on'the- exterior
surface -of each of ‘said support arms, sai'd ranps having a top
surface " inclined at an ‘angle fronisald | eadi ng edge of said

respective suppdrt arfn¥Qtary cene drilli bitcdgr Sormdng 20 borehalmctive

suppor t armbmpmxkfmmm extending al ong said - exterior surface of said

t bet f d d shirttail
of s Z‘LB"po?t Va\e%rits%%%%wvhap “URPRE" 8, BB S oA RgaRteH o of her

tion iteysa adeiill usﬂrﬁpg/afdryrotat&cnb@lfe Mifd it

The drbbbyb't “of daimi1, and further_ . conprising a nozzle'haV|ng

an exit, sal fozzle. di-sposed - ° * “adjacent -to one of said support .arnms,
wherein said tof number: gﬁfmwtsmsmmeadisq d’rppaﬁlaaild;; hid:ge i s

posi ti onedbddy, eaedy®Sadid dipport. arns havin?h SIB& eddd, @ Caim

1, wherein sal for d integral aid resp ectl Ve support

ar nio iQinq edge, an exterior sur ace.disposed therebetweep, The

drill bit ahdcaaamwhr\dmtasnlpbwbon, o _
' a number.of cutter cone assemblies equaling said
‘number of support arms and.rotatably mountead respectively ,
_ on said supportkarms projecting gensrally downwardly and
15 -uinwardly with respect to its»associated support arm; and
"___ a ramp formed on the exterior surfacs of each of
said support'arms, said.ramps having a top surface
inclined.at an angle.from said leading'edge.oﬁ said
) respective-support arm;toward said trailinq edge of said
_"20_' : espective~support:arm, said ramp-extending along said
' exterior surface~of said support arn‘betweeu.said top
surface of said ramp and.said.shirttail of said support _l
arm such that said ramps cooperate with each other to
direct cuttings and fluid upwardly in the borehole.-
25 S ' '
- 2. The drill bit of c1aim.1, and further _
comprising a nozzle having an exit, said nozzle disposed
adjacent to one of said support arms, wherein said top
_ ' psurface of said ramp at saiad trailing edge is positioned
30 . "above said exit. ' '

3. Thepdrill bit'of.c1ain.1; wherein said ramp is
formed integral_with.said respective support arm.

»
4



~

Snpce ;zag,fg,zomaumnu ﬂﬂﬁ”ﬁlﬂ?{ﬂlﬂ’ o o sai d extﬁ‘j,%},a,é;;ja?Qd--
ere

of said support arm M 55 *The drill bit of O ai

sai d ranp has apprOX|nater a linear slope fromsaid- | eadi ng edge of
sai d support armto said trailing edge of éﬁcisupport ' arm 10

6. The drill bit of aim1, wherein said ranp - further conprises
har df aci ng formed adj acent to said top: surface of said ranp. 15

7. The drill bit of Caim1l, wherein sai d ranp further conprises a

plurality of insert ;ci;: sgagegfmglagj_t of c QUSW}I%C&Rfséf&dtéél d ranp

8. The drill bit o erern an ou ter
i s apprOX|nate??rﬁagalchpﬁlﬁsﬁl#uﬁpncave sunﬂacqmnaﬂing Qﬁr4¢ku%r¢fl b|t

such that as tbgrdatute and s1BplinkS gedletad (%¥'adhﬂ¥3rﬁﬁﬂﬁa Setéhdi
s

forces the flo I Ngs ann war.ds and away Trom a
bottom of the %%?Ehﬁ?éd g§%er&cr surfacg Tﬁ?ﬁan%q Hﬁqt(ﬁr¥1a1n1l and
further s . conprising a channel formed al ong sai d |eading edge of

said ranp to aid i nadi refhinGaYL" bIS Ry 4 ! Whthin said kP Yas

surface of said ranp 30 ereln

said cutter apprevipateiynsl lineaxcklopepfron said leading edge mf
plurality of tggid aﬁbbsﬂtoai-moiosahdacu&hqrnw%age of sam\iﬁ%i‘tl%%

arm.
10
6. The drill bit of Claim 1, wherein said ramp _
further comprises hardfacing formed adjacent to said top
__surface of said ramp. ' '
15 7. The drill bit of Claim 1, wherein said ramp

further comprises a plurality of inserts.disposed in an
outer surface of saia ramp '

: 8. The drill bit of Claim 1, wherein an outer
20 diameter of said ramp is approximately equal to a maximum
outer diameter of the drill bit such that as the drill
. bit is rctated in"a borehole, said.ramp forces the flow
of cuttinqs along said.ramp upwards and.away from a
bottom of the borehole. : -

25 : :
9. .'me._mu bit of Claim 1, and further
.ccmpriaimg°a.channel fcrmed'alcng'said leading edge of
said ramp to aid in directing'cuttings.and fluid toward
an upper surface of said ramp- '
30

' 10. The 4rill bit of Claim 1, wherein said cutter
cone assemblies each comprise a cutter cone havinq a
plurality of teeth milled out of said cutter cone.



_g_}t A e ahg?@r mmﬁmunﬁmmf“”b'y-“’;;‘d suppor t PeTASIateli ng .

w;said. bit body and € 5t havimg a | eading edge, a trailing edge,_an
exterior- '*'V'. surface formed therebetwggn and. a-.l.ower shirttai’
‘portion;: said cutter. cone assenbly rotatably nounted on said
support arm and proj ecting generally downwardly and 10 inwardly with:
respect to said support arm and . a ranp body forned on said _
~exterior surface of- said . support arm._ said ranp having a top surface
i nclined at an angle fromsaid | eadi ng edge of said support arm.

towarg sai'd .trai lung @d@lpﬁowlaﬁﬁl&mréuﬁtér &8he Sgl%bn%ri ré%o%gt een
t a ace,. of
._,g)c’:(ll Snt Ioggsu?gggg?gfc%sn?m% having §g$ﬂtshP¢YtaPPm9Fi§é-m-support arm

~ “such that said r smid supponti rom sextending fpen’ shydi big beaghama 20

12. h I si,ng a nozzle
i g an” ennyAngoialaddid) Ral A tIAIING eane, of0RRERRIGE, 00T A
wherei n sai UESpCey P&‘@edoftherehetwrd angma alovserdshn.nttadg edge is

posi tioned pbztﬁoaeid o exit. ' _ 33 The FuppoLt arg1of t
d 11, wh bod formed: i ntegral .with said support -
arm e Ba3@ GYERRR cone adnebly Foratablyhennted an: spido
surface'comﬁuppertaarnnaadepsoﬁhmtiﬂgmqen;xaxryhdswﬁﬁardl afpdrvature and-
sl opjgg genfﬁ@éfalﬂ]ow%r g‘e@%@é% ndj_n suppoztt an}l"s'algngxt erior surface

of sald support ar
PCT/ U895/ 15889 @ ramp body formed on said exter:.oﬁ?surface of said ‘

support arm, said ramp having a top surface inclined at
an angle from said leading edge of said support arm
- toward said trailing edge of said support arm, said ramp
- 15 body extending along said exterior'surface of said
' support arm.between said top surface of said ramp and -
' said shirttail of said support arm such that said ramp
directs’ cuttings upwardly in a borehole.- '

- 20 12; The support:arm of c1aim 11, and'further _

comprising a nozzle having an exit, said nozzle disposed.

-adjacent.to each support arm, wherein said top surface of

said ramp at~said.trailing edge is.positioned above said

exit. '

25 o ' . )
. 13. The support arm of Claim 11, wherein said ramp

.-body'is=formed integral with.said.support arm.

o 14. The support arm of claim.il, wherein said top .
30 'fsurface comprises a concave surface-havzng a radius of
' . curvature and sloping generally downward and extending

from said exterior surface of said support arm.



15. The support armof n said ranp body has
approxi mat elvyogs, mg@ar élml " MI eading edge. of ﬁ?ﬂlﬂss%}é?&?”

armto saldtral I'ng edge @ support arm

support armof Caim1l, wherein said ranp - body furt her conpri ses
har df aci ng fornmed ad] acent said - - top s¥fface and | eadi ng edge of said
ranp body. 10 - 17. The support armof Caim1ll, wherein said
ranp . body further conprises a plurality of inserts di sposed in
an outer surface of said ranp body. - 15 . 18. The support arm of
d aim 11, wherein an. out er dianeter of said ranp body is _
appr oxi matel y equal to a maxi mum out er di anmeter of the drill bit
such that as the 15. drThe suppoxtrarmief Chaimidiehwheredn saddmramply
forces ody HaP agpitdsipeedlfnd $2hdab BRopal¥ bR
away froma bottom of the?ﬁ ’Eﬂﬁét ¥ *2hilak gﬁog iﬁ \A@Eq%rta'%grdr%ﬁ%&
Caiml, and fuf@das of sa &}FEP‘P%FM Eﬁaﬁﬁéﬁ traidang, Gﬁges&ifdslaéﬂdl ng
edge of s sipbortimadwdy to aid in di recting cuttings and fluid 25
toward an upper surface of said ranp body. : - 20. The support
armof Caim1ll, wherein said cutter cone assenblies each conprise a
cutter cone havi ng 16. a Tharsupportfarecofl Glaimdldyt whéredndsadt samnp
clzgn_e 30 . poly B Comprises hardfacing formedpgirﬁ Hé%ﬁ&lﬁgfiﬁ
- top surface and 1eading edge of. said ramp body.

10 ] _

' 17. The support arm of c1aim 11, wherein said ramp
body further comprises a plurality of J.nserts disposed in
an outer surface of seid ramp body. - :

15 o - 18. The support arm of c1am 11, wherein an outer

. d:.ameter' of said ramp body is approximetely equal to a

‘maximum outer diameter of the drill bit such that as the
drill bit is rotated in a borehole, said ramp body forces
the flow of cuttings along said ramp body upwards and

20 away from a bottom of the borehole. SR

19. The support arm of Claim 11, and further

comprising a c_hannel' formed along sa_id- leading edge of

, said ramp body to aid in directing cuttings and fluid

25 toward an upp_er'. Surface;. of said ramp body.

O 20. 'rhe support arm of c1ai.m 11, wherein said
cutter cone assemblies each comprise a outter cone having
- a plurality of teeth milled out of said cutter cone.

- 30



21. A support ar ssenbly for a rotary cone drill
bi t haw\ﬁg%{laﬂm b4m Iﬁmml ,!mm"r sai d. supporpPCHUSS5A88$89Ndi ng

fromsaid bit body m having an exterior surface and a | ower
shirttail portion; sai d cuttengcone assenbly mounted on said
support arm and projecting generaIJT y downwardly and i nwardl'y with
respect to said support arm a ranp body fornmed on said .
exterior of said support arm said ranp having a top surface _
inclined at an angle 10 froma | eading edge of said support armtoward a .
‘trailing e2lye oA sapposupamnt andncuttiet rcone tmyemlynﬂoﬁgaal ong

d f o
of sard ramt UAbY 6End a2 13, BRI P UodV, Lompriatad® LI HOT
said ranp body dlsé«tdsSBBPPr#ggrmSGXtengimqﬂlfyer said oithovdy and
a channel fq{d”@ﬂx&'é’ﬂ%ﬁtﬂriéﬁdsﬂ?fﬁéﬁeaﬁh %au%wer sh:at‘@f@ii’oﬂé{rti’oﬂ”em

cutti ngs towardsald é(ﬁg surface sal-d
g

| ra
plura®ty of i nse?2¥ FEeEcPRes asgenhly mevp % on %41’&1 support
har df aci ng raneramd pirepestingnganecadiyg dzdmazfdly and iwakcdDypwbeny

gczij a%ﬁgtsﬁgb‘dﬁg%%?a‘?ﬁ?mé%%&ﬁ ?‘5“{1 sai d raSal | suppg(r)g aHnow dtzag one
boundary of a flca pamp bodyefiormedapn said emﬁrq! aﬁnsaﬂ-élm@!wﬁbmval
‘of debri frompg, h95£4°b&mp having a top surface inclined at an angle
10 from a leading edge of said support arm toward a trailing
' edge of said support arm, said ramp: body extending along
said exterior surface of said support arm between said
top surface of said ramp body and said shirttail of saiad
' .support arm such that said ramp body directs cuttings
5 upwardly in the borehole, _ :
. a channel formed along. said leading, edge of said
_',ramp’ body to direct cuttings toward said top surface of
. said ramp body, 5 o - - -
. .o a plurality of inserts disposed in said ramp body, -
20 and : .
' | a h‘ardfacing materia]. dispossd .on a' leading edg'e of
said ramp body: adjacent said channa]. and a shirttail of
- said support arms. : :

25 22.. ':l‘he support arm of c1ain 21, where:.n said ramp
body provides one houndary of a flow path formed in said
3 support arm to allow- removal of debri& from a. borehole. -



