WO 96/ 05404 PCT/ US95/ 10156 1 ROTARY
CONE DRILL BIT WTH |NPROVED SUPPORT ARMS TECHNI CAL FI ELD OF THE | NVENTI ON
‘Thi's i nWOWs0SH0Ael ates in general to rotary drill bits us®GI{U$91IP¢ i ng a

borehole in'the earth and in 5 particular to a drillbit having a bit
body, support arns- and a spindle extending fromeach support armfor
nmounting a cutter cone assenbly thereon. WO 96/ 05404

PCT/ US95/ 10156 2 BACKGROUND OF THE | NVENTI ON Various types of rotary dril
bits or rock bits may be used to forma borehole in the earth. Exanples of
such rock bits include roller cone bits or rotary cone 5 bits used in
drilling oil and gas wells. A typical roller cone bit conprises a bit body
wi th 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 with respect to a projected rotational axis of the bit'body.

Conventional roller bi a ments.
The segnents may be %@ E&?@E pg’&%#’ﬁ??ﬁl %%ﬁf&?%dgw él{bﬁ;a we g
groove 15 bet ween each segnent. The segnents may then be melded W th
each ot her using conventional techniques to formthe bit body. Each segnent
al so includes an associ ated support armextending fromthe bit body. An

enl arged cavi t TECHNIGRSAFIRLD iOF THE GNVENTIONed in the bit body
This invention relates in general to rotary drill

bits used in drilling a borehole in the earth and in

5 particular to a drill bit having a bit body, support arms-
and a spindle extending from each support arm for
mountiﬁg a cutter cone assembly thereon.



20 to receive drilling fluids fromthe drill string. U S. Patent
4,054,772 entitled, Positioning Systemfor Rock Bit Wl ding shows a nethod
and apparatus for constructing a three cone rotary rock bit e

i ndi vi duP %03t s. U S. Patent 4,054,772 is incorporated l,loci/lr gg hoise
reference for all purposes within this ap@ lcation. A cutter cone is
general ly nounted 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 nore nozzles may be formed on 30 the underside
of the bit bggykag B O fbyar ms. The nozzles are typically .
positioned t 1 i ng downwardly fromthe drill

string WO 96/ ONag4dous types of rotary drill bits or rock pdtsJIesRy 10156
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Drilling flurd 1's generally provide string to
functions inehghi Fgckadriityy dveludet zolierr copecdiftisoon Imotany wong the 5

bor ehoke, cl kN Cut S n ar Lyl t Cluf ty dially
out vvaré and ?Eg% %g\t/\egfd&y\n%ﬁjhfﬁg gﬁgugﬂg 8é [ %&%twelﬂenﬂﬁi}éegt erior of
the bit bodyradderhcons bidf cidmpbisesohebitl bodyamiitth Ar03mpess endit| ed,

o ook, Bt U e FOULRLET BORATS Whring ot SRS TSI O0S
roller cone supponiti Rmmg,t crtypibcal dysthiveess depend Erom dhepilnwer end
B OLeCt 10, BRERE Uil Sy POAEN, sl ek b S oBSL |
appl i 2@t i on. prbitirading Iradially $nwhrdoaady downwaxd with respect to a ‘
projected rotational axis of the bit body. -
Conventional roller cone bits are typically
constructed in three segments. The segments may be
positioned together longitudinally with a 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. An enlarged
cavity or passageway is typically formed in the bit body
20 to receive drilling fluids from the drill string. U.S.
' Patent 4,054,772 entitled, Positioning System for Rock
Bit Welding shows a method and apparatus for constructing
a three cone rotary rock bit from three individual
segments. U.S. Patent 4,054,772 is incorporated by
25 refe:ence 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 frog the drill string




cuttings and other types of debris may collect in downhole locations with
restricted fluid fl ow Exanples of such locations with restricted fluid

flow incl ' 0 | ower portion of the bit body adjac 1 _
ré'espectiv&g‘gﬂéﬁ%g?% arnms, the annul us area between the ext erf&m%%"toﬂ bit
body and the adjacent wall of the borehol e3 Ot her areas of restricted fluid
fl ow may include the backface of the respective c¢utter cones and the wall

of 25 the borehole. As a result of collecting such debris, the area
avai lable for fluid flowis reduced even further resulting i'n an increase

corponent 5. AT K KU by Kol THRE B8k Eom Nt s hhchoRengge”
beari ngs andfhgﬂngrﬁgrﬂgﬂexdhﬁdmjngcElmi¢r¢Bf¢ethaBD§ pebbidﬁar?gSXQLCh
PCT USH5/ 10150 EF SHANHRP OIS IRERRTEN TovSreh, BUPEELaPeniBALIRtBTent
i nventi on, thelaﬁtsiam/avgaage@muiant_ ctémme@ssnmhatlsd botbomr 6fi eHe rgc(l;r
ol i minated. QorHS edtisie VHE AT ROREET L Ahalearayingrbhe  ar m and
cutter_cone, asutingaiiadi iy abtumturans then daphard oot Recx! 1 o
cut tings and GEREIUEIeEned Retreei: tok, atrer S 5L Bho chlt Loav: ABAne |
sur f ace. Theﬂhamwahﬂndﬁ(ﬂheﬁbdﬁéhdaﬁﬁkﬂw,SUr@é@@ﬁﬁemI0$9%153 associ at ed
cutter cone ase%%ﬂl%der eIgoetraazl')}'lr yRc':c.DkC lgfg swftn}? glrzlgfzrafergclxlvec,‘ors}ggaggei‘or
10 Very Hard Formations and U.S. Patent 4,280,571 entitled,
Rock Bit show.examples-of cbnventional roller cone bits -
with cutter cone assembliés mounted on a spindle
projecting_from a support arm. U.S. Patent 4,056,153 and
U.S. Patent 4,280,571 are incorpofated by reference for
15 all purposes within this application. . |
While drilling with such rotary or rock bits,
cuttings and other types of debris may collect in
downhole locations with restricted fluid flow. Examples
of such locations with restricted fluid flow include the
20 lower portion of thelbit body adjacent to the respective
| support arms, the annulus area between the exterior of
the bit body and the adjacent wall of the borehole.
Other areas of restricted fluid flow may include the
backface of fhe respective cutter cones and the wall of
25 the borehole. As a reéult of collecting such debris, the
area available for fluid flow is reduced even further
'resulting in én increase:inlfluid velocity through such
areas and erosion of the adjacent metal components. As
| this erosion progresses,'vital components such as _
30 bearings and seals may be exposed to drilling fluids and
well debris which can lead to premature failure of the
associated rock bit.




(sonetines referred to as a "throat relief area”) which elimnate
stagnation of cuttings and/or drilling fluids 15 bet ween the cutter
cone aswo¥E/Os4®INd itS associ at ed support arm The reli efPGUWSISMES6T or med
on the support ar iz : of drilgling fluid with entrained
cuttings and any pthes s@’&l&ﬁn—m&:ﬁﬁ%rdl y fromthe cutter cone assenbly

towards the wall pf thet:%;tﬂrﬂiﬂe and| upward 20 t hrough t he annul us
formed between the ol e and the exterior of an associ ated
~drill string. Anot her aspect of the present invention includes providing a
rotary drill [ ) { unitary bit body with a nunber of

support arns space oL e bit body’
The | ower portijon g'[frggaa% ors%pport arm preferé]%éy |%§#&é{eg£% st[:)ili‘%dl e for

rot at abl y rrouwﬁltsagi\@nﬂrem and tproklers 33300l tedewith. préviassnrochk t he~
spindle, a rel PR, émﬁh t
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the support arm adjacent to the associated cutter cone
assembly preferably ‘includes one or more relief surfaces
(sometimes referred to as a "throat relief area") which
' eliminate stagnation of cuttings and/or drilling fluids
15 = between the cutter cone assembly and its associated
support arm. The relief surfaces formed on the support
arm promote movement of drilling fluid with entrained
cuttings and any other debris’ outwardly from the cutter
cone assembly towards the wall of the borehole and upward
20 through the annulus formed between_the wall of the
| borehole and the exterior of an associated drill string.
Another aspect of the present ‘invention lncludes :
providing a rotary drill bit having a one-piece or .
_ unltary bit body with a number of support arms spaced
25 from each other on the exterior of the bit body. The
lower portion of each support_arm preferably includes a
- spindle for rotatably mounting a throat cutter cone
" assembly thereon. 'Adjaceht'to'the'spindle,‘a relief area
may be formed on the inside surface of the respectlve
30 support arm to improve fluid flow with respect to the
- support arm and its associated cutter cone assembly. For
| some appllcations the width of the support arm adjacent
to its spindle is preferably equal to twice the distance
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A further aspect of the present invention includes providing a rotary drill
bit having three segnents which 10 may be wel ded together to form an
i_nt egr at 3vio bé/es4bbdy with threeé support arms incorporating BEBUSOHGENt Of
the invention. The support arns are formed a an integral part of the bit
body extending therefrom and spaced with respect to each other. The | ower
portion of 15 each support arm preferably includes a spindle for
rotatably nmounting a cutter cone assenbly thereon. Adjacent to the spindle,
a throat relief area may be fornmed on the inside surface of the respective
support arm to FRPRovhef centier| ddnei off thepepintiet ke thepedgearas 20

and its associ r S N = S Rl L,ons the wi dth
of the supporta%§ﬂ¥gg%%§eﬁ€9?§c§hgsggkﬁdPg ?éep§§?8?§§Fy8§z$§e to twice the
di St ance from t¥®seehated| suppottt Aemspi Rilee combiinatddge off throaitr ediilef
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cutter cone asssupport carm andaspindiel bit havi ng superior erosion
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bit body or thepxeppdingaanrobgrpedeilicbiétd havangnehpieecselimentedwhichhe
lower pogdion gf,§hee SYEPSLS together to form an integrated bit body
' - with three support arms incorporating one embodiment of _
the invention. The sﬁpport arms are formed as an
integral part of the bit body extending thetefrom and |
spaced with respect to each other. The lower portion of
15 each support arm preferably includes a spindle for
rotatably mounting a cutter cone assembly thereon.
- Adjacent to the spindle, a throat relief area may be
formed on the inside surface of the respective support
carm to improve fluid flow with respect to the support arm
20 and its associated cutter cone assembly. For some |
applications the width of the support arm adjacent to the
spindle is preferably equal to twice the distance from
the center line of the spindle to the edge of a shirttail
‘surface formed on the exterior of the associated suppott
25  arm. The combination of throat relief area and uniform
shirttail dimensions-results in improved fluid flow and
g minimizes abrasive wear of machined surfaces formed on
~ the associated cutter cone assembly, support arm and
spindle. |
30 : Still another aspect of the present invention
' includes a support arm and éutter cone assembly for a
rotary drill bit having superior erosion protection. ' The
support arm may be formeéd as an integral part of the



arm preferably includes an inside surface wwth a spindle attached thereto,
a shirttail surface, a bottom edge, and 5 an exterior surface. The
shirtt aiwodgnisae is further defined by a first radi us expepadispgioiseom t he
center line or axis of the spindle to the bhgttom edge of the associated
~support arm For one application, the width of the support armis

approxi mately equal to twice the 10 - radius fromthe center |ine of the
‘spindle to the bottom edge of the support arm The cutter cone assenbly
preferably includes a chanber with an opening to receive the spindle.

boss may be foassdciatekebiitsbdeysorf dhe. afuplplce—tsmmomtawbe va tttta dhesd to

splndle proj ec refr d rfa e, tines r erred
to as "the Ias% ﬁgghgge §§Fa%§dYthé?gP§qﬁ¥§ 8ﬁ?§¥§u§qﬂﬁ?

adj acent to themppnélferalﬁl:lg indlindes ane inside mm:ﬁa@e ofithha ssmrmﬁte ar me
I's selected to ce_th dISt nce from.the ce ter | i pe
of the spindle ?g;gg%ﬁ thﬁ @édgé ﬁlfﬁgag&s a|§§t3n§8mtﬁab d]
The shir$tail: anrekbermbrtbarfapportThenshir&t&iﬂedutfddeaﬂbfiuruheﬂrtﬂn
the exterior s ace o the |ndle o t he ed 5t ss or .| ast

machi ned surf 28851RAS B 86 EF tAg gﬁpﬁ tha 0% etc?%rs;}lme
may soneti mes ab axlsbefrtherspdnﬁmeatothhetbb&tbmreugefom%hhe Substanti a
portions of the_throa

f bl ed fluid
P ow vi th r es pRREOFaEAE ElBPeFtCARE - oo BoRo PP AERLET S0 e B M Band
the adj acent loslﬂnessﬁﬁpeetoarmhessuppﬁrbkmamewoe al to twikw ity

orm andi8utt or FRGHES ETOROENS! FeRRRENLLRE PENGRS SBLRCLE: Hoalll § Sﬂﬁafrt
support arnlreéabésofntﬁeshuﬁbdeﬁlEBm Forheneutter cone assembly
preferably includes a chamber with an opening to receive
the spindle. A boss may be formed on the'inside.surface
of thelsupport arm with the spindle projecting therefrom.
15 A machined surface, sometimes referred to as "the last
- machined surface" (LMS) is preferably formed on the boss
- adjacent to the spindle. The width of the lower portion
- of the support arm is selected to be equal to twice the
. ‘radial distance from the center line of the spindle to
20 the edge of the boss or last machined surface. The.
shirttail portion of the support arm is defined by the
distance from the exterior surface of the spindle to the
edge of the boss or last machined surface. The portion
of the support arm adjacent to the spindle may sometimes
25 - be referred to as the throat relief area. Substantial
portions of the throat relief area are preferably removed
to increase fluid flow with respect to the cutter cone
assembly mounted on the spindle and the adjacent inside
surface of the support arm. L
30 Important technical advantages of the present
invention include providing a support arm and cutter cone
assembly in which the length to width ratio of the
support arm results in a slim design. For one



WO 96/ 05404 PCT/ US95/ 10156 7
‘application the |lower portion of the support armhas a uniformw dth which
el i m nat agopéGiaest i ons (sonetinmes referred to as ears) whi porses/toyss cal |y
present on the shirttail portion of previousgsupport arnfcutter cone 5
assenblies. Also, the present invention allows formng a shirttail portion
on the exterior of the support armwth one or nore tapered surfaces to
pronote flow of fluids with entrained cuttings between the exterior of the
support armand the wall of a borehol e. WO 96/ 05404

ch/ usos/ 50156 ?piﬁlilﬁét[ﬁﬁmrfg | XdwF ﬂdﬂ%ﬁﬁ?ﬂ?&wuppm ﬁamnnhet

under st andi ng o resent. i nventi and t he adyvant ages ere

reference i's nol (Y*ék?féh*%hﬁéiﬁ%ﬁﬂﬁﬁ??n?fﬁ% e¢ SeBR bﬂﬁ?lon 5
W tt hI t he accorrpgmﬂme& o nﬂs ea'n‘swrwh:ié)t‘:h kl%ﬁJR@ﬁld:slBySphegéﬁtCoﬁr theng
in elevation and,se ortipns broken awa otary_cone
drill bit, i ncoF&}rr}t 41‘9‘ f%oﬁ W R’ﬁ%v’p‘?‘é%eﬁfpg?ﬁlg gcu’é{:?ﬁcﬁéﬁ €t 0 one
end of a diéi |l sissenbliiexos &l sd) lﬁheiﬁrfsﬁlib%m?ﬁh%\?sl Soﬁﬁlgg I o
i sometric drawi ng .showng a tially exploded, view of a rotary cone dri

bt hevi g sappGRiTRbAL (O eERg: REREAAE RE oFhe HEUpPREEpLm With

i nvention; 15 one or ﬁ@%ﬁetﬁ%ﬁmwe@b%ﬁdmmpﬁléwabfyfwlasctIOn

" showi n ortions one-pi ece bit, body, ort
gp l%h entraz%eg cuttings ybetwggn the exterlor of the

support arm and the wall of a borehole.



and cutter cone assenbly incorporating an enbodi nent of the present

i nvention; FIGQURE 4 is an isonetric drawi ng of a support arm 20

i ncor paw@bémsgoan enbodi nent of the present invention; FlIBIRESS/10856a dr awi ng
in elevation of the support armshown in gl GURE 4; FIGURE 6 is an isonetric *
drawi ng of another rotary cone drill biit having an integrated bit body and -
support 25 arnms incorporating an enbodi nent. of the present invention;
FIGURE 7 is a drawing in elevation with portions broken away show ng the

| ower portion of a support arm which may be used with eirther the rotary

cone drill biBRIEF DESCRIFTIMROP BHE FDRRAWINGS and havi-ng enhanced fluid

l acont To an asdar of APLE Camil it YagEbitlothy' 08 EREBRbLRECT ! O"

PCT/ US95/ 10158 VRIFIIGURE #nd stke dadvantages cthetenf, | refeBefcef i§I fORE 7; -

and FI GURE 9 e ' ' | i1 p_porti [ awa
show ng port F{(ig:siela on:foeam' %%&féﬁﬁ#%éQCP%%i%ﬁ &%ﬁignéﬁgggéﬁflg%fgn g
i ncor p&r at i ngvidh e dceompariyine qraeimys,; nimwhbohf or use with either
the rotary cone drddd. i t, Of L Fl GJ F ;e ' drawi n
I n el evat ?/on W th E:)fc#ql%ﬁon]s% '04<esh%gé‘ﬁoﬁ%ﬁgéigx%gﬁﬁgghf?ﬁge o¥m ag
support arm kaction nwidilp et ighsirimtdicen cadeayli sisowing aheopargeodne
nvention: FILEHRE Bhd,S el A8t SASidored 8 Rl Plellhl

invention, attached to one end of a drill string disposed

10 in a well bore; .

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

15 FIGURE 3 is an exploded drawing partially in section
showing portions of a one-piece bit body, support arm,
and cutter cone assembly incorporating an embodiment of
the present invention:; |

FIGURE 4 is an isometric drawing of a support arm

20 incorporating an embodiment of the present invention;

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

FIGURE 6 is an isometric dréwing of another rotary
cone drill bit having an integrated bit body. and support

25 arms incorporating an embodiment of the present
invention; _ _ -

FIGURE 7 is a drawing in elevation with portions
broken away showing the lower portion of a support arm
which may be used with either the rotary cone drill bit

30 of FIGURE 2 or FIGURE 6 and having enhanced fluid flow
areas formed in accbrdance with one aspect of the preseht
invention adjacent to an associated spindle;



11-11 of FIGURE 10; FIGURE 12 is an end view with portions broken away 15
of the support armshown in FIGURE 10; and FIGURE 13 is a drawing in

el evat i ofo/¥gio84ga0r t i ONS broken away showi ng the exterior ROTIGS9S/10856a
support arn1|ncorporat|ng a further enbodlngnt of the present invention. 20
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The preferred enbodi nents of the
present invention and its advantages are best understood by referring to

FI GURES 1-13 of the draw ngs, l|ike nunerals being used 5 for Iike and
correspondi ng partsFIGUREe 8vdis eusirdwitigndkemralongdsiase 3-8 |0 £ISFIGURDN,
t he present |n$enéé n is shown embodied in rotary cone drill bits 20 and
220 of the type’u indrilling a borehole in the earth. Rotary cone dril
bits 20 and 220 nay FIGURE Pedsbanl@nlarged elvawdng ias sectidmrwithii || Dbi t”

hr eaded conncBPESRORE BERKFR ANAY SROLr PAERIAPT i AARRITE TP 1 bit
20 and 280 wi t Andr cllt tetr m@&&ss&ﬂbﬂ@demmpmumg%aémbddl’ment of
corTeoPonding LHCRISeh] sophLLlR ol o e S e dhd
response to rodgildnbift &f HIGURE m.&Z FIGURE: 6l | surface In FI GURE 1,
drill bit 20 is shows attaghed 1o Qi) in elivatibd 2l Sh2PPssd 11
broken away showing the exterior surface of a support arm
10 1ncorporat1ng another embodiment of the present
| invention; .
FIGURE 11 is a draw:.ng J.n section taken along line
11-11 of FIGURE 10; . |
FIGURE 12 is an end view with portions ‘broken away
15 of the support arm shown in FIGURE 10; and '
FIGURE 13 is a drawing in elevation with portions
broken away showing the exterior surface of a support arm
incorporating a 'furt_her embodiment of the present
invéntion.
20



formed between the exterior of drill string 22 and the interior or wall 28
of borehole 24. "In addition to rotating drill bit 20, drill string 22 is
of ten uyed¢hsyorr ovi de a conduit for conmunicating drilli egTfised/tiasend 25
other fluids fromthe well. surface to dri{¢ bit 20 at the bottom of

borehol e 24. Such drilling fluids may be-directed to flow fromdrill string
22 to various nozzles 60 provided in drill bit 20. Cuttings forned by
drill bit 20 and any other debris at the bottom of borehole 24 30 Wil
mx with the drilling fluids exiting fromnozzles 60 and return to the well

surface via DBTALGEDDESTRIPDIGN yOE OTHE dENVENBION20 cutting action or
drilling action o 404 ’
PCT/ US95/ 10156 r ol (;b€§;§%?§§e@@§§$i§?3€§n%$eﬁh%eggﬁgﬁnt g@ggggggf dril
string 22. Trend eisis tadwantages arenpest. uﬁd@ns'edmﬁebsMrelﬁérnedgbyowal | 28+
corresponds t h S

di anet er of @%W 3:;/6#1 a’éé %ﬂ%‘ﬁ'@ég 0%3""%Jé &ﬁ%ﬁégﬁggggeﬂggaes 100
cooper & e w tfordaketdrd dorfesponding 28avts bof etbéev&ﬁiousrdsawmngsto
rotation of dr|II it 20. Cutter, 100 _nm

referred to as "rdiok PR %: gff%gé éﬁ#% E%ﬁépﬁﬁ¥?%$slnvﬁﬁE1°n

As shown idn EJsGﬂESng enﬁ:odxmdﬁ&mac@tax&tmneﬁmﬁlss]sﬁbéy2009ndn220d0$
cutting e ge an r udi erts 104 ch, sc e_angd. gouge agai nst
the sides an tQtt df %% dﬁ%"%ﬁf’m ?eg?fﬁ&%i {ﬁgteﬁﬁ Brotation
applied to dmdtady tcotte fdearbits Szwlﬁmimo'ﬁh@yﬁometimesl beon of

cutti ng edges 102. a |nserts 04 for ea u r co senbl 100 may be
vari ed %[0 grdr\ﬁ to as a ';L rotary grf{]l%{t'? J;l ogﬁ :['P ¥ y

Rotary cone drill bits 20 and 220 preferably include L ‘
threaded connection or pin 44 for use in attaching the
'fespective drill bit 20 and 220 with drill string 22.
Threaded connection 44 and the corresponding threaded

15 connection (not shown) associated with drill string 22
are designed to allow rotation of drill bits 20 and 220
in response to rotation of drill string 22 at the well

surface.
In FIGURE 1, drill bit 20 is shown attached to drill
20 string 22 and disposed in borehole 24. Annulus 26 is

formed between the exterior of drill string 22 and the
interior or wall 28 of borehole 24. In addition to
rotating drill bit 20, drill string 22 is often used to
provide a conduit for communicating drilling fluids and
25 other fluids from the well surface to drill bit 20 at the
bottom of borehole 24. Such drllllng fluids may be
. directed to flow from drill string 22 to various nozzles
60 provided in drill bit 20. Cuttings formed by drill
bit 20 and any other debris at the bottom of borehole 24
30 will mix with the drilling fluids exiting from nozzles 60
and return to the well surface via annulus 26.
For rotary cone drill bit 20 cutting action or
drilling action occurs és cutter cone assemblies 100 are



desired downhol e cutting action. Qther types of cutter cone assenblies may
be satlséﬁgéﬁﬁ%mgsed with the present invention including, but not |imted

cutt assertbl i es having nilled teeth instBEHUSS/IO Ser ¢ s
104. Cuttings and other debris created by dikl| bit 20 may be carried from
the bottom of borehole 24 to the well surface by drilling fluids exiting
fromnozzles 60. The debris carrying fluid generally flows radially outward
25 from beneath drill bit-20 and then fl ows upmard towards the well

'surface through ul.us_286. [ LI, bt 2 refer i se 0 | ece
or .unitary bit B§g§eﬂoaﬁPPﬂdDﬁb8rbB%&PFoR% g°ﬁ§§9ﬁé ?ﬁ”@aaéaﬁégﬁﬁ n or
pin 44 adapteﬂ dnlsbcst31ﬂgI22 biwhaorabuht3ﬁg instide Eﬁu&@t@&dgﬁf drigl
string 22. Three_s or attac to _and .exte
" origi t udi nal I'y Borehaee 545 g%bnSB by, F’é‘ﬁ té’ %ﬁr&?  RPRESKIMa 70
WO ?6/ Og|404 ijdth the gclambgged outside diameter BGT/gHSQﬁIf Wibmeter of
prefera inclu spindl e connect ext endin rom.i.ns
sur f ace f% of tH¥ €€%§pEBPFVES§ﬁﬂ§EFFSa ﬂp %BgFeﬁo&?nEb gjﬂ%
portion 46 haviegopegater fith 8BHEBLRSEC DO ORI t:aqa 2% fofff msai:etﬂaﬂreem
The 5 di mensi ons _of convex s Lace 4% a g & o% cutter cone
assenbl i es 100 ﬁ?er§§P@E§§dt?or8g? APReOF| Gradld §§WB | r GXR& i on 46
of bit body 40 sggemblies mooemayseahbtsﬁeéoae tegelrged iten aef "&'&ﬂa&f cone
assenblies 100 relative to Eaii&on 46 na be varied 10 by

adj usting the I%ﬂﬁ?thFtFﬁﬁ a9§og TsGPp&: £ §FFF? ‘and t he spacing of
each suppeprt arm 70 ng ShewRXLiAr FRGURESPL, R9d¥n#03 each cutter cone

assembly 100 includes cntting edges 102 and protruding
inserts 104 which scrape and gouge againét the sides and
bottom of borehole 24 in response to weight and rotation
applied to drill bit 20 from drill string 22. The

15 position of cutting edges 102 and inserts 104 for each
cutter cone assembly 100 may be varied to provide the
desired downhole cutting action. Other types of cutter
cone assemblies may be satisfactory used with the present
invention including, but not limited to, cutter cone

'20_ assemblies having milled teeth instead of inserts 104.
Cuttings and other debris created by drill bit 20 may be
carried from the bottom of borehole 24 to the well
surface by drilling fluids exiting from nozzles 60. The
debris carrying fluid generally flows radially outward

25 from beneath drill bit 20 and then flows upward towards.

| the well surface through annulus 26.

Drill bit 20 preferably comprises a one-piece or
unitary bit body 40 with upper portion 42 having threaded
connection or pin 44 adapted to secure drill bit 20 with

30 the lower end of drill string 22. Three support arms 70
are preferably attached to and extend longitudinally from
_ bit body 40 opposite from pin 44. 'Each support arm 70



"FIGURE 3 is an expl oded draw ng which shows the rel ationship between bit
body 40, one of the support arnms 15 70 and its associated cutter cone
assenbl wd0gless08i t body 40 includes middle portion 52 di SPCEESISI@INeen
upper portion 42 and | ower portion 46. Lon@ tudinal axis or central axis 50
extends through bit body 40 and-corresponds generally wth the projected
axis of rotation 20 for drill bit 20. Mddle portion 52 preferably has
a generally cylindrical configuration with pockets 54 formed in the

exterior thereof and spaced radially fromeach other. The nunber of pockets
54 is sel ect eprefezablssinaludeash spiadienifd asmnaghed ttarand AXERNEING | |
25 be atta her.et 0. .. i ' RESH each”’
other in the (efgﬁglr }121?1% M E%g:e;g’r%cti% tgge i's se c}cﬁiéjv%&ﬁ%ﬁespon-{jd)w th -
t he ﬁﬁf' red spaci nBisf bodwpd® imainmdas devem@artisyvd athaving t@r cone
asse ies 10 L.t st ydinag, |- preTeTeN e‘%}.pe

- projected axi e@ﬁ&{g&tl t!lz:(;%rqft"'feéér)el ri lt%?tsr@&aa%aalssgfupporc?%g}enﬁ. 'has'nc}ie

| ongi t ulli nal dimensiomst efdicopvex: sunfaney8 aunshdie dragatdpmref pref er abl y

T o\ B RAs SpoBIGR, J0eh ldega U0 SR e1pta
paral | el withféewhbettweenaidwart pdriuign 46 el kit asly A0 tared asstfeent ed
o acERbg AR TR 2 B O S RO
(not shown) fassembldiescd0 relative do dowesr ipeatttionf4 @awy e keariead and
adj ace% p-orti:%nsédgqxsttq%gaﬁ:%%dlaetn% hs‘;%q‘.pc‘yhte associated support arm 70
' and the spacing of each support arm 70 on the exterior_of ' ‘
bit body 40. ' - B
~ FIGURE 3 is an exploded drawing which shows the
relationship between bit body 40, one of the support arms
15 70 and its associated cutter cone assembly 100. Bit body
" 40 includes middle portion 52 disposed between upper
. portion 42 and lower portion 46. Longitudinal axis or
central axis 50 extends through bit body 40 and
corresponds generally with the projected axis of rotation
20 for drill bit 20. Middle portion 5-2 preferably has a
generally cylindrical configuration with pockets 54
formed in the exterior thereof and spacéd radially from
each other. The number of p_ockets'54 is selected to
correspond with the number of support arms 70 which will
.25 be attached thereto. The spacing of pockets 54 with
respect to each other in the exterior of middle portion
52 is selected to- correspond with the desired spacing of
 support arms 70 and their associated cutter cone
assemblies 100 with respect to longitudinal axis 50 and
30 the projected axis of rotation for drill bit 20.
' Each support arm 70 has a longitudinal axis 72
extending therethrough. Suppor-t arms 70 are preferably
mounted in their lrespective pockets 54 with their




drm 70. Each cutter cone assenbly 100 is preferably 10 constructed and
nmounted on its associated spindle 82 in a substantially identical manner.
Each suppﬁ,bt 70 is preferably constructed and nmounted igeidsdsAgRgc at ed
pocket 54 in su stantially the sane nanner %gerefore, only one support arm
70 and cutter cone assenbly 100 wll 15 described in detail since
the same description applies generally to the other two support arnms 70 and
their associated cutter cone assenblies 100. Support arm 70 has a generally
rectangul ar configuration with respect longitudinal axis 72. Support 20
arm 70 may have y@ghOueiGLORSGEEhURRAL! Ae8 12" ERUghRal SUBstudaalIgXi o
72, dependi ng upon e conf |gu atron o e assocl a ocket 54 and’ot her
features which npgrablehcwitbreach Oﬁh@rsépﬁoWitbrﬁpﬁglgﬁdéﬁééréﬁﬁéesﬁ19f

t he teachi ngs of t ppo a 7 claudes top
surface 74, |n5|%%gsur géggg%an%getgﬁg §g 78 Fgﬁdbgstngg%cgE%bgbg 80.
Support arm 70 apootimlqaeeashdeupsqranar%'l%néhpﬁeéﬁgabawywe}ﬁeﬁid

paral | el t§’eachwfiﬂ%ﬁ EEQ 499 eeiyggaa#oaﬁe § TQErg g%'&@id%”Qnotb
configuratton of ‘each uppor arm e se ed to atible
with the associ ashowpbcEerméd. bebweenonhe|exseewRESOz 9361&Et&rp@ﬁtﬁ@mhof

each support ardlxet " ugh§9. 45 REENE HoBE 1588 awgg Caksopldsdd Aitlore

portions of insiaems®0i{ace 76 and sides 84 and 86, is sized to fit within
t he associ at ed pockeIEééh éﬁt%&klcgﬁeeéggghﬂig habe&slgrggggagﬁ&all, I nsi de

10 constructed and mounted on its associated spindle 82 in a

substantially identical manner. Each support arm 70 is _
preferably constructed and mounted in its associated
pocket 54 in substantially the same manner. Therefore,
only one support arm 70 and cutter cone assembly 100 will
15 be described in detail since the same description applles
generally to the other two support arms 70 and their
- associated cutter cone assemblies 100.
Support arm 70 has a generally rectangular
configuration_withIreSpeCt longitudinal'axis 72. Support
20 arm 70 may have various cross-sections taken normal to
longitudinal axis 72, depending upon the configuration of
the associated pocket 54 and other features which may be
incorporated intopsupport arm 70 in accordance with the
teachlngs of the present invention. Support arm 70
25 'includes top surface 74, inside surface 76, bottom edge:
78 and exterior surface 80. Support arm 70 also includes
sides 84 and 86 which preferably extend parallel to each
~other and longitudinallaxis 72. The dimensions and
configuration of each support arm 70 are selected to be
30 ~compatible with the assooiated pocket 54. As shown in
' FIGURES 2 and_3, a portlon ‘of each support arm 70,
'1ncluding upper end or top surface 74 and adjacent



surface 76 may be nodified as desired to provide various 5 features of
the present invention. Inside surface 76 may include center portion 142

W th angvegs/essod aces 144 and 146 forned adjacent thereto.pcibs9s/10156
configuration of inside surface 76 may bejyaried substantially between top
surface 74 and bottom edge 78. ‘Inside surface 76 and 10 exterior
surface 80 are contiguous at bottom edge 78 of support arm 70. The portion
of exterior surface 80 formed adjacent to bottomedge 78 is often referred
to as shirttail surface 88. Spindle 82 is preferably angled downwardly and
15 i nwar dp9ruionsr efpdoside Burﬁabengﬁtaddnsud35|Q473nd 8fypdxt arm 70

. and t he projegiﬁgdaébs ﬁE ﬁ?tﬁ&hothgfag haQEﬁ égck g ﬁyorlentatlon of

spindle 82 resu € exterior of cu er —con 100 engagi ng the
si de and botton1ofAbothblbezexpmaingddiatbrngnZﬁore detadidt,i dmsideFor sone

appl i cations, 0 | u rt rm.7Q and its
associ at ed sp?%%Fgaéz @%9 %?géaégggaag 9§E§%%§Ot§t8%§ s&EEPOR t he
proj ect®d aX|ée@tureSaafohhefpﬂesbhtbinvéﬁtioﬁhe Iasided surifacte & nag
easily obtain o] th s ated.pqcket 54 | the terior
of bit body 4 w%ﬁéaéé%??’é B§ﬁ§?ﬂﬁ 36es aeth BRAIE Min i 25 1845288 of bt
body 40. Thel&6ofiormed adjaeentathenetotromheeconfmgﬁratioh 9ifX ifgddees or
zero inches t in th" irection, of ot on of drill bit 20.
30 u§ ajf%. sV:‘Lr Hﬁsga“ﬁéé sFt?’eEBné ORssenmbl y 100
preferably |nsunﬁ&eebaceandrbobtonOBdgetmaa cmnsidelsurhaned7$hehh or tip _
106 exgendi nut ELELE OfhrFBLe *B0°aPEPERRL 80s B2°BoBRon Q0% 5F VoS 2
support arm 70. The portion of exterior surface 80
formed adjacent to bottom edge 78 is often referred to as
_shirttail surface 88.

. _ Spindle 82 is preferably angled downwardly and

15 inwardly with respect to both longitudinal axis 72 of

support arm 70 and the projected axisxof:rotation of

| drill bit 20 This.orientation of spindle 82 results in
the exterior of cutter cone assembly 100 engaging the
51de and bottom of borehole 24 during drilling

20 operations. For some applications, it may be preferable
to position each support arm 70 and its associated
spindle 82 with cutter cone assembly 100 at an offset
from the projected axis of rotation of drill bit 20. The
desired offset can be easily obtained by forming the

25 associated pockets 54 in the exterior of bit body 40 wzth'
a corresponding offset from longitudinal axis 50 of bit

. body 40. The amount of offset may vary from zero to five
or six degrees or zero inches to one half inch in the
. direction of rotation of drill bit 20.

30 - As shown in FIGURES 1, 2, and 3, each cutter cone
assembly 100 preferably includes base portion 108 with a
conically shaped_shell or tip_106 extending therefrom.
For some.applications, base portion'108 includes a



WO 96/ 05404 PCT/ US95/ 10156 15 _
frustoconically shaped outer surface 110 which is preferably angled in a
directi oV@B¢®M4e fromthe angle of shell 106. Base 108 BCEMSPHWISMes

backface 112 whi ch may be di sposed adj acent 1% portions of inside surface

76 5 of the associated support arm70. As will be explalned | ater in
more detail, an inportant feature of one enbodi nent of ‘t he invention
_includes t he rel ati onshi p between backface 112, theé adjacent portions of

inside surface 76 (throat reljef area 87) and shlrttall 88.10 formed on
exterior surfacéf¥EF%ﬁ°?¥k¢%%%3c$B§EﬂdsGBEBFtSBFF??B 1B9swhigh pSeferably

i ncl udes openi ngydefemibiy chrgbed id4aedlpadtient aggséie@ febareae ihgle

preferably ext ends through base 108 and into

of ‘openi ng 120 |9fc§kﬁ%%w 9§A-a?%sﬁeigﬁtéas?olﬁFiBﬁFﬁDBﬁFF%QCSaéﬂglgﬁﬂ%%gns

cone assenbly 1Ggay rbét&uf’%égeaaaefaéenedte Bért BAsObfMheibBeAEuIFace 76
assenblies 122 are prefera nmounted on spin Ie 82 and disposed hetween a

bearing wdl | (nRf §HU%M§S%P$h$Fe€hﬁHBE?rilﬁrEna 20 As widd pgr expdained
surface 81 on spjd¥de £7- mofbcaﬁg?ﬂi'09&'lﬁﬁbktéﬁfafahﬁﬁrEYSEe6hh24 may be

used to secure cutter cone asse to spindle 82. As shown in_ Fl GURES
2 and 3, each pcﬁgmdmemhw@d‘ébeb&@kenﬁwnamamda%&he selatdenghips 66

and 88 e 25 petildRnShOREach bisk Ukl aBfasBAspHRrIBRLs 020 13U ore

selected to be co he ad&acent nsi de sur ace es 84
and 86 of the as%@bf@@%d7§ubbbr0a§rne ®6f89reanﬁﬂﬂngnﬂhéhmrﬁﬁﬁldf3§upport

arms 70, ff'c'f % SQQE&r%@Q ég:??&&'églo?egwaeas§8b§%%%h %%F#€r}

support arns 70 ow for éenhance etween support a
and convex surfaaem480on | ower portion 46

Base 108 preferably 1ncludes opening 120 with
chamber 114 extending therefrom. Chamber 114 preferably
extends through base 108 and into tip 106. The

- 18 dimensions of opening 120 in chamber 114 are selected to
allow mounting éach Cutter cone assembly 100 on its
associated spindle 82. One or more bearing assemblies
122 are preferably mounted on spindle 82 and~dispdsed

_ between a bearing wall (not shown) within chamber 114 and
20 annular bearing surface 81 on spindle 82. A conventional
ball retaining system 124 may be used to secure cutter
cone assembly 100 to spindle 82.

As shown in FIGURES 2 and 3, each pocket 54 includes

‘back wall 64 and a pair of side walls 66 and 68. The

25 dimensions of back wall 64 and side walls 66 and 68 are
selected to be compatible with the adjacent inside
surface 76 and sides 84 and 86 of the associated support
arm 70. By limiting the width of support arms 70,
sufficient void space 160 is provided between adjacent

30 - support arms 70 to allow for enhanced fluid flow between
support arms 70 and convex surface 48 on lower portion 46
of'bit body 40.



of bit body 40. WD 96/ 05404 '
PCT/ US95/ 10156 16 An inportant feature of the present invention includes
the abi wéyesaoyary the Iength of support arm 70 to provi BET/UBSS/I0ESS r ed
fluid flow bgt: T re—asseckated cutter cpge assenbly 70 nounted on each
support arn1;0 Ff?ﬁ%ﬁﬂ&ﬂeaﬁo er end convex surface 48 on | ower portion
46 of bit b095-_-;_:;£§ﬁgiappL tation, the length of support arm70 from
top surface 74 to bot soge-if i s preferably selected to be at | east
- three tines the width of support arm 70. 10 As shown in Fl GURES 1,
2 gnd 3, a portion m impostahticfedurexdfrthe present Bfivendier] acent
sides 84 and 86 have been renp. fromthe er i opn of support apm 70°
to provide cwﬁQ%&kékﬁcﬁh?rék%¥f€%g£%.Yﬁﬁ?igg%ti?gggﬁvggrSFBB?gghaﬁﬂ)aw
therg:n. Cut t ero qarev ide ctibé yddDrdd fluiduflow betweerdthe assoaiatedat ed-
spindle 82 by inserting a plurality,of. ball. bearings, 1 hrou bgl|
passageway 96qggkﬁﬁﬂ?ék?r%#ﬁ%ék%#WZ) %%ﬁ?gﬁg'gﬁ Sgégugggﬁ?Egrggyoabhrough
spi ndl |e|532ban(hdm1ﬁhé dbowéB émd sepomviéx Sirfdcend8honglower partionl K6
typically be provided on the 20, . interi of .cutter cone assenbly 100.
once | nserted,oﬁé?ﬁ: MY n€§ 128°F no%%oﬁpg{?%ﬁi%t h%ﬁefﬁﬁg r8es will
prevent gifssengﬁg@m amfmC’wfﬁromowpSslgtﬂé)d:?dmotérbottohndagesza Bsl |
passage may be_suhseque u ' i ng, or other we kno
techni ques. F&¥ sg&%§#§$cg$ﬁ@ﬁs¥t2f%%§? Ehﬁﬁe(EbPe§htﬁﬁ)wﬁ§ghalso
bﬁ pl aced in pPEsAgRPYEdE Wrm FPO., one enbodi nent of the present invention as
shown - . _ _
10 - As shown in FIGURES 1, 2 and 3, a portion of top

surface 74, exterior surface 80 and adjacent sides 84 and ‘

86 have been removed from the upper portion of support
arm 70 to provide cavity 90 for installing'a lubricant
reservoir (not shown) therein. Cutter cone assembly 100
15 may be retained on its associated spindle 82 by inserting
a plurality of ball bearings 124 thrqugh ball passageway
96 extending from exterior surface'so of support arm 70
‘through spindle 82 and ball race 98 in spindle 82. A
matching ball race will typically be provided on the
- 20 interior of cutter cone assembly 100. Once inserted,
ball'beafings 124 in cooperation with the ball races will
prevent disengagement_of-cutter cone assembly 100 from
spindle 82. Ball passage 96 may be-subsequehtly plugged
by welding or other well known techniques. For some _
25 - applications, a ball plug (not shown) may also be placed
' in passageway 96. : ' .
) For one embodiment of the presént invention as shown
"in FIGURES 4 and 5, first opening 75 and seéond opening
76 are formed in inside surface 76 of each support arm
30 | 70. First post 53 and second post 55 are preferably
" formed on back wall 64 of each pocket 54.  Posts 53 and
54 éxtend radially from each back wall 64 to cooperate
rvespectively with first opening 75 and second opening 77
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i'n FIGURES 4 and 5, first opening 75 and second opening 76 are fornmed in

i nside surface 76 of ~each support arm 30 70. First post 53 and second
post 55 AY@9¢9MP4rably formed: on back wal |l 64 of each pockRCT/BS9s/Mss s 53
and 54 extend radially fromeach back wall 6#7to cooperate respectively
with first opening 75 and second opening 77 WD 96/ 05404

PCT/ US95/ 10156 17 to position each support arm70 within its associ ated
pocket 54. For one enbodi nent of the present invention, first opening 75
preferably conprlses a | ongi tudi nal slot extending fromtop surface 74 and -

sized to receivet9iPQ3ition eagh(SupRPORE arm. 7°SBé§h§nop§ﬁ|ﬁgs¢¢ipt§derably
has a general |y godket a54 ¢ Conf‘éﬁuéﬁé'&ﬂbé?iﬁdn Oofeﬁﬁiavﬁréﬁé P%Pt:”t@%

therein. First opening 75 is preferabl ormed as a | ongitudi na
conpensate for %%r?E&?bmgb%@WBéﬂf?ﬁébHYn§ﬂ§P§h§e§fas&ppgitudﬂnaiosén&

its 10 assocé,ae@,mmkpfmé% d;acwfifaeethe aﬁaa&usdp%' &gge g Second

openi ng 75, second openlng he respective first
post 55. & shoRP§h 53CEHEEPMBands§co$ﬂs¢len396fEZeP¥§f9rab&prﬂS arm 70

preferably incl ygaserent ¢r fiﬁﬁlgfaééﬁfigurat &htg 284! ¢d ?HEE?@ESséé Pﬁﬂd

146 extending Iongltudlnal y and par eac other Tromtop sur
74 to throat relRQSt Hetherein nedFbnst hepening Bér!-ﬁonreferabﬂ.yefelrmiealce

76. For one appl [ 9 r [ face
76 o asel st | 6% Ringhendiigh KOGy el dcofehifate| FEE By Barigrld
associ at ed pockdereendtixe r@lmafms goBosepport naimsv7@eandr ifise 76

creates agreak ALdQsta B! SOeRYE 85 including the relative position of
first opening 75, second opening 77 and the respectlve
first post 53 and second post 55.
- As shown in FIGURES 4 and 5, inside surface 76 of
support arm 70 preferably includes center portion 142
15 with angied surfaces 144 and 146 éxtending longitudinally
and parallel with each other from top surface 74 to
throat relief area 87 formed on the lower portion of
inside surface 76. For one application, welding groove
79 may be formed on inside surface 76 to assist in
20 welding support arm 70 with adjacent portions of the
associated pocket 54. Forming welding groove 79 in
inside ‘surface 76 creates a break across angled syrface
144 center portion 142 and angled surface 146. In FIGURE
5 the upper portion of angled surface of 144 is
25 designated as 144a and the lower portion is designated as
144b. Center portion 142 is also designated as 142a and
142b. As will be explained later in more detail,
exterior surface 80 may include a pair of tapered
surfaces 191 and 291. T
30 Rotary cone drill bit 220 incorporating another.
embodiment of the present invention is shown in FIGURE 6.
Bit body 240 may be formed by welding three segments with
- each other to form integrated bit body 240 having support

f the -



144 center portion 142 and angl ed surface 146. In FIGURE 5 the upper
portion of angled surface of 144 is 25 desi gnated as 144a and the | ower
porti on wems4ognat ed as 144b. Center portion 142 is al sopgeaisgseiigsl as
142a and 142b. As will be explained |ater iggnore detail, exterior surface
80 may include a pair of tapered surfaces 191 and 291. 30 Rot ary
cone drill bit 220 incorporating another enbodi mnent of the present :
invention is shown in FIGURE 6. Bit body 240 may be fornmed by wel ding three
segnents with each other to formintegrated bit body 240 havi ng support

WO 96/ 05404 arms 270 extending therefrom. Threaded dsdmebIlich U3 arans

ot on 242 o BE, pERFY, 28 PEPES BRRRIEH 20or b Rhe Boskl T, s B i
str ihn_g 22. Tﬂe abtechpngt ded 1df békc EZQgﬁpodrié.rlmsgtﬂrﬂgs 22r.ef @habllowenr malolI
| 5 . . ' i . 7 '
bit 20, For rotBPheRoon, sprh, SeBdie 3210 33, BEYRRFaRi eakpell oty
occurs as5cutt etheoaameseentifigarat@onaradr dektturasoasd stippdrdt taxmsof70 of

borehol e 24. Eagh, cut 10 . cone assenbly 100 will scrape and gouge
agai nst the sidéElgﬁdgggt%§ﬁ1of borehol e 24 in response to wei ght and

rotation applied to Horl robary226neCdrtildgbi&n220) henttdng adtiem oreat ed
by 9riL1 DU 22ReIR4305 SBEIRIQLLRNL! he BRHAL BLpRonSiank it g e
carrying drillingllédi droandr gsheybbttom ofdbakkehotet 24r.d Eael kwuterizh | ower
portion féG of géﬁebggge%égyaggbua¥gidEér%%e and gouge against the sides
and bottom of borehole 24 in response to weight and ‘
rotation applied to drill bit 220. Cuttings_and other
debris thus created by drill bit 220 may be.carried from
the bottom of borehole 24 to the well surface by drilling
15 fluids exiting from nozzles 260. The debris carrying
drilling fluid generally flows radially outward from
beneath lower portion 246 of bit body 240 and upwardly to
the well surface through annulus 26. Bit body 240 also
includes nozzle housings 263 formed on the exterior
20 thereof for each nozzle 260. Thus, the use of bit body
240 will typically result in a smaller fluid flow area
between wall 28 of borehole 24 for the same size drill
bit as compared with one piece bit body 40. ,
As previously noted, bit body 240 preferably
25 - includes three support arms 270 extending therefrom.
Only two support arms 270 are shown in FIGURE 6. The
lower portion 70a of each support arm 270 and its
associated cutter cone assembly 100 are preferably
constructed in the same manner as lower portion 70a of
30 support arm 70. Accordingly, only the lower portion 70a
of support arm 70 and its associated cutter cone assembly
100 will be described in detail with the understanding



the well surface through annulus 26. Bit body 240 al so includes nozzle

housi ngs 263 fornmed on the exterior 20 t hereof for each nozzle 260.
Thus, thﬁ'&b%?os bit body 240 will typically result in a sSpednisvsnbisgi d fl ow
area between wall 28 of borehole 24 for the ,gane size drill bit as conpared
wi th one piece bit body 40. As previously n&?ed, bit body 240 preferably 25
I ncl udes three support arnms 270 extending therefrom Only two support arns
270 are shown in FIGURE 6. The | ower portion 70a of each support arm 270
and its associated cutter cone assenbly 100 are preferably constructed in

the same mannertRgt! eWes Bﬁﬁbiaﬁszgﬁgﬁﬁoﬁpmay beURPY1H ed Mo/ Gupport arms
Accordingly, onlgothe | ower portion 70a of support arm 70 _and ifs

associ at ed cuttefOc8Rd hbedxbrysecdafed cuitesssonseassemplias 1A% the

under st andi ng WO 866034Qér portion 70a of support arm 70 and its
PCT/ US95/ 10156 19 that this sane description may be applied to support arns

270 and their a88seriatgdcsrindleofe azeesbowns inpmorehdataids ifoHIGRED,
of supporg arm 40 gndahliSeassagk [ S 4 ' ; e 1N
FlGREs o T TP 87 ahHg9Re SapiANIE 90 Anlclyes? oS 8 axteiing Hatn

i nsi de surface ¥Bsidesgppfacearm of. supPosls agdai/fres Various |feakunges tabn
70a of support L.l S§hiab | : 1S 133 Il e
82. A generall yf‘%?} ggrgér: b?Pgﬁgﬁa???ngg \sy&}’?’g%?%ﬁ S?b'iaﬁ?il I%rr‘;e esra 1{;&3
formed adj acentwitht hespeatt konakdswdadnofnspdadder 82e 76 of support arm 70

e horface o RngBRBE ST CTRSAIEL PTRR, BN Shifhd das | oo
10 preferably formed adjacent to the junction between inside
- surface 76 of support arm 70 and spindle 82. Machined _
area 85 may sometimes be referred to as the "last
machined surface or IMS" of support arm 70. A throat
relief area 87 is preferably provided on inside surface
15 76 adjacent to spindle 82 and extending upwardly
therefrom. For one application, throat relief area 87 '
may be formed in part by two symmetrically angled planes
187 and 287 tilted at an angle of approximately 15° below
what would be the normal continuation from machined
20 surface 85 to inside surface 76 of support arm 70.

- Machined surface 85 and throat relief area 87 cooperate
with each other to form a boss around the associated
spindle 82 which results in elevating backface 112 of the
associated cutter cone assembly 100 from the adjacent

25 inside surface 76. Dotted line 112 shown in FIGURE 8
| corresponds to the outside diameter of backface 112,
Planes 187 and 287 are preferably joined with each
other along an extension from longitudinal axis 72 of
. support arm 70. Planes 187 and 287 preferably each
30 include respective curved radius portions 185 and 285
which conform to the_asseciated'machined surface 85 to
create the desired throat relief area 87. For one
application, throat relief area 87 and its associated



relief area 87 is preferably provided on inside surface 15 . 76 adjacent
to spindle 82 and extending upwardly therefrom For one application, throat
relief wioosmn84o4ney be formed in part by two symetrical | ycavigosao1sé anes 187
and 287 tilted at an angle of approxi matelpy 15[ err] bel ow what woul d be the
normal continuation from machi ned 20 surface 85 to inside surface 76 of
support arm 70. Machined surface 85 and throat relief area 87 cooperate

wi th each other to forma boss around the associated spindle 82 which
results in elevating backface 112 of the associated cutter cone assenbly
100 from the pdpnesnil8Z5and 28siate pueﬁemabm& condtitgexbus nelthlZatshown in

FI GURE 8 corr d 0 S [ 2., Pl anes 187
and 287 are pfiggg’?’a Py-}%?fnfe hte cﬁ'%ggh%%%teg’r ‘b%@%ﬁ éﬂf%l% Yo% om

| ongi t udi nal buhdred eﬁghmwpdegraeslXGSOPDaaésth&?oatéiﬂ&?dpamh&mabbf each -
30 i ncl ud t AY S conform
to the assomxg?égiﬁgghlgﬁgg gur? cg§g§H? tgg&% []_#gﬁ&g%d eﬁ% \I%yc?; Yelief
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and to Kkeep

~some applications, support arm 70 may be formed from a B ‘
forging (not shown) which includes a relief area having a
convex surface corresponding approximately to throat

_ relief area 87. :

15 Throat relief area 87 substantially reduces and/or
eliminates wear normally caused by abrasive particles and
fluids flowing between backface 112 of the associated
cutter cone assembly 100 and lower portion 70a of its

_ associated support arm 70 or 270. These fine abrasive

20 particles tend to wear away portions such as shirttail 88
of the associated support arm 70 or 270 as cutter cone
assembly 100 turns during drilling operations. When this
wear occurs, the sealing surfaces between support.arm 70

- or 270.and its_associated_cutter cone assembly 100 may be
25 exposed'such that the associated elastomeric seal 116 may
fail. T o |
Machined surface 85 preferably has a generally '
circular configuration defined by radius R, as shown in
_ Figures 8 and 9 extending from axis 83 of spindle 82
30 which results in machined surface 85 extending uniformly
through three hundred_sixty degrees around axis 83 of
spindle 82. Machined surface 85 and its associated
radius R, cooperate_with exterior surface 80 to partially



| ower portion 70a and cutter cone assenbly 100 free from 10 t he buil dup
of cuttings and ot her downhol e debris. For sone applications, support arm
70 may bWOf6{08404 from a forgi ng (not shown) which incl ude PCITYIPIS6 51 oq
havi ng a convex surface correspondi ng appro%*nately to throat relief area
87. 15 Throat relief area 87 substantially reduces and/ or
elimnates wear nornally caused by abrasive particles.and fluids flow ng
bet ween backface 112 of the associated cutter cone assenbly 100 and | ower

portion 70a of jts, assqciated, support arpL70 qr. 270. These.fine abrasiye
Do O parti of SETLRR Tl etERs 2 BB AR B (Bnd nottou, fGRLTE' BF SRERREES
associ ated suppdn P oy 2D, 270 as cutter cone assenbly 100 turns during
drilling operations._Wen, t

: this ar_occurs, the,sealing surfaces between
support arm 70 -or Zﬁyéﬁ@‘???‘éﬁgﬁcp&?eﬁa@ﬁt 3 ”\'}8?1%1 a&’%ﬁ%??e YRR Be 25
exp?sed such t¥ER11JEBassqspﬁm@ﬂee??ﬁtanarwﬁdanabeAﬁ ma;;tangwe&hcgiged
surf ace prefer a genera circylar c i guratiaqn i ne
radi us Ri®err]. é%o%% F‘?gu?‘_égp%rgnﬁ% z&t%ﬁdgﬂé gfoﬁf&%FEaggYqué’ﬁl&ndl e
82 30 whi cieg s ds tie "Badi B RSV TFEXE dtmed)d ik ions Or fhis tRi@erh
three hundred si xty degrees arqang axi s 8% fi igln | e %2. Machi ned surface
85 and its assta%ReYy IE%HF%%“F& r¥9r cBpefuis Fﬂtéxf’. r SUPPREEr 35B 48 t o
partially — WVQR6) WoHtd the portion of support arm 70 which is attached
PCT/ US95/ 10156 21 define shirttail surface_88 and bottom edge 78 of support

arm 70 or 270. Bythethe 23$0ciakedsRagketidPls Rierr] conpletely around
10 By limiting the width of lower portion 70a to

approximately twice the radius R,, ears or projections
typically associated with conventional support arms and -
drill bits have been eliminated. Such ears or
projections generally extend beyond the backface of the
15 associated cutter cone'assembly and create a wedging
effect for cuttings and other downhole debris to lodge
between the ears on the leading edge of the support arm
and the'béckface of the associated cutter cdne assembly.
These wedges or packed cuttings méy then be forced into
20 the sealing area creating additional seal wear during
downhole rotation of the associated drill bit. The open
. area formed between backface 112 and throat relief area
87 allows increased fluid flow to aid in keeping the
unwanted abrasive particles away from the sensitive
25 sealing areas of cutter cone assembly 100 and spindle 82.
~As shown in FIGURE 9, cutter cone assembly 100 is
preferably positionéd on the associated spindle 82 with a
- gap 118 formed between backface 112 and the adjacent
portion of support arm 70. An appropriately sized
30 elastomeric seal 116 is preferably disposed within
: chamber_114 adjacent to,sealihg surface 120 on the
exterior of spindle 82. Seal 116 protects against the
infiltration of drilling fluids, cutting and downhole



axis 83 of spindle 82, the width of at |east |lower 5 portion 70a of
support arm 70 or 270 i.s preferably equal to twice the radius R err]. For
Some apRyOSabsds; this width may be maintained for the fRCI/USEAYISS of
support arm 70 including the portion of sugwrt arm 70 which is attached

wi.th the associated pocket 54. 10 By limting the width of |ower
portion 70a to approximately twice the radius Rlerr], ears or projections
typically associated with conventional support arms and drill bits have

been el ininated. Such ears or projections generally extend beyond the
backface of theebiis thrssgh gapl lf tto thmepaceiittween theate a wedgi ng

e et ng” B ELE R N A AR oL OOF 5Lare b3eafd® o
cutter cone assutiier corsseassshiesy olfOQ)aclam:luﬁnfnysram@ommi\lbe for ced ‘
otation of tneaRTHAFEY e g Ve BEEIRE A HBBIETI0 T 0,
112 and shr oat dldposfechrbﬁtv&'éralduMBer mrmm%hérhhhd Iw)vamd spindbe k82pi ng
e unuent e 2012516 DS A UERAE GBI Whelir ofERHSY
cutter cone as&mepr%ntedaw @mi;iqrmmm?ﬂechsarsHmmamoEImsmndl e
Suppor . ar i 70 IARREh oy (RSP R SOF SUPIBER Ak, § 10 EEe HSRLIER O
preferably di spesetemildusly hﬁfﬁlﬁd‘lﬂé&l snbp&mtntam Al exgeptr fareingden
é??l fai(;]ero:c |OLI gguscﬂ;q%l (rab?Sé Seal 116%_Prtog efﬁsicflegaslﬁ?éaéeh%énfl Iérat | o of ‘
' ‘arm 170 preferably has a generally rectangular _
conflgurata.on normal to longa.tudinal axis 72
An important feature of the present mvention
includes providing ‘shirttail surface 88 on exterior 80 of
15  both support arms 70 and 170 adjacent to bottom edge 78.
The width of the lower portion of both support arms 70
"~ and 170 may be equal to approximately twice the radius
(R,) from axis 83 of the associated spindlé' 82 to the-
outside diameter of the associated machined surface 85.
20 - Bottom edge 78 and shirttail surface 88 preferably have
' '~ an outside diameter corresponding generally with the
" outside diameter of machined surface 85. Shirttail
surface 88 preferably has an inside diameter defined by a
second radius (R,) which corresponds generally to the
25 - radius of. spindle 82 at its junction with machined
surface 85. To protect against erosion, shirttail
surface 88 may be covered with a laye_r ‘of conventional
hard facing material. Such hard facing materials
typically include tungsten carbide particles disbursed
30 withih a cobalt, nickel, or iron-based alloy mix and may
be applied using well-known fusion weldlng processes or

other suitable techniques.



"WO 96/ 05404 _ _ PCT/ US95/ 10156 22 debris
t hrough gap 118 to the space between the relatively rotating bearing

sur f aceavobeesddsadl e 82 and ‘cutter cone assermbly $00. SuchPCHUSIYIOAR6 on wil |
‘eventually result in danmage to the bearing @&senblies 5 di sposed

bet ween cutter cone assenbly 100 and spindle 82. "An alternative enbodi nent
of the present invention is represented by support arm 170 as shown in

FI GURES 10, 11 and 12. The features of support arm 170 are simlar to

previously described support arm 70, except for inside 10 surface 176
as conpared to-insi ROB AR EPTELcat i peh 25 SHOWRr iR FEEVHERa30a 11,

general |y rect gilsy %ﬁ%ﬁ&!fﬁii@é&é@ri@i éﬁ’d:@@ﬂiﬁ&?iﬁé' £6¥héd’8s ﬁﬁft B

i nportant feature of t resent i1nvention includes providing shirttail

surface 88 on && &XATAr Funface 8Gnm erPPite afhdegoohindongdtudiasént
to bottom edge z48.s HE Wil Add LS\er £O4ES PQ%L%Q& %’él b@%%éi:‘ﬂ )ergiemﬁ 70

and 170 may be equal to approxinately tw ce radi us err rom axi s

83 of th& assofaghePthipndie Brovide irnkancedcfinbdeflowobetNeenssoci at ed
rechi ned sur{ 3Gk di0 snreR0L |66 491 96, SF Bt ahdy aush2C 1iflerea

preferably have an outsi Ianeter correspondi hg genera
out si de di anet eurnflagemdfihazpeperakes seitishshirttailysunfacess8frtderabl y

Corr esponds geliinydF & T4l edad EOMEREY Jto (PLoELed EEB |\
wi th machined simfingemgmt Twih ocettingsiand ether odowsholet debriarface 88
T e e AN N Pl R UL RBCOR ol Y0410 TBLET 28] pr 4D, 2L
wi thin a cobal tTapemiej ,a ortion baf eshitttyili sunfiaicen§8benaphei ddadingg
wel | - known fQQé%béMﬂéBTEkF%&EE%?%*EfE 70 and 170 promotes increased
- fluid flow to remove cuttings and other doﬁnhole debris
between the exterior of support arm 70 and 170 and wall
15 28 of borehole 24. , '
The portion of exterior surface 80 formed between
tapered surfaces 191 and 291 is'designated as 285. For
one application portion 285 of exterior surface 80
includes a radius of curvature which is approximately
20 one-half the radius of curvature associated with wall 28
.of borehole 24. By providing portion 285 with a radius
of curvature substantially less than the radius of
'curvature'associated'with wall 28 of borehole 24, the.
associated support arms 70 and 270 will tend to move away
25  from wall 28. Thus, additional fluid flow area will be
provided between exterior surface 80 and wall 28.
Tapered surfaces 191 and 291 cooperate with portion 285
to provide enhanced fluid flow between exterior surface
80 and wall 28 of borehole 24.
30 The lower portion of support arm 370 shown in FIGURE
13 illustrates a further embodiment of the presenf
invention. Exterior surface 380 of support arm 370 is
substantially the same as previously described with



ot her suitable techniques. WO 96/ 05404

PCT/ US95/ 10156 23 For one application such as shown in FIGJURES 10, 11, and
12 t apexwylogosadaces 191 and 291 may be forned as part of pcr/gsesaoissurf ace
80 on opposite sides of longitudinal axis @4 Tapered surfaces 191 and 291
cooperate with 5 each other to provide enhanced fluid flow béetween
exterior surface 80 and wall 28 of borehole 24. Tapered surface 291
cooperates with shirttail surface 88 to provide a | eading edge 289 which is
protected frominpingement with cuttings and ot her downhol e debris 10

during oper at i arespecthdasstEmiced sirfdceido 20f support Taerl?@. a portion

of shirttail sykf. Q d | ;ﬁ%: f 70 and 170
pronotes i ncre%‘é‘%&fiaﬁ'ﬁd %%év}vlestlooq?cegn%eze%ﬁeﬁl ngsé)a%rgg%{eéc%é\&mhol e debris
bet ween the exddfifererices lgiweernrentaxrion sndfacel 380 1and extepfonf

borehole 24. T rii of tariar q;igg_g,gﬁ ;ﬁ) 'F‘fie
surfaces 191 a%gu%ftel ?bdesisg{ré'ﬂaﬂoa%’als . or %ér:ya app ig%:a [ néf)g%“?%n 285

of exterBor sufireme l8ading etlye 289 daross  taperadrsurface: 281 and

26 of " bor ehol e E261iu8, BERRER AP fror it it by PP Sof COE B ol L
substantial ly keserdthwitie a ddiyer Gf handifacimg material vsuchvas! 28 of
28 " From waltEnaBten R b 1Sy Fieirera et 4 sedBe by e
bet ween ext eri oyickellf dre i¥omshsed laliby Tanerasd may dve sapplliedduPig
coopera&% wﬁthw%'guﬁggd§ﬂ%usion welding processes or other suitable
techniques as previously described with respect to 5 ‘
shirttail 88. Shirttail extension 388 further protects
exterior surface 380 of Support=arm'370'ffom eroSiqn,
_ ‘The various features associated with lower portion
15 70a of support arm 70 and/or exterior surfaces 80 and 380
- of support arms 70, 170, and 370 may be combined with
each other as desired to provide enhanced fluid flow and
to minimize erosion with respect to machined surfaces

associated with cutter cone assembly 100 and support arms

20 . 70, 170, and 370. The se:vice. life of seal 116 and
bearing assemblies within chamber 114 are thus
lengthened. '

Although the present invention and its advantages
 have been described in detail, it should be understood
25 - that various 'changeé', substitutions and alterations can
be made therein -wii:hout departing from the spirit and
si:dpe of the invention as defined by the appended glaims.



to prOV|de enhanced fluid fIOM/betmeen exterior surface 80 and wall 28 of
borehole 24. 30 ,,_-_mm}of support arm 370 shown in

FI GURE 1%0 delo3aa4r at es a | Eeﬁpgglggzm of the present RGHREHPSI1B156
Exterior surface 380 of 5 a¢l~@g§ﬂ) i slisgbstantialTy the sanme as

gg}lbgg;} iogggcrzlélb?gs\pl)mezf to t '_'7 rface 80 of suH“II"“mu“lmmnllll

Shirttail extension 388 represents the principal difference betweer
exterior surface 380 and exterior surface 80. Shirttail extension 380
preferably ext WERT SIS CLAIMEDIéading edge 289 across tapered surface 291

and radi us portion 2§5 £g£#u§éé ”8&9&13§§t”§¥rb§o§QXS§e% Wb&% Iayer

of hard facing materTal suc en carbi artic |sperse ei’hln
a cobal t, nicketomprisimgbased aIon ﬁlX and may be applied using 10

veLl knowe 45, on vel 1y BEAGCRRERg! 4" LRy} SRLEx! SERBARSRE o

previ ously descri be res ail extéensi on 388
further Fﬁ(ﬁexnuppareemdrpsntianeadSﬁteﬁ foppoonneckisniO tor amdaniddi on. The

various feature 70a of support arm 70
and/ or exterlorggﬁiﬁg t§£8g°§%593§0 fsggsphgg §?ﬁ§ 70, 170, and 370 may be
conbi ned with each oahnmmherdeS|saﬁpbntpanmsdexeahddngdftbmléaﬁkDWHAnd to
mnimze er05|qaa¥n peft to nachlneg surfa 831 assoc;ated with.cutter
cone assenbly I %hdeiﬁép% tSaffsSYBPOrt sgms,baving as}QWerrportion .o
life of seal 1heitlndabeimsideasaefatecandi ahspinddebevnhéétede thereto,
Iengtheqﬁg. each spindle projecting generally downwardly and inwardly

~ with respect to its associated support arm;

a number of cutter cone assemblies equalling said

number of support arms and mounted respectively on one of
said spindles; and f

15 said inside surface of each support arm having a
throat relief area formed adjacent to said spindle
whereby said throat relief area and said cuttef cone
assembly mounted on said spindle cooperate with each
other to provide enhanced fluid flow betﬁeen said cutter

20 - cone assembly and said throat relief area.
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Al though the present invention and its advantages have been described in
detail, it should be understood 25 t hat vari ous changes, substitutions

and al tw@jd,(gm can be made therein without departing frorissaeissit and
scope of the invention as q__,geo by the appended clains.— — WO 96/ 05404

PCT/ US95/ 10156 WHAT |S-esANMebn®: 1.. A rotary cone n1ng
a borehol e, cap sigolle bo'_j having a | ower ext elmm“,ﬂ '"H(Hﬂ Hm

upper end port‘de%o.q- —ecormection to a drill strdng
) support arns extending fromsaid bit body, each

a (Far h ha;/me Grionepinoasi 8rehed B9 ctmamelsuh&]@gnand a
Spin e connecte reto, eacC spln e, propecti ng genera
dommmardlyamuf?éhwﬁgl?abﬁtﬁuFEﬁﬁeﬁ?n?oagﬁng§§B§|tPEHhSEpEBPPr&FRF a
nunber of cutter cweg@ﬁéﬁarbi egoffdal | Engtea Hoaygigshﬁi; gusagkt gaarra gnd
and - sai I NS de

nount ed respe on Qne o ai d spindles

surface of eac dﬂ%ﬁ??e r%V%&vfﬁﬁma5$#¢09?s?el|ef area formed adjacent to
sai d spisidl e wher elan Sepéhifg OPérmedi 8h S4£Q BaSeSwithCHt ERamBERE assenbly -
nount ed on Sald.€£IHd|e cooperate with, each other to, provi de enhanced f|UId'

© flow bet ween SEYFRAANETTRM sal@dﬁﬁe%$%%nﬁm§°ﬂﬂﬁ §%}€ baggaandelintP area.
WO 96/05404  said tip; and - PCT/ US95/ 10156

an outer portion of said base having a generally
frustoconical shape directed away from said tip and a
10 - backface surrounding said opening for said chamber . '
| whereby said backface and said throat relief area _ ‘
cooperate with each other to provide enhanced fluid flow
between said cutter cone assembly and said adjacent
inside surface of its associated support arm.

15 _ o _ :
'3. - The drill bit as defined by Claim 1 wherein
- each of said support arms further comprises: |
a machined surface having a generally uniform
outside diameter.forméd on said inside surface adjacent
20 to said spindle; -
said spindle having an axis extending therethrough
and said outside diameter of said machined surface having
a radius R; from said spindle axis; and '
said lower portion of said support arm'having a
25 width equal to'approximately twice the value of R;.

Sheet Has Been Re; la(.ed




2. The drill bit as defined by daim said cutter cone
assenblies further conprises: a general I Jmm(ﬂ“ﬂlmnmum&ody havi ng a base
and a ti pvposmsse4 avnay from sai d base; ¢ L ®&n openi mgTfUSSsrwdsd n sai d
Base with a chanber ext--;—;e 22 apenifng through said base and into
said tip; and an outer ae having a generally
frustoconi cal shape dlrr tip and a 10 backf ace’
surroundi ng sai d openin s Vhereby sai d backface and said
throat relief area cooperate mnth each other to provi de enhanced fluid flow
bet ween said cutter done &serddillarbltsasl deff bveditby Blatimslirdlaeredh its
associ ated su drill s_defined. Claim1 wherein
each of said. gﬁ%po rP r%agfﬁrst%@r%erc%msseéuré’%cﬁqmi%ﬁace havi ng a
general ly uniform outssamib sitidarditee i caroraseis Gbxtrmdlmgutﬁmﬁgh md.fﬁt@nt ]
20 to said ls e; I d._sp avinde an axis_extendi ng therethroug
and sai d out si d%gd‘lg'?r}& a%%ofsa?‘ad '}étépﬁ rﬁﬂqus"‘lﬁ ﬁﬁ;{kﬁi ‘?ﬁ R[ err]

from sai dSspi ndl e axhsmanhinad(sdnﬁune[innmedldﬁ saddirnsimets@rﬂabGVIng a
25 wi dth eq I OXi ely. twce val ue. :
96/ 05404 42 ac@nt YT Fpid /L%agﬁq ‘éb‘ % E%‘H% la"f‘YH‘gb?t

as defined by Cgenerhldiyenmiiforacoutfsitie diamgtoer defindédrimgsaropyises:

sayd spindle ha%%%gu%nngxextgéagggl?%okhgggghsplngle axis to said outside

diameter of said machined surface;
10 said lower portion of said support arm having an
exterior surface; and - _ ' B

a shirttail surface formed as part of said exterior
surface of said support arm with said shirftail surface
having a radius approximately equal to R,.

15 _

5. The drill bit as defined by Claim 4 wherein
~each of said support arms further comprise a bottom edge
defined in part by a radius approximately equal to R,
extending from said spindle axis.

20 |
- 6. The drill bit as defined by Claim 5 wherein
each support arm further comprises:

a shirttail surface formed on said exterior surface
adjacent to said bottom edge; and

25 said shirttail surface defined in part by a second
radius extending from said spindle axis wherein said
second radius is equal to the radius of said spindle.

7. The drill bit as defined by Claim 1 further
30 comprising:
said bit body having a number of pockets formed on
the exterior of said bit body and sald number of pockets
equal to said number of support arms; and
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spindle and said inside surface of said support arm 5 a nmachi ned
surface formed on sjl mﬂ j u Iw adj acent to said spindle, said

machi newosagrosfoae ha ni f orm out si de di anwcIVUsISMorsed i n
part by a radius R err] exten |ng from sai glgspi ndl e axis to said outside

. dianeter of said machined surface; said | ower portion of said
support arm havi Ler B H»(,g and a Shl rttail surface forned as
part of said ext ggT%rg ggﬁ ")',};go? Fld support armwith said shirttail
surface having a _a:aaf:ax:t:aeately equal to Rlerr]. 15 5. The drill bit
as defined by d ai nedclm/nefesmdashppér’saadmsuapnatheﬂnsof ohehef saddri se a
bottom edge d d Ln {t b dius.a X t equal to Rerr]

ext endi ng froﬁqé %p?lﬁdﬁée %:gerg%rfsof g‘ﬁigdbgﬁ EB¥¥ as defined by Caim
5 wherein each. support armfurther conprises: a shirttail surface formed on
sai d. exterior surf cent d bott e d, 25 said
shirttail surface defi ng'gh #f a2 éﬁﬁ gg’?&segﬁf"@nal FYTEREH sai d
spi ndl e &axi s vduamgris g dtlsne@rsiegm@tﬂs weldedawith éachrothes €b said

spindle. 7. e dri t_as i.ne Cl ai rther 3
conpri sing: r@: ioi?ﬂyf %ﬁg %ﬂb‘é dysa @ci@i FPOPRREC oA ®Ae exteri or
of said bit bmigtem!h i thewetweomof packets equal to said nunmber of support

arnms; and =~ WD 96/ 05404
PCTI US95/ 10156
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28 each of said support ar ms- attached to one of said pockets on the
exterior of said bit body. 8. The drill bit as defined by Claim1 further
5 Coww 96005409 t hr ee segnent s wekded=wrth each other to RGHWEYWSHPIS§ form

said bit body and said STRpQI f.aresextEhd|eg theref r om VWO 967/ 05404

PCT/ US95/ 10156 29 9. A {support.-amwkand cufiter assenbly fo T
bit having a bit body conprising: sai‘d sltpport arm having. Hmm\m Em" |l)l l II
with an inside surface, an exterior surface, a shirttail surface Woos s

formed as part of said exterior surface and a bottom edge; said inside
surface and said shi Prtai B suPPesd Bemmaad ewtitero@s wdar @& motany

said bottom edgg.;a1SRkkrd h t ' opmlgﬁl' I rface near said 10
bott om edge andagﬁgﬁegﬁgo&%mvg?lw% g’ﬁ'& ?’r? rgﬁ y vvil'%ﬁ'nr%éspect to said support
arm _said cutter con8aidssupppritadirmg havidge s dewen pox tdienrveith @amed
therein for moughbigesghileaue! Chnt Rt edIRe i ARl AL AL Hihdate

- said inside surface of saild support armhaving a throat relietr area torned
adj acent %o sai §orpeddhs padtebyf said extexiorcisuwsifagecanthd fottaont ter
cone assenbly rTPPgEed on said spindle cooperate with each other to provide
enhanced fluid W bet ween said cutter 20 cone assenbly and said throat
relief area. 10. Thesadgpdnsidemsunrface ond caid shdatiiailofsurface

formed contiguous.with each other at said bottom edge;
a spindle attached to said inside surface near said
10 ‘bottom edge and angled_dowhwardly and inwardly with
respect to said support arm; _
said cutter cone assembly having an opening with a
chamber formed therein for mounting said cutter cone
assembly on said spindle; and
15 said inside surface of said support arm having a
throat relief area formed adjécent to said spindle
whereby said throat relief area and said cutter cone
assembly mounted on said spindle cooperate with each
other to providé enhanced fluid flow between said cutter
20 cone assembly and said throat relief area.

10. The support arm and cutter cone assembly of
Claim 9, wherein said throat relief area further
. comprises a pair of tapered surfaces extending upwardly
25 from said spindle and intersecting with each other along -
2 line projecting from a longitudinal axis of said
support arm.
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Claim9, wherein sai area further conprises a pair of
- tapered surfaces ex ﬂ"m lﬁim[mmjirml from said spindle and
i nt er sqgblopfsablst N €ach cher m|l ong*a |ine projecting fropc@nkwggnsudlnal
axis of sald support arm WO 96/ 05404
PCT/ US95/ 10156 30 1 The supng;: T8 and?cutter cone assenbly of Claim?9
wherei n sai d support__atrfe t g\segﬁmm\ses a machi ned surface having a :
generally uniformo B JRARE fork d on said inside surface adjacent 5
to said spindle; sal‘ z axi s extending therethrough and

sai d outside di aneter=oThel SupB6Pt NeemSahdagetbayi 86na aagdembl i 8Er] from
said spindle axis; and sai d, | ower portion of sald sugFort arm having a 10 °

wi dth equal t &R okivhersinispid ?‘I’IEPQEFu%rBf oy Ehefr cemPrif@Ssupport arm

and cutter cone assgidohDied ShFFdceraeing sai éeﬁé‘?@l’l 8hiEbymt her
conprises: said spindle having an axis extendin hroug said 15

spindl e and sA4rside d@"-%‘\!ﬁ?%efm%‘al‘épsWr%gﬁ% de & ﬁ’géﬁFnéejéﬁﬁP’a'ce
formed gn sai ¢d N e speddee; adj acent to said spi ndl e, said machi ned
surface having a generally: uni f or m out si de di ameter defined in part by a
radius Rlerr] exterffil IpALiRCIRG AR a%is eastemansutbeaetﬁsough

di ameter of sgy "BHH Kk Sikd GLameeeF £ EaiROMAERINEA §§téaéapﬁaﬂn§rm

having an exterior surface, and a shirttail surface fornmed as part of Said
exterior surf@&&asiuvmiRy s-,‘t}'ﬁpblstai&’r BoAndd & axd-sshiand ai | surf ace

said lower portion of said support arm having a
10 width equal to approximately twice the value of Ry.

12. The supporf arm and cutter cone assembly of
Claim 9 wherein said support arm further comprises:
said spindle having an axis extending through said
15 spindle and said inside surface of said support arm;
a machined surface formed on said inside surface
adjacent to said spindle, said machined surface having a
generally uniform'outside'diametér-defihed in part by a
radius R, extending from said spindle axis to said outside
20 diameter of said machined surface; '
| said lower portion of said support arm having an
exterior surface; and. '
a shirttail surface formed'as part of said exterior
: - surface of said support arm with said shirttail surface
25 having a radius approximately equal to R,.

13. The support arm and cutter cone assembly of
Claim 12 wherein said support arm further comprises said
' lower portion having a generally rectangular cross-
30 section with the width of said lower portion equal to
approximately twice the value of R,.
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25 having a radius approximately equal to R err]. 13. The support arm

and cutter cone assenbly of Caim 12 wherein said support arm further

conpri seswe 8§/gsdopwer por tion haVI ng_a_general | y rectangul aPCTUSSS510180

section with the width o §@. Be ﬂggrthqglequal to approximately twce
‘

e s ) S el cone scer RN

PCT/ US95/ 10156 14. The
wherein said botton1edge is deflned in part by a radius appfoxi ma

to Rlerr] extending fromsaid spindle axis and said shirttail surface
extends 5 cont i.nddus! hedjsapport arsaiahd autberdpme kissehilsl  uppor t

arm and cutter asse 9 ere| sald or arn1f ther
conprises a pai rE?gﬁ. gge% fnfgc,agéfg’l R c?é‘}e(f u’fj
ext-eri or of sa|uaduppoappEDMWNQMmenequamﬂtma@h gkhendlﬁg ffbm suﬁﬁort arm
Mntersect wi th SHLBGLf Axdg And Aedd SRERE s SR SRS oo d 1
support asm 17conthaususiyr adjacentd tolisadd Gottows wdgdy of Claim9
wherein said cutter cone assembly further conprises: 20 _ a
generally conical cutter body having a base portion and a tip portion

ext endi ng t her ef rom W'st.h E‘hjedsuppbimga&ﬁr(ljmgi idﬁt&ﬁﬂd&@ﬁﬁéﬂfl’y cﬁfﬂli d .
cavity extendin fro L d_openi n_sai ase rti.on partl t hr oug
said tip, and o5taill 9 Wherednsaid Supfors A Hurthek s a pair

surroundlng saldfopapem@dwhem@hbe%adiﬁﬁﬁ#&ﬁQQnyriuaiﬂ&Iﬂyfﬁﬁ sf£id ef
10 “exterior of said support arm opposite from each other.

_ l6. The support'arm and cutter cone assembly of

Claim 15 wherein said tapered surfaces intersect with

said shirttail surface near said bottom edge of said
15 support arm. ' '

.17. The support arm and cutter cone assembly of
Claim 9 wherein said cutter cone assembly furthef '
comprises:

20 a generally conical cutter body having a base
portion and a tip portion extending therefrom with said
opening formed in said base portion;

said cavity extending from said opening in said base
portion partially through said tip; and
25 ' a backface formed on said base portion surrounding
said opening whereby said backface and said throat relief
area cooperate with each other to provide enhanced fluid
flow between said cutter cone assembly and said adjacent
inside surface of said support arm. '
30 '
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area cooperate with vi de enhanced fluid fl ow between said
cutter cone assenbl ymﬁ |m muimlalﬁmt i nside surface of said support arm
30 W/ @ §6/68ad 4 * L K5 ow ' PR SAnbid4156 32

18. A support armand cutter cone assenbly 4or a rotary drill bit having a
bit body conpri sing: $a# :Qaying a lower portion with an inside
t aj

o=5T] N |
surface, and exterior SRRt %%E%?F | surface 5 formed as part of
said exterior SUFfaCGJESQﬂQ;“MmWQH%%dgﬁrﬁsaid i nsi de surface and said
shirttail surface for contiguous wth each other at said bottom edge; a
spi ndl e attached tol$ai dA supperdrdme ambduttar ddhe assEMBO Bsk9ey and
angl ed downwar d r ol i.th respect to said support arm said
cutter cone asgé)r%?& Hé.g:yﬁ‘g%&% gﬁé’rﬁ% %"ﬂ: g’@amp.’fp’tﬁ% therein for
nounting sai d cuttesaddneuppserblagm havding wiloWexr pbrtion with @i d | over -
portion of sai or r.m_havi a_. longitudinal axis extendi ng
t her et hr ough; gﬁgEggpgbf%SFevaﬁ@%@&XEEF£g§é§QE&§§E§e@w Gtad b Suxfage
sai d ext®rior forhedeasppatitt off saideastertiver surdavedand BiRttdaral | el
with said | ongitudinal axis. 20 19. The support armand cutter cone

assenbl y of ClﬁgﬁFiB wherein said tapered surfaces intersect with said
shirttail surface nsaidsahgibdet kR¥Ffadec add salid sHWIRPHaidr Burface

formed.contiguous-with~each other at said bottom edge:

_ a spindie attached to said inside surface near said
10 - bottom edge and angled downwardly and inwardly with
respect to said support arm; _ ‘
said cutter coné.assembly having an opening with a
chamber formed therein for mounting said cﬁtter cbne
assembly on said spindle; . | .
15 said lower portion of said supﬁort arm having a
longitudinal axis extending therethrough; and
_ a pair of tapered surfaces disposed IOngitudinally
on said exterior surface opposite from each other and
approximately parallel with said longitudinal axis.
20 B . - |
19. .The support arm and cutter cone assembly of
Claim 18 wherein said tapered surfaces intersect with
said shirttail surface near said bottom edge of said
support arm.
25 _ _ .
| 20. The support arm and cutter cone assembly of
Claim 18 wherein said inside surface of Said support arm
comprises a throat relief area formed adjacent to said
spindle whereby said throat relief area and said cutter
30 cone assembly mounted on said spindle cooperate with each
other to provide enhanced fluid flow between said cutter
cone assembly and said throat relief area.
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25 20. The support armand cutter cone assenbly of C aim 18 wherein said
‘inside surface of said support armconprises a throat relief area forned
adj acent WO 9%@s44spi ndl e V\hereby,sg.lﬁ;e%ﬁgt relief-area amCTAISYIeLS6t er 30

cone assenbly nounted off"sal.d spindiesconpgergge Wi th each other to provide

enhanced fluid flow bet eéh' S§Edlﬁgtber cohe assenbly
relief area. WO 96/ 0 QOAL__-——_ = Inﬂ" | “ E" !ll
'PCT/ US95/ 10156 21. The support arn1and cutter cone asse Ye OfL

wherein said throat relief area further conprises a pair. of tapered
surfaces extending upddsdl Fher suppart spmnahd eutitent copecaissgmbllongfa | ine

Support oo tna 1R 28 #hbPROh' BALATLNANAE 80138ecaPURPHI R 22 The

support armand cutter cone asse ePEPR SEFENFroat reli ef
area further 10 cOmprbaesidcpain OfrtapeapdrsdrfacEacexeenddﬁgn@pmandmy3/

from said machi m Y& f&espfnéfggggdtgﬂ@gggeéﬂékgcglgﬁgegdng_Spmardly

from said machi ned surtface; Sal I IS urface

joi ned w th sai dexeiectingpfren saiflatengibudinapr axdst odn shidmsappodrt

| ongi t udi nal axi f said support arm 23. The support arm and cutter cone
assenbly of 20 T aim22 wherein said throat relief area further
conprises said first tapered surface and said second tapered surface form

contiguous with approg mighy iifpob hr' ahf°cB¥taE 880 LiSRHLY Ot
Claim 21 wherein said throat relief area further
10 comprises:
a first tapered surface extending upwardly from said
machined surface;
‘a second tapered surface extending upwardly from
said machined surface; and
15 said first tapered surface'joined with said second
tapered surface along a projection from said longitudinal
axis of said support arm.

23. The support arm and cutter cone assembly of
20 Claim 22 wherein said throat relief area further
comprises said first tapered surface and said second
tapered surface form contiguous with approximately one-
half of the outside of the outside diameter of said
machined surface.

- 25
24. The support arm and cutter cone assembly of
Claim 18 wherein said spindle is sized to accommodate
more than one cutter cone assembly.
30 25. The support arm and cutter cone assembly of

Claim“;B wherein said exterior surface further comprises;
a center portion having a radius of curvature
disposed between said pair of tapered surfaces; and
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machi ned surface. 25 24. The support arm and cutter cone assenbly of Caim
18 wherein said spindle is sized to accommpdate nore than one cutter cone
assenbl wo8os404 - 25. The_s =t arm and cutter CONBCHES2/MOUS6 Of

| ' ' COT, 28 i furBler conprises; a center portion

Bi']‘@@ BI‘EM' fledi "SFG;,' _‘@ d|bet ween said pair of tapered p

B ! S&G T adi us of curvature for said center portlon equal to

appr oxi rrately one half the radius of a borehole forned by said drill bit.
said radius of curvature for said center portion

equal to approximately one half the radius of a borehole'
formed by said drill bit. .
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