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i_nvention Sin general to rotary drill bits used in ®AIVYSE0051
bofehole in the earth and in 5 particular to a drill bit having a - -
one-pi ece bit body which enhances fluid flow during drilling operations and.
supstantially reduces restrictions to fluid return from.the bottom of the
borehole to the well surface. WD 96/ 05405

PCT/ US95/ 10051 BACKGROUND OF THE | NVENT | ON Various types of rotary drill
bits or rock bits may be used to forma borehole in the earth. Exanpl es of
such rock bits include roller cone bits or rotary cone 5 - bits used in
drilling oil and gas wells. A typical roller cone bit conprises a bit body
wi th an upper end adapted for connection to a drill string. A plurality of
support arnms, 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 cone bits are typically constructed fromthree
segments. The segments 599Kb3130§1?ﬁoﬁEHAN6§§tEbUIDoRgEUBNiAREhy with a
wel d groove 15 = between each segnent. The segnents may then be wel ded

TECENICAL FIELD OF THE INVENTION

This invention relates in general to'rotéry drill
bits used in drilling a borehole in the earth and in
particular to a drill bit having a one-piece bit body
which enhances fluid flow during drilling operations and
substantially reduces restrictions to fluid return from

' the bottom of the borehole to the well surface.



w th each other using conventional techniques to fornhthe ?it boﬂy.bEach
segnent al so includes an associ ated support armextending fromthe bit '
bogy. An WO%O8O§ cavity or passageway is Bypically fornmed PRTUSES/HOB! hody
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 fromthree
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10 protruding radially inward and downward with respect to a
projected rctational axis of the bit body.

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

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

20 to receive drilling fluids from the drill string. U.S.
Patent 4,054,772 entitled, Positioning System for Rock
Bit Welding shows a method and apparatus for constructing
a three cone rotary rock bit from three individual
segments. U;S. Patent 4,054,772 is incorporated by

25 reference for all purposes within this application.

' A cutter cone assembly is generally mounted on each
spindle and supported rotatably on bearings acting
between the spindle and the inside of a spindle receiving
cavity or chamber in the cutter cone. One or more nozzle

30 housings may be formed on the bit body adjacent to the
support arms. A nozzle is typically positioned within
each housing 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



U S. Patent 4,056,153 entitled, Rotary Rock Bit with Ml It i gl eRRO\liv CB:pverﬁge
for Very mations and U.S. Patent 4,280,571 entitle 0C It show
exanpl es 5@%50':5%5 conventional roller cond bits with cuttdCIE10051
assenbl i es mounted on a spindle projecting froma support arm U.S. Patent
4,056,153 and U.S. Patent 4,280,571 are incorporated by reference for all
pugposes within this application. 1 While drilling with such

5 .
rotary bits or [ t1] d ofher. types of_debris may collect in
dovvnhgl el ocat%egl%?%vﬁqt%sprreoﬁééége%’ %r}tﬁ cﬁ?’ﬁblw g%?_ef}ﬁ)lte% R é‘iﬁ’ﬁ FEE3bns
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adj acent to t Eﬁﬁﬁﬁﬁi ort arns...t annul.us area between
thJe exterior g‘.?xe[ e bit \tg)?d;%%aen(?%%egpogtﬁr'ace R WS (R . o her
areas of restﬁ&ﬂﬁﬂbhﬂaﬂnﬂaﬁdmuannyﬁngﬂthkeddttingﬁdnﬁ%?iﬁiyPu?$W§?£fL|ve
cutter gone a g‘r‘g EQ%{ ; [ I (B WeL t he
bgr ehol g’. 25 an Hegrslp su r%d 3@'%# rt}g}els;%&s%lé'héﬁﬁged t%e:t"é?eé'é. il abl e
for fluid flo®Xtenieduedd tdeebiftuhddy anﬂnﬁhérup{f1af1thenhﬁfﬁholeflU|?
velocity thro S eas Sj -0f i t adj acent tal conmponents.
As thi syerosi g%@ﬁr%:{gglge?,s' Vi t’a{'l(?:Jr cc?r?pq:g'r%fﬁ% gﬁ’c J%Clﬁ%‘ﬂ? [E’g% W seal s 30
may be exposedMuldighlid |Rowy ddweryeafbmeldryd alitd Mgt fons |fadl U 5.

[ i ated rock bit. WO 96/ 05405
Eg%ggglelggg%%een%f 4t,r}%06}%sﬂme%teltled, Rock Bit show examples of

10 conventional roller cone bits with cutter cone assemblies

mounted on a spindle projecting from a support arm. U.S.
Patent 4,056,153 and U.S. Patent 4,280,571 are
incorporated by reference for all purposes within this
application. )

15 While drilling with such rotary bits 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
lower portion of the bit body adjacent to the respective

20 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 inclnde the
backface of the respective cutter cone assemblies,
portion of the support arms and the wall of the borehole.

‘25 As a result of collecting such'debris} the area available
for fluid flow is reduced even further resulting in an
increase in fluid velocity through such areas and erosion
-0f the adjacent metal components. As this erosion
progresses, vital components such as bearings and seals

30 may'be eprsed to drilling fluids and well debris which
can lead to premature failure of the-aésociated rock bit.



4 SUMVARY OF THE I NVENTION I n accordance with the present invention, the
di sadvant ages and probl ens associated with previous rock bits and rotary
cone dri kg, E&&sgoyave been substantially 5 reduced or gidgrgeshendr One
aspect of N4t present invention includes a one-piece or unitary bit body ¥ °
whi ch provides enhanced fluid flow around fhe exterior of the bit body and
associ ated support arns during drilling operations resulting in enhanced
fluid flow for renoval 10 of cuttings and other debris fromthe bot t om”
of the borehole to the well 'surface. The lower portion of the bit body

adj acent to t@m@@@fmg f_),gﬂﬁ-rféﬁs preferably includes a generally
convex exteri T rates stagnation of cuttings and/ or
drilling 15 f 1 Ufrisaceendance t'eith obke -pEesent cknwerbient eBhei t h each
support arm - Thes £apyeXa et f &6 ?foﬁf&n@'és?@éih@é@@iﬂ% PPYpIBRE Pbck
cuttings and other debris radla outward fromthe cutter cone assenblies
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Anot her aspect of t resent 1 nvention |ncludes maintaining the outsjde

di amet er of th’é“fﬁrltmyl%lwIaﬁn?)'cﬁﬁ%ﬁeowlllbt%ﬂllblb ¥i Waiehr
standard Aver igiafy R84 aRAS H1 e £16))aFAAET LIk {e£OBRESE §RSthE 25
attach the associated dril rill string. By n1n|n12|ng t he
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of the associ ek 4idHy FOEE1EHNG | il dnidikcdd ee NP1 & NPl 6w "BYr Pemoval
10 of cuttings and other debris from the bottom of the ‘

borehole to the well surface. The lower portion of the
bit body adjacent to ﬁhe associated suppbrt_arms
preferably includes a generally convex exterior surface
which eliminates_stagnation'bf cuttings and/or drilling

15 : fluids-above-cutter.cone assemblies associated with each

. support arm. - The convex surface of the bit body promotes

movement of cuttings and other debris radially outward
from the-chtter cone assemblies towards the wall of the
borehole and upward through the annulus formed between

20 the wall of the borehole and the associated drill string. .

Another aspect of the present invention includes

maintaining the outside diameter of the bit body as small
as possible while still providing for standard American
Petroleum Institute (API) roller bit connections to

25 . attach the associated drill bit with the drill string.
By minimizing the outside diameter of the bit body, the
fluid flow area between the exterior of the associated
rotary cone drill bit'and'the borehole may be
substantially increased. = For some appliéations, the

30 .present ihvention allows an increase of twenty percent
(20%) or more in the fluid flow area between the exterior
of the bit body and the wall of the borehole as compared
with many-conventional rotary cone drill bits having the

same gauge diameter.



Substantially increased. For sone applications, the 30 present

I nventio | | an increase of twenty percent (209 or no | fluid
flom1are2“@ﬁ¥&%§ﬁ the exterior of the bit body andrthe_mal?88?E?#gﬁ%orehole
as-conpared with many conventional rotary c®ne drill bits having the sane
gauge di aneter. WO 96/ 05405 _ _ _

PCI/ US95/ 10051 5 A further aspect of the present invention includes the

ab?lity to optim ze the position of each support armand its associated'_
' fl.ow het ween the exterior of the bit
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Opti mi zi ng t he thecabiidd tof tcheptintiere ditee prasidnivn et r?cﬂ Iusil.gagifcfroﬁ f'&;:r%
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PSPt St et e e e e
the bit body weERSSE "5 Rec trks nebit OF sh BatRiiabelt Wi el it oo
support. arns aWeésylts in increased fluid flow and movement of cuttings
from the space'between the lower portion of the bit body
10 and the cutter cone assemblies to the outer portion of
the associated rotary drill bit and upwardly through the
annulus between the drill string and the wall of the
borehole. | - -
Important technical advantages of a one-piece,
15 unitary bit body incorporating the present invention
include the ability to'position fluid nozzles at various
 locations within the bit body.without affecting the
design and position of the associated support arms and/or
cutter cone assemblies. Positioning the nozzles and
20 their associated fluid flow passageways within the bit
‘body eliminates the need for nozile housings or nozzle
bosses which are often formed on the exterior of previous
rotary drill bits. . Such nozzle housings or nozzle bosses
" substantially reduce the available area fof return fluid
25 flow between the exterior of the associate.dfill bit and
the wall of the borehole. Depending upon the intended
use of the respective drill bit, the present invention
’ aliows the fluid flow from the nozzles to be direéted
Substantially parallel with the projécted axis of
30 . rotation of the drill string and drill bit. Fluid flow
from the nozzles may be directed in between adjacent
cutterlgone assémblies. _Also,.the fluid nozzles may be
positioﬁed near the center of the associated bit body to
prevent fluid exiting the hozzles from interfering with



cutter cone assenblies. Positioning the nozzles and 20 their associ ated
fluid flow passageways within the bit body elimnates the need for nozzle
housi ngs Qip fRR&fds€ Posses which are often formed on the ex petiuass/mbhs1
previous rotary drill bits. Such nozzle hogflngs or nozzl e bosses s
substantially reduce the available area for return fluid 25 1 ow
between the exterior of the associate drill bit and the wall of the

bor ehol e. Dependi ng upon the intended use of the respective drill bit, the®
present invention allows the fluid flow fromthe nozzles to be directed

substantially eaéakhsh %?th bhefmﬁQHQCEeeuéﬁaﬁﬁotréa the b8tebhoBfOknkhe

drill string and drill fromthe nozzles may be directed in
bet ween adj acehereheder wibhethesenbraibedarystings f 1 ui d nozzl es may be

posi tioned near thepgepher eéchhecaisaavaheggEstotoéuetgreseﬁ%nt fluid
exiting the nozzles frominterfering_ w

PCT/ US95/ 100511BVeREieRofnEaRdeoPreViAdRg, 8t QRArRSFRonBRAEAEY: Pdth BPAVhe

bor ehol eswi t h ﬁQ@lﬁQtéasQﬁﬂeﬁﬂi&amgénlEﬂgéae&ayﬁﬁbntéareééiﬁataﬂgilththe
present invention,include provid a. one- glece upitary:-bit body 5

having a symettvids ERPH RE E§§P &aFSer E;%eSHFFPgrngoPPuPHsmPFSn1the
associ at ed dr'fiuﬁdrpagsagéﬁéygraﬂETﬁréférQbD§S§Q69ﬂ§¥§ tbeineekseakl y

provided to |né§£s§§éléhe caV|ty | engt h-and di ameter of the fluid
y. The ength and lameter of the fluid
passageways may be selected for some appllcatlons to

10 "'prov1de lamlnar flow to ‘each nozzle which substantlally ‘
reduces erosion of the nozzles and/or internal surfaces
of the bit body. The fluid passageways may be ea51ly
machined w1th a relatlvely stralght, uniform inside
diamter. ' '

15 Another aspect of'the'present'inyention includes
forming a rotary rock bit from a one'piece, unitary bit
body hav1ng one or more pockets to receive a respective
support arm. A spindle is preferably formed as an
1ntegral part of each support arm for mounting a cutter

20 " cone assembly on each support arm. The present invention
allows designing'the pockets in the unitary bit body and
their associated support arm to position the cutter cone
assemblies at the optimum location relative to the bit
body and borehole wall for enhanced fluid flow and return

25 ‘of cuttlngs to the well surface durlng drllllng |
'operatlons.

Another 1mportant technlcal advantage of the present
invention includes prov1d1ng a rotary cone drlll bit
'hav1ng a bit body and support arms which may be formed

30 from.different types of material. For example, the bit
'body may be formed from AISI 8620 alloy steel which
minimizes manufacturing oosts of the bit body, while

o providing enhanced downhole performance of the associated
drill bit and limits the use of other relatively high



passageways may be selected for sone applications to 10 provi de | am nar
flow to each nozzl e which substantially reduces erosion of %&é@&ﬁ@gf
and/ or i nWE68S405yr f aces of the bit body, The fluid passaé’ Y
€asily machined with a relatively straight,7uniforminside dianter.

Anot her aspect of the present invention includes formng a rotary rock bi t
froma one piece,  unitary bit body having one or nore pockets to receive a
respective support arm A spindle is preferably formed as an i htegral part
of each support arm f rmuntl n%}a cutter cone rﬁ]éyse |y on each

support arm "’lﬁ?’ﬁlar]tﬁfvst%lefé?lﬁ?ﬁ% Q FWPRHE he

unitary bit bod¢mand tmﬁisr, A § e S 15 UiRPBAST £ i8N e yisd tiron the cutter
cone assenbli es theotlnum(ipcatlon rel tlvetothelblt body. and
bor ehol e wal | 15(5& ¥ IRRMGeD FahRF 1k 59558 While,PRaNiding (o the

wel | surface de¢nhahodd |ddvﬂg1d]}§,‘rlﬁﬂmrf&@t her inportant technical

advant age of the present invention includes providing a rotary cone drill
bit having a bit body and support arns which may be forned 30 from
different types of material. For exanple, the bit body nay be formed from
Al SI 8620 all oy steel which m nimzes manufacturing costs of the bit body,
whi | e provi di ng enhanced downhol e performance of the associated drill bit
and limts the use of other relatively high



WD 96/ 05405 PCT/ US95/ 10051 7 cost
alloy steel materials to formng only the support arms. Thus, the present

i nvent i oworegMsdoss i n substantially reduced naterial costspgfigssseovi di ng
enhanced downhol e perfornmance. WO 96/ 03405 z
PCT/ US95/ 10051 8 BRI EF DESCRI PTI ON OF THE 'DRAW NGS For a nore conplete
under st andi ng of the present invention, and the advantages thereof,
reference is now nade to the follow ng descriptions taken in conjunction 5~
with the acconpanying drawi.ngs, in which: FIGURE 1 is a schematic draw ng
in el evati on BREER cPESCRI PTIGN COF t THE SDRAWRGEGS away- showi ng a rotary cone
drill bit, incorpqgtating features of the géese _invention attached to one

nt
end of a drill strify iSPosPrRtete ypd %R@M%;'Oﬁﬁmpée%nﬁn _
| somet ri ¢ _dr dmiventsiunyi nghah 108 a2yl OeleskedEW Rrérambarys ooy dri ||
It I ncor por tl an oal nt, o e present | nventi on; { S IS an
expl oded dra&Fﬁ%gﬁ?5§§ﬁié§i¥§ﬂﬁﬁ91 %EFéHPthﬂﬁiEﬁEFQﬁl%iQﬁﬁﬂ%ﬁ%kkp%it
body, $uppor withmtiendaadntpnwione deeeitys, | wied i ng an enbodi nent of
the present i nventd Qme 1 74F &' dchehat " dhwihg 4H ' Slevarion ana "¢ P! ©°°

section with portions broken away showing a rotary cone

drill bit, incorporating features of the present
invention attached to one end of a drill string disposed
10 in a borehole;

FIGURE 2 is an isometric drawing showing a partially _' ‘
exploded view of a rotéry cone drill bit incorporating an
embodiment of the present invention; |

FIGURE 3 is an exploded drawing iﬁ section showing

15 portions of a one-piece bit body, support arm, and cutter
cone assembly incorporating an embodiment of the present
invention;

FIGURE 4 is a drawing in section showing a one-piece

~bit body incorporating another embodiment of the present
20 invention; ' | '
| FIGURE 5 is an end view of the bit bodies shown in
FIGURE 3 and in FIGURE 4;
FIGURE 6 is a drawing in section showing a one-piece
bit body inéorporating,a further embodiment of the
25 present invention;
FIGURE 7 is a drawing in section taken along lines
.7-7 of FIGURE 6; | . |

FIGURE 8 is a partial end view of the bit body shown

in FIGURES 6 and 7; and

30 _ FIGURE 9 is a drawing in section of a bit body
showing an alternative pocket configuration and
alternative locations for fluid nozzles in accordance
with the present invention.
DETAILED DESCRIPTION OF THE INVENIION




bi t body i ncorporating anot her enbodi ment of the present 20 I nventi on;

FI GURE 5 i‘g‘)%}“i‘ﬂ% view of the bit bodies shown in FI GURE fpg,@g?{g&o@leE

4; FI GURE rawi ng in:section showi ng a one-piece bi _ _
i nGorporating a further enbodi nent of the 29 present invention; FIGURE
7 is adramng in section taken along lines 7-7 of FIGURE 6; FIGURE 8 is a
pattial end view of the bit body shown in FIGURES 6 and 7; and 30

FIGURE 9 is a drawing in section of a bit body showing an alternative

B o ot hor IR OB SRR %ok Sndl ML IRE LS5 lcn
| NVENTI ON VWEIgh/ Desicadvantages are best understood by rgferr%?gntg 4 ite
vancages oo BT ELLHIR NG, o H5gRETs SUISS LSRR
T R syt el frar sl
?ngppgzésn? i nvent i'&ﬁﬁ%&J# &Jgél]nd%%é/@t:%%g %‘Eﬁ?‘?s%ftogo_ of the type ’
used in drillirglnskration ithe Ipresent. iReemtjon ohe enbodiedt iROrdbary
sometines be  cone drill bit 20 of the type used in drilling a borehole
in the earth. Rotary cone drill bit 20 may sometimes be
referréd to as a "rotary drill bit" or "rock bit."

10 Rotary cone drill bit 20 preferably includes threaded
.connection or pin 44 for use in attaching drill bit 20
with drill string 22.  Threaded connection 44 and the
corresponding threaded connections (not shown) associated
with drill string 22 are designed to allow rotation of

15  drill bit 20 in response to rotation of drill string 22
at the well surface. _ :

- As shown in FIGURE 1, drill bit 20 may be attached
to drill string 22 and disposed in borehole 24. Annulus
26 is formed between the exterior of drill string 22 and

20  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
other fluids from the well surface to drill bit 20 at the
‘bottom of borehole 24. Such drilling fluids may be

25 _" 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 bbttom of borehole 24

- will mix with the drilling fluids exiting from nozzles 60
and return to the welllsurface-via annulus 26. _

30 ~ For rotary cone drill bit 20 cutting action or
drilling action occurs as cutter cone assemblies 100 are
rolled around the bottom of borehole 24 by rotation of
drill string 22. The resulting inside diameter of

~borehole 24 defined by wall 28 corresponds approximately



referred to as a "rotary drill bit" or "rock bit." 10 Rotary cone dril
bit 20 preferably includes threaded connection or pin 44 for use in
at t achi njVQI96/0S#050i t 20 with drill string 22. Threaded coM¢T&SOYMORY and

the correspondi ng t hreaded connections (nato shown) associated with drill ¢ °
string 22 are designed to allow rotation of 15 drill bit 20 in response
to rotation of drill string 22 at the well surface. As shown in FI GURE 1,
drill bit 20 may be attached to drill string 22 and disposed in borehol e

24. Annulus 26 is fornmed between the exterior of drill string 22 and 20

the interior &fitalthesceubingditside dJ@i“%ﬂéﬁﬁ teBroaege citameedref| bit

20, drill stri t Vi | I ng
drilling flui (Fiﬂ:‘?%: &ﬁgjr ﬁ)sw ér%n:]pc{ dﬁf sur cée %%é%m ﬁ%o at
t he bottom of dsoRExALke mttsmmrqnhemgtq | kpwe wald 8 xbf boreholket2d to

flow fromdrilg de it 20.
Cuttings for mnilél by aﬁ}ﬁ?ébt%(? ]y&{éa a%éat]ﬁée]iﬁg%% fésfo at Ct%ﬁgt%%t%%rrlﬁ?o

bor ehol & 24\MQSSQﬁQAAﬁ%fiQ9uﬂ4ﬂ|§Qm¢E}m¢§uhﬁ;49@%#?&?f¢QNﬁ$Kﬁ§9%%rBO and
return to the dkld St \d2 Il s bhe Matters. FoOr rotary cone:

drill bit 20 cutting.action or drllllnﬁtactlon occurs as cutter cone

assenbl i es 100 ar e A% |SharmriguRLIGURES Gkt In Aot BRfie QULERT (GARE | on of
drill string 2%sehifly add tlrﬂﬂl.ddb% et HPtiged 1Y ehodie provaidires by

wal | 28 corresponds approxi nately
inserts 104 which scrape and gouge against the sides and

10 bottom of borehole 24 in response to the weight and ‘
rotation applied to drill bit 20 fromgdrill string 22.
The position of cutting edges 102 and inserts 104 for
each'cuttef cone assembly 100 may be varied to provide
the desired downhole cutting action. Other types of
15 cutter cone assemblies may be satisfactorily used with -
the present invention including, but not limited to,
cutter cone assemblies having milled teeth instead of
‘inserts 104. Cuttings and other debris created by drill
bit 20 may be carried from the bottom of borehole 24 to
- 20 - the well surface by drilling fluids exiting from nozzles
~ 60. The debris carrying fluid generally flows radially
outward from beneath drill bit 20 and then flows'ﬁpward
towards thé well surface through annulus 26.
Drill bit 20 preferably comprises a one-piece or
25 unitary bit body 40 with upper portion 42 having threaded
connection or pin 44 adapted to secure drill bit 20 with
~ the lower end of drill string 22. Three support arms 70
are shown attached to.ahd extend 1ohgitudinélly from bit
body 40 opposite from pin 44. Each support arm 70
30 preferably includes spindle 82 connected to and extending
" from inéide sﬁrface 76 of the respective support arm 70.
An important feature of the present invention includes
the ability to remove one or more support arms 70 from
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t he conbi yaslodislhss de di aneter or gauge di ameter of cutter GugPp! i es
100. Cutter cone assenbl i es- 100 cooperate with each other to ormvvaII 28
of “borehole 24 in response to rotation of a1l bit 20. Cutter cone 5
assenblies 100 may sonetinmes be referred to as "rotary cone cutters" or
“reller cone cutters". As shown in FIGURES 1, 2, and 3 each cutter cone
assenbly 100 includes cutting edges 102 with protrudi ng i nserts 104 which

scrape and gougsittgHdipted Nehd i €8 Sk
response to th? WEI ghc{yand rotation app %9 11?3% f)@% fromgdélmél

string 22. The ABh - cut ti ng edges 102 and inserts 104 for each
cutter cone asserbl BIOGIRY (P 4feielkd OGN P58 dpe iggs dlgvghol e

cutting action. Qher types of 15 cutter cone asse Iles y be

satisfactorily IRA&FaA%h GV extirrion ST face S ukprmed pthereen) i nThed
1o, CUll® CONRMEATINS o NBEM AT duothdeeid amtﬁ?éi Ricwf&& Lo 104.

Cuttings and other debris created by dr II bit 20 nmay carrie romthe

bott om of bor efAEeH qqslez@ssemhlweew AK9 melegten |¢¢ ioptimizelstiudding
fromnozzles 6EloWhdeitiddrs 1@1&%;{&61&1 %aeapr@ié Yodd 0 ré’&? aéﬁ*é’t tWar d

frombeneath drill bit 20 and then fl ows upward towards the sur

through annul u$°P¢ asseublies APGy ofhs ath &ﬁrﬁ#%l%%n]eatfﬁléc@l cmOJZ%

unitary bit bodetdd 14 tthel PRRYa A i éﬁ:é&v'é&mé Mg?%&g:% Negdion or pin
44 adapted to secure drill bit 20 with the | ower string 22.
Three sdfport FeH@tAye to lower portion 46 may be varied by adjusting

the length of the associated support arms 70 and the
spacing between each support arm 70 on the exterior of -
bit body 40. .
As shown in FIGURES 2 and 3, bit body 40 includes
‘15 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 for drill bit 20.
Middle portion 52 preferably has a generally cylindrical
20 configuratign with pockets 54 formed in the exterior
-thereof and spaced radially from each other. The number
of pockets 54 is selected to correspond with the number
of support arms 70 which will be attached thereto. The
spacing between pockets 54 in the exterior of middle
25 ‘portion 52 is selected to correspond with any desired.
spacing between support arms 70 and their associated
cuttér cone assemblies 100. The location of pockets 54
" may also be varied to ﬁrovide any desired offset for
cutter_éone assemblies 100 with respect to longitudinal
30 axis 50 and the projected axis of rotation for drill bit
20. . |
- Each support arm 70 has a longitudinal axis 72
extending therethrough. - Support arms 70 are preferably
mounted in their respective pockets 54 with their



are shown attached to and extend longitudinally frombit body 40 opposite
frompin 44. Each support arm 70 30 preferably includes spindle 82
connect eWa 96/6845 ext endi ng frominsi de surface 76 of the PCIFEOBIWE! support
arm 70. An inportant feature of the presentainvention includes the ability.s °
to renove one or nore support arns 70 from WO 96/ 05405

PCT/ US95/ 10051 11 bit body 40 and to rebuild drill bit 20 using the sane
bit -body 40. Bit body 40 includes |ower portion 46 having a generally
convex exterior surface 48 forned thereon. The 5 .di mensi ons of convex
surface 48 andeasredtdve ilongitudinal agie B aigned pomblel seltdted to
optimze fluid.f Aeqy | i of ;i - nd cutter cone
assenblies 1O%.aaAlhfs)\stvﬁl?félt be eﬁg nlgg{#la%ﬁ%n; rfai))?'eé.déeﬁt)gﬁ ?&%%e | ocati on of
cutter cone agsSaeiated ditidpody 4% atBare ane |apmrigaienm P rwion oL

vari ed by adj uaihGudipdientind A NS AMALAPSIRPIL AR i and the

spaci ng _between each Support. arm 70 on the exterior of bit body 40. As
shown i § FI GURBSOEiated paskethddy ki 8 faniess ofs welds,fprmed detwpen?
di sposed bet Weg WaRQr iR [dr0hetd ritltbrd Wele XM HotiketS 54-UKH (4l f@dn2Xi S

or central axis 50 extends through bit body 40 and corresponds generally
with the proj Berddons ohthepiaasasiatad @unRon) @M 70. The perimeter

of each pocket 54 adjacent to the exterior of bit body 40

o

may be modified to provide welding surfaces and/or
10 welding grooves to assist in attaching each support arm
70 with its associated pocket 54. = | . {
FIGURE 3 is an exploded drawing which shows the
relationship between bit body 40, one of the'support arms
70 and its associated cutter cone assembly 100. Each
15 ' cutter cone assembly 100 is preferably constructed and
" attached to its associated spindle 82 in a substahtially
-identical manner. Each support arm 70 is preferably
constructed and mounted in its associated pocket 54 in
substantially the same manner. -Therefore, only one
20 support arm 70 and'cutter'Cdne assembly 100 will be
described in detail since the same description applies
generally to the other two:support'arﬁs 70 and their
associated cutter cone.assemblieS'loo._ '
Support arm 70 has a generally rectangular
25 configuration with respect longitudinal axis 72. Support
arm 70 may have varidus’cross-sections'taken normal to
_ longitudinal axis 72 depending upon the configuration of
the associated pocket 54 and other features which may be
incorporated into support arm 70 in accordance with the
30  teachings of the present invention. Support arm 70
includes top surface 74, inside_éurfaée 76, bottom edge
78 and exterior surface 80. Support arm 70 also includes
sides 84 and 86 which preferably extend substantially
parallel with longitudinal axis 72. -



M ddl e portion 52 preferably has a generally cylindrical 20

confi gulroatv'vom/mos'nppockets 54 formed in the exterior thereopcrHoshsapssed
radially from each other. The: nunber of po ts 54 is selected to
corrrespond with the nunber of support arms “70 which will be attached
thereto. The spaci ng between pockets 54 in the exterior of mddle 25
poktion 52 is selected to correspond with any desired spacing between
support arms 70 and their associated cutter cone assenblies 100. The

| ocati-on of pockets Vakinays ety af athd @ﬁé_%ﬁtﬁ_ﬁ.xﬁf_ I%Bﬂﬂﬁlo ' Yn%(%é Egt a];gr
cutter cone as l.ies 100, wi th respect, to |ongi I nal . © ax

t he projected §%E§%%°H§§%ﬂiﬁﬁwﬁﬁﬁi<ﬁfﬂﬂnﬁﬁ e Frr %ﬁﬂnﬁﬁ?e%&%HYO has a
| ongi t udi nal asiug faZee 80 rathich G iideay @ raaid)f86 . .SUuMY tvaritusy UiddenPisier abl y
nounted in theig

PCT/ US95/ 10051 °F2 % ?@S%E%Pﬁ%ﬁ%%t TfhARA Shhetas 4o ?%%?F%%O#S@e Wit
each ot h&r and thiet asisorgiattedi lpaifc]@ﬁ' 54;18 ®Hs :é]?rm?%:?@?eﬂfse?aﬁ}?mﬁ)daed
o nonc: £2°%! “BRR1oh BY Bt Lorbh SRR A e o oo,
t he exterijor osupréaiceet?d(r)anﬁTﬁgjhﬁrﬂ(Qioﬁg.fwgﬂgﬁﬁiJimsgge ﬁfﬁ;dﬁ%eﬁ Eget he
2§fg?:gﬁeofsgfﬁgégg§@ggﬁ sides SQ aﬂgﬂga-exteﬂélngp%%ere Tom, are sized

: o to fit within the associated pocket 54. | _

10 As will be explained later in more detail, inside
surface 76 may be modified as desired to provide various
features of the present invention. The configuration of -
inside surface 76 may be varied substantially between top
surface 74 and bottom edge 78. Also, the cdnfiguration

15 of inside surface 76 with respect to sides 84 and 86 may.
be varied depending ﬁpon the configuration of the
associated pockets. Inside surface 76 and exterior
surface 80 are contiguous at bottom edge 78 of.support
arm 70. The portion of exterior surface 80.formed

20 adjacent to bottom edge 78 is often referred to as
shirttail surface 88.

- For one embodiment of the present invention, first
opening 75 and second opening 77 are formed in inside
surface 76 of each support arm 70. First post 53 and

25 second post 55 may be formed on back wall 64 of each
pocket 54. Pést'53 and_55 extend readily from each back
wall 64 to Cooperate respectfully with first opening 75

" and second opening 77 to'position each support arm 70
within its associated'pocket 54. For some applications,

30 first opening 75 prefefably_comprises a longitudinal slot
éxtending from top surface 74 and size to receive first
post 53 therein. Second opening 77 preferably has a
generally circular configuration to receive second post
55 therein. Posts 53 and 55 and openings 75 and 77 may



may be nodified to provide wel ding surfaces and/or 10 wel di ng grooves
to assist in attaching each support arm70 with its associ ated pocket 54.
Fl GURE 3wo9eus4es<pl oded drawi ng which shows the rel ati onsmcﬂ"‘!ﬁ?gmgh bi t __
body 40, one of the support arns 70 and it associated cutter cone assembly
100. Each 15 cutter cone assenbly 100 is preferably constructed and
attached to 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 20
support arm 7@%1m$emt110erpcw-rté-€ﬁs§@;ﬂh ysumlw larmhd Gadidhisether det ai |
since the sang desq t@? 256 d )‘VélQil > ot her two support arns
t tter con

70 and their assocla sse |i'es 100. Support arm 70 has a

general |y rectanguiS@ingde 82 dshiinpfenakdy ﬁm%%&wqw taRfl nal axi s
72.Support g, }%Wu%vcf‘re@éw%ocm SRfrig iR A Y MRl d©

| ongi tudi nal axis dependi ng “upon the con flguratlon of the associ ated

pocket §4 andsypperts axmurids ansl dhenpraieq Al sahkariapRit arm 70

~in accordanceqyishh Hig %Q:C THIGA! gﬁﬁﬁlwsﬂorfpﬁmé rwritéémts &prport

arm 70 |ncludes top sur e 74, -1nsi surface. 76, bottom edge 78 and
exterior surfibe SXtersespef caher) conso aseamiRlas WU enIrginm W whi ch

preferably exigad SuksiRRiddd lof RYAAle W fadﬁ@ﬂj adinaingxi s 72.
operations. For some appllcatlons, it may be preferably
10 to pos1tlon each support arm 70 and 1ts associated '
splndle 82 w1th cutter cone assembly 100 at an offset ‘
from the prOJected axis of rotation of drill bit 20. The -
deSLred ‘offset can be easily obtalned by formlng the
associated pockets 54 in the exterior of bit body 40 with
15 a COrresponding'offset from longitudinal axis 50 of bit
body 40. The amount of offset may vary from zero to five
or six degrees (6°) or approxlmately zero (0) 1nches to
one half (3) inch in the direction of rotatlon of drill
bit 20. N - |
20 ' As shown in FIGURES 1, 2 and 3, each_cutter cone
assembly 100 includes base portion 108 with a conically
' shaped shell or tip 106 extending therefrom. For some
applications, base portlon 108 includes a
frustroconically shaped outer surface 110 which is
25 preferably angled 1n a direction opposite from the angle
of shell 106. Base 108 also includes backface 112 which
~ may be dlsposed adjacent to portlons of 1n51de surface 76
of the associated support arm 70. Base 108 preferably
1ncludes openlng 120 w1th chamber 114 extendlng
30 therefrom. Chamber 114 extends through base 108 and into
' shell 106. The dlmen51ons of openlng 120 and chamber 114
are selected to allow mounting each cutter cone assembly
100 on its associated spindle 82. One or more bearing
assemblies 122 may be mounted on splndle and dlsposed
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Vari ous fagbwggs9f the present invention nmay be incorporat pOT/AUSOYA0S1 Of

i nsi de surface 76, exterior surface 80 and ?'des 84 .and 86. The various

di fensi ons of each support arm 70 are sel ected to be conpatible with 5

t he associ ated pocket 54. As shown in FIGJRES 2 and 3, a portion of each
support arm 70 includi ng upper end or top surface 74 and adjacent portions
of “inside surface 76 along with sides 84 and 86 extending therefrom are

sized to fit w bbtwetheaabaaginhedapoCkethds. ch@mber 114 afd wnhhlb@
expl ained later_in_nore ' L nsi

|, d difi d
desired to provPﬁarﬁﬂgl83§%gé§tﬁhgéhogpiﬁéagfggentH?%?Bﬁ?%% | bal

configuration ofeta$ndngssyéaem iﬁ4nﬁ;ybbevaseadtGUBéta&él&hktebekMEﬁﬂ top
surface 74 and botto §07§. 94 hg configuration 15 of inside
surface 76 with3Pg§ Y g 8e§péﬁ 2fid°86 may be varied depending upon the
configura%i on of theCatSerlabnd peskmbiy 009 naysbefl aaauiactntedXod iaty

o exteror s paRhediBls, BEaglioR bERE BaR' o2 ERROED Bofiblesife° sldy "
referred to as whlchthas adeﬁaaEeBEtrEngthneteﬁbhdeantaﬁﬁ earpr esent
et on L St eRPERANe o he - 850N, PRELOG,LL A LOLET AINS o
may be formed oBrbaektﬂah|oﬁ4béérﬁﬁghaﬁﬁéhbly5422PaﬁH adyabdhey Deadiithgs
';gadlly iBOn]eaChtR?ﬁkcﬁgmLe 152, gge ilaﬁsgg%tggkhy %ﬁt%%&s%oggsnlng_
assembly 100 can lengthen the useful service life of
drill bit 20. Once:drilling debris is allowed to -
infiltrate between the bearing surfaces of cutter cone
assembly 100 and spindle 82, failure of drill bit 20 will
15 follow shortly. The present invention provides enhanced
fluid flow around the exterior of drill bit 20 and the
associated support arms 70 and cutter cone assemblies 100
to help keep debris from entering between the various
bearing surfaces of each cutter cone assembly 100 and its
20 associated spindle 82. Often an elastomeric seal such as
| seal 116 may be disposed within the gap between the
bearing surfaces of cutter cone assembly 100 and its
associated spindle 82. However, once seal 116 fails,
drilling fluids and other debris can quickly contaminate
25 - . the bearing surfaces via the gap between cutter cone
assembly 100 and its associated spindle 82. _
' For some applications, bit body 40 may be fabficated
or machined from a generally cylindrical, solid piece of
'raw'material or bér”StbCk (not shown) having the desired
30 metallurgical charadfe:istics for the resulting drill bit
20. AISI 8620’alloy'steel is an example of the type of
material which may be used to form bit body 40.
Threaded connééﬁion:44 may be formed on upper
portion 42 of bit body 40 using conventional threading



and second opening 77 to position each support arm70 wthin its associ ated
pocket 54. For sone applications, 30 first opening 75 preferably
conpri sesw@9d/esags t udi nal sl ot extending fromtop surface PCTAIRISAN0SE t o

receive first post 53 therein. Second openjgig 77 preferably has a generally -

circular configuration to receive second post 55 therein. Posts 53 and 55
and openings 75 and 77 may WO 96/ 05405

PCT/ US95/ 10051 14 be used to position each support arm 70 wi thin the v
associ ated pocket 54.prior to welding. Spindl'e 82 is preferably angled
downwar dl y andeahmargligs wi tOne ecsbetdte tprimaﬂ'ylmtgiztmﬁemisamis 72 of 5

o ont at on of e b Y FHRANE & Lalé%e?rlﬁé‘%#d% RSk Rty
100 engagi ng g diadly & imttthoem agdourdr e | mea L dcar |tﬂchdmeSS ncequoiared | ons.
For sonme appli Q.gfgj support
arm 70 and i ts',:%: soci zgt ec}: Spl r%%% r&r@% cut. cone %sq'ss}eér%‘}gg ?%Pat an
of f set Brom t k@bdeojfom e ldbars bt ragratdalii s dahdws biarizis shresiesf r ed
of fset can be iq |ated pockets 54 in the
.exterior of b| lblﬂ%t%ﬁq:f?é a corrﬂ'spon img offset from _
| ongi t udi nal axis 50 of bit bodROILER BIF MT(IDNS‘fset may vary from
zero to five or six degrees (6[err]) or approximately zero (0) inches to

10 ' S ' Size and Bit Sub Bit sub
_ B : Style of  Bevel Dia. Bevel Dia. ‘

Size of Bit,. Rotary t 1/64 + 1/64

-~ inches c " Pin Con- - inches inches

_ . . : nection -
e R e e

: 3 3/4 to 4 1/2, incl. 2 3/8 REG 3 .3/64 3 5/64

15 o 4 5/8 to 5, incl. 2 7/8 REG 3 39/64 3 11/64

' 51/8 to 7 3/8, incl. 31/2REG 4 7/64 4 9/64

7 1/2 to 9 3/8, incl. .4 1/2 REG-. - 5 21/64 5 23/64

9 1/2 to 14 1/2, incl. 6 5/8 REG 7 23/64 7 25/64

14 5/8 to 18 1/2, incl. 7 5/8 REG 8 15/32 8 1/2

20 18 5/8 and larger 8 5/8 REG 9 35/64 9 37/64

The size of drill bit 20 is determined by the
maximum outside diameter or gauge diameter associated
with the three cutter cone assemblies 100. The position

25  of each cutter cone assembly 100 and their combined gauge
diameter relative to the projected axis of rotation of
drill bit 20 is a function of the dimensions of pockets
54 and their associated support arms 70 with cutter cone
assemblies 100 mounted respectively thereon. _

30 Support arms 70 having various sizes of cutter cone

. assemblies 100 may be attached to pockets 54 to provide
the des1red size for drill bit 20. The dlmensions of
splndle 82 are preferably selected to accommodate both
the 1argest and smallest cutter cone assembly 100 which

35 will be mounted on_the associated support arm 70. Thus,
the same one-plece bit body 40 hav1ng threaded connection
44,appropr1ate for a 7% inch dr;ll bit may also be used
for a 9% inch drill_bit or any drill bit size



one half ([err]) inch in the direction of rotation of drill bit 20. 20

As shown in FIGURES 1, 2 and 3, each cutter cone assenbly 100 i ncl udes base
portion 10%oWddasgs coni cal ly shaped shell or tip 106 ext endipegisosmss om .
Fof: sone applications, base portion 108 incLkydes a frustroconically shaped
outer surface 110 which is 25 preferably angled in a direction opposite
fromthe angle of shell 106. Base 108 al so includes backface 112 whi ch may
be di sposed adj acent to portions of inside surface 76 of the associated
support arm 70. Base 108 preferably includes opening 120 with chanber 114
extending 30 thenebetween. Clanter ikbéretunendd hbteuthakaae tH@ amdiinto

shell 106. The Qt”EQ%boﬁﬁcQEaQQEnEQ% 1%%138 B%Qaggp%§%14 re s Iecéfg ég

al I ow nounti ng each CULt &r cone asS&ndl
One or nore beaPhhkgidesdipmpserips m;idﬁe portion 52 ofi bdltebaﬂgr dios paned

WD 96/ 05405 remain essentially the same. Therefggzggggﬁa%qgﬁ% %%g éf on

G e AR T T DU S S A
cutter cone asszabbg lbaﬁeholepeudh.el gagtsggntiauyhemhhgédcqggngtsﬁwbiﬂc&%
engineer i ng ar | Stk b ks "SRAEARRS" B, Bngan inthgradacbiElg Laa

As best shown in FIGURES 2, 3 and 5, each pocket 54
includes back wall 64 and a pair of side walls 66 and 68.

10 The 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. For one application, side walls 66 and 68 are
formed at an angle of forty five degrees (45°) relative

15 to back wall 64. Also, each pocket 54 preferably
includes upper surface 65 fofmed as an integral part
thereof to engage top surface 74 of the associated
support arm 70. For some'applications, a welding groove
49 may be formed in the perimeter of each pocket 54 at

20 - the intersection between each pocket 54 and convex
surface 48 on lower portion 46 of bit body 40.

The width (W,) of each pocket is selected to
accommodate the associated support arm 70. An 1mportant
feature for one embodiment of the present 1nvention

25 includes 11mit1ng width of support arms 70. By limiting
the width of support arms 70, sufficient void'spaces 160
are provided between adjacent support arms 70 to allow
for enhanced f1u1d flow between support arms 70 and
‘convex surface 48 on lower portion 46 of bit body 40.

30 Another important feature of the present invention
includes the ability to vary the length of support arm 70
to provide the desired fluid flow between the associated
cutter cone assembly'loo mounted on each support arm 70
and convex surface 48 on lower portion 46 of bit body 40.

35 For one application, the length of support arm 70 from

'top surface 74 to bottom edge 78 is preferably selected



resistance to withstand the rigors of downhole drilling. Protection of
bearing assenbly 122 and any ot her bearings 10 wi thin chanber 114,
which allow rotation of cutter cone assenbly 100 can | engt hen the useful
service |WO®@6/08408iri||l bit 20. Once.drilling debris is al|REHSI540051 P
infiltrate between the bearing surfaces ofiscutter cone assenbly 100 and
spindle 82, failure of drill bit 20 wll 15 - follow shortly. The

present invention provides enhanced fluid flow around the exterior of drill”
bit 20 and the associ ated support arns 70 and cutter cone assenblies 100 to.
hel p keep debri-s fron1enter|ngFPetmeen the vari.ous bearing surfaces of each

cutter cone a¥Seh® eefimes the, wigdtdy ofiSWRRORD armyi®n an
el astomeric so&tenqclitaaeewsﬁh@amytdogwmect Widdsth driee HEaF bgyyween

82, toever, ORSE SE.CLERSorae BNyt oy heker, BRI Z:ffscf%f?fidciﬁ' e
“qui ckl'y .cont agutier 2one assemhbiyaliofg and fthee adjiacante ppat ilwat wefen cut ter

cone asgenbl y1a0ognd, a@ci-ated spindle 82. ‘For sone applications, bit
body 40 may be ? gg?caFkgég? machi ned froma general ly cylindrical, solid

pi ece of raw mater gl SHOWRadns FIGURENGy smdnrgadaraydthsaay ke 30
netal | ur gi cal fefmedckaithin apped’ pdie ions 42t iofd bii IHody 14020. ofePlingh20

D11 Hody 40, ¥ 48 EEoNIARE. R HPpRE RS SIRRG 4AE ol R SRRATEE 45 of "
bit body 40 uflugdsobetmbenndriﬂﬂrs@ﬁumg 22 and cavity 56. Cavity 56
10 preferably has a generally uniform inside diameter
" extending from opening 58 to a posztion intermediate ‘
middle portion 52 of bit body 40. For some applications,

cav1ty 56 may be formed concentric with longitudinal axis
50 of bit body 40.
15 ' One or ‘more fluid passageways 62 may be formed in
- bit body 40 extending between cav1ty 56 and convex
_ surface 48 on 1ower portion 46 of bit body 40. 0pening
61 may be provided in each fluid passageway 62 adjacent
to convex surface 48. A plurality of recesses 63 are
20 preferably prov1ded within each opening 61 to allow
installing various types of nozzles or nozzle inserts 60
within each fluid passageway 62. Additional'components
{not shown) such as a. snap ring and/or O-ring seal may be
provided to p051t1on each nozzle insert 60 within
25 recesses 63. Various technigues are commercially
" available for satisfactorily 1nstalling nozzle 60 within
its associated opening 61. For some applications, nozzle
_’inserts 60 may be formed from tungsten carbide or other
suitable materials to resist erosion from fluids flowing
30 therethrough. Also, one or more access ports (not shown)
o may be provided in bit body 40 adjacent to openings 61 to
'allow lock screws or pins and/or plug welds (not shown)
| to secure nozzle insets 60 within recesses 63.
Nozzles 60 preferably include one or more outlet
35 orifices 59. Nozzles 60 may be disposed in each fluid
' passageway 62 to regulate fluid flow from cavity 56
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techniques. One of the primary requirenents in determning the outside

di anet er oWOR6HOEMOS portion :52;0of bit body 40 is the.anmobunt BCTMSHS10051
‘thi*ckness required to provide threaded connggtion 44. The followi ng APl 5

table for roller bit connections shows various sizes of driII2bits and thg
' in size. ROLLER BI'T CONNECTI ONS 1 .

Leﬁglred Pre Si ze and Bit Sub Bit Sub Style

of - Bevel Dia.  Bevel Dia. Size of Bit, Rot ary [err] 1/64

[err] 1/64 incHd¥ough the respeqtive-fluidipatsageway i 62 hesd neisé on 3 3/ 4

to 4 1/2, incl assoc18a%(§/x€oi§ﬁé)96/%it§/éfe 1’5%6"51%1‘?.% l?it 7b%9§/§| ncI
I:an%'z REG lf%@?h a’iEf‘Gé?’é‘lP‘eF%!? 2% parky fluid passageway, 62 maFde 5

21/ 64 5 23/ Gelectiedl tfox 4 appmicatlons &&/ﬁi%%@e 1am ﬁ%ﬁ“flow 18
&%)/5g6jné4lsglr geE Qae]tﬁve]ér?’cd% §ﬁ%§§d /lga %%ﬁ? ctive) npzzle 'l% sﬂ?&e of drill
bit 20 is. det ePRaf@Ninvention milhans salmitigntheid cpammsalg{ Ia%nra]t%th
gfssce)gl:ﬁt ggt }tMe£ hc?r}?ﬂés?segeﬁoy 100 %t‘ﬂel r corgrﬁ%glzﬁl e ter relative °
to the project& 1§ﬁﬁ45¥(ﬁ°4ﬁqui¥itbiﬂﬁqssﬂbﬁlﬁﬂnalghtﬁ ldrge
di mensi ons of [insicles diameter of passageways 62 will minimize erosion

10 or washout of nozzles 60.

An important feature of the present invention
includes the ability to vary the position of fluid -
passagevays 62 and associated nozzles 60 within bit body
40 without affecting the location of pockets 54 and the

15 ‘associated support arms 70. Bit bodies 140, 240 and 340,
which will be described later in more detail, show
various examples of different locations for fluid
passageways 62 and their associated nozzles 60 within the
respective blt body in accordance with the teachings of

20 the present invention. FIGURE 5 shows lower portion 46

' which is representative of both bit body 40 and bit body
140. Lower portion 46 is shown with three pockets 54 and
three openings 61 for assoclated fluid passageways 62
‘spaced radially with respect to each other around the

25 perimeter of both bit bodies 40 and 140. For the
specific example shown in FIGURE 5, fluid passageways 62
and associated openings 61 are spaced radially
approximately cne hundred tﬁenty degrees (120°) from each

- other. 1In a 51m11ar manner, each support pocket 54 is

30 -spaced radlally approx1mately one hundred twenty degrees
(120°) from an adjacent pocket 54.

Another embodiment of the present invention is
represented by bit body 140 shown in FIGURE 4. Bit body
140 is essentially the same as preViously described bit

35 ~body 40 with the exception of fluid passageway 162. Bit
body 140 includes cavity 56 with first fluid passageway



54 and their associated support arns 70 with cutter cone assenblies 100
nmount ed respectively thereon. 30 Support arns 70 havi ng various
sizes of cutter -cone assenblies 100 may be attached to poc% e
provi de t NO §é&SH05ed size for drill bit 20. The dinensions g’ sg e 82
are preferably sel ected to acconmopdat e bot ROt he | argest and snallest cutter
cone assenbly 100 which 35 w Il be nounted on the associ ated support
arm 70. Thus, the sane one-piece bit body 40 having threaded connection 44
appropriate for a 7[err] inch drill b|t may al so be used for a 9% i nch
drill bit or ¥ drill hit size

7
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bit size |ncreaaeﬁearaﬁlBherbbdyndhesekmeaﬂenglbemmhen,fﬁhstopassageway

et o o 8! BpOkheodxPartb:ple BI8AIEO 68950965 BEOBAY Belay | De

sane. Therefor ann ween .t he extérior of
bit body 40 and4@al | sesonﬂ bessageway4 162 dshpraserably Lommedeadti @ a 9%

inch drikl bit 0 d a | t
H'Gres 3 5 nagagSoaRgnerulent-Ehseel, kit 2as 1;5* baa@‘%?gsz‘?@gﬁ?g ?S‘"‘“Wf i de

wal |'s 66 and 68ny1§luid ?Pfét&Pﬁeﬁ§P8‘n§eGP“6‘a PagFageway|
and 68 are sel gggegtt @ikl €aGRA’ thow dint Annnd uad26C bettwieen dmesmmmoz-a

g,ng;'mglefjg;g g 55&; biE 33°8R*L81154RPY K¥rEnEde B One application,
' For some applicatlons, an appropriately sized plug
10 (not shown) may be placed in opening 61 to direct all
fluid flow from cavity 56 through first fluid passageway ‘
62 and upwardly through second fluid passageway 162 to -
the exterior ‘of middle portion 152 of bit body 140. For
other applications, nozzle 60 with an appropriately sized
15 orifice (not shown) may be disposed within recesses 63 of
opening 61 to contrel or regulate the amount of fluid
exiting from first fluid passageway 62 and second fluid
passageway 162. Also, a second nozzle (not shown) may be
disposed in second fluid passageway ‘162. The present
20 1nvent1on allows installing multiple fluid passageways
- and nozzles at ‘various locations within the associated
blt body to enhance fluid flow from the bottom of well
bore 24 through annulus 26 to the ‘well surface. If
desired, multiple passageways 162 may be formed in bit
25 body 140. '
A further embodiment of the present 1nvention
' represented by bit body 240 shown in FIGURE 6 includes
modified pockets 254 and fluid passageway 262 which
extends substantially parallel to and concentric with
30 longitudinal axis 50 of the associated bit body 240.
Nozzle 60 with one or more outlet orifices 59 may be
disposed w1thin fluid passageway 262 proximate the
intersection of the associated convex surface 248 and
longitudinal axis 50 of bit body 140._ For example,
35 FIGURE 8 shows a partial end v1ew of bit body 240 and
convex surface 248 having nozzle 260 1nstalled within



formed at an angle of forty five degrees (45[err]) relative 15 to back
wall 64. Also, each pocket 54 preferably includes upper surface 65 forned
as an i nt eyoab/opmst t hereof "to engage top surface .74. of theperusssmbsad
support arm 70. For some applications, a mq%plng groove 49 may be formed in
t he perineter of each pocket 54 at 20 the intersection between each
pocket 54 and convex surface 48 on |ower portion 46 of bit body 40. The

wi dt h (Werr]) of each pocket is selected to accommbpdate the associ at ed
support arm 70. An inportant feature for one enbodi nent of the present

i nvention 25 OPenkn4uk§i4|rﬁ3|snpwmcﬁﬂ1EﬁGummpm[tn@zm$e7ﬂ60 ﬁwefeﬁaﬁlﬁg

the widih of supponiacy Mndle SuifieeNisy Yk NPASES) 2601 £ Y i £

bet ween adj acent support arns /0 t | ow f°O t ween
suppor t aers 76‘%%&?‘55 R eash fethen ansh 1Q;m:ttmmabramsoso bof bity 40.
30 Anddddy 240r tRoY St a1 ddi SHLS e haY e deSI redﬂgl o, ol he

| de t
low bt dben  RSTSsH Hlkifés ffides TRa i poarhe el
support ar rr} 70 %Q&W@aﬁurctftam- mmémmnr@rt? f%“n?’fo?eﬁ?%%?dﬁﬁ?b 35
bot t om edbe. 76 TS mES ey Shile BAUdRRE Jan:
PCT/ US95110051 18 t@%esheawn dgs tFEGURR: 6, rhit thodwi 28 mfefermioly ar m 70.
includes upper portion 42 as previously described for bit

10 body 40. Middle portion 252 and lower portion 246 of bit
body 240 have been modified as compared to middle portion
52 and lower portion 46 of bit_body 40. Lower portion -
246 preferably includes convex surface 248 similar to |
convex surface 48 of bit body 240, except for the

15 | configuration of pockets 254, opening 261 for nozzle 260
and cutouts 280. As previously noted, one of the
differences between_bit body 40 and bit body 240 includes
forming fluid passageway 262 essentiaily parallel with
and concentric to longitudinal axis 50. 1In addition, a

20 number of angularly-spaced cutouts 270 may be formed in
the exterior of bit body 240 intermediate pockets 54.
Placing_fluid passageway 262 essentially concentric with
1ohgitudina1 axis 50 allows reducing the outside diameter
of bit body 140 and/or providing cutouts 280.

25 ~ Cutouts 280 may extend from -lower portion 246 of bit
body 240 to a position intermediate the exterior of
middle portion 252. Each'cutout 280 is defined in part
by a tapered surface 282 which extends radially outward
from lower portlon 246 of bit body 240 to provide

30 enhanced fluid flow from beneath lower portion 246 of bit

| body 240 ‘to the exterior of the associated drill bit 2o0.
Pockets 254 and cutouts 280 are preferably formed in an
‘alternating arrangement arouhd the perimeter of bit body
240 and spaced radially from each other. For the example

35 shown in FIGURE'7, the center line of each pocket 254 is

' preferably formed at an angle of one hundred twenty



Often, it is desirable to provide at |east one half ([err]) inch of
cl earance between the upper portion of each cutter cone assenbly 100 and

t he adjacent portion of 5 convex surface 48. As shown ﬂr gﬂ@ 3,

enl ar ged“&h%’QSyﬁQSG may be formed within upper portion 42 5’\"1} ¥ 59 40. &
Opening 58 is provided in upper portion 422for conmuni cating fluids between
drill string 22 and cavity 56. Cavity 56 10 preferably has a generally

uni forminside dianeter extending fromopening 58 to a position
intermedi ate mddle portion 52 of bit body 40. For sone applications,

cavity 56 nay be for ence ic.wth |longitudin axi s_50 of ,bi,
20, 1% S5ERB=oLA0 L FEER(TpaReSh Ay 8aED Do | SRnBISLRIAE bydy
40 ext endi ng hahneep tHE|cgnﬁérandneoofeeashrbateutBZBD iewpreferabdy 46 of

bit body 40. Ng+6 d e
adjacen¥ to co%ggghngfénngﬁggs ﬂkoﬁhgeﬂubﬂrEﬁcgg%gg aaggaagewggo ?
preferably prUitbeEeﬁPGﬁFntQaéﬁcbpeﬁhﬁg 61 to allow installing various

types o nozzl es opoBRéEke258SBE! sleobwayhnaoeaeé Einidapagsageway 62.

Addi t I t d/ O I
may be provi GBHSTSOBBLY: ABRCEIPRA,BooketenBs; pohth PARY 48, SxCeBt.occs
63. Various ferhmodifiedrsidenwaillsakieg andi R&Bl.e Asrbestlshawnounly
Lhstal | N9 DOFFBRRC7) iU Lh312388°1AESHaRR 09,81 poFRich dRes

S ngs I'de or

appl i cations, T6zzl e’ fnSer or ne en car b
ot her suutablexuandinalsttgnrasgée efospprokipatelyi fortyofiiNg degrees

theret féough (45*FOre PALIPL £B' BaBRCHAS1PEE! 8nd "Rt s8861A) portion 266b
extending from first portion 266a at an angle of ‘
approximately ninety degrees (90 ) relative to back wall
64. Side wall 268_1ncludes a s1milar first portion 268a
and:a'second:portion 268b. Second portions 266b and 268b
15 ~ are disposed substantially parallel with each other.
" Further alternative embodiments of the present
invention are shown in FIGURE 9 as represented by bit
- body 340. FIGURE 9 is a 'sectional view of middle pertion
352 for bit body 340 showing'alternatiye'locations for
20 fluid passageways 62 and openings 61 extending between
" cavity 56 (not shown in FIGURE 8) and the exterior of bit
- body 340. Bit body 340 also_includes pockets_354 having
a generally square configuration as compared to pockets
25  An important benefit of the present invention
" includes the ability to vary the position of the
respective fluid passageways 62 and their associated
_ nozzles 60 to direct drilling fluid flow from cav1ty 56
to exit the associated bit body as des;red. For some
30 applicat’ -as, fluid passageways 62 and their assoc1ated
nozzles may be located to direct fluid flow between
adjacent ' .itter cone ‘assemblies 100 extending from bit
body 340. Also, the location ‘of selected fluid
passageways 62 and their associated nozzles 60 may be
35 varied to adjust the angle at which fluid exiting from
the respective nozzle 60 intersects with wall 28 and/or



may be provided in bit body 40 adjacent to openings 61 to allow [ ock screws
or pins and/or plug welds (not shown) to secure nozzle insets 60 within
recesses 6wod%lossses 60 preferably include one or .nore outl pCTAS95/10051

orisfi ces 59. . Nozzles 60 may be di sposed i Baeach 1 di d passagemay 62 to
regul at e fluid flow fromcavity 56 WO 96/ 05405

PCTE/ US95/ 10051 19 through the respective fluid passageway 62 and the

associ ated nozzle 60 to the exterior of bit body 40. The |ength and

di amet er of each fluid passageway 62 may be sel ected for sone appllcatlons
to provide | anithgr bpotéams of bomehwdenZdaV|mpr5®cmahdﬂuslhxﬂmnglaua nozzl e

60. The preseqtaim@tapt 2N s@%?z"‘@.nfcﬂéé‘l o) Wd 3 A Z(teM ! ']sclb%ﬁéd

di aneter | arger tha previ ousl 0SSl wi't h con ar'y
drill bits. Th&lS¥ gFQH‘t n°|z§|1g§ |6|9sm aaeaﬁémctoprasmm we wil
m nim ze erosi bottdm of boredshelut4oh b&dﬁi‘at@q Rhd MR iw) fg%ﬂ ure of

th t cl,ydes abl to Vi y th 03|t|on f|UId

passagendys 62 EoRtabald ¥aq MBS pESssg dnen PUR) AIIHAR the
af fecting the Lptersestidbnpbekwesns£laid Eﬂbwi&rom nmzzmysﬂsuiaﬁantmd ar s
70. Bit bodi egot4Bm 340b3?Qh§i% aﬁ?bgpéWhlk P& QSF b?iéﬁ%ﬁ?’ |3=S re s

detail, show vari ous exa es 0 ent |ons
62 and their ateSPeStdyenborerboleoand: pthernhdownhole conditlons. For

purposes of illustration, bit body 340 is also shown with

10 fluid passageway 362 extending substantially parallel
with the longitudinal axis of bit body 340.

Various locations. for fluid passageways 62 may be -
selected without requiring ahy change in the location of
pockets 354 formed in the exterior of bit body 340.

15 Positioning nozzles 60 and their associated fluid
passageways 62 relatively close to longitudinal axis 50
will minimize interference between fluids exiting nozzles
60 and return fluid flow with entrained cuttings.

Welding procedures associated with forming a prior art

20 bit body from three'éegments substantially limited the
number of nozzles and locations available for installing
fluid nozzles. ' _

As previously noted, an important feature of the
present invention includes the ability to vary the number

25 and location of fluid passageways 62, 262 and 362 and/or
the location of the associated fluid nozzles 60 to
provide enhanced fluid flow with respecf to the
associated cutter cone assemblies 100 and the lower

- portion of the associated bit body 40, 140, 240 and 340.

30 With respect to bit body 240 shown in FIGURES 6 and 7,
the present invention allows positioning nozzle 60 at
approximately'the intersection of convex surface 248 on
lower portion 246 of bit body 240 and longitudinal axis
50 which extends through bit body 240.

35 Still another ihportant feature of the present
invention includes the ability to vary the configuration



respective bit body in accordance with the teachings of 20 t he present

i nvention. FIGURE 5 shows | ower portion 46 which is representative of both
bit body wi®ogdsdei t body 140. Lower portion 46 is shown wWROTUNHEWOShocket s

54 and three openings 61 for associated fla4d passageways 62 spaced Lo
radially with respect to each other around the 25 perimeter of both bit
bodi es 40 and 140. For the specific exanple showmn in FIGURE 5, fluid .
passageways 62 and associ ated openings 61 are spaced radially approximately -
one hundred twenty degrees (120[err]) fromeach other. In a simlar manner,
each support pofkeheSdockeBs formepdaindthedesteyiappefxthetasgoghatadndred

tventy degrees,(d20dalonyap adhageal BREKBbaPp?34dnoshanoRADedi Fratmef ot he
present invention IS Tepresente Y bi t bod 40-shown in FIGJRE 4, Bit
body 140 is edda¥iing| pockakssaps "&étbr’%vgﬁﬁéF?lH%sﬁm%Eﬁ gppfiguratigpy, 40
wi-th the excepth®wpdth! &f deporspgeney 3162. isBaéfined ByOthacdideancavity
56 with first fluid passageway . 96405
DeT) Usod 1005 DObNESh ohe AFANCIRERR: FERE "iggé%b%%s-p%’éga%gﬁ/éy FE5 FRySbe
formed in bit émbydixénexofnthagpbesertninventipnssthevaonbineddwid
exterior of m gdle (| f ﬁ&t&. éiﬁﬁr {SEGQ SFelE ) S
preferably for z??ogld%ées.s%a%ut% ?hg e Wmth 'rle@gect tﬁ(?f | rs‘t\@?s%gneéway
62 such that axalf| (AY thet¢iycembereseenef fthﬁd#ﬁaegagtﬁﬂybiszbgﬂm

340. Also, the width (W,) of each .pocket 354 is

10  preferably less than the circumferential distance on the
exterior of bit body 340 between adjgcent pockets 354. |
By limiting the width of pockets 354, sufficient void -
' space will be provided between the support arms
associated with each pocket 354 to allow for enhanced
15 fluid flow around the exterior of the resulting drill
“bit. . R - 5
Althodgh_the present invention and its advantages
have been described in detail, it should be understood
that various changes, substitution# and alterations can
20 be made therein without departing from the spirit and
' scope of the invention as defined by the appended claims.



assist with fluid flowin annulus 26 between the exterior of drill bit 20

and wal | 3o 9d/05a¢% ehol pI | cations, an appr i I zed

pl ug 10 (not shovmﬁlmulmmuﬂﬂmu n| ng 61 to di rwﬁgﬁh ‘Tszu d
flow fromcavity 56 thrbugh fhir 8t ilu#d pa agemay 62 and upwardly through
second fluid passageway 162 to the exterior of mddle portion 152 of bit
body 140. For other applications, nozzle 60 with an appropriately sized 15

orifice (not shown) may be di sposed within recesses 63 of opening 61 to
control or reg s fluid exiting fromfirst fluid passageway

62 and second fluid ,Passag Al sq,. .a.,second nozzle (not shown) may
be di sposed in second flél?\%é§'¥aé’ dfézll bite toreforming a banehale,on
al | ows i nstal | FRBPrRdESdngite | uid passageways and nozzles at’ vari ous
| ocations within th Q | di it y |uid fl qm1fron1the
bottom of wel | boreazgalit%h 3’%&% gﬁ%u#aagzggt 1% I;’\/\E’I‘ﬂp ek BerRion adapted ed,
mul ti pl e’passafOhaFonrestisgp ke mrodwddl styingsor rd@ahﬁdhﬂhf;%dmﬁther
enbodi nent of &p&lprBsent invention represented by bit body 240 shown in
FI GURE 6 i ncl udes di%&gd po%kets 254 and fluid passageway 262 which

ext ends substanti al §F| 8F FYPRRYt.gRREnAtta tgpsaid hitgibodyi na
axis 50 of theaadsextanddnglbppod;té4ﬁroﬂosahﬁ Gppert bodtdory, Talch @£ | et

i Segy o ot SURROEE i oAy SHRLER Sld o AR, st s
of bit dy 14gonnegpegxghgrgto35each EptoREe8prbjestingageneradng vi ew of
bi t body 240 addwnwardly and inwardly with respect to its associated
support arm;
a number of cutter cone assemblies equal to said
number of support arms and mounted respectlvely on one of
15 said spindles; and
said bit body having a lower portion with a
generally convex exterior surface formed thereon to
provide enhanced fluid flow between said cutter cone
assemblies and said lower portion of said biﬁ body.

20
2. The drill bit as defined by Claim 1 wherein
said ‘one~piece bit body further comprises:
- a middle portion dlsposed between said upper portion
_and said lower portion of said bit body;

.25 said middle portion hav;ng a generally cylindrical
configuration; '
2 number of pockets formed in the exterior of said
middle portion of said bit body for attaching said
. support arms to said bit body with said number of pockets
30 equalllng said number of support arms; and

said pockets spaced from each other on the exterlor
of said middle portion.



convex surface 248 having nozzle 260 installed within WO 96/ 05405
PCT/ US95/ 10051 21 opening 261. As shown in FIGJRE 8, nozzle 260 preferably

i ncl udes whibges40s i fic nmaﬂ regularly with resf&HUPFIWILh ot her
and | ongi t udi nal axesH* I I'ﬂlﬂ”ﬂ"ﬂlﬁm $er other appli gg?; ons, it my be
desirable to 5 p05|tionLoquef ofifices 259 in nozzle 260 rel ati.vely
close to each other corresponding to only one sector of the associated
fluid passageway 262. As shown in FIGURE 6, bit body 240 preferably

i ncl udes upper portion 42 as previously described for bit 10 - body 40.

M ddl e portion 252 and | Bherdpdili baitoas defpnedpbilyCradmna,wheEednnodified

as conpared tog '&d%Ftp85a¥05u52h39d¢59§5i3ag5tion 46 of bit body 40. Lower
portion 246 preferably i ncfudes ¢onvex surfgcge 48 siml.gr to c
5

surface 48 of bit bBdpiddde BREEAPN@ispAEe weegnh PRy rHPPEﬁO§¥% 38Ret s
254, openi ng 244afgaiaorswer2pbrofencofosaid?2Bit Bedpsevi ously noted, one

of the differences be en_Rit 40 shit b 19+ NG i N
{1l d pesagevay scoutdounpnst PORKIAR, BRV4Rpr e AiNeg ki EydtpRrieaT 1o
- I ongi t udi nal aaonfS@urabiapdition, a 20 nunber of angul arly-spaced
cutouts 27Q may be éoflﬁﬁgei»”okhgdéﬁk’éél gbribabih BREYeRtariBrebregaite
pocket s 54.,Plag|ng;f uld passageway 262 gssenglall co entrlg W t h
| ongi t udi nal amiddle EPFE%BanEUEFﬁé.PHE Bty Q?dPéﬁéFBing sald
~ support arms to said bit body with said number of pockets
10  equalling said number of support arms; and
" a number of cutouts formed in the exterior of said ¢
bit body intermediate said pockets. ' -

4. The drill bit as defined by Claim 3 further
15 comprising: ' ' S S
said cutouts extending from said lower portion of
said bit body to a position intermediate the exterior of
 said middle portion of said bit body; |
each of said cutouts defined in part by a surface
20 which is tapered radially outward from said lower portion
of said bit body to provide enhanced fluid flow from
beneath said lower portion of said bit body to said
exterior of said drill bit; and =
said number of cutouts equalling said number of
25 pockets and support arms. ' -



. \
of bit body 140 and/or Qﬂm I ng cutouts 280. 25 Cut outs 280 may

extend fr oWl 6@e405por t | M]” dy 240 to a positionp bg {at
h cu%.gut 280..i s defined 1 nh part by a

the exterior of mddle
t apered surface 282 which ext ends Fadfally tward from | ower portion 246

of bit body 240 to provide 30 enhanced fluid flow from beneath | ower
portion 246 of bit body 240 to the exterior of the associated drill bit 20.
Pockets 254 and cutouts 280 are preferably forned in an alternating

arrangenment around the pefhendrildfbbttadodys2dda éP £y 1 {?G @H;% from
each ot her. Forcaﬂﬁ.fg | e 35 shown in FlI GURE e center e
each pocket 254 is pre ably formed at an angl e of one hundr ed tvventy
VO 96/ 05405 aid bit body having a longitud a1 Ugghd 10051 22

degr ees (120[emdx)res§dhdiq§30 é& ﬂ%# | ar, manner, the
center |ighe of cuto r|‘s p ;/%l} rﬂzn"’djale e:% bt one
hundred twenty egreleg’(#;z j\fv} : to each ot her . Pocket s

254 of bit body 240aarer@angﬁ da:rj;tryew %@q@g&;ﬁ%of bi t

body 40, exceplsf @ ai?)g; d§Jde wal | s 266 and 268
FI GURE 7, side wall |nc udds a first portion 266a extending at. an angle

of approxi mately fo@fy opepdngedneeaitd cavityt Hear 'domniutl i tihd G Neds Vel |
64 and a SeCOﬂﬁeI&%bhO&a&%ﬁﬂ)ﬂe@%ﬂglgf”}{a fs'ai%t <:po tlon 266d at an angl e

of
10 at least one fluid passageway formed in said bit

body extending between said cavity and said lower portion
of said bit body; and
a nozzle disposed in said fluiq passageway adjacent -
to said lower portion of said bit body. '
15

6. The drill bit as defined by Claiﬁ 5 further
comprising.

said fluid passageway extending substantially
parallel with said longitudinal axis of said bit body;

20 and

said nozzle pOSitioned proximate the intersection of
said convex surface on said lower portion of said bit
body and said longitudinal axis of said bit body.

25 - 7. The drill bit as defined by Claim 5 further
comprising: ' .
said fluid passageway extending through said bit
body at an angle relative to the 1ong1tud1nal axis of
. said bit body; and _
30 said nozzle positioned in said fluiqa passageway to
direct fluid flow between said cutter cone assemblies.



approximately ninety degrees (90) relative to back wall 64. Side wall 268
I ncludes a simlar FFrst‘portTon*ZﬁSa—and a second portio i&@? 0 econd
porti onswgs40sd 268 : *;--' osed substantially 85 2% th each
other. Further alter ngl‘]ﬂﬂllﬁmg [] N of 28he present invention are shown -
in FIGURE 9 as repres sbody 340. FIGURE 9 is a sectional view -
of middle portion 352 for bit body 340 showi ng alternative |locations for 20

flui d passageways 62 and openi ngs 61 extending between cavity 56 (not shown

in FIGURE 8) and the exterior of bit body 340. _Bit .hod 40 |ncludes
pockets 354 having8a gef&ealdrildqidte asoRatdned i, ﬁ‘? %pifhge J‘pockets

54. 25 sai ﬁnc'a%.% @'ﬂrtl?@iefddmpmstdw apigenerally emiforn rigisidss t he

Their hssoci aRbans °S'“° i S R BRI Y UEe 1o

exit the assoe_n&bedléamﬂeo@am miekilxeed:ormn sfnsadsl bit hody @knshs,
[ uid pEssageyaty G5Bl IG, AW H W PEEboay oY e 1

direct Pluid f en adj acent cutter cone assenblies 100 extending
frombit body 340. Al so, the | ocation of selected fluid passageways 62 and

their associated nezzl ean) qr11beit5 as defiredt i Cldimsts tfurthe e at
which fluid exiting fromthe respective nozzle 60 iintersects with wall 28

and/ or WO 9@#@54@5}“9 : ~ PCT/ US95/ 10051
said fluid passageway extendlng substantxally

10 ' parallel with said longitudinal axis of said bit body;
a nozzle positioned within said fluid passageway ‘
adjacent to said lower portion of sald bit body, and _
said nozzle hav1ng three outlet oriflces positioned
radially from each other and said longitudinal axis of

15 said bit body.

10. The drill bit as defined in Claim 5 further

comprising:
a first fluid passageway formed in said bit body.
20 extendi 'g between said cav1ty and_said lower portion of

said blt body;
a second fluid passaqeway formed in said b1t body

extending between said first fluld:passageway and said
exterior of said middle portion of said bit body; and
25 ' said second passageway formed at an angle with
respect to said first fluid passageway whereby any £luid
~ exiting from said second passageway_will assist fluid
flow in an annulus defined in oart'by said drill bit and
the said borehole. '



23 the bottom of bor ol es having a dianeter of seven

i nches (7"wolognsfeeht | fI ow from nozzl es GOP@msbgmdslr ect
to . intersect the bottom!m ﬂﬁmﬂmﬁ app |rrately one inch (1") in 5
front wall 28. The pr ese IIo vary| ng the intersection

between fluid flow fromnozzles 60 and t he bottom of borehol e 24 dependi ng
upon the dianeter of the respective borehole and other downhol e conditions.
For purposes of illustration, bit body 340 is also shown with 10 fluid

passageway 362 exterting Embsﬁafylééﬁd @i Bl it bR f&fmiﬁegatﬂdi-éﬁbiléx' S
of bit body 34Q, ous._ | cat r fluid ggssa may be sel ected
wi t hout requiri ng ar%/ %‘e OE%YY'% %‘g *354 fornmed in the
exterior of bit bodya m-niiece biibsbd,dprhmglmg)zaﬂ:esplﬁélrapdrtbonrfomed '
associ ated fl ui eyt
wll mnimze |dn¥t Iccaii;:i?erence i]é?évae é:e/gsf,e"yx"il' ng %%)iiéz) %%é£6gﬂﬁra§%€r
fluid flGw witIFEReckIRN M%Q@ Mdspxigeszme@mai@swatpdrmon
form ng a priorfca tectthectiny tsmydﬁiﬁnﬁﬂel?osf%?ﬁ? ?nﬁ ally

or 1ns |

InloglzltggI tzg Blrjg%ecr&ﬁ norﬁfl ix irﬁj’i‘#&o% nsfg\ashlrgblo? t he presgnt P%vfaln?: gn
i ncl udes the abilitya troxmkeyy dﬁ&uppmﬂr &ms attachedcd i saidibit Ubsay
hovsl os 6Dt Szpr b ethati Sdkied madf A Hmen REER Shen ot o
cutter dfne as& S sAPpONt BrMS H@vmran inside surface with a splndle
connected thereto, each spindle projecting generally
downwardly and inwardly with respect to its associated
support arm; _
a number of cutter cone assemblies equally said
15 number of support arms with one of said cutter cone
- assemblies mounted respectively on each spindle for
boring engagemant with said side wall and bottom of said
borehole; ' _
said bit body having a lower portion with a
20 generally convex exterior surface formed thereon to
provide enhanced fluid flow between said cutter cone
_aSSemhlies and said lower portion of said bit body;
a middle portion disposed between said upper portion
and said lower portion of said bit body; and
25 said middle portion having a generally cylindrical
configuration with said support arms attached thereto.



portion of the associated bit body 40, 140, 240 and 340. 30 Wth
respect to bit bo S 6 and 7, the present invention

al | ows po¥0W9s/05WHg N xi mately the i nt er secRCHESI0EA Ny ex
surface 248 on Iovver ‘fl“ﬁ&l@‘ﬂlﬂw mlt bogg 240 and | ongitudinal axis 50
whi ch extends through® Still another inportant
feature of the present I nvention includes the ability to vary the
configuration WO 96/ 05405

PCT/ US95/ 10051 24 of the pockets formed in the exterior of the aSSOCIated
bit body. For exanpi2; bThebdu§llsbitsashdefinsdrbpurtadmhai whepedpet's 354

wi th a generalgyj§ayatepeap’ eaprtAbkOBompPesekdt h of ~each pocket 354 is
defined by the distance 5 ° bet ween the assog |a%ed Si - e wal I s _366,and

368. For this enboﬂlHEﬂPer°th°ﬁ¥§§§nf°Fﬂ9 ntfo hetﬁ§ eEABrnef ®Rdfh
(xWerr]) ?nf pQﬁjs&dE?SﬁértSonrefesabaybitgbbeyl3andl spacélapromnecehchf ([err}g
the cir er s s err
of eachc%ocketggéﬁP £$€ 2 ?ﬁ §?§€3§#§9|§§§dtégﬁp?€% Qr? ﬁ?m%g%F é¥{

~ di stance on trkoextuitbrsaidbnumbenyosmoobeMeaqua;l&inqt spibdkpunbes4ofBy
limting the mgﬁgﬁbf% g@ﬁget nd®4, sufficient. void-space will be provided

bet ween the support arns aSSOCIated with each pocket 354 to allow for
enhanced 15 f | UPRCH| @fy 8RrAnROTketEXRAVIRG AR WRReF SUFfaRg fermedp;t.

as an integral part thereof for engagement with a top
10 surface prov1ded on its assoc1ated support arm.

13. The drill b1t as defined by Claim 11 further —
comprising:
: each support arm hav1ng a 10ngitud1na1 axis;

15 the length of said longitudinal axis selected to
position said cutter cone’ assembly_mounted on each
support arm at ‘the optimum location for enhanced fluid
flow between said cutter cone assembly and said lower
portion of said bit body; and o '

20 each support arm having a Widthlless'than the
circumferential distance on the exterior of said middle
portion between adjacent support arms to provide enhanced
fluid flow between said support arms disposed in said
pockets and said lower portion of ‘said bit body.

25



Al t hough the present Tnventi vant ages have been descri bed i'n

detail, it be ungg ri ous changes, substjiutions and
alterati orgéggﬁﬁé@% Hmmmgﬂﬂl mt/u t hout departing f rg# ﬁ%mg?ﬁlr.i t
and scope of the inventibn @stdeni t h8lappended cl ai ns. WO
96/-05405
PCT/ US95/ 10051 WHAT IS CLAIMED I'S: 1. A rotary cone drill bit for formng
a borehole, conprising: a one-piece bit body having an upper portion
adapted 5 for coppectepy r Skl o[ rotgtion Qf said dril
bit: a number of. sppport arnsfg%?ggh%éhfo&%%?g %?# BB8d egﬁﬂeéxPXnding
opposi te from satdt pb%rfﬁﬁﬁ¥$6n?oﬂﬂkhsbn95aid support arms havi ng an
inside surface with sasdi midd@ld OportiSRNEECEEE ! e indle
proj ecting genQ&ﬁ%%y go marq%¥?%nd i nwar dl y g?tﬁfﬁgégg tﬂ§gi§$sggssociated
support arm a nu é? 0 WYY 7 cone assenbl i es equal to said nunber of
support @& ns and nowsaidl uppsegorelign oof oSEidf bie body SRa¥ifg! 84! es; -and
said bit body hamdie d L0 rd | neral ly_convex _exterior
surface formed thereon, to r%%/}'?déeé%%\in%{e]ed%%os7+%ﬁ%? ed xailer bit,
cone assenbl i eSUMPTARM |Tnkmed drhexsons andd bit body. 20 -

said outside diameter of said upper portion

approximately equal to said outside diameter of said

10 middle portion and said outside diameter approximately
equal to the minimum API diameter required for said
threaded roller bit connection.




2. The drill bit as defined by Claim1 wherein said one-piece bit body
further conprises: a ion di sposed between sai d(ﬂc%p orti on and

sai d | owavo p&esaoon of said md 19834 havi ng
a general ly cylindri ca ,Illmmﬂgmmmu Ima sgrber of pockets for med in the °
exterior of said mddle*poktilon *of ssard bit body:for attaching said suppor t
arns to said bit body with said nunber of pockets 30 equal ling said .
nunber of support arns; and said pockets spaced from each other on the )
exterior of said mddle portion. WO 96/05405 .

26  PCT/ US95/ 100515 Théneimlubbttaasdq%mwbcbmcb%mnu fretker said

bit body furthem ﬂcres a m ddl e port| on di sposed between said upper
portion and said’lower portion of s Elt b S¥ ﬁ'b?. £ salg g
portion having a g&é?‘ﬁ"l??/rc‘ﬁlmlf% 1, the exteriok 15Ppheket s
fornmed in the ddd¥e Poriicmiaif nsaid ebi:r.)rbodm £6r szsel :hnta'bhntyhing said
attachi sai t 0 t f ys 10
equal |'i % sai }uﬁ%or%ﬂ{ %ﬁésrﬁ%%or a%&ng b @igw%ﬁngbeérf%f %i?%ﬁtgff %@ _
the exterior cqusad ¢m|saiﬂ)dwmbmer¢&oﬁtwm%%umm 4. The dr| | b|t
as defined by O ai gaty Wigkdrt arm having a longitudinal axis with

approximately one third of the length of ezzh support arm
disposed in its associated pocket. _'

10



03 : ;
[ [ ; f ined in part. by a su _ _
which i s PQSZ;eﬁafgd?aﬂlﬂlﬂﬂﬂmﬂlmnlﬂmsai ¢3 over portion of said bit body
to ®provide enhanced fluid ¥Idw f'rofn btneath said | ower portion of said bit

body to said exterior of said drill bit:; and said nunber of cutouts
_equélling sai d nunber of 25 pockets and support arns. WO 96/ 05405

compri 31ng: Sag AL Btk A & T L e aors Reing i glfiehote
general |y w tsﬁhgh‘}é'htﬁr Sjoe*y&‘%g\{'ﬁqs agd potton SORRTIPIgIsaid drill bit; an
enl arged cavity for !ae@nsi-trpﬁiem:esauiid: lhmia;qr Iﬁiﬁ{ﬂ ral;ie)zumpéb’eérzlzd ﬂgx;tlgfri?ﬁitg{[‘rai ng
0P Lot R S1IGETRAR ol T 0 b, o
bit bodyZext en8RAf BEPREePOTAionc fort voamectdng Isadsr qrdll witoftssa d bit
body; and a noazlig1diserangdror 3kdtibh GP2ATAAAY 12Y 5]t
| a number of support arms attached to said bit body
and extending opposite from said upper portion, each of
said Support arms having an inside surface with a spindle
10 connected thereto, each spindle projecting generally
downwardly and inwardly with respect to its associated
support arm;
a number of cutter cone assemblies equal to said
number of support arms with one of said cutter cone

15 assemblies mounted:respectively on each spindle for
boring engagement with said side wall and bottom of said
borehole;

said bit body having a lower portion with a

generally convex exterior surface formed thereon to
20 provide enhanced fluid flow between said cutter cone
assemblies and said lower portion of said bit body;

a middle portion disposed between said upper portion
and said lower portion of said bit body, said middle
portion having a generally cylindrical configuration with

25 an outside diameter based in part on the required
dimensions for said'threaded roller bit connection;

a number of pockets formed in the exterior of said
middle portion of said bit body for attaching saiad

. support arms to said bit body with said number of pockets
30 equalling said number of support arms; and

said pockets equally spaced around the perimeter of

said middle portion.



to said |l ower portion of sald bit body. 15 6. The drill bit as defined by

Claim5 further co fluid passageway extendin g substantlally
paral | el wobbossesd | o axi s of said bit body; 20 %S4 d
nozzl e positioned proHM !' "jmectlgm of said convex surface on said
| ower portlon of said d longitudinal axis of said bit body:
25 : : The drill bit as deilned by daim5 further conprising. -
said fluid passagemay extendi ng through said b|t body at an angle relative
to the |ongitudinal axis of said bit. body, and 3 sai d nozzle

. positioned in said 17U|dTbasdagélabltoaﬁlﬁeﬁ#nﬁﬁupﬂ FlahmpabunEurthard

cutter .cone asggfptigdng: WO 96/05405 8. The drill bit as defined in
Claim5 wherein said caV|t further n?rlses gﬁg ? uni.form i nsi de
di anet er ext endi hg $*6th SUPEOH eﬂFﬂgh B9 31PN 8?%953§?é sai d niddle
portion of said: bltthedyengtngoﬁ eachseuppbntgarmdsehecaedstofposuuibnt
body 9. The I a f f gt C n sgkd
flurd pitsa gemgiaex§u§g§ﬁgégg (b06Enb 1y ChBlift8a bh! BEEn°BGBpbRL drn 8t
the optimum 1ocation for enhanced fluid flow between said
cutter cone assembly and said lower portion 'of said bit
body; ' | ' I
each support arm having a width selected to be
10 compatible with the width of said associated pocket; and
' the combined width of said support arms selected to ‘
be less than one half the circumferential distance on the .
exterior of said middle portion of said bit body to
provide - enhanced fluid flow between ‘said support arms and

15 said lower portion of said bit body.

18. The rotary cone drill blt as defined by
Claim 16 further compri51ng. '
said middle portion of said bit body having an
20 outside diameter; and
said bit body and said threadedtroller bit
connection cooperating with each other to allow attaching
support arms and cutter cone assemblies with various
dimensions to said bit body without_fequiring an increase
25 of said outside diameter of said middle portion of said
bit body. . ' -



| | [ ' ' xis of said bit body; a nozzle
1Ositioggéa;;SLiﬁng2F§§+FU%%Dgé%ggLnaL—aadjacent to said lower portion of
ggi d bit b¥Y6AIMS sai mﬂm“ﬁ!‘@“i\im\wee outl et: or:c figes mmsagmg_sg
“adi ’ udggal axi's'of 1 sai d bit
oAbl Sule e %s ‘defiined in Claig?S further conprising: a first
body. 10. The drill bit ‘as defined i ( _
fluid passageway fornmed in said bit body 20 extendi ng between said

Sit pand gaid | ower portion of said bit body; a second fluid passageway
?grneé in said bit body extending between said first fluid passageway and
said exterior of sa'a-niEHPedﬁélgibﬁto§Ssdeained bydgladnd1g5urther — said
second passagewemptdsing:at an angle with respect to said first ui

| ' [ d passageway w | |
assageway whereby f d,exiting.fromsaid secon _ _
gssi stg f|ﬁi d flow i%géﬁ g#ﬁu?ﬁéydﬁ?gﬁe‘a fnlpngitudinaldayisi| bit and the

. . .29

sai d bor ehol e. COrregponddBgogenerally with the projected axig9 :

Cide vall and bortoiohont ¥afd rtil bif} tecfe"[)if"LB“ngthFﬁgeQﬁFﬁpBZY' A
[ an ottom co : - _ :

ysalo(rjte i\gﬁ formed as aAPi ARiFeed pervityicferhedi vithinhsabdeadpper! BorLibn5 »

connection forofdsabdtbitepédy) or of said upper portion for connecting sai

drill bit to a drilénséﬁéﬁghéoin said cavity for communicating fluids

between said drill string and said cavity;

10 at least one fluid bPassageway formed in said bit
body extending between said cavity and said lower portion
of said bit body; and | =

a nozzle disposed in said fluid passageway adjacent
to said lower portion of said bit body.

15

20. The drill bit as defined by Claim 16 further
comprising:

said fluid passageway extending through said bit
body at an angle relative to the longitudinal axis of

20 said bit body; and

said nozzle positioned in said fluia passageway to
direct fluid flow between said cutter cone assemblies.
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(54) Title: m BIT WITH ENHANCED FLUID RETURN
(57) Abstract

A rotary cone drill bit
bit body (40) with a lower
an upper portion (42)
of support arms (70) are preferably
therefrom. Each support arm (70)
(82) connected to the associated

body (40) to provide enhanced fluid flow between
bit body and the support
selected to provide fluid-
and the lower portion (46
various rotary cone drill bits having different gauge diameters.

v
(20) for forming a borehole (24) having a one-piece
portion (46) having a convex exterior surface and
adapted for connection to a drill string (22). A number
attached to the bit body (40) and depend
has an inside surface (76) with a spindle
support arm (70). A number of cone cutter
assemblies (100) equal to the number of support arms (70) are mounted on each
of the spindles (82). The support arms (70) are spaced on the exterior of the bit
the lower portion (46) of the
arms (70). Also, the length of the support arms (70) is
flow between the associated cutter cone assembly (100)
) of the bit body. The same bit body may be used with

\




5 other for use in attaéhing said support arns to said bit body with
sai d nunber of pockets equal ling said nunber of support arms; and each of
sai d pockets havinng an upper surface fornmed as an integral part thereof for ;

engagenent with a top 10 surface provided on its associ ated support .
arm 13. The drill bit as defined by Caim11l further conprising: each i
support arm having a |ongitudinal axis; 15 the length of said

| ongi tudi nal axis selected to position said cutter cone assenbly nounted on
each support-armat the optinumlocation for enhanced fluid flow between
said cutter cone assenbly and said-lower portion of said bit body; and 20
each support arm having a width |l ess than the circunferential distance on
the exterior of said mddle portion between adjacent support arns to
provj de enhanced fluid fl ow between said support arnms disposed in said
pockets and said | ower portion of said bit body. 25 WD 96/ 05405

31 PCT/US95/ 10051 14. The rotary cone drill bit as defined by Caim1ll
further conprising: said mddle. portion of said bit body having an outside
di aneter; 5 ' " said upper portion of said bit body having an
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outside dianmeter conpatible with said threaded roller bit connection forned
thereon; &pgogdssfs OUt si de diameter of said upper portion agRqMdosRéRE Y
equal to said outside dianmeter of said 10 m ddl e portion ang said

outsi de di aneter approximtely equal to the, m nimum APl dianeter required
for:said threaded roller bit connection. 7/4AD 96/05405 '

32 . PCT/ US95/ 10051 15. The drill bit as defined by Caim1ll
further conprising: a nunber of pockets-foped-i-R the exterior of said
m ddl e portion of said bit body fﬁr use in _acht said 5 support

arnms to said bit body with said qunber of pocKketrs equal j@’ai’d unber of .
support arns; and each support anpm having a |ongituflinal axis with

approxi mately one_thirg the Ielngth of each suppotj

associ ated pocket. 10 REKRF 05405 ;
PCT/ US95/ 10051 16. A rotary&&@ne|ldrill bit for form ng
side wall and bottom conpri g: 1a one-pi ece bit body
portion with a threaded rol ¥

RO ehol e having a
NG

90 ng an upper
&he exterior of

'!

e

126 428




"5 sai d upper portion for connecting said drill bit to a drill string
for rotati wossosgesi d drill bit; a nunmber of support arns atipg gyhﬁs ai d
bit body and extendi ng opposite from said upper portion, each of sal
support arms having an inside surface with _a,spindle 10 connect ed
thereto, each spindle projecting generallyzﬂﬁﬂnmardly and inwardly with
respect to its associated support arn a nunber of cutter cone assenblies
equal to said nunber of support arns with one of said cutter cone 15
assenbl i es nmounted respectively on each spindle for boring engagenent with
said side wall and bottom of said borehole; said bit body having a | ower
portion with a generally convex exterior surface forned thereon to 20
provi de enhanced fluid fl ow between said cutter cone assenblies and said

| ower portion of said bit body; a mddle portion disposed between said
upper portion and said |lower portion of said bit body, said m ddle portion
havi ng a general ly cylindrical configurgﬂiongﬂﬁth 25 an outsi de

di anet er based in parﬁzon t he required ™hnen3nong r said threaded roller
bit connection; a nunbs i herigr of said mddle
portion of said bit ‘ \ 5000 said bit body
with said nunber o W] of sypport arns;

. and sai d pockets N \sgldi ddl e
portion. \




WD 96/ 05405 _ ' - PCT/ US95/ 10051 17. The
drill bit weogpédsed by Claim 16 further conprising: each w@m L
havi ng a -l ongi tudi nal axis; the length of each support arm’selecte o]
position 5 said cutter cone assenbly nounted on each support armat the
opti mum | ocation for enhanced fluid flow Bof4een said cutter cone assenbly
and.said | ower portion of said bit body; eac ppport arm having a width
selected to be 10 conpati bl e mﬁﬁB\Lhe wi dt h of said associ ated pocket;

and the conbi ned width of said suppor cW to be | ess than one
% et d m ddl e portion of
Q .-.
u

said bit body to provide enhanced fl

L dYfdow bet we sai d support arnms and
15 said | ower zartion of said bi g@f h8. g rotary cone drill bit
as defined by d ai further conprgsing: said e portion of said bit
body having an 20 ut si de di anetser NJand gai d body and said threaded

ach ot hef
W th vari
oﬂ sai

al ,gw at t achi ng
support arns and cutter cone assenbp} 0 dyrensions to said bit
I QU

body wi thout requiring an increase de dianeter of said

40

e
52




WD 96/ 05405 PCT/ US95/ 10051 19. The
drill bit kjaed by Claim 16 further conprising: -said bi ving a
| ongi t udi ngvl%%ﬁsgdgcorrespondi ng generally with the project ehqgggé;bdpgg
rotiation of said drill bit; an enlarged cavity formed within said upper
porition of said bit body; an opening in sayzr4cavi ty for comunicating
flukds between said drill string and said cavity; 10 at | east one
fluid passageway fornmed in said bit body extending between said cavity and
said | ower portion of ggai d bié body; and a nozzl e di sg@sed in said fluid
passageway adjacent togsai d[/F Qer portion of said bit¥%ody 80 20. The

drill bit as defi ned—Ry—G-am-16—Fl r%ﬁer conpri si ng; id tluid passageway
extendi ng through s4q bit pody % a2 "angl e relativg tlo the | ongisu al
axis of 20 sai dgbN] body; amd\gai d nozzle posit ed i n sai|ld\f¥uid
passageway to direcf\{||dbd [l ow[ketdween said cutte neg apsentiNi €.
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