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FLOW DIVERTER RING FOR A
ROTARY DRILL BIT AND METHOD

TECHNICAL FIELD OF THE INVENTION
The present invention relates generally to rotary

drill bits used in drilling a borehole in the earth, and
more particularly to a rotary cone drill bit with a flow
diverter ring for enhancing seal protectipn of the rotary

cone drill bit.

BACKGROUND OF THE INVENTION

10

15

20

~rotational axis of the bit body.

One type of drill used in forming a borehole in the
earth 1s a roller cone drill bit. A typical roller ccne
bit comprises a bit body with an upper end adapted for
connection to a drill string. Depending from the lower
portion of the bit body is a plurality of support arms,
typically three, each with a spindle protruding radially
inward and downward with respect to a projected
‘A cutter cone is
generally mounted on each spindle and supported rotatably
on bearings acting between the épindle and the inside of
a spindle-receiving cavity in each cutter cone. One or
more fluid nozzles are often formed on the underside of
the bit body. The nozzles are typicaily positioned to

direct drilling fluid passing downwardly from the drill

.string toward the bottom of the borehole being drilled.
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Drilling fluid washes away material removed from the
bottom of the borehole and cleanses the cutter cones,
carrying the cuttings and other debris radially outward
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drill bi yn drilling a borehole in the earth, and

particulgﬁ?gﬁﬁgsg rotary cone drill bit with a flow ¥ |%§?ﬁ@#&iing'
for enhancing seal protection of the rotary cone drill bit.,
BACKGROUND OF THE | NVENTI ON 10 One type of drill used in‘forming a
borehole in the earth is a roller cone drill bit. A typical roller
cone bit conprises a bit body with an upper end adapted for
connection to a drill string. Depending fromthe | ower portion of
the bit bodyhd sttaerplmpahraywethsnpaﬁrhnﬁum&s defineldy Hictilden tfHLe, each
with a splggg}fwoirudlgg radi al | I nwar.d and downward wth respect
to a proje the wall of the borehole.

Protection of bearings that allow rotation of the
cutter cones from the drilling debris can lengthen the
5 useful service life of a drill bit. Once drilling debris
is allowed to infiltrate between bearing surfaces of the
cutter cone and spindle, failure of the drill bit will
follow shortly. Various mechanisms have been employed to
help keep debris from entering between the bearing
10 surfaces.

A typical approach is to place an elastomeric seal
across a gap between the bearing surfaces of each cutter
cone and its respective spindle support arm. However,
seal failure is precipitated by abrasion due to the

15 intrusion of cuttings into the seal area. . Once the seal
fails, it is not long before drilling debris contaminates
the bearing surfaces via the gap between the cutter cone
and its respective spindle. Thus, it is important that
each seal also be protected against wear caused by debris

20 in the borehole. |

SUMMARY OF THE INVENTION
In accordance  with the present invention,

dlsadvantages and problems associated w1th prev1ous rocCkK
25 bits and rotary cone drill bits have been substantla*ly
reduced or eliminated. One aspect of the present inventicn
includes diverting abrasive fluids and particles away from
. sealing surfaces. Accordingly, the present invention
provides increased protection from erosion and longer down
30 " hole drilling time for the associated drill bit. Another
aspect of the present invention includes providing &
diverter ring comprising a disk with ribs extending
therefrom to divert abrasive cuttings and other debris frem
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rotati onalw@wf/s13e¢ the bit body. A cutter cone is ggcemsb-bm nmount d
on each ‘spindl e and supported rotatably on bearings acting between -
the spindle and the inside of 20 a spiddl e-receiving cavity in each
cutter cone. One or nore fluid nozzles-are often fornmed on the

under si de of the bit body. The nozzles are typically positioned to
direct drilling fluid passing downwardly fromthe drill “string

tomard the bottom of the borehole being drilled.
sealing surfaces. For.some applications, ribs are formed

on each surface of the diverter ring. For other
applications, the diverter ring may have ribs on only one
surface. The use of a diverter ring in accordance with the
"5 teachings of the present invention will substantially
reduce and better protect the gap formed between each
cutter cone and its respective support arm and spindle from
erosion by down hole fluids and borehole debris.
A further aspect of the present invention includes
10 providing a support arm and cutter cone assembly for a
rotary cone drill bit with superior seal protection. For
one application, each support arm may be integrally formed
with its associated bit body and with an inner surface, an
outer surface, and a bottom edge. The inner surface and
15 the outer surface of each support arm are contiguous at the
bottom edge. A spindle is attached to the respective inner
surface and angled downward with respect to each support
arm. The support arm and cutter cone assembly also -
includes a cutter cone ha#ing a cavity with an opening for
20 receiving the respective spindle. Each support arm and
cutter cone assembly further includes a seal for forming a
fluid barrier in a gap formed between the interior of the
cavity and the exterior of the spindlel Each gap also has
an opening contiguous with the bottom edge of the
25 respective support arm and in communication with any fluids
or debris in the exterior of the drill bit. A diverter
ring is disposed on the exterior of each spindle proximate
to the respective inside surface and located within the
opening to the respective gap. The diverter ring comprises
30 a disk having a plurality of ribs extending therefrom to
divert abrasive fluids away from the gap.

————
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2 Drilling fluid washes away nmaterial renoved fromthe

bot t om oWOHB138r ehol e and cl eanses the cutter cones, PCTIUSI0Q266 | i ny

the cuttings and other debris radially gutmard and then upward
. within an annul us defined between the 5 drill bit and the wall of

t he borehol e. Protection of bearings that allow rotation of

t he cutter cones fromthe drilling debris can |engthen the

useful service life of a drill bit. Once drilling debris is allowed to

pindl e BREEECBESCRTERIRN B BEELARANINES  ™° (o Fou Shortly. Vvari ous
nmechani sms havergeens emdreyedohPlete understanding of the present
invention, and the advantages thereof, reference is now
made to the following descriptions taken in conjunction
5 with the accompanying drawings, in which:

FIGURE 1 is an isometric view of a rotary cone drill
bit incorporating a diverter ring in accordance with the
present invention;

FIGURE 2 is a drawing in section with portions broken

10 away showing a support arm and cutter cone assembly
associated with the rotary cone drill bit of FIGURE 1;

FIGURE 3 is an enlarged drawing in section with
portions broken away showing a portion of the support arm
and cutter cone assembly of FIGURE 2;

15 FIGURE 4 is a perspective view showing one embodiment
of the diverter ring of the present invention;

FIGURE 5 is a top plan view of the diverter ring of
FIGURE 4; and

FIGURE 6 is a top plan view showing another embodiment

20 of the diverter ring of the present invention.

.o DETAILED DESCRIPTION OF THE INVENTION
_ The preferred embodiments of the present invention and
25 its advantages are best understood by referring to FIGURES

1-6 of the drawings, like numerals being used for like and

corresponding parts of the various drawings. _
For purposes of illustration, FIGURE 1 shows one

embodiment of the preseht invention represented by rotary

30 cone drill bit 10 of the type used in drilling a borehole
{(not shown) in the earth. Rotary cone drill bit 10 may
- sometimes be referred to as a "rotary rock bit.” With
___N“_ﬁ‘f?tary cone drill bi; 10, cutting action occurs as cone-
T
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hel p keqp“ﬁﬁﬁmﬁggﬁron1entering bet ween the bearing PCTEEVches.

A typical approach is to place an el astoneric seal 15 across a gap
bet ween the bearing surfaces of each cutt®r cone and its
respective spindle support arm However, oo seal failure is”
precipitated by abrasion due to the I ntrusion of cuttings into
the seal .area. Once the seal fails, it is not |long before
drilling debris contam nates 20 the bearing surfaces via the gap

bet ween t he shaped cdders 12 argdriofddedespreinde the nBpstomhuef ithe s

dobris | Borenqle ny sRAIRCRE & 5110 BLALECTAGRORRE D ERTERET ™Y |

In  accordaiidl biit 0 ishattaghedent Cutieveqeonea, 12 may sometimes be
referred to as "rotary cutter cones" or "roller cutter

5 cones” or "cone cutters." '
As shown in FIGURE 1, cutter cones 12 each include
cutting edges formed by grooves 14 and protruding inserts

16 which scrape and gouge against the sides and bottom of

a borehole under weight applied through a drill string.

10 The down hole drilling debris thus created is carried away
from the bottom of the borehole by drilling fluid ejected

from nozzles 18 on underside 20 of drill bit 10. The
debris-carrying fluid generally flows radially outward
between underside 20 of drill bit 10 and the borehole

15 bottom, and then flows upward toward the well head (not
shown) through an annulus (not shown) defined between the
exterior of drill bit 10 and the inside wall (not shown) of

the borehole.

Rotary cone drill bit 10 comprises an enlarged bit

-Zb - body 22 with a tapered, externally-threaded upper
section 21 adapted to be secured to the lower end of a

drill string. Depending from bit body 22 are three support

arms 24. Only two suppqrt'arms 24 are visible in FIGURE 1.

Each support arm 24 preferably includes inside surface 26

25 ' with spindle 28 extehdihg therefrom. See FIGURES 2 and 3.
.The lower portion of each support arm 24 preferably

includes an outer surfaée or shirttail surface 30. 1Inside
surface 26 and shirttail surface 30 are contiguous'with.

each other at bottom edge 32 oi_f each support arm 24.

30 Spindles 28 are preferably angled downwardly and inwardly
| with respect to longitudinal axis 23 of bit body 22 so that

as drill bit 10 is rotated, the exterior of each cutter

cone 12 engages the bottom of the borehole.  For some

This Sheet Has Been Reﬂlaced




di sadvanigg ﬁ@f probl ens associ ated with .previous rock | ts and
rotary conesg bits have been substantially r eNaues %k

el imnated. One aspect of the present irgention

i ncl udes diverting abrasive fluids and particles away fron1 seal i ng
surf aces. Accordingly, the present invention provi des

I ncreased protection fromerosion and | onger down hole drilling
time for the associated drill bit. Another 5 aspect of the present

invention aippalikd@donk’, O%pdhAge8 28 may also be tilted at an angle of
zero to three or four degrees in the direction of rotation
of drill bit 10.
Each cutter cones 12 may be constructed and mounted on
5 its associated spindle 28 in a substantially identical
manner except for the respective pattern of the rows of
inserts 16. Accordingly, only one support arm 24 and
cutter cone 12 is described in detail, since the same
description applies generally to the other support arm and
10 assemblies.
As shown in FIGURES 2 and 3; inserts 16 are mounted
within respective sockets 17 formed in cuttetr cone body 34.
Cutter cone body 34 includes base portion 36 and nose 38
extending therefrom. Base portion 36 preferably includes
15 backface surface 40 which extends radially relative to
central axis 29 of spindle 28. When cutter cone 12 is
mounted on spindle 28, backface surface 40 will be aligned
substantially parallel with adjacent portions of inside
surface 26 on support arm 24; For most applications, as
20 shown in FIGURE 1, pressed inserts and/or surface compacts
41 are provided in base portion 36 to minimize or prevent
erosion and wear of the respective cutter cones 12.
Opening inwardly from backface surface 40 is a
generally cylindrical cavity 42 for receiving spindle 28.
25 A suitable bearing 44 is generally mounted in cutter cone
12. A conventional ball retaining system 50 secures cutter
cone 12 to spindle 28.
For the embodiment shown in FIGURE 2, support arm 24
includes lubricant cavity 90, lubricant preésure
30 compeﬂsation system 92 and lubricant passage 94 to provide
the desired lubricant to various components associated with
cutter cone 12 and spindle 28. One or more passageways
(not shown) may be provided within spindle 28 to provide
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di verter ¢gprising a disk with ribs extending . pCTIGERokRE t O

di vert agﬁggﬁce cuttlngg and ot her debris from seal ing surfaces. For
sonme applications, ribs are forned 7 on each surface of the
diverter ring. For other 10 applications; the diverter ring may have
ribs on only one surface. The use of a diverter ring in accordance
with the. teachi ngs of the present invention will substantially
reduce and better protect the gap forned between each cutter cone

and its resDﬁEktﬂéﬁn?cUp@@rlbafiflmﬁélﬂazﬁﬁéﬂgl eslfrosb_a%éng £4 Oﬁkﬁgf)ol}y doywn hole
fluids and borehole debr| fur't her aspéct of resen

i nvention i REERERS 54 as ?ﬁ?ﬁﬁ?ﬁrﬁ?&a%ﬂﬁﬁﬁ%ﬁa dﬂﬂp<hnkawcqnﬁmtxnm@nbly
for a Thfageryb&@f&xdrgélméyt I t r%»&a'é'dorwf?ﬁginpr&ﬁ%\}oﬁz Ff‘#.ts

one application, each support arm may be integral or me
associ at ed %B936§E9n§nul Fhen axfieeneg uendce aplndle 28. Lubricant

5 may also be supplied to thrust button 95 if desired for the
specific down hole application. The diverter ring of the
present invention may be -used with a wide variety of
support arm and cutter cone assemblies having various types
of lubricating systems including systems associated with

10 air drilling. The present invention is not limited to use
with support arms and cutter cones assemblies having the
lubricating system shown in FIGURE 2. '

Ball retaining system 50 includes ball passageway 96.
Cutter cone 12 is retained on spindle 28 by inserting a

15 plurality of ball bearings 51 through ball passageway 96.
Ball bearings 51 reside in an annular array within
cooperatively associated ball races 97 and 99 formed in the
exterior of spindle 28 and the interior of cavity 42
respectively. Once inserted, ball bearings 51 prevent the

20 disengagement of cutter cone 12 from spindle 28. Ball
'passageway 96 is subsequently plugged with ball plug 98
using conventional techﬁiques. Again, the enhanced
shirttail and seal protection features of the presert
invention may be used with a wide varietyuof support arm

25 and cutter cone assemblies and is not limited to use with
a support arm and cutter cone assembly having bal!l
retaining system 50 as shown in FIGURE 2.

Spindle 28 has a generally cylindrical extericr
surface and cavity 42 has a generally cylindrical.interior

30 surféce. To allow cutter cone 12 to be rotatably mounted
on spindle 28 the outside diameter of spindle 28 is less

- than the inside diameter of the adjacent portion of cavity
42. Thus, a generally cylindrical gap is formed between

ThlS Sheet Has Been R
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outer surface, and a bottom edge. The inner surface and - the outer
surface dwoéaﬂﬁﬁ§upport armare contiguous at the bBETERP RGeS A -
spindle is attached to the respective |n§er surface and angl ed

downward with respect to each support arm The support arm and

cutter cone assenbly also includes a cutter cone having a cavity
wi th an opening for recei ving the respective spindle. Each support
arm and’ cutter cone assenbly further includes a seal for formng a

fluid barrigﬁeigx%eggggﬂgfn§£f§§ﬂ§g£8thedlgﬁgra%&erloghof cavity 42.
' The various segnments of the resultlng gap are defined by
adjacent surfaces of spindle 28 and cavity 42 such as
bearing surfaces 46 and 48 and ball races 97 and 99. As
5 shown in FIGURE 3, outer segment 52 of the gap extends
radially outward from the exterior of spindle. 28 between
backface surface 40 of cutter cone body 34 and the adjacent
portions of inside surface 26 on support arm 24.
As best shown in FIGURE 3 bearing 44 is disposed

10 within the gap between exterior surface 48 of spindle 28
and interior surface 46 of cavity 42. Seal element 54 is
disposed between the exterior of spindle 28 and the
interior of cavity 42 axially spaced from bearing 44. Seal
element 5S4 is also located within the gap between outer

15 segment 52 and bearing 44 to retain bearing lubricant and
to block well fluids and down hole debris from contacting
bearing surfaces 46 and 48 which would damagé these
surfaces and/or bearing 44 leading ultimately to failure of
drill bit 10.

20 Diverter ring 60 is disposed around spindle 28 within
annular recess 55, which is between inside surface 26 and
backface surface 40. Clearance gap 66 is formed between
diverter ring 60 and backface surface 40 and between
diverter ring 60 and inside surface 26, As will be

25 described in detail below, the diverter ring 60 forces or
“pumps” cuttings and other debris away from seal 54 during
drilling operations. As a result, diverter ring 60 of the
present invention extends the lifetime of the seal 54 and
thus the lifetime of the drill bit 10.

30 As shown ih FIGURES 4 and 5, diverter ring 60 is a
generally flat, cylindrical disk 70 having a series of ribs
72 protruding therefrom on a first side 74 and on a second
opposite side 76. 1Inside diameter 78 of diverter ring 60

Sheet Has Been Replaced
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an-openrng contiguous with the bottom edge of the respective

- support armand in comunication with any fluids ' or debris in the
exterior of the drill bit. A diverter 5 ring is disposed on the

exterior of each spindle proximte
and | ocated within the

to
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bty and the exterior of the spindle. Each gugrressmshas

disv enti ghttd s ilee fdruithamwhe foutside dhametep portion 79 of
the spindle 28. Outside diameter 80 of diverter ring 60 is
selected in accordance with the teachings of the present
invention to be less than the diameter of backface surface
40 of cutter cone 34 and to fit within annular recess 55.
Accordingly, diverter ring 60 is free to.rotate around
spindle 28 relative to inside surface 26 of the support arm
24 and annular recess 55 of cutting cone 34.

A significant feature of the embodiment shown in
FIGURES 2, 3 and 4 is the rotation of diverter ring 60
relative to inside surface 26 of the support arm 24 and to
annular recess 55 of cutting cone 34. Relative rotation is
accomplished by controlling the size of clearance gap 66 by
sizing the thickness of diverter ring 60 and the thickness
of annular recess 55. As a result, as the drill string
turns rotary drill bit 10 and cutter cone 34 rotates around
spindle 28, diverter ring 60 rotates around spindle 28 at
a speed greater than that of inside surface 26 of support
arm 24, which does not rotate, and at a speed less than the
rotation of the cutter cone -34. Thus, diverter ring 60
rotates relative to both inside surface 26 and support arm
24 and annular recess 55 in backface surface 40 of cutter
cone 34.

For the embodiment shown in FIGURES 2 and 3, clearance
gap 66 is about 5 thousandths of an inch. Cylindrical disk
70 and ribs 72 6n each side thereof each have a thickness
of about 50 thousandths of an inch. The present invention
allows the use of manufacturing techniques to closely
control the size of clearance gap 66 within very close
tolerances. The dimensions of diverter ring 60, however,
may be varied as desired to minimize manufacturing costs
while optimizing down hole performance .of the associated
drill bit 10. For example, depending on the size of the

This Sheet Has Been Re
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_ to the respective inside surface =
opening to the respective gap. The diverter
ring conprises a disk having a plurality of ribs extending therefromg
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BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore gﬁ?&é@@&?ﬂ%r

under st IM@PH41B2 t he present i nvention, and the adv

reference is now 15 made to the fol Iy ng descriptions taken in.
. . 1

conj uncti on wi th the accompanyi ng draw ngs, in which:

FIGURE 1 is an isonetric view of a rotary cone drill bi t

|ncorporat|ng a diverter ring in accordance with the pr esent

i nvention;

FI GURE 2 |s a drawing in section with portions

W th tﬁﬂ%?%rl% EYEH prar cBR eplplete s OF cRS°8T0E gr rind

enl arged dcawldg ben sabsitant\i/iarlliy eithepodecoesasedoksn am/eyealsem n=.gs a
portion ofdéggrgapport arm 25 and cutter cone assenbly of FI GURE

10

15

20

25

30
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As best shown by FIGURE 5, ribs 72 on first side 74 of
diverter ring 60, which face inside surface 26 on support
arm 24, are preferably angled at between 15 and 75 degrees
away from the diréction of rotation of diverter ring 60, as
measured from a radius 82 at the inside diameter 78 of
diverter ring 60. During drilling operations, ribs 72 on
first side 74 force cuttings and other debris outward of
the gap and thus away from seal 54. Ribs 72 on second side
76 of diverter ring 60, which face annular recess 55 of
backface 40 of cutter cone 34, are angled at between 15 and
75 degrees toward the direction of rotation of diverter
ring 60, as measured from radius 82 at the inside diameter
78 of diverter ring 60. Ribs 72 on second side 76 are
angled opposite ribs 72 on first side 74 because cutter
cone 34 rotates faster than diverter ring 60. Accordingly,
during drilling operations, cuttings and debris are pushed
against the backside of ribs 72 on second side 76 by the
rotation of the cutter cone 34 and then forced along the
backside outward of the gap and thus away from seal 54.

For some applications, chamfered surface 84 may be
forméd on the interior of ribs 72 on first side 74 of
diverter ring 60. Chamfered surface 84 provides clearance
between diverter ring 60 and the radius at the base of the
spindle 28.

For the embodiment of the invention shown in FIGURES
2 and 3, groove 56 is formed within cavity 42 spaced
axially from backface surface 40. This configuration
provides flange 86 between seal element 54 and diverter
ring 60. Flange 86 protects seal element 54 from the hard

abrasive materials associated with diverter ring 60 and

LT
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_FIGURE 4 ivgoarmeysgpective view showi ng one enbodi ment PCITUSING6266
diverter ring of the present invention; FIGURE 5 is a top plan
‘view of the diverter ring of FIGURE-4; and . ,

.FIGURE 6 is a top plan view showi ng anot her enbedi nent of the

diverter ring of the present invention; and

thus increases the down hole service life for seal element
54,

Since diverter ring 60 is a separate component, a wide

variety of materials and fabricating'techniques may be used

5 to form diverter ring 60. Diverter ring 60 is preferably
formed from conventional steel that is ion-nitrided or
boronized for erosion resistance. Diverter ring 60 may
also be formed of a composite material and includes =a
nonheat-treatable hard metal compdnent having a higher

10 degree of hardness than found in- prior support arms and
cutter cone assemblies.

In a second embodiment,. as shown in FIGURE 6, diverter
ring 90 is essentially the same as previously described
diverter ring 60 except that ribs 92 are curved to provide

15 a more gradual slope for forcing cuttings and other debris
from the gap and thus away from seal 54.

In another embodiment, the diverter ring 60 may only
comprise ribs 72 on one side. For example, diverter ring
60 may only comprise ribs 72 first side 74. 1In such an

20 embodiment, second side 76 is coupled to annular recess 55
of cutter cone 34. Accordingly, debris cannot pass between
diverter ring 60 and cutter cone 34. The method of
coupling the ring 60 to the arm or cone 34 could include a
means of energ121ng the ribs 72 against the opposing

25 surface. The energizer could be an o- ring, rubber washer,
or metallic spring. Diverter ring 60 rotates directly with
cutter cone 34. Ribs 72 on first side 74 force cuttings
and other debris outward of the gap and thus away from seal
54. Alternately, diverter ring 60 may only comprise ribs

30 72 second side 76. In such an embodiment, first side 74 is

coupled to inside surface 26 on- support arm 24.

Accofdingly, debris cannot pass between diverter ring 60

and support arm 24. Diverter ring 60 does not rotate. The

This Sheet Has Been Re‘i
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FIGURE 7_.is_an enlarged drawing in section with | POLL oken,
away shdﬁ?ﬂ@”Fﬂ% diverter ring coupled to 5 t he cutt§¢h@%%@mp

accordance with one enbodi ment of the 4, present invention; and

FIGURE 8 is an enlarged drawing in section wth portions broken away
showi ng the diverter ring coupled to t he support armin accordance

w t h anot her enbodi nent of 10 the present invention. - DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The preferred enbodinents of the

pr esent 1 S ngage b ferring
to FlI GUREQEI(S}E&E&1 r}gf 5:utheé’%zlrad%vfllql\r{?asga oegélﬁrrec?%%tﬂgg use %If %I I ke

and againsts gwlibackhaide of rhbsv&2|oussecamdngsde 76 and then '

outward of the gap and thus away from seal 54.
Although the present invention and its advantages have
5 been described in.detail, it should be understood that
various changes, substitutions and alterations can be made
therein without departing from the spirit and scope of the
invention as defined by the appended claims.

—e—
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For purpo%ﬁggﬁhsﬁ lustration, FIGQJRE 1 shows one enbpormeiesf t he .
present ‘i nvention represented by rotary 20 cone drill bit 10 of the type
used im drifring a borehole . (not g&Bown) in the earth. Rotary cone

drill sonetinmes be referred to as a "rotary rock bit."
" Wth “I"“ﬂ“ﬂmmﬂlluH drill bit 10, cutting action occurs as cone-

haped cutters 12 ase tolled around the bottom of the 25 bor ehol e by
rotatlon of a drill string (not shown) to which drill bit-10 is

attached. CHMHAT ISNCBAIMEDBES3SONEti mes be referred to as "rotary
cytter cones™ or £f0||£rr8 %??ﬂcone drffpﬁgn °£o§C98%m235tSr%8}ehole,
said drill bit comprising: }

a bit body with an upper end portion adapted for E

5 connection to a drill string for rotation about a
longitudinal axis of the bit body:

a number of angularly-spaced support arms integrally
formed with the bit body and depending therefrom, each of
the support arms having an inside surface with a spindle

10 connected thereto and an outer surface; |

each spindle projecting generally downwardly and
inwardly with respect to the longitudinal raxis of the bit
body and having a generally cylindrical upper end portion
connected to the inside surface of the respective support

15 arm; _

a plurality of cutter cones equaling the number of

support arms and rotatably mounted on one of the respective

spindles;
each of the cutter cones including an internal
20 . generally cylindrical cavity for receiving the respective
spindle; '

a generally cylindrical gap formed between the
exterior of each spindle and interior of each cavity, the
gap having an outer segment extending radially outward from

25 the exterior of the spindle and intersecting'with the outer
surface to form an opening;

a bearing element disposed within each gap between the
exterior of the respective spindle and the interior of the

- respective cavity;
30 a seal element disposed within each gap and sealing
between the respective spindle and the interior of the

. respective cavity; and

e ———
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6 As shown in FIGURE 1, cutter cones 12 eaghn
cutti U] med by grooves 14 and protruding |nsert m@&ﬁoﬂ%@ whi

scrape and gouge he sides .and {gpttom of a borehol e under

wei ght ﬁ!ﬂ' h-a drill string. 5 The down hole drilli'ng debris .
t hus cr ‘U &@E? away fromthe bottom of the borehole by
dr|II|ng flui d en from nozzles 18 on underside 20 of drill bit
10.  The debris-carrying fluid generally flows radially. outward

bet ween under si ge nggg_, l’rl Ihlp? d?%%ﬁggé hSnbOEﬁQ()'e‘?cte)]rql r Bgtt and

then fl ows. upward tomar rough an annulus
(not shom?pdaﬁlheedpbexmenetrtm the respectlve inside surface and

located within the opening to the respective gap, the
diverter ring comprising: :
5 a cylindrical disk; and
a plurality of ribs extending from the disk to
divert abrasive fluid flow away from the gap.

2. The drill bit as recited in Claim 1, wherein the
10 - diverter ring is disposed adjacent to the inside surface of
the support arm.

14

3. The drill bit as recited in Claim 1, wherein the
diverter ring further comprises:
15 a first side facing the inner surface of the
support arm;
' a second opposite side facing the cutter cone:
wherein the ribs extend from the disk on both the

first side and on the second opposite side; and

20 wherein the diverter ring is rotatable around the
spindle.
4. The drill bit as recited in Claim 3, further
comprising a clearance gap between the divertgr ring and
25 an area formed between the inner surface of the support arm

and the cutter cone, the diverter ring operable to rotate
at a rate slower than that of the respective cutter cone.

—_—
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exterior wognidz bit 10 and the insi de wal | (not shovvn) ofecTrusookiic
borehole Rotary cone drill bit. 10 conpri ses an enl arged bit
22 with a tapered, ext ekdal | y-t hreaded upper

F to.be secured to the lower end of a drifl string.ﬁn
. }%gﬂ%‘\“‘“ﬂ‘“‘“m body 22 are three support arns 24. Only two
)

arms 24 "'are visible in FI GURE 1. "Each support arm 24
preferably includes inside surface 26 20 with spindle 28 extending
therefrom See Bl.GURESR dnidl3bit-as recite'lfheirh o@bairpo&t | whepéirathe

SurTace 0. Tibe g8 Th8"lger side 0F SR RUEF KB D6 Bhalet oY guous

with feraoh 'ohéneldlzxtedtoidmnmédg@tazmn eafh theppdiveatar24ingSas
~Spindles 28 " %u@re%{ ey gngllrgglggvmg\@r arrllcjsfc{wvardl aleter of the
5 diverter ring.

6. The drill bit of Claim 3, wherein the ribs of the
second side of the diverter ring are angled' toward a
direction of rotation of the diverter ring as measured from

10 a radius at an inside diameter of the diverter ring.

7. The drill bit as recited in Cdaim 3, further
comprising a chamfer or radius formed on an inside diameter
of the diverter ring.

15 ' _ ' ‘

8. The drill bit as recited in Claim 1, further
comprising a flange between the diverter ring and the seal
element, the flange operable to protect the seal element
from fotation of the diverter ring.'

20

| 9. The drill bit as recited in Claim 'l, wherein the
ribs extend from the disk on only a first side of the
diverter ting, a second opposite side of the diverter ring
coupled to the cutter cone to prevent abrasive fluid flow

25 therebetween, and whereby the_diverter rind is operable to

rotate with the cutter cone.

10. The drill bit as recited in Claim 9, wherein the

ribs of the first side of the diverter ring are angled away

30 from a direction of rotation of the diverter ring as
measured from a radius at an inside diameter of the

. diverter ring.
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with respect to longitudinal axis 23 of bit body 22 so that

as drill

bit 10 | VOV the exterior of each cutter cone RETURYAGHS (he-

bottom of the bo le. ~ For sone 16 applications, spindles 28 my
e tilted at an angl e of : .

rotation
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11. The drill bit as recited in Claim 9, further
comprising a chamfer or radius formed on the inside
diameter of the diverter ring.

12. The drill bit as recited in Claim 1, wherein the
ribs extend from the disk on only a second side of the
diverter ring, a first side of the diverter ring coupled to
the inner surface of the support arm to prevent abrasive
fluid flow therebetween, and whereby thé diverter ring is

not rotatable.

13. The drill bit as recited in Claim’l2, wherein the
ribs of the second side of the diverter ring-are angled
toward a direction of rotation of the diverter ring as
measured from a radius at an inside diameter of the

diverter ring.

14. The drill bit as recited in Claim 9, further
comprising an energizer couplihg the second side of the
diverter ring against the cutter cone.

15. The drill bit as recited in Claim 12, further
comprising an energizer coupling the first side of the
diverter ring against the inner surface of the support arm.
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s
its assoowawedidpindle 28 in a substantially identical POIIUSIT/AGA6 e

Zé§g£%~19%‘Lng—L35peCtlVe pattern of the 50m5 of inserts 16.
'ng y, bﬁ one support arm 24 ant cutter cone 12 is

"since the sane description applies generally¥
fgﬂ m t arm and assenbl i es. 10 As shown
aﬁd 3, inserts 16 are nDunted Wi thin respective

sockets 17 forned |n cutter cone hody Cutter_cone body 34
i ncl udes base port8-on pséi%tﬁ&sélw for a rotaky FRRP g hétePibm téﬁse
portion 36 a&%@@&%&lﬁiﬁyﬂégxﬁilSIn backface surface 40 which extends
radially relative to central axis 29 of spindle 28. When cutter
cone 12 is QHﬁﬁﬁkﬁﬁ%ﬁF%b|ﬁH§E f9r pabatden Ahuke2 48PhnAlepe
al i gned of saidSURAN i@dy P rl lwieW fhgadj acent portions of inside

5 a plurality of ribs extending from the disk to

divert abrasive fluid flow away from a sealing element of
said drill bit. |

17. The diverter ring as recited in Claim 16, wherein
10 the diverter ring further comprises:
a first side for facing an inner surface of a

support arm of said drill bit: ,
a second opposite side for facing a cutter cone

of said drill bit; and
15 wherein the ribs extend from the disk on both the

first side and on the second opposite side.

18. The diverter ring as recited in Claim 17, wherein

the ribs of the first side of the diverter ring are angled

20 away from a direction of rotation of the diverter ring as
measured from a radius at an inside diameter ‘of ‘the

diverter ring.

: 19. The diverter ring as recited in Claim 17, wherein

25 the ribs of the second side of the diverter ring are angled

toward a direction of rotation of the diverter ring as
"measured at a radius at an inside diameter of the diverter

.ring.

30 20. The diverter ring as recited in Claim 16, further
comprising a chamfer or radius formed on an inside diameter

of the diverter ring.

—
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_surface port arm 24. . For nost applications, as s
pressed ﬁﬁgggyiﬂgnd/or surf-ace conpacts 20 41 are p?@%ﬂgéﬁmﬁ ase

deFTBH‘BG“rO~ﬁ+H+ane or prevent 18 erosion and wear of the

.res cones 12 Opening inwardly from

bac %M generally cylindrical cavity 42 for
receTV|mgLs A suitable bearing 44 is generally nmounted
in cutter cone . A conventional ball retaining system 50

Zﬁgga?ieﬁgtgﬁgmn in F Gﬂﬁﬁﬁgﬂfsuppo Eg?%?%ﬁgzﬁ rotary coceu égjﬁﬁLjﬁPgant
cavity  90used| tbrfoam a boredwoles comprisingdiipenstep®moEystem 92 and
lubricant passage 94 E%r%ﬁ?&}d% bit body having an wupper portion
adapted for connection to a drill string to rotate the bit
5  body; |
forming a pluraliﬁy of angular spaced support
arms extending from the bit body with each support. arm
having an inside surface; _
forming a spindle on each inside surface
10 projecting geherally downwardly and inwardly with respect
to its associated support arm;
forming a plurality of cutter cones equal to the
number of support arms;
forming a plurality of diverter rings equal to
15 the number of support arms and placing one of the diverter
rings on the exterior of each spindle approximate to the
respective inside surface; and
mounting each cutter cone on its respective
spindle with a generally cylindrical gap formed between the
20 - exterior of the spindle and the interior of the respective
cutter cone with the respective diverter ring disposed in

an opening formed by the gap.

22. The method of Claim 21, wherein the step of
25 forming a diverter ring comprises the stepé of:
forming a cylindricél disk; and
forming a plurality of ribs extending from the

disk.
30 K 23. The method of Claim 21, further comprising the
step of energizing the diverter ring against an opposite
- surface.
This Sheet Has Been R
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. 8 -nvgofz)ap”gesi red lubricant to various conponents aswnggge;dsmth

cutter co and spindle 28. One or nore passageways (not shown)
may be provided within spindlie 28 to provide | ubricant to ball
_retainers 51, bearing 44 and/or seal 1/5 elenent 54 as desired for
anti ci pated down hol e conditions. Thrust button 95 may be provided
within cavity 42 for engagenent with the extrenme end of spindle 28.
Lubri cant may al so be GEpRE=Sd=—to—fhruc_hutton 95 if destred for
t he speci fic down hol é&=ppleatian—the_dhvagler ring of the 10
present invention may be usGE=Ath—a-—dda-valioby-o ‘ support arm
and cutter cone assenblies hQERg—arlane Ty RS of lubricating
systens including systens adSociared sl e 21
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cair drill wasensiRer Present invention is not limted to use per/usosicd

support arns and cutter cones assenblies having the 15 | ubricating*’
‘system shown i-n FIGURE 2. . -Ball retaining system 50 includes ball
. passageway 96. Cutter cone 12 2% etained on spindlye 28 by’inserting
a plurality of ball bearings 51 thro : passagdway 96.
Bal | bear.ings -51 reside in an annular arr 1 tHln 20 tcooperatively
associated ball races 97 and 99 fornmed in e exterifor of spindle 28
and the interior of cavity 42 . respeCt Vel Once inserted, ball
beari ngs 51 prevent the di sengagene of/cyfter cond 12 from spindle
28. Bal | passageway 96 is subseq yv/plugged wist h ball plug 98
25 usi ng conventional techni ques.9q gayh, At he enHanced
shirttail and seal j’ -tiqg features o egent { invention nmay
be used with a wide variety of support ar hnd cuttqr cone assenblies
and is not limted to use with '
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-9 - . . WOUMIGRport armand cutter cone assenbly having bpbtserneés
retai ning system50 as shown in FI GURE 2. Spindle 28 has a
generally cylindrical exterior syrface and cavity 42 has a
-generally cylindrical interior 5 $ace. -To allow cutter cone 12 to
be rotatably nounted on spindle 28 the outside diameter of spindle 28
is less - than the inside dianeter of the adjacent portion of cavity
42. Thus, a generally cylindrical gap is formed between .




the exterior of spindle 28 and the interior of cavity 42. pdfusoroéis .. -

vari ous WOQHHMIE of the resulting gap are defined by - adj acent

. surfaces of spindle 28 and cavity 42 .such as beari ng surfaces 46 and
48 and bal|l races 97 and 99. As AZBown in FIGURE 3, outer segnent 52
of the gap extends radially outward fromthe exterior of spindle 28
bet ween 15 backface surface 40 of cutter cone body 34 and the adjacent
portions of inside surface 26 on support arm 24. As best shown
in FIGURE 3 bearing 44 is disposed. within the gap between exterior
surface 48 of spindle 28 and interior surface 46 of cavity 42. Seal
element 54 is 20 di sposed between the exterior of spindle 28 and
t he interior of cavity 42 axially spaced from bearing 44. Seal
el enent 54 is also |located within the gap between outer segnent 52

and bearing 44 to retain bearing |ubricant and

|

I
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- |
_to block w@%bwghgids and down hol e debris from contacting 2pcyusdresseésg

surfaces 48 which would danmge these surfaces and/ or
bearing 44 leading ultimately to failure of drill bit 10.

. Diverter ring 60 is disposed around sgAfll e 28-within annul ar recess
55, which is between inside surface 26 and
10 ) backface surface 40. Cearance gap 66 is forned between

This Sheet Has Been Re‘ilaced
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diverter ring 60 and backface surface 40 and between

7IU!).Z.l
- 60 and inside surface 26. As wll be descri bed |$£AI é%]gg]

'the diverter ring 60 forces :or 5 "punps” cuttings and debris
away from'seal 54 during drilling operations. As a result, diverte

“ring 60 of the present i nvention extends the lifetinme of the seal
and thus the lifetine of the drill bit 10. As shown in

FIGURES 4 and 5, diverter ring 60 is a 10 generally flat,

di sk 70 having a series of ribs 72 protruding theref

cylindri cal
romon a first

side 74 and on a second opposite side 76. Inside dianmeter 78 of
diverter ring 60 Is slightly larger than the outside dianeter

portion 79 of the spindle 28. Qutside diameter 80 of

di verter ring

60 is 15 sel ected in accordance with the teachings of the present

i nvention to be | ess than the di anmeter of lbackface surface
cutter cone 34 and to fit mrthin annular recess 55.

) 40 of
Accordingly,

di verter ring 60isfreetor ‘%#aﬂg nglle 28 relative to

i nside surface 26 of the suppor arm R:ﬁfeur nnular recess 55 of
cutting cone 34. ROTRRMIDR Iante e Ny ev@fuddne enbodi nent shown
in FIGURES 2, 3 and 4 is the rotation of diverter ring 60

relative to inside surface 26 of the support arm 24 and to
recess 55 of | o 4. | Lon is

annul ar

The present invention relates generally to rotary

LI,
4

5 more particularly to a rotary cone drill bit

; drill bits used in drilling a borehole ‘in the earth, and

with a flow

diverter ring for enhancing seal protection of the rotary

cone drill bit.

BACKGROUND OF THE INVENTION

10 . One type of drill used in forming a borehole in the

earth is a roller cone drill bit. A typical roller cone -

bit comérises a bit body with an upper end adapted for .

connection to a drill string. Depending from the lower

portion of the bit body is a plurality of support arms,

15 typically three, each with a spindle protruding radially

inward and downward with respect to a projected

rotational axis of the bit body. A cutter cone is

generally mounted on each spindle and supported rotatably

on bearings acting between the spindle and the

20 a spindle-receiving cavity in each cutter cone.

inside of

One or

more fluid nozzles are often formed on the underside of

the bit body. The nozzles are typically posit

direct drilling fluid passing downwardly from

AMENDED SHEET
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25 ‘acconpl i shed by controlling the size of cleara E
"sizing the thickness of diverter ring 60 and the thlm z)D c
"recess 55. As aresult, as the drill string " turns rotary d[l|| bi t
10 and cutter cone 34 rotates around spi@ple 28, diverter ring 60 rotates
around spindl e 28 at : _ a speed greater than that of

I nsi de surface 26 of support arm 24, which does not rotate, and at a
speed |l ess than the ‘rotation of the cutter cone 34. Thus, diverter
ring 60 - rotates relative to both inside surface 26 and support arm

Drilling fluid washes away material removed from the
bottom of the borehole and cleanses the cutter cones,
carrying the cuttings and other debris radiaily outward
and then upward within an annulus defined between the |
5 drill bit and the wall of the borehole.

Protection of bearings that allow rotation of the
cutter cones from the drilling debris can lengthen the
useful service life of a drill bit. Once drilling debris

is allowed to infiltrate between bearing surfaces of the

)

10 cutter cone and spindle, failure of the drill bit will
follow shortly. Various mechanisms have been employed to
help keep debris from entering between the bearing
surfaces.

A typical approach is to place an elastomeric seal

15 across a gap between the bearing surfaces of each cutﬁe:
cone and its respective spindle support arm. However,
seal failure is precipitated by abrasion due to the
intrusion of cuttings into the éeal area. Once the seal
fails, it is not long before drilling debris contaminates

20 the bearing surfaces via the gap between the cutter cone
and its respective spindle. Thus, it is important that .
each seal also be protected against wear caused by debris

in the borehole.

25 SUMMARY OF THE INVENTION
In accordance with the présen; invention,
disadvantages and problems associated with previous rock
bits and rotary cone drill bits have beén substantially

reduced or eliminated. One aspect of the present invention

AMENDED SHEET



l5' 24 and annul ar recess 55 in backface ;surface 40 ofmm 97/06c%n§6
- _34. For the enbodi nent shown in FIl GURES 2 and 3, i)lzaﬂgg}qgg?
- a

gap 66 is about 5 thousandths of an inch. Cylindrical M’s
ribs 72 on each side thereof each have a ghickness 10 about 50

t housandt hs of an inch.” The present invention all ows the use of

manuf acturing techniques to cl osely control the size of clearance gap
66 within very close t ol erances. The di nensi ons. of diverter ring 60,
however, may be varied as desired to m nimze manufacturing costs

15 whil e optim zing dowmn hol e perfornmance of the associ ated drill
bit 10. For iaxdmdes, divpetdnggabrasivesifiuids amd particlds laway tExtin
used, the thickness of the diverter riqg,GO coul d be suhstantially

ei ther decr eS€84150 | RUrE3SEF -as AccordiRglyeq. the present invention

provides increased protection from erosion and longer down
hole drilling time for the associated drill bit. Another
5 aspect of the present invention includes providing a
diverter ring comprising a disk with ribs extending
therefrom to divert abrasive cuttings and other debris from
sealing surfaces. For some applications; ribs are formed

on each surface of the diverter ring. For other

»,

10 applications, the diverter ring may have ribs on only one
surface. The use of a diverter ring in accordance with the
teachings of the present invention will substantially
reduce and better protect the gap formed between each
cutter cone and its respective support arm and spindle from

15 erosion by down hole fluids and borehole debris.

A further aspect of the present invention_includes
providing'a sﬁpport'arm and cutter cone assembly for a
rotary cone drill bit with superior seal protéction. For

= one application, each support arm may be integrally formed

20 with its associated bit body and with an inner surface, an
outer surface; and a bottom edge. The inﬂer surface and
the outer surface of each support arm are contiguous at the
bottom edge. A spindle is attached to the respective inner
surface and angled downward with respect to eaéh.support

25 arm., The support arm and cutter cone aésembly ‘also
includes a cutter cone having a cavity with an opening for
receiving the respective spindle. Each support arm and
cutter cone assembly further includes a seal for forming a

fluid barrier in a gap formed between the interior of the

AMENDED SHEET
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20 | As best shown by FIGURE 5, ribs 72 on first side 74

‘diverter ring 60, which face inside surface 26 on suppomgyﬂc 1997

preferably angled at between 15 and 75 degrees

direction of rotation of diverter ring 604 as- nmeasured from a radius
82 at the inside diameter 78 of 25 diverter ring 60. During drilling
operations, ribs 72 on first side 74 force cuttings and other debris
out ward of the gap and thus away fromseal 54. Ribs 72 on second

si de 76 of diverter ring 60, which face annul ar recess 55 of

backface 40 of cutter cone 34, are angled at between 15 and

cavity and the exterior of the spindle. Each gap also has

an opening contiguous with the bottom edge of the
respective support arm and in communication with any fluidé

or debris in the exterior of the drill bit. A diverter

5 ‘ring is dispoéed on the exterior of each spindle proximate
to the respective inside surface and located within the
opening to the respective gap. The diverter ring comprises

a disk having a plurality of ribs extending therefrom to

divert abrasive fluids away from the gap.

{3

10

BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present
invention, and the advantages thereof, reference is now
15 made té the following descriptions taken in conjunction
with the accompanying drawings, in which:
FIGURE 1 is an isometric view of a rotary cone drill
bit incorporating a diverter ring in accordance with the
- present invention; |
20 FIGURE 2 is a drawing in section with portions broken
away showing a support arm and cﬁtter.'cone assembly
associated with the rotary cone drill bit of FIGURE 1;
FIGURE 3 is an enlarged drawing in section with
portions broken away showing a portion of the support arm
25 and cutter cone assembly of FIGURE 2; N
FIGURE'4 is a perspective view showing one embodiment
of the diverter ring of the present invention; '
| FIGURE 5 is a top plan view of the diverter ring of
FIGURE 4; and |

AMENDED SHEET
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12 75 degrees toward the direction of rotatj Y2
ring 60, as neasured fromradius 82 at the inside di arr&ﬁ*,’é| 0/2 bgCOBQT

“diverter ring 60. Ri bs 72 on second side 76 are : angl ed opposite
ribs 72 on first side 74 because cutter § - cone 34 rotates faster than
di verter ring 60. Accordingly, during drilling operations,
cuttings and debris are pushed agai nst the backside of ribs 72 on
second side 76 by the rotation of the cutter -cone 34 and then forced
al ong the backsi de outward of the gap and thus away from seal 54. 10
o esore PPl oot ohSes ST & B hLGA18Y DR%DSs another SHSSiRtnt ®

of the diverter ring of the present invention; and
FIGURE 7 is an enlarged drawing in section with
portions broken away showing the diverter ring coupled to
5 the cutter cone in accordance with one embodiment of the
present invention; and _
FIGURE 8 is an enlarged drawing in section with
portions broken away'showihg the diverter ring coupled to
o, the support arm in accordance with another embodiment of

s ’

10 the present invention.

DETAILED DESCRIPTION OF THE INVENTION

" The pfeferred embodiments of the present invention aﬁd
15 its advantages are best understood by referring to FIGURES
1-6 of the drawings, 1ikelnumerals being used for like and

corresponding parts of the various drawings.

_ For purposes of illustration, FIGURE 1 shows one

st embodiment of the present invention represented by rotary
20 cone dfill bit 10 of the type used in drilling a borehole
(not shown) in the earth. Rotary cone drill bit 10 may
sometimes be referred to as a "rotary rock bit.f With
rotéry cone drill bit 10, cutting action occurs as cone-
shaped cutters 12 are rolled around the bottom of the
25 borehole by rotation of a drill string (not shoWn)'to'which
drili bit 10 is attached. Cutter cones 12 may sometimes be
referred to as "rotary cutter coneéﬂ or "roller cutter

cones" or Y“cone cutters."
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diverter ring 60. Chanfered surface 84 provides clearance ggEtF T
- diverter ring 60 and the radius at the base of the . ndz
" For the enbodi nent of the invention shown in FlI GURES and 3,
groove 56 is formed within cavity 42 spacgd o axially f r om backf ace
surface 40. This configuration provi des flange 86 between seal
el enrent 54 and diverter ring 60. Fl ange 86 protects seal elenent 54
fromthe hard 20 ‘abrasive materials associated with diverter ring 60 and
t hus increases the down hole service life for seal elenent 54.
Since diverter ring 60 is a separate conponent, a w de variety of
mat er-i al s and fabABcaﬂkngltbnhEIGUBE ey Getterdcongs 12 cedchmidicledeer
ring 60. E1verter referabl f or.med frog1convent|ona
steel that guFBﬁnglpag& grooves 14 and protruding inserts
16 which scrape and gouge against the sides and bottom of
a borehole under weight applied through a drill string.

5 The down hole drilling debris thus created is carried away
from the bottom of the borehole by drilling fluid ejected
from nozzles 18 on underside 20 of drill bit 10. The
debris-carrying fluid generally flows radially outward

- between underside 20 of drill bit 10 and the borehole
10 bottom, and then flows upward toward the well head (not
shown) through an annulus (not shown) defined between the
exterior of drill bit 10 and the inside wall (not shown) of

the borehole. |
Rotary cone drill bit 10 comprises an enlarged bit
15 body 22 with a tapered, externally-threaded upper
 section 21 adapted to be secured to the lower end of a
drill string. Depending from bit body 22 are three support
arms 24. Only two support arms 24 are visible in FIGURE 1.
A ‘Each support arm 24 preferably includes inside surface 26
| 20 with-spindie 28 exténding therefrom. See FIGURES 2 and 3.

The lower portion of each support arm 24 preferably
includes an outer surface or shirttail surface 30. Inside
surface 26 and shirttail surface 30 are contiguous with
each . other at bottom edge 32 of each support arm 24.

25 Spindles 28 are preferably angled downwardly and inwardly
with respect to longitudinal axis 23 of bit body 22 so that
- as drill bit 10 is rotated, the exterior of each cutter

cone 12 engages the bottom of the borehole. For some

applications, spindles 28 may also be tilted at an angle of

AMENDED SHEET -
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boroni zed for erosion resistance. Di verter ring 60 m 0 b

formed of a conposite material and includes a nonheat -treat abl e hard
nmet al component havi ng a hi gher

13 degree of hardness than foupd in prior support arns and
cutter cone assenblies. " In a second enbodi nrent, as shown in

FI GURE 6, diverter ring 90 is essentially the sane as previously
described 5 diverter ring 60 except that ribs 92 are curved to provide

zero to three or four degrees in the direction of rotation
of drill bit 10.
Each cutter cones 12 may be constructed and mounted on-
its associated spindle 28 in a substantially identical
5 manner except for the respective pattern of the rows of
inserts 16. Accordingly, only one support'arm 24 and
cutter cone 12 is described in detail, since the same
description applies generally to the other support arm and
o~ assemblies. |
= 10 ‘As shown in FIGURES 2 and 3, inserté 16 are mounted
within respective sockets 17 formed in cutter cone body 34.
Cutter cone body 34 includes base portion 36 and nose 38
extending therefrom. Base portion 36 preferably includes
backface surfaee 40 which‘extends radially relative to
15 central axis 29 of spindle 28. When cutter cone 12 is
mounted on spindle 28, backface surface 40 will be aligned
substantially parallel with adjacent portions of inside
surface 26 on support arm 24. For most applications, as
s . shown in FIGURE 1, pressed inserts and/or surface compacts
”'éo 41 are provided in base portion 36 te-minimize or prevent
erosion and wear of the respective cutter eenes 12,
| Opening inwardly from backface surface 40 is a
generally cylindrical cavity 42 for receiving spindle 28.
A suitable bearing 44 is Qeneraily mounted in cutter cone
25 - 12. A conventional ball retaiﬁing system Solsecures'cutter
cone 12 to spindle 28.
For the embodiment shown in FIGURE 2, support arm 24
includes lubricant cavity 90, lubricant pressure

compensation system 92 and lubricant passage 94 to provide

AMENDED SHEET
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a hore ‘gradual slope for forcing cuttings and ot her m e
gap and thus away from seal 54. I n anot h |0rrgnDEfQﬂggr
‘diverter ring 60 may only conprise ribs 72 on one side. For exanple,
‘diverter ring 10 60 may only conprise ribs 72 first side 74. In such
an enbodi nent ‘as”shown by FI GURE 7,85eqond side 76 is coupled

to annul ar recess 55 of cutter cone 34. Accordingly, debris cannot
pass between diverter ring 60 and cutter cone 34. The nethod of
coupling the ring 60 to the armor cone 15 34 could include a neans of
energi zing the ribs 72 agai nst t he opposing surface. The energizer
100 coul d be gReOdesired lﬁbehaﬂﬁ”H&”#é%iﬂﬂHﬂcdﬁ'dH@ﬂﬂs'h%s%%&a@%d thﬁrter
ring 60 rotates directly with cutter cone 34 Ribs 72 on first

side 74 forcecottéerngenenddtéed dplinddeowl8ar done wmemp¢e2passagewdybhus

away from seal 54. Alt rnately, dlverter ring,60 only conprise
ribs 72 seconénQFd&hewn) may e rpxevided wi éﬁlﬁﬂ%PQ%ﬁ wHObPrPVE@RE

first side 7 e t urf ac SLpPP rt

Accordi ngly, 41ﬁ8r§8gﬂgr ?cso c%ﬁ]ﬁ]dt q:.paszlrgee’fgfs/veéfﬁ dﬁo\/ega%lq{rb r?%g%é’t? and éﬁ%g)ort
arm25 s  2delehdyersfrad idubided @Ry Rektildipdited doWiehblbakbAldiflions.
cutter cone 34 force cuttings and debris against the backsi de

of ribs 72 onTheeshd itd®ry69andaeheopyerided within t¢avipy #42d fous

from | _54.
awnay. 1ro Sea'ng5agement with the extreme end of spindle 28. Lubricant

may also be supplied to thrust button 95 if desired for the
i épecific down hole application. The diverter ring of the
10 present invention may be used with a wide variety of
support arm and cutter cone assemblies having various types
of lubricating systems including systems associated with
air drilling. The present invention is not limited to use
with support arms and cutter cones assemblies having the

15 lubricating system shown in FIGURE 2.
Ball retaining system 50 includes ball passageway 96.
Cutter cone 12 is retained.on spindle 28 by inserting a
plurality of ball bearings 51 through ball passageway 96.
Ball bearings 51 reside in an annular array within
:20 cooperatively associated ball races 97 and 99 formed in the
.exterior of spindle 28 and the interior of cavity 42
respectively. Once insefted, ball bearings 51 prevent the
disehgagement of cutter cone 12 from spindle 28. Ball
passageway 96 is subsequently plugged with-ball plug 98
25 using cdnventional techniques. Again, the enhanced
shirttail and seal protection features of the present
invention may be used with a wide variety of support arm

and cutter cone assemblies and is not limited to use with
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Al t hough the present invention and its advantages have.,w
described in detail, it should be understood that vari 592%&1997
substitutions and alterations can be nad% :

a support arm "and cutter cone assembly having ball
retaining system 50 as shown in FIGURE 2.
Spindle 28 has- a generally cylindrical exterior
surface and cavity 42 has a generally cylindrical interior
5 surface. To allow cutter cone 12 to be rotatably mounted
on spindle 28 the outside diameter of spindle 28 is less
than the inside diameter of the adjacent portion of cavity
42. Thus, a generally cylindrical gap is formed bétween
the exterior of spindle 28 and the interior of cévity 42.
10 The various segments of the resulting gaé are defined by
adjacent surfaces of _spindlé 28 and cavity 42 such as
bearing surfaces 46 and 48 and ball races 97 and 99. As
shown in FIGURE 3, outer segment 52 of the gap extends
radially outward from the exterior of spindle 28 between
15 backface surface 40 of cutter cone body 34 and the adjacent
portions of inside surface 26 on support arm 24.
As best shown in FIGURE 3 bearing 44 is disposed
within the gap between exterior surface 48 of spindle 28
and interior surface 46 of cavity 42. Seal element 54 is
20 disposed between the exterior of spindle 28 and the
interior of cavity 42 axially spaced.from bearing 44. Séal
element 54 is also locatéd within the gap between outer
segment 52 and bearing 44 to retain bearing lubricant énd
to block well fluids and down hole debris from contacting
25 béaring surfaces 46 and 48 which would damage these
surfaces and/or bearing 44 leading ultimately to failure of
drill bit 10. '
Diverter rihg 60 is disposed afound spindle 28 within

annular recess 55, which is between inside surface 26 and
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" trere. &
thereln W t hout departing fromthe spirit. and scope of tmms q?néQt %66
- as defined by the appended cl ai ns. W
1S y 1. Avrotary cone drill bit for formngabore ?D:Ecl?@

said drill bit conprising: a big body with an upper end portion
" adapted for 5 connection to a drill string for rotation about a
| ongi tudi nal axis of the bit body; -

backface surface 40. Clearance gap 66 is formed between
diverter ring 60 and backface surface 40 and between
diverter ring 60 and inside éurface 26. As will be
described in detail below, the diverter ring 60 forces or
5 “pumps” cuttings and other debris away from seal 54 during
- drilling operations. As a result, diverter ring 60 of_ﬁhe
present invention extends the lifetime of the seal 54 and
thus the lifetime of the drill bit 10.
- As shown in FIGURES 4 and 5, diverter ring 60 is a
10 generally flat, cyliﬁdrical disk 70 having é.series of ribs
72 protruding therefrom on a first side 74 and on a second
opposite side 76. Inside diameter 78 of diverter ring 60
is slightly larger than the outside diameter portion 79 of
the spindle 28. Outside diameter 80 of diverter ring 60 is
15 selected in accordance with.the teachings of the present
invention to be less thaﬁ thé diameter of backface surface
40 of cutter cone 34 and to fit within annular recess 55.
Accordingly, diverter ring 60 is free to rotate around
spindlg 28 relative to inside surface 26 of the support arm
éo 24 and annular recess 55 of cutting cone.34.
A significaﬁt feature of the embodiment_ shown in
FIGURES 2, 3 and 4 is the rotation of diverter ring 60
relative to inside surface 26 of the_support arm 24 and to
annular recess 55 of cutting cone 34. Relative rotation is
25 accomplished by controlling the size of clearance gap 66 by
sizing the thickness of diﬁerter ring 60 and the thickness
of annular recess 55. As a result, as the drill string
tufns rotary drill bit 10 and cutter cone 34 rotates around

spindle 28, diverter ring 60 rotates around spindle 28 at
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a nunbér of angul arly-spaced support arns integrally m q7h/tﬁs 2.6
rnde

-bit body and depending therefrom each of t he supp av| an
‘inside surface with a spindle 10 connected thereto an &WBCQQT
each spindle projecting generally dowyardly- and Inwardly with
‘respect to the longitudinal axis of the bit _ body and having a
" generally cylindrical upper end portion connected to the inside
surface of the respective support 15 arm a plurality of
cutter cones equaling the nunber of support arns and rotatably
nount ed on one of the respective spi ndl es; each of the

cutter conesa spe¢ddgngaten thanethat 2¢ insjsleersuirtfacs/|26def cappartty
for receiving the respectiv spi ndl e; a_genera

cylindri cal gﬁ%“f%ﬁwmﬁb%ﬁﬁxéiﬁ?tﬂﬂ§ dotates, a0 8F 8 SBSEH iﬁ?ﬁdF Bnkhe

I nterior of q_aé‘% | t a VisRg a er fending
radi al | y outwar ??%%1 %E ttl31%’( h%u%(?lgr|88Irigofaqt'henlsl%#%]ﬂl gig%g%igtrﬂ 3&5 t{sgg
Wi th the outefotates reldtine ttw BUth dndiddidiiface 26 and SuPpBGFt Ngrm

el ement di sposed Wi thin each gap between the exterior of the
respecti ve s@hdrd spanuhari neeessr 55f inhdackface ayrfadqe/ 4 of tqutter
cone 34.

For the ehbodiment shown in FIGURES 2 and 3, clearance
gap 66 is about 5 thousandths of an inch. Cylindrical disk

;; 70 and ribs 72 on each side thereof each have a thickness
10 of about 50 thousandths of an inch. The pfesent invention
aliows the use of manufacturing techniques to. closely
contxrol the size of clearance gap 66 within very close
tolerances. The dimensions of diverter ring 60, however,

may be varied as desired to minimize manufacturing costs

15 while optimizing down hole performance of the associated
drill bit 10. For example, depepding on the size of the

drill bit 10 used, the thickness of the diverter ring 60
could be substantially either decreased or increased as

| desired. |

20 As best shoﬁn by FIGURE S, ribs 72 on first side 74 of
diverter ring 60, which face inside surfacé 26 on support

arm 24, a;e preferably angled at between 15 and 75 degrees

away from the direction of rotation'of diverter ring 60, as
measured from a radius 82 at the inside diameter 78 of

25 diverter ring 60. During drilling operations, ribs 72 on
first side 74 force cuttings and other debris outward of

the gap and thus away from seal 54. Ribs 72 on second side

76 of diverter ring 60, which face annular recess 55 of

backface 40 of cutter cone 34, are angled at between 15 and

AMENDED SHEET



16 a seal elenent disposed within each ga a9|7n 06266
-between the respective spindle and the interior of the dkﬂhﬁ i 4997
- cavity; and a diverter ring disposed on.the exterior of each 5
spindl e proximate to the respective insidgysurface and | ocated within
‘the opening to the respective gap, the diverter ring conprising:

a cylindrical disk; and a plurality of ribs extending from

the disk to 10 divert abrasive fluid flow away fromthe gap.

75 degrees toward the direction of rotation of diverter
ring 60, as measured from radius 82 at the inside diameter
78 of diverter ring 60. Ribs 72 on second side 76 are
angled opposite ribs 72 on first side 74 because cutter
5 cone 34 rotates faster-than diverter ring 60. Accordingly,
during.drilling operations, cuttings and debris are pushed
against the backside of ribs 72 on second side 76 by the
rotation of the cutter cone 34 and then forced along the

s backside outward_of the gap and thus away from seal 54.

10 For some applications, chamfered suéfa¢e 84 may be
formed on the interior of ribs 72 on first side 74 of
diverter ring 60. Chamfered surface 84 provides clearance
between diverter ring 60 and the radius at the base of the
-spindle 28. _

15 - For the embodiment of the invention shown in FIGURES
2 and 3, groove 56 is formed within cavity 42 spaced
axially from backface surface 40. This configuraﬁion
provides flange 86 between seal element 54.and diverter
ring 60. Flange 86 protects seal element 54 from the hard

20 .abraSiVe materials associated with diverter ring 60 and
thus increases the down hole service life fér seal element
54.

Since diverter ring 60 is a separate component, a wide
variety of materials and fabricating techniques may be used

25 .to form diverter ring 60. Diverter ring 60 is preferably
formed.from conventional steel that is ion—nitfided or
boronized for exrosion resistance.. Diverter ring 60 may
also be formed of a composite material and includes a

nonheat-treatable hard metal component having a higher
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2. The drill bit as recited in daim1, wherein the UTﬁ’Segt%EbQ1 2#§6

di sposed adj acent to the inside surface of t he

3. The drill bit as reC|ted in Caiml, wherein the verter ring
further conprises: a first féde facing the inner surface of
t he . support arm 20 a second opposite side facing the
cutter cone; wherein the ribs extend fromthe di sk on both
t he first side and on the second opposite side; and

wherein the diverter ring is rotatable around the spindle. 25

4. The drill bit as recited in Caim3, further conprising a

cl earance. gap dejseenof hhatidnesiserthiamgfenadd in prior support arms and
cutter cone assemblies.
In a second embodiment, as shown in FIGURE 6, diverter
ring 90 is essentially the same as previocusly described
5 diverter ring 60 except that ribs 92 are curved to provide
a more gradual slope for forcing cuttings and other debris
from the gap and thus away from seal 54.
In another embodiment, the diverter ring 60 may only
- cémprise ribs 72 on one side. For example, diverter ring
10 60 may only comprise ribs 72.first.side 74. In such an
embodiment as shown by FIGURE 7, second side 76 is coupled
to annular recess 55 of cutter cone 34. Accordingly,
debris cannot pasé between diverter ring 60 and cutter cone
34. The method of coupling the ring 60 to the arm or cone
15 34 could include a means of energizing the ribs 72 against
the opposing surface. The energizer 100 could be an o-
‘ring, rubber washer, or metallic spring. Diverter ring 60
rotates directly with cutter cone 34. Ribs 72 on first
’_ side 74 force cuttings and other debris outward of the gap
R 20 and thus away from seal 54. Alternaﬁely, diverter ring 60
may only comprise ribs 72 second side 76. In such an
embodiment as shown by FIGURE 8, first side 74 is coupled
to inside surface 26 on support arm 24. Accordingly,
debris cannot pass between diverter ring 60 and support arm
25 24. - Diverter ring 60 does not rotate. The rotation of
| cutter cone 34 force éuttiﬁgs and debris against the
backside of ribs 72 on second side 76 and then outward of

the gap and thus away from seal 54.
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17 ' an area formed between the inner surface bbfﬂﬁsgp‘ga{tgérabb
and the cutter cone, the diverter ring operable to rotate a r at

sl ower than that of the respective cutter cone. 5- @Qb‘@ &él?l
bit as recited in daim.3, wherein the ribs of the first side of the
diverter ring are angled away fron1%%e direction of rotation of the
diverter ring as neasured froma radius at an inside dianeter of the
diverter ring. 10 6. The drill bit of Cdaim3, wherein the ribs
of the second side of the diverter ring are angled toward a

direction of rotation of the diverter ring as neasured from a radius
at an inside di ansakrhaigh thaelipradgent invegntlion and its advantages have

been described in detail, it should be understood that
various changes, substitutions and alterations can be made
therein without 'departing' from the spirit and scope of the

5 invention -as defined by the appended claims.
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7. Th'_e drill bit as recited in daim3, further igmsg%/aochgrféb
- or radius formed on an inside diameter of the dlmrmguujmg7 _
: The m“lnum"ﬂ“'ﬁ““maniﬁg in daim1l, further i sing a flahge

bet ween it 1d t he seal 15 elenent, the flange operable

“ to protect thé séal "el &neht . fromrotation of the diverter ring. 25
9. The drill bit as recited in Gaim1, wherein the ri bs extend
fromthe disk on only a first side of the - diverter ring, a second
opposite side of the diverter ring coupled to the cutter cone to
prevent abrasive fluid flow

1. A rotary cone drill bit for forming a borehole,
said drill bit comprising:
a bit body with an upper end portion adapted for
5 connection to a drill string for rotation about a
longitudinal axis of the bit body;
a number of angulafly-spaced support arms integrally
formed with the bit body and depending therefrom, each of
Y the support arms having'an inside surface with a spindle
10 connected thereto and an outer surface; |
| | each spindle projecting generally downwardly and
inwardly with respect to the longitudinal axis of the bit
- body and having a generally cylindrical upper end portipn
connected to the inside surface of the respectivefsupport
15 arm; |
a plurality of cutter cones equaling the number of
support arms and rotatably mounted on 6ne of the respective
— spindles; | ' |
each of the cutter cones including an internal
20 generaily cylindrical cavity for receiving the respective
spindle; ' |
a generaily cylindrical -gap formed between the
exterior of each spindle and interior of each cavity, the
gap having an outer segﬁent extending radially outWard from
25 the exterior of the spindle'and'intersecting with.the outer
surface to form an opening; . |
a bearing element disposed Qithin each gap between the
exﬁerior of the respective spindle and the interior of the

respective cavity;
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18 ) the?-ebet ween, and whereby the diverter ni Jﬂ-ﬁ (%ngbpbt%66
_'ao;:ah]egvm th the cuttet \,u..e.ri bs of the fi ri'([) S;I'gg g][i ![I bit as reﬁéég‘éﬁl
angl ed mmm"r"' lﬁ!iﬁﬂ di rection of %t ion of the mag L!§ ring as
r@n1a r

'neasure an inside d|a ter of the di verter ring.
The drill bit as recited in Ctaim9, further

conpr|5|ng a chanfer or radius forned on the inside di anet er of

the diverter ring. 12. The drill bit as recitedin Claiml,:

wherei-n the 15 ri bs extend fromthe disk on only a second side of the

a seal element disposed within each gap and sealing
between the respective spindle and the interior of the
respective cavity; and

a diverter ring disposed on the exterior of each

S spindle proximate to the respectlve inside surface and
located within the opening to the respective gap, the
diverter ring comprising:

a cylindrical disk; and

B ' _ a plurality of ribs extending from the disk to

10 divert abrasive fluid flow away from the gép.
.2. The drill bit as recited in Claim 1, wherein the

diverter ring is disposed adjacent to the inside surface of

the support arm.

15
3. The drill bit as recited in Claim 1, wherein the
diverter ring further comprises: .
\; a first side facing the inner surface of the
support arm;
20 a second opposite side facing the cutter cone;
wherein the ribs extend from the aisk on both the
first side and on the second opposite side; and
wherein the diverter ring is rotatable around the
spindle. | ' |
4. .The drill bit as recited in Claim 3, further

comprising a clearance gap between the diverter ring and
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divertér ring, a first side of the diverter ring coupled to he_inner

surfacg_oi——{—he—summto prevent abrasive flm
'therebetvve m the diverter ring is not” rota ab?é‘z"DZEOC1 97
13. The “Lm \ ted in daim1l2, gnerei'n t he ribs of the
en disverter ring are angle . toward a direction of

rotation of the diverter ring as neasured -froma radius at an inside
di aneter of the 25 di verter ring. 14. The drill bit as
recited in Claim9, further - conprising an energi zer coupling the
second side of the diverter ring against the cutter cone.

an area formed between the inner surface of the support arm

and the cutter cone, the diverter ring operable to rotate

at a rate slower than that of the respective cutter cone.

5 _ 5. The drill bit as recited in Claim 3, wherein the
ribs of the first side of the diverter ring are angled away
from the direction of rotation of the diverter ring as
measured from a radius at an inside diameter of the

_— diverter ring.
10
6. The drill bit of Claim 3, wherein the ribs of the
second side of the diverter ring .are angléd toward a
direction of rotation of the diverter ring as measured from

a radius at an inside diameter of the diverter ring.

15
7. The drill bit as recited in Claim 3, further
comprising a chamfer or radius formed on an inside diameter
_: of the diverter ring.

20 8. The drill bit as recited in Claim 1, further
comprising a flange between the diverter ring and the seal
element, the flange operable to protect the seal element
from rotation of the diverter ring.

25 . 9. The drill bit as recited in Claim 1, wherein the

ribs extend from the disk on only a first side of the
diverter ring, a second opposite side of the diverter ring

coupled to the cutter cone to prevent abrasive fluid flow
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‘19' ; 15. The drill bit as recited in daim 12, furtzl06266

“conprising an energizer coupling the first side of the f
“ring agarnst—the—immer—surface of the support arm WO\{%BEQ 1997

dlvert ary cone drill bit 8the s diverter ring
'conprl a cylindrlca} di sk for rotation about a
| :

spi ndl e« rotary cone drill bit; and . a
plurality of rlbs extending fromthe disk to 10 di vert abrasjve fluid

flow away froma sealing element of. said drill bit.

therebetween, and whereb§.£ﬁé aiﬁerter ring is operable to

rotate with the cutter céne.

10. The drill bit as recited in Claim 9, wherein the

5 ribs of the first side of the diverter ring are angled away
" from a direction of rotation of the diverter ring as

- measured from a radius at an inside diameter of the

diverter ring.

10 11. The drill bit as recited in Claim 9, further
comprising a chamfer or radius formed on the inside

diameter of the diverter ring.

12. The drill bit as recited in Claim 1, wherein the

15 ribs extend from the disk on only a second side of the
diverter ring, a first side of the diverter ring coupled to

the inner surface of the support arm to prevent abrasive

fluid flow therebetween, and whereby the diverter ring is

not rotatable

20 : . .
13. The drill bit as recited in Claim 12, wherein the
ribs of the second side of the diverter ring are éngled '
toward a direction of rotation of the diverter ring as
measured from a radius at an inside diameter of the
25  diverter ring. |

14. The drill bit as recited in Claim 9, further
comprising an energizer'coupling the second side of the

diverter ring againsﬁ the cutter cone.
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:1_72 The diverter ring as recited in Caim 16, V\,her-ei n | ’Tmshg le\/«gbez 66
surface of INRVITIANBIAR. o o caio arini 5 ™  IPEANIS 02 DECG97

second opposi te side fr *facing a cutter ggne - of said drill” bit;
“and wherein the ribs extend fromthe disk on both the 20
first side and on the second opposite side. ’ 18. The diverter
ring as recited in Claim17, wherein the ribs of the first side of
the diverter ring are angled away froma direction of rotation of
the diverter ring as 25 measured froma radius at an inside dianeter

of the diyerterhei @ill bit as recilthd The dlwdel €X2/ i f@rBRer
recited in Claim17, wherein the ribs of the second side of the
di verter ringcemprigghgd an energizer coupling the first side of the

diverter ring against the inner surface of the support arm.

5 16. A diverter ring for a rotary cone drill bit, the
diverter ring comprising:
a cylindrical disk for rotation about a spindle
of said rotary cone drill bit; and
M; . a plurality of ribs extending from the disk to
10 divert abrasive fluid flow away from a seéling elément of

said drill bit.

17. The diverter ring as recited in Claim 16, wherein
the diverter ring further comprises: |
15 a first side for facing an innei surface of a
support arm of said drill bit;
a second opposite side for facing a cutter cone
of said drill bit; and |
wherein the ribs extend from the disk on both the

20 first side and on the second opposite side.

~18. The diverter ring as recited in Claim 17, wherein

the ribs of the first side of the diverter.ring are angled

away from a direction of rotation of the diverter ring as

25 measured from a radius at an inside diameter of the.

diverter ring.

19. The diverter ring as recited in Claim 17, wherein

the ribs of the second side of the diverter ring are angled
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as recite urt her conBBising a chanfer or radius forned
“on an inside dianeter

toward a direction of rotation of the diverter ring as
measured at a radius at an inside diameter of the diverter

ring.

5 20. The diverter ring as recited in Claim 16, further
comprising a chamfer or radius formed on an inside diameter

of the diverter ring.

_— 21. Please cancel Claim 21.-

10 - | -

22. (Amended) A method of fabricating a rotary cone
drill bit used to form a borehole, comprising the steps of:

forming a bit body having an upper portion adapted for
connection to a drill string to rotate the bit body;

15 forming a plurality of angular spaced support arms
extending from the bit body with each support arm having an
inside surface;

forming a spindle on each inside surface projecting
generally downwardly and inwardly with respect to its

20 associated support arm; ‘
| forming a plurality of cutter coneé equal to the
number of support arms; | _

forming a_plurality of diverter rings equal to the
number of support arms and placing one of the diverter

25 rings on the exterior of each spindle approximate to the

respective inside surfacé;
the step of forming a diverter ring comprises the
steps of:

forming a éylindrical disk;
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of the diverter ring. 21. Pl ease cancel Caim?21. 10

- 22. (Arreneled—}—ﬁ—ﬁet—hﬁd—of—f—erbrl cating a rotary cone W Ol%ﬂEQJjagjo d.

<forma bor the steps of: form a Di 0
“‘havi ng an 3 mjm(ﬂ!ﬂ Ml)t ed for 21c0nnection to a drill string to

*rotate the formng a plurality of angul ar spaced

support. arns. extending fromthe bit body with each support arm having
an i nsi de surface; form ng a spindle on each inside :
surface projecting generally dowwardly and inwardly with respect to
its 20 associ ated support arm formng a plurality of cutter
cones equal to the onmingra opluuppdty @fhxibs extendingofipmg the
plurality of di erter, rings equal to the nunber of support arns and
pl aci ng one gtskie 3 Verter 2 rings on the exterior of each spindle

approximate to the moarﬁsﬂ@ct ta_wéhl NgLfBeBUréGRE on its respeRedhep of
formng a diverter ring conprises the
spindle with a generally cylindrical gap formed between the
5 exterior of the spindle and the interior of the respective
cutter cone with the respectiire diverter ring disposed in

an opening formed by the gap.
——l 23. (Amended) ' The method of Claim’ 22, further

10 comprising the step of energizing the diverter ring against

an opposite surface.
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21 ¢ ] formng a plyrali of ribs ext Ing fromthe

di sk; —and nmount i ng Sag Xutter cone on ﬁﬁ@c?v(/ﬂbe
spindle with a generally cylindrical gap formed between the ) 6
exterior of the spindle and the interior of the respective cutter,
cone with the respective diverter ring disposed in -

FIG. 6




an opening forned

further 1Ci,crlc

agai nst .

by the gap. 23.

he (Armrended) :
onpri si NgodiBenTali BOrual. pPERTY ORGANGATIDR di ver t &g
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(54) Title: FLOW DIVERTER RING FOR A ROTARY DRILL BIT AND METHOD

(57) Abstract

A rotary cone drill bit (10) having a bit body (22) with a number of support arms (24)
formed to extend from the bit body (22). Each support arm (24) has an inside surface (26)
with a spindle (28) connected thereto and an outer surface, A number of cutter cones (12) are
rotatably mounted on respective spindles (28) each including an internal cylindrical cavity (42)
for receiving the respective spindle (28). A gap with a generally cylindrical portion is formed
between the spindle (28) and the cavity (42). A bearing element (44) and a seal element (54) W
is disposed within the gap. A diverter ring (60) is disposed on the exterior of each spindle
(28) approximate to the respective inside surface (26) and located within the opening to the
respective gap. The diverter ring (60) comprises a disk (70) having a plurality of ribs (72)

extending therefrom to divert abrasive fluids away from the gap.
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