5 10 ' O RING SEAL FOR ROCK BI' T BEARI NGS Field of the

I nvention This invention relates to an Oring seal for retaining the

| ubricant around the journal bearings in a rock bit or drill bit for
drilling oil wells or the like. 15 More particularly, this invention
relates to an O-ring seal conprising alsurface having enhanced properties
of reduced break-off friction that mnimzes the occurrence of stick-slip,
enhancing the service life of the Oring seal and rock bit. 20 Background

of the Invention Heavy-duty drill bits or rock bits are enpl oyed for
drilling wells in subterranean formations for oil, gas, geothernal steam
and the like. Such drill bits have a 25 body connected to a drill
string and a plurality, typically three, of hollow cutter cones nounted
on the bedy for drilling rock formations. The cutter cones are nounted on
steel journals or pins integral with the bit body at its lower end. 1In
use, the drill string and bit 30 body are rotated in the bore hole, and

each cone is caused to rotate on its respective journal as the cone
contacts the bottomof the bore hole being drilled. As such a rock bit is
used for drilling in hard, tough formations, high pressures and
tenperatures are encountered. 35 The total useful life of a dril

bit in sygh severe environngAkENG SSERL!POROROEK STT2BEARIAE hours for bits
in sizes of abogéeglegr]thg %%Jéggléﬂ aneter at depths Qf_ -2:
This invention relates to an O-ring seal for
retaining the lubricant around the journal bearings in a
rock bit or drill bit for drilling oil wells or the like.
15 More particularly, this invention rélates to an O-ring
seal cqmprising'a surface having enhanced properties of
reduced break-off friction that minimizes the occurrence
of stick-slip, enhancing the service life of the O-ring.
seal and rock bit. |
20 . _ S
Background of the Invention
Heavy-duty drill bits or rock bité_are-employed for
drilling wells in subterranean formations for oil, gas,
geothermal steam, and the like. Such drill bits have a
25 body connected to a drill string and a plurality,
typically three, of hollow cutter cones mounted on the
_body for drilling rock formations, The cutter cones are
mounted on steel journals or pins integral with the bit
body at its lower end. 1In use, the drill string and bit
30 body are rotated‘in'the_bore hole, and each cone is caused
to rotate on its respective journal as the cone contacts
the bottom of the bore hole being drilled. As such a rock
bit is used for drilling in hard, tough formations, high
pressures and temperatures are encounteredQ '
35 The total useful life of a drill bit in such severe
' " environments is in the order of 20 to 200 hours for bits
in sizes of about 6% to 12% inch diameter at depths of



1 about 5,'000 to 20,000 feet that are operated at about'200 rpm

Useful lifetimes of about 65 to 150 hours are typical. However, the useful
life of .drill bits that are operated at higher revolutions such as. 375 rpm
i.e., 5 . high-speed drill bits, is generally in the range of from about

20 to 50 hours. The shortened useful I+4e is often due to the increased
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15 well, particularly as the well depths become great. It is
' therefore quite desirable to maximize the service life of
a drill bit in a rock formation. ~Prolonging the time of
drilling minimizes the time lost in "round tripping" the
‘drill string for 'replacing_ the bits. Replacement of a
20 drill bit can be required for a number of reasons,
including wearing out or breakage of the structure
contacting the rock formation. '
One reason for replacing the rock bits include
failure or severe wear of the journal bearings on which
25 the cutter cones are mounted. These bearings are subject
to high pressure drilling loads, high hydrostatic
pressures in the hole being drilled, and high temperatures
due td drilling, as well as elevated temperatures in the
formation being drilled. Considerable development work
30 has been conducted over the years to produce bearing
' structures and to employ materials that minimize wear and
failure of such bearings.' _
The journal bearings are lubricated with grease
adapted to such severe conditions. Such lubricants are a
35 critical element in the life of a rock bit. A successful
gréase should have a useful 1life longer than other
elements of the bit so that premature failures of bearings



adapted to such severe conditions. Such lubricants are a 35. critical
elenment in the life of a rock bit. A successful grease should have a
useful life longer than other elenents of the bit so that premature
failures of bearings -3-.do not unduly limt drilling. Failure of

| ubrication can be detected by generatgon of elevated pressure in the bit,
evi dence of which can often be found ggon exam nation of a used bit. The
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Lubricant may b e sea ras
weight on the bit can be relleved and slight flexing can

occur. Such variations can result in “pumping® of the
15 grease through o-ring seals, ieading to loss of grease or
introduction of foreign abrasive materials, such as
drilling mud, that can damage .bearinﬁg surfaces. One of
the consistent problems in drill bits is the inconsistency
of service life. Sometimes bits are known to last for
20 long periods, whereas bits which are apparently identical_
operated under similar conditions may fail within a short
lifetime. One cause of erratic service life is failure of
the bearings. _Bearing failure can often be traced to
. failure of the seal that retains lubricant in the bearing.
25 Lubricant may be lost if the seal fails, or abrasive
particles of rock may work their w&y into the bearing
surfaces, causing excessive wear. |
Rock bit O-rings are being called on to perform
service in environments which are extremely harsh. Modern
30 bits are being run at exceptionally high surface speeds,
sometimes more than 500 feet per minute, with cone speeds
averaging in the range of from 200 to 400 revolutions per
minute. One face of the O-ring is exposed to abrasive
drilling mud. The life of the O-ring may be significantly
35 degraded by high temperatures due to friction (as well as
elevated temperature in the well bore) and abrasion.



particles of rock may work their way into the bearing surfaces, causing

excessive wear. Rock bit Orings are being called on to performservice in
environments which are extremely harsh. Mddern 30 bits are’being run at
exceptional ly high surface speeds, sonetines nore than 500 feet per mnute,
wi th cone speeds averaging in the ranga-of from 200 to 400 revol uti ons per
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a rock bit, that has a long useful life, is resistant to
crude gaéoline and other chemical compositions found
15 within o0il wells, has high heat resistance, is highly
resistant to abrasion, has a low coefficient of friction
against the adjacent seal surfaces to minimize heating and
wear, and that will not readily deform under load and
~ allow leakage of the grease from within the bit or
20 drilling mud into the bit.

Summary of the Invention

. There is, therefore, provided in practice of this

invention an improved O-ring seal for rock bit bearings.

25 A first embodiment of an improved O-ring seal comprises a

body formed from a highly-saturated nitrile (HSN)

resilient elastomeric composition. The HSN elastomeric

composition further comprises a multiplicity of low

friction wear resistant particles distributed uniformly

30 throughout the elastomeric composition. The particles may

have a °~ rounded or non-rounded, i.e., angular,
configuration.

The low friction wear resistant particles may be

. selected from the group of materials including soft

35 metals, hard metals, ceramic-metal composites, and

ceramics. Preferred low friction wear resistant materials

include titanium carbide, tungsten carbide, silicon



all ow | eakage of the grease fromw thin the bit or 20 drilling mud into
the bit. Summary of the Invention There is, therefore, provided in practice
of this invention an inproved Oring seal for rock bit bearings. 25 A
first enmbodi ment of an inproved O-ring seal conprises a body fornmed froma
hi ghl y-saturated nitrile (HSN) resili enf_ el astoneric conposition. The HSN
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The Oring surd@ffectéa to stick-slip by rotational contact with an
adjacent sealing sui:'face, causing material loss of the
elastomeric component at the O-ring surface. The j,oss of
15 the elastomeric component exposes the adjacent 'sealing
surfaces to the low friction wear resistant particles,
wvhich form wear pads along the surface to isolate and
- protect the elastomeric material from further stick-slip
related loss. In this manner the wear resistant particles

20  help to minimize material loss from occurring at the
-O-ring surface, extending the 1life of the o-ring and the

‘rock bit.

25 Brief Description of the Drawings '

A rock bit containing an O-ring seal constructed
according to the principles of this invention is
illustrated in semi~schematic perspective in FIG. 1 and in

: partial cross-section in FIG. 2.
30 .

35



subjected to stick-slip by rotational contact with an adjacent sealing
surface, causing material l[oss of the elastoneric conmponent at the Oring .
surface. The loss of 15 the el astoneric conponent exposes the adjacent
sealing surfaces to the low friction wear resistant particles, which form
wear pads along the surface to isol ate6and protect the elastoneric nmaterial
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around the cut§@kroduce drilling mud into the space around the cutter
cones for cooling and carrying away formation chips
drilled by the bit.

O-ring seals are generally thought of as comprising

15 a cylindrical inside diameter, outside diameter, and a
" cylindrical cross section. Accordingly, for purposes of
reference and clarity, the figures used to describe the
principles and embodiments of this invention have been
created to illustrate an O-ring seal having a generally
20  circular cross section. However, the principles of this -
invention are also meant to apply to O-ring seals having
non-cylindrical cross sections, such as an elliptical
cross section and the like. Therefore, it is to be -
- understood that the pr:.nciples of this invention may apply
25 to O-rings having a circular or non-circular cross
sections. '

FIG. 2 is a fragmentary, longitudinal cross-section
of the -rock bit, extending radially from the rotational
axis 14 of the rock bit through one of the three legs on

30 which the cutter cones 11 are mounted. Each leg includes
a journal pin extending downwardly and radially, inwardly
on the rock bit body. The Jjournal pin includes a
cylindrical bearing surface having a hard metal insert 17
on a lower portion of the journal pin. The hard metal
35 insert is typically a cobalt or iron-based alloy welded in
place in a groove on the journal leg and having a



cones for cooling and carrying away formation chips drilled by the bit.
Oring seals are generally thought of as conprising 15 a cylindrical

i nside diameter, outside dianmeter, and a cylindrical cross section.

Accordi ngly, for purposes of reference and clarity, the figures used to
describe the principles and enbodi nents_of this invention have been created
toillustrate an O-ring seal having a Q@'ﬁeral ly 20 circul ar cross
section.1 Howsubstdmeiallycgpeaterfhamdneissy &hatothar etaledo foeming che
apply to Orin I n on-cyl i [ cross sections, such as an
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circular or nomid rfdtifhatl pn.sesuchina drdeve hayf féﬁgaﬁaingw extend
| ongi tudi_nal cross-section of the -rock bit, eé%endthﬂlg radi al from the
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which the cutteyownrel plirgr eandurttiesl. hakdchmétgli nidisedets a7 camalkextiend
Fournal i | nenula el Fudining W8 IdeXehy) 08 HAOK e pifrpan i
insert 17 on aadlaerhaerai oylédhdricajomose I8 at Ive hevernend. 35
insert is typically ?a?ﬂb@!&t | E8HePASEd 8l | By MRkdetorn BFACE hB13ow,
groove on the journal Teg and havi ng a - (- substantially greater
har dness1Phat GRnexaklYTePRLAGLt Heteelr RPAYHi RaHNG ocementeashdfungstasen
groove 18 is picafsiate OindertePes Radssun Ofinthe Holégabnbithe Sektetnal
groove nay, forsu%z(taa@l .e ' }‘eg%efgng life, the inserts may be tipped with a
polycrystalline diamond 1layer. Such tungsten carbide
inserts provide the drilling action by engaging a
15 subterranean rock formation as the rock bit is rotated.
Some types of bits have hard-faced steel teeth milled on
the outside of the cone instead of carbide inserts.
The cavity in the cone contains a cylindrical bearing
surface including an aluminum bronze insert 21 deposited
20 . in a groove in the steel of the cone or as a floating
insert in a groove in the cone. The aluminum bronze
insert 21 in the cone engages the hard metal insert 17 on
the leg and provides the main bearing surface for the cone
on the bit body. A nose button 22 is between the end of
25 the cavity in the cone and the nose 19 and carries the
principal thrust loads of the cone on the journal pin. a
bushing 23 surrounds the nose and provides additional
bearing surface between the cone and journai pin. oOther
types of bits, partic_ularly for higher rotational speed
30 applications, have roller bearings instead of the
exemplary journal bearings illustrated herein. It is to
be understood that an O-ring seal constructed according to
principles of this invention may be used with rock bits
comprising either roller bearings or conventional journal
35 ° Dbearings. '
A plurality of bearing balls 24 are fitted into
complementary ball races in the cone and on the journal



5 around 60 percent or so of the circunference of the journal pin, and
the hard netal insert 17 can extend around the remaining 40 percent or so.
The journal pin also has a cylindrical nose 19 at its | ower. end. Each
cutter cone 11 is in the formof a hollow 10 general | y-coni cal steel
body having cenmented tungsten carbide igiserts 13 pressed into holes on the
external surface. For long life, the inserts may be tipped with a
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15 through a f£ill passage (not shown). The grease thus fills
the regions adjacent the bearing surfaces plus various
passages and a grease reservoir, and air is essentially -
' excluded from the interior of the rock bit. ' The grease
reservoir comprises a cavity 29 in the rock bit body,
20 which is connected to the ball passage 26 by a lubricant
passage 31. Grease also fills the portion of the ball
passage adjacent the ball retainer, the open groove 18 on
the upper side of the journal pin, and a diagonally
extending passage 32 therebetween. Grease is retained in
25 the bearing structure by a resilient seal in the form of
an O-ring 33 between the cone and 3journal pin.
Preferably, the O-ring is in a slightly V-shaped groove.
A pressure compensation subassembly is included in
. the grease reservoir 29. The subassembly comprises a
30 metal cup 34 with an opening 36 at its inner end. A
flexible rubber bellows 37 extends into the cup from its
outer end. The bellows is held into place by a cap 38

with a vent passage 39. . The pressure compensation
subassembly is held in the grease reservoir by a snap ring
35 41.

When the rock bit is filled with grease, the
bearings, the groove 18 on the journal pin, passages in



-8- 1 pin. These balls are inserted through a ball passage 26, which
extends. through the journal pin between the bearing races and the exterior
of the rock bit. A cone is first fitted on the journal pin, and then the
bearing balls 24 5 are inserted through the ball passage. The balls
carry any thrust loads tending to renove the cone fromthe journal pin and
thereby retain the cone on the journal-gsin. The balls are retained in the
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flow of abrasive and/or corr_os-;.ve substances past the

O-ring seal. . _ . _

15 The bellows has a- boss 42 at its inner end which can

| seat against the. cap 38 at one end of the displacement of

the bellows for sealing the vent passage 39. The end of
the bellows can also seat aga;tnst the cup 34 at the other
end of its stroke, thereby sealing the opening 36. 1If

20  desired, a pressure relief check valve can also be
provided in the grease reservoir for relieving over-
pfessures in the grease system that could damage the
O-ring seal. Even with a pressure compensator, it is
believed that occasional differential pressures may exist

25 across the O-ring of up to + 150 psi (548 kilopascals).

| To maintain the desired properties of the O-ring seal '
at the pressure and temperature conditions that prevail in
a rock bit, to inhibit "pump'ing" of the grease through the
O-ring séal, and for a long useful life, it is important

30 that the O-ring seal be resistant to crude gasoline and
other chemical compositions found within oil wells, have
a high heat and abrasion resistance, have low rubbing
friction, and not be readily deformed under the pressure
and temperature conditions in a well which could allow

35 leakage of the grease from within the bit or drilling mud
into the bit.



30 metal cup 34 with an opening 36 at its inner end. A flexible rubber
bell ows 37 extends into the cup fromits outer end. The bellows is held
into place by a cap 38 with a vent passage 39. The pressure conpensation
subassenbly is held in the grease reservoir by a snap ring 35 41. \WWen
the rock bit is filled wwth grease, the-bearings, the groove 18 on the

journal pin, passages in -9-.,1 ., _the J'gu a%: Ln, the lubrication

passage 31, and the ThereEoreseifolf ¢RSLRE ogﬁg dg 8f OThaNHeFP Y% e
fill eld Witﬂ g[)wm% b_tree\a.dsﬁi@iaa‘ydwea:seoeppa&én_tgtea_dngdm_' ri'lngf foom
exanpl e, the cConpr gsse o] rqvi.de a in
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pressures. Hi glstrenstiheofn2300 pskatks syeyapasaalahmagtongatdon n§ Svem 33
and pernmt dri 'c#dd‘gtgugsﬁr Oéﬂésg dfe getﬁéakhet_rﬁagw% at SHehsER gphal

is abrastve and can quickly 1 ama e bearings. Conversely, i e

grease vol une sHolirl. ddd kddoamam/pdillsmeter) o dvaiomater hardnessghore
pressures in the gRakhd FHApE S¥SELBM WY (o CO8| danause ddmpy&és dbhasiete
and/ or corrosive_substances pas h rpng sea 15 The bell o .
has a boss 42 &f%ex 19 ?u’égdaé\higﬁ"&ﬂksgﬁ S  5ARRsRPONE &ﬁpp§§°§f‘toﬁ\£’%end
of the di spl acgesterdblitelbekl thanf abosalliépermentent passage 39. The end
of L1 PEpLose, o2 A gty P gl bl HRgh BB O L
relief check vatask kipsal stuck QroingRdypicatlyreonprisscagrylondtrile
relieving overpolymers or acrylonitrile/butadiene copolymers. Other .
components in the polymers are activators or accelerators
for the curing, such as stearic acid, and agents that add
15 to heat resistance of the polymer, such as zinc oxide and
curing agents. However, these synthetic rubbers typically
exhibit poor heat resistance and become brittle at
elevated temperatures after extended periods of time.
| . Additionally, such compounds often exhibit undesirably low
20 tensile strength and high coefficients of friction. Such
prope_rf:ies are undesirable for a seal in a rock bit, since
- the high operating temperatures of the bit result in
frequent failure of the seal. .
Preferred O-ring sea_ls' can be formed from the group
25 of elastomeric compositions including fluoroelastomers,
carboxylai:ed elastomers such as carboxylated nitriles, and
highly saturated nitrile '(HSN) elastomers and the like.
A parti’.cularly preferred O-ring seal is made from an HSN
resilient elastomer material and is disclosed in U.S.

30 Patent Application Serial No. 07/884,657 that is assigned
to- the same assignee as the present invention and is
hereby incorporated by reference. An exemplary

elastomeric composition may comprise per 100 parts by
weight of highly-saturated nitrile elastomer, furnace
35 black in the range of from 40 to 70 parts by weight,
peroxide curing agent in the range of from 7 to 10 parts
by weight, graphite in the range of from 10 to 20 parts by



pressures in the grease systemthat could danage the O-ring seal. Even
wWith a pressure conpensator, it is believed that occasional differential
pressures may exist 25 across the O-ring of up to 150 psi (548

ki | opascal s). To maintain the desired properties of the O-ring seal at the
pressure and tenperature conditions thag_prevail in a rock bit, to inhibit

“punpi ng" of the grease through the Oring seal, and for a | ong useful
life, it ks inp¥edsht,3@inc pxide gE BagnRgivmapxdder 48; theyapge pfgbrom
gasoline and ot herohepasdls B9TREIghtoneticarit Wdid Nwithewtdige heF effom
hi gh heat and abrasi.on re5|sta3§g, have Iom1rub?|ng.fr|ct|on,tgnd not, b
readily deformed -Gnd& % RRGSINMLIGRE : ANS, RLBPEICIASY: MEh LT RO 10

whi ch coul d al | par¥s by welgtge, of the grease fromw thin the bit or

drilli d into the hi . Theref oreq it iss. des t At I eal
i) 09 BU 10 1% Rdcnans 48 Shtrbh 't SELSGE bR o0 Y 587,
psi (6 to 9 negapaseaiterizedi asmahickrslip st r gyt bthef <l3otkomer (o8 the .

megapascal s), elgRgeld b Rs VAP the ¥OPaiOsdplakel 62Nitheliled- df%one,
strength of at least 250 Ib/in. (4.5 kilogramlm_|Ilineter), duroneter
har dness Shore Ahen PnEipghgeateripdm momeptarily, skicksprtesi bhesdretaler

70 hours at 100@ur&adeass tHﬂﬁoéﬁouinéﬁaﬁﬁlyehthéndelkligﬁ%hé@ Ythé&As é:}')ﬁiﬂsd
" such 158k bl Telsdive &o e WEFaL-n Hhi% Mg Fh mERRE o BeRde
or acrylonitril deliutesdi ctite c @lastomer and metabnddssipates t baepgyy and
o et bt oS R B SR T P aedEe 18 el kol
and bond is formed between the elastomer and metal, some of
the elastomer may be removed from the O-ring, thereby
15 degrading the surface. '

It is therefore desirable to minimize the amount of
sticking between the élastomer and metal. Such sticking
is minimized in practice of this invention by modifying
the surface of the O-ring without changing the bulk

20 properties of the main body of the O-ring.

In elastomeric matgrials the tensile modulus of the
glastomer,_its'tear strength and hardness are positively
correlated. When the hardness of the elastomer is
increased, one normally fiﬁds that the modulus and tear

25 strength are also increased. Hardness is therefore a
’ convenient means.K for _cbmparing the properties of
elastomers. For a rock bit O-ring, it is desirable that
the durometer hardness of the O-ring is in the range of
from about 75 to 85 on the Shore A scale. Typically, the
30 hardness of the O-ring is about 80 Shore A. A hardness as
high as 85 may result in premature failure of an O-ring at
the same squeeze. Typically, in a rock bit, the squeeze
of the O-ring in the seal is from about 7.5 to 10.5
percent, preferabiy toward the high end of the range for
35 reliable sealing. It is desirable to maintain a squeeze
in about this range and a bulk hardness in the order of 78



curing agents. However, these synthetic rubbers typically exhibit poor heat
resi stance and becone brittle at el evated tenperatures after extended
periods.of time. Additionally, such conpounds often exhibit undesirably | ow
20 tensile strength and high coefficients of friction. Such properties
are undesirable for a seal in a rock bit, since the high operating )
tenperatures of the bit result in freqUEﬂt failure of the seal. Preferred
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because their interaction with an adjacent sealing surface

~is believed to be less abrasive than non-rounded or

15 angular particles. Thé._. low friction wear resistant

particies are added .to the elastomeric composition to

enhance the wear resistance of and reduce fr:.ct:.on at the

surface of the O-ring seal.

_ Suitable low friction wear resistant particles may be

20 selected from group of materials including soft metallic

materials such as copper, bronze, brass.and the like, or

hard metallic materials such as nickel, cobalt or the

like, or ceramic-metal composite materials such as
cemented tungsten carbide, titanium carbide and the like,

25 or may be selected from groups of ceramic materials such
as cubic boron nitride, diamond, diamond-like graphite,

silicon carbide and the like. A particularly preferred

low friction wear resistant material is titanium carbide.

It is desired that the average particle size of the

30 selected wear resistant material be in the order of from
about 0.001 to 0.2 millimeters (0.0001 to 0.01 inches).

The O-ring seal is constructed by combining low

friction wear resistant particles with the elastomeric

‘material and mixing the combination together until the low

35 friction wear resistant particles are uniformly

' distributed throughout the composition. A preferred

elastomeric composition comprises in the range of from 10



the O-ring material nonentarily sticks to the nmetal surface. Al nost
irnstantly the el astonmer then slips 10 relative to the netal. This

maki ng and breaki ng of bonds between the el astonmer and netal dissipates
energy and causes frictional heating. Furthernore, if too strong a bond is
formed between the el astonmer and netal-13sone of the el astoner may be
rﬁmov]?d flrgm t h’(ioolslp‘&rté hey ey ight ofdelgéadeag i‘EElQﬂgf\&CQaﬂﬁlh(tBes per
t herefore desir eto |mze nt stickin et ween .t
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ns,
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78 -12- ~ surface of the O-ring seal to heat and undergo stick-slip,
causing the rubber or elastomeric component of the O-ring
15 seal to wear away:. As the elastomeric component of the

seal surface continues to wear, the entrapped particles of -

the low friction wear resistant material begin to bear
against the rotating surface of the journal pin, forming

wear pads that serve to isolate the elastomeric component

20  of the O-ring seal surface from contact with an adjacent
sealing surface. This serves to both minimize the
occurrence of the "sticking" portion and maximize the
"slipping" portidn of the stick-slip phenomena between the
~ O-ring surface and an adjacent sealing surface because the
25 low friction wear resistant particles, and not the
. relatively higher friction elastomeric component, are
contacting the adjacent sealing surface. The O-ring seal

does this while maintaining a small sealing gap to prevent
excessive leakage. The reduction of stick-slip serves to

30 reduce material loss from the surface of the O-ring seal
and, thus extends the service life of the O-ring seal and
rock bit. '

The friction between the wear resistant particles at

the surface of the O-ring seal and the adjoining surface

-35 of the journal pin has been shown to be approximately one-
half of the friction of the elastomeric component against

the journal pin. Accordingly, the frictional heating



to 83, but to also increase the surface hardness and hence nodul us and tear
strength. An O-ring seal constructed according to principles of this

i nvention conprises a body and a surface both forned 5 from an

el astoneri c conposition of the type previously described. The HSN

el astoneric conposition further conprises a , multiplicity of particles of
low friction wear resistant nmaterial s-Mtch are uniformy distributed

t hroughout the el astoneric conposition form ng an 10 el astomeric | ow
friction particle matrix. The particles can be rounded of - high and/or | ow
sphericity, or can be non-rounded or angul ar. Rounded particles are
preferred because their interaction with an adjacent sealing surface is
believed to be | ess abrasive than non-rounded or 15 angul ar particl es.
The low friction wear resistant particles are added to the el astoneric
conposition to enhance the wear resistance of and reduce friction at the

surface ofjthe Ogdch-rsBdd a@'&hTethﬁfh@é Bfl eﬁecm-wag éeénsigr@fﬁéetwbq&
may be 20 sel ected from group of nater s .inclu qg?so ft netal *_.
material s such a¥eSisRS Phahiea sB‘r&’?? f(ﬁé‘q‘?‘k‘g‘ € PRPTRPERFLON of

mat eri a: S suchhatnm' kst , €120 dn Cﬁeii‘\eréskgtaner pawm&ﬂﬁé:aien&mﬁothbe
materials such _as cenented tungsfien car e ni um e ang,t he

i ke, 25 or r’rﬁ?rﬁ'el%eel é!&%&d cfngo#ﬁﬁr o%ﬁ)%i oPhg; gﬁ?c IR F’é‘l ¢ suchis 1oV
cubi ¢ boro® nitr ifde,ct;iicmrwehr di'artsthlht kpagtapﬂzese;am Inq‘,lnrorthr bresistdnt
the like. A part Lt%“'ﬁfl xlff% Wik 9@1&’%@& e £t i?é bé‘%b&

titani um car bi de. S|re e average _parti
sel ected wear reé’iYsFQﬁﬁth’t’bPBélm§§ adjarens: geplédng ﬁb}m‘-m bytogxret lgo2

mlilineters (0.09@kilgtdht?]tbndedsivée wddr NGatsed | By C@iddsiated d¥ the
conbi ni ng | ow fI‘IoCt '1%ng \Aéet?z[fa{c?eS't% a&riffrt' cﬁuigl th the el astoneric _

10 Although, limited embodiments of an improved O-ring
seal for rock bit bearings have been . described and
illustrated herein. Many modifications and variations
will be apparent to those skilled in ‘the art.
Accordingly, it is to be understood that within the scope

15 of the appended claims, the improved O-ring seal for rock
bit bearing according to principles of this invention may

be embodied other than as specifically described herein.
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material and m xing the conbi nati on together until the |ow 35 friction

wear resistant particles are uniformy distributedt! n

conposi ti on. A preferred el astoneric conposition conpri ﬂﬂm mr";" N”H",
of from<10 -13- 1 to .15 parts_fy weight of the wear résistamt s =
particles per 100 parts by weight of the elastoneric conposition. The

Oring-seal is a d the sane as when the wear resistant

parti cl ed are nwggew% Itéq' The conpleted O-ring seal is placed

into position in theinockabrotaryhcohe seck lsik ffae dmilddmgastublieriranean

respective Surf?S%a%fioh@eF%ﬁ}?igﬂ he journal. As the cone is rotated on
e U-T1

the journal, theé surface o g seal is subjected to friction caused
by the rotation on 1@ bitthedydiretudingr mivwmkityrefdeoyrnabmding teach

0-ring typicall gxeeRMIing dromaby 1&yaboreion (62 ¢MRe BIE andlelatehgt iae

to the journal pin)., The friction causes the surface of the Oring seal to

heat and under gBe8FrRE. SUXFaCE4,sing the rubber or el astomeric conponent of

the O-ring 15 seala ichitwedr citsy rotistdlity ahashbetr on eachojenrnail tgih

seal surface conti,nues ltu%é_wear t he ent ra‘ﬁ%gd $§rt icles of the low friction
gc

wear resistant BferPELUSART, 3 Perking he rotating surface of the

journal pin, form ngaveapyessutdatonmpensatedi solgxieasehe aereseoweirc in

conponent; 20 CSEm}PﬁﬁcQtriiong “atq._q,l b'sgﬁ%{ "’E@axi{rg%] ﬁgfg&&swi th an adj acent

seal i ng. surface. I's serves to mnim accufrence of the
"sticking" portion aRd gneass zént khe greRRegrefervedry émd nediacertsithe
phenonena bet weggathiag0surPaced;f a@hd@nd an adj acent sealing surface

because the 25 low™friction_wear resistant rticles,.. and not th
a dynamic o-rgng seaf f‘or rpeatanj.n:lmg the grease in Q:he

bearing comprising: , _
15 . . a body portion and a surface’ portion both
- formed from a resilient elastomeric composition and
a multiplicity of 1low friction wear resistant
particles uniformly distributed within the
composition, the surface engaging a journal pin and -
20 cone.

2. The rotary cone rock bit as recited in claim 1
wherein the O-ring seal comprises an array of the low
friction wear resistant particles exposed at the surface

25 by wear of the elastomeric composition. -

3. The rotary cone rock bit as recited in claim 1
wherein the elastomeric composition comprises a nitrile

rubber.
30 . -

4. The rotary cone rock bit as recited in claim 1
wherein the particles of low friction wear resistant
material are rounded or non-rounded.

35 5. The rotary cone rock bit as recited in claim 1

wherein the particles of low friction wear resistant
material are selected from the group consisting of soft



relatively higher friction elastoneric conponent, are contacting the

adj acent sealing surface. The Oring seal does this whil e“mmm’"ullrwlauml
smal|l sealing gap to prevent excessive | eakage. The reduc

serves to 30 reduce material |oss frgmthe surface of the b-rind séal *
and, thus extends the service lif-e of the O-ring seal and rock bit. The
friction between the wear resistant particles at the surface of the 0-ring
seal andit he adjetialsg shatdce 3alspof chrapdo-meitali n tempbsiteshowand
be approxi mat ely, jcpal f of the friction of .the elastomeric conponent
agai nst the journal prn. Accordingly, the frictional heating  -14- 1
occurring at the surface of.the Oring seal is effectively reduced by at

| east one-hal f through thpnénﬁetaﬁyaaom Hodebil©vasrirebiceanda dl%instﬁnt

partlcles extendin servic I,f e of _t and, t he rock hit

o 5 8171 cORRF Sk Thes| BRERICHER | Bfeclal e TACHHY MR dRsigrant
f(rji ctional olr sldtdrbalp areat seleeted alfrorss thesegroypr obst i mtagaiamasb
adj acent sealin c t a ar S y
exposure of thé@#f%@lﬁi éjyacef%%n%%ﬁl? ﬁﬁi$% %uh%g%% %&%1%% %g&
linmted enbodi manlsidé, acubipr domn}mitagldeal dfi@mqmi:,k and ﬂeatmqnyia—lm
been descri bed Hitgstrated herein. Many nodifications and variations
will be apparentt to those skilled in the art. Accordingly, it is to

be under3Pood that within the scope 15 of the appended cl ains, the

i nproved O-ring seal7for mékrbtar?e@bh@g z@'&@rlﬂiﬂgaéorééiﬁédmieﬁ dﬂainhls
I nventi on may b% enbpodi %d ot her_than ecifli cal%yt de cr| q_-

erein the average p 21 1€ Biz& bt %ne Fiction wear

resistant material is in the range of from about 0.001 to

0.2 millimeters.

15 : . .
_ 8. The rotary cone rock bit as recited in claim 5
wherein the elastomeric composition comprises in the range
of from 10 to 15 parts by welght of the wear resistant
particles per 100 parts by weight of the elastomeric
20 composition.

9. A rotary cone rock bit for drilling subterranean
formations cbmprising:
‘a bit body including a plurality of journal pins each
25 extending from a leg portion of the bit and having a
bearing surface;
a cutter cone rotatably mounted .on each journal pin
and including a bearing surface;
a pressure-compensated grease reservoir in
30 communication with such bearing surfaces;
a grease in the grease reservoir and adjaceht the
bearing surfaces; _
a dynamic O-ring seal interposed between the cone and
the journal pin for retaining the grease in the bearing
35. compr:.sing :
.a body formed from a resilient elastomeric
matrix comprising an elastomeric material and a



20 25 30 35 -15- WHAT IS CLAIMED | S 1. A rotary cone rock bit for

drilling subterranean formations conprising;, a bit body
plurality of journal pins each 5 extending froma | ﬂ;ﬂ mm“i“mnmu
bit and having a bearing surface; 'a cutter cone rot ata en each
journal pin and including -a bearing surfidce; a pr essur e- conpensat ed

grease - reservoir in 10 communi cation with such bearing surfaces; a
grease ih the greasd@®Hds@iAfitand ohdj adoMt t RELSELAMg ¥gAKaceXeSiRTant

dynam c 0-ring seal gaiftiicXes ni ﬁmtbmlyehasaasﬂﬁi?ataaar lﬁlﬁ-mﬁm@uﬁl Nghel5
a body portion and a surface portian both {orme roma_resil. ent

el astoneric conposi t1 %dsﬁgﬁﬁﬁ;ﬁﬁplﬁt@? y“"g‘F IFRPYR | ePREASRINT (RE; sPLh:
particles uni f or rﬂn;eta]da‘,sthabdt a¢tals ,t ceranibemedaodnpositas, sandace
engagi Ngg @ journal cone. 2. The rotary cone rock bit

as recited in cIa|m1 ereln t%e O-ring seal conprises an array of the |ow
friction wear resistant psar S iace x geRRr ainge anr faxrays of  ispckead opf

the elastoneric conygsidéi¥h wear Hesistaht CPALLEREksD dxposEACidEd thid

claim1l
surface by wear of the elastomeric matrix, forming

wear pads for contacting adjacent surfaces of the
10 journal pin and the'con_'e. '

10. The rotary cone rock bit as.recited in claim 9
wherein the low friction wear resistant particles are
selected from the group of materials consisting of-

15 titanium carbide, cemen_ted' tungsten carbide, cubic boron
nitride, diamond, diamond-like graphite, and silicon

carbide.

11. The rotary cone rock bit as recited in claim 10

20  wherein the low friction wear resistant particles have an
average particle size in the .range of from 0.001 to 0.2
millimeters . '

12. The rotary cone rock bit as recited in claim 11

25 wherein the elastomeric matrix comprises in the range of

from 10 to 15 parts by weight of the low friction wear

resistant particles per 100 parts of the elastomeric
material.

30 13. The rotary cone rock bit as recited in claim 12

wherein the low friction wear resistant particles are
rounded or non-rounded.

'35



wherein the el astoneric conposition conprises a nitrile rubber. 30 4. The.
rotary cone rock bit as recited in claim1 wherein the particles of |ow
~friction.wear resistant nmaterial are.rounded or non-rounded. 35 5.
The rotary.cone rock bit as recited in ¢claim1 wherein the particles of |ow
friction wear resistant material are s&t®ctted fromthe group consi sting of
sof t '-16- netals, hard netals, <ceramc-netal conposites, and
ceramics. 6. The.rotary cone rock bit as recited in claim5 5 wherein
the particles of low friction wear resistant material are selected from
the group of materials consisting of titanium carbide, tungsten carbide,
silicon carbide, cubic boron nitride, dianond, and dianond-1|ike graphite.

10 7. The rotary cone rock bit as recited in claim5 wherein the average
particle size of the low friction wear resistant material is in the range
of fromabout 0.001 to 0.2 mlIlineters. 15 8. The rotary cone rock bit as
recited in claimb5 wherein the elastoneric conposition conprises in the
ranger of from 10 to 15 part O-4RIN®ISEAL OFOR ROGKaBITcBEBRANGSparti cl es per
100 parts by weight of the elastoneric 20 conposition. 9. Arotary cone

rock bit for drilling subterranean :
Abstract of the Disclosure

An improved O-ring seal for rock bit bearings is
5 formed from a resilient elastomeric composition comprising
a multiplicity of low friction wear resistant particles
distributed uniformly throughout the composition. The low
friction wear resistant particles can have a rounded or
non-rounded configuration. The 1low friction wear
10 resistant particles located near the surface of the O-ring
are exposed through wear of the elastomeric component to
form wear pads that contact adjacent rotating rock bit
sealing surfaces. The wear pads serve to reduce the
break-off friction between the adjacent sealing surfaces
15 and minimize the occurrence of stick-slip, thereby
enhancing the service life of the O-ring seal and rock

bit.
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formations conprising: a bit body including a plurality of journal pins
each 25 extending froma |leg portion of the bit and having a bearing
surface; a cutter cone rotatably. nounted on each journal pin and including
a bearing.surface; a pressure-conpenizied gr ease reservoir in 30
communi cation with such bearing surfaceS; a grease in the grease reservoir
and adj acent the bearing surfaces; a dynamic Oring seal interposed between
the cone and.the journal pin for retaining the grease in the bearing 35
conprising: a body formed froma resilient elastoneric matri x conprising an
el astoneric material and a -17 - 1 multiplicity of- |ow
friction wear resistant particlgs uniformy distributed throughout the
matri x sel ected fromthe /cdnsi sting of soft nmetals, hard netals,
ceram c- net al oxa:=£~;\\ ane 5 cerami cs; and a surface

conpri si4d Dz ¢ h low friction wear resistant particles exposed
at the surfae eﬁEE§?§E§3§ g9el astoneric matrix, form ng wear pads for
contacting adj 4€3;==EE§§§;es of the IO journal pin and the cone.
10. The rotag e;t as recited in claim9 wherein the | ow

W\ ,yﬁk group of materials
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nitride, dianond, dianond-Ilike graphite, and silicon carbide. 11. The
rotary cone rock bit as recited in claim10 20 wherein the low friction
wear resistant particles have an average particle size in the range of from
0.001 to 0.2 millineters. 12. The rotary cone rock bit as recited in claim
11 25 wherein the el astoneric matrix &bhprises in the range of from 10
to 15 parts by weight of the low friction wear resistant particles per 100
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