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invention relates to an O-ring seal having a modified surface composition serving to reduce
the break-off friction of the O-ring, and thus reduce stick-slip and enhance the service life

of the O-ring.

Background of the Invention
Heavy-duty drill bits or rock bits are employed for drilling wells in subterranean

formations for oil, gas, geothermal steam, and the like. Such drill bits have a 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. In use, the drill string and bit 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 encountered.

' fﬁI ﬁlhe O-ring, and thus reduce stick-slip and enhance
adSthe i 6. 1 CASKOE ARt BB RAE R

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 6f about 5,000 to
20,000 feet that are operatéd 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 260 rpm, i.e., high-speed drill bits, is generally in the range of from about 20 to 50
hours. The cutter cones in such high-speed bit are operated at a rotation speed of
approximately 375 rpm. The shortened useful life of the bit is often due to the increased
frictional heat produced in the bit caused by the increased operating speed.

~ 'When a drill bit wears out or fails as a bore hole is being drilled, it is necessary to
withdraw the drill string for‘__rei)lacing the bit. The amount of time required to make a round
trip for replacing a bit is essentially lost from drilling operations. This time can become a
significant portion of the total time for completing a 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 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 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
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drill bit in for jong periods, whereas bits which are apparently identical operated under similar

20 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. Lubricant may be lost if the seal fails, or abrasive particles of rock may work
their way into the bearing surfaces, causing excessive wear.

Rock bit O-rings are being called on to perform service in environments which are

25 extremely harsh. Modern 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 degraded by high temperatures due to friction (as well as
elevated temperature in the well bore) and abrasion. S '

30 In order to provide a consistently reliable O-ring seal for maintaining the lubricant
within rock bits, it is known to make the O-ring seal from a resilient elastomeric composition
displaying a desire degree of chemical resistance, heat resistance, and wear resistance.
O-ring seals known in the art are constructed from resilient elastomeric materials that, while
displaying some degree of chemical, heat, and wear resistance, have ultimately limited the

35 service life of the rock bit by wearing away or suffering material loss along the O-ring
surface during use.

It is therefore desirable to provide a consistently rehable O-ring seal for maintaining
the lubncant!wlttun a rock bit, that has a long useful life, is resistant to crude gasoline and
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There is, there ore, provided in practice of this invention an improved O-ring seal for

rock bit bearings. An improved O-ring seal comprises a body formed from a resilient
10 elastomeric composition, and a modified surface having a molecular makeup different from
the body that it encloses and which is molécularly bonded to the body.

The modified surface may consist of materials including metal disulfide such as
tungsten disulfide and molybdenﬁm disulfide, fluoropolymers such as polytetrafluoroethylene,
polyethylene polymers, silicone polymers, and urethane polymers. The material is

15 molecularly bonded to a surface portion of the O-ring seal body by using surface
modification techniques such as plasma polymerization and the like. The modified surface
. may have a film thickness in the range of from 100 to 500 Angstroms.
. The modified O-ring seal surface displays enhanced surface properties such as
decreased break-off friction, increased lubricity and wettablity, and increased thermal
20 resistance when compared to the elastomeric body, serving to minimize sticking between the
O-ring surface and adjacent sealing surfaces and, therefore minimizing the material loss at
the O-ring surface resulting from stick-slip. In this manner the enhanced.surface properties
of the O-ring seal serves to extend the life of the O-ring and rock bit.
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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 Detailed Description
A rock bit employing an O-ring seal constructed according to principles of this

invention comprises a body 10 having three cutter cones 11 mounted on its lower end, as
shown in FIG. 1. A threaded pin 12 is at the upper end of the body for assembly of the rock
bit onto a drill string for drilling oil wells or the like. A plurality of tungsten carbide inserts
35 13 are pressed into holes in the surfaces of the cutter cones for bearing on the rock formation
being drilled. Nozzles 15 in the bit body introduce drilling mud into the space around the
" cutter cones for cooling and carrying away formation chips drilled by the bit.
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of rock may woay for example, extend around 60 percent or so of the circumference of the journal pin,
and the hard metal insert 17 can extend around the remaining 40 percent or so. The journal

20 pin also has a cylindrical nose 19 at its lower end.
Each cutter cone 11 is in the form of a hollow, generally-conical steel body having
L cemented tungsten carbide inserts 13 pressed into holes on the external surface. For long
life, the inserts may be tipped with a polycrystalline diamond layer. Such tungsten carbide
inserts provide the drilling action by engaging a subterranean rock formation as the rock bit
25 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 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
30 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 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 journal pin. Other types of bits,
particularly for higher rotational speed applications, have roller bearings instead of the
- 35 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 bearings.
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by a lubricant passage 31. Grease also fills the portion of the ball passage adjacent the
15 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 the bearing structure by a resilient
seal in the form of an O-ring 33 between the cone and journal pin. Preferably, the O-ring
is in a slightly V-shaped groove. '
A pressure compensation subassembly is included in the grease reservoir 29. The
20-  subassembly comprises a 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 41. | '
When the rock bit is filled with grease, the bearings, the groove 18 on the journal pin,
25 passages in the journal pin, the lubrication passage 31, and the grease reservoir on the
outside of the bellows 37 are filled with grease. If the volume of grease expands due to
heating, for example, the bellows 37 is compressed to provide additional volume in the sealed
grease system, thereby preventing accumulation of excessive pressures.. High pressure in the
grease system can damage the O-ring seal 33 and permit drilling mud or the like to enter the
30 bearings. Such material is abrasive and can quickly damage the bearings. Conversely, if
the grease volume should contract, the bellows can expand to prevent low pressures in the
scaled grease system, which could cause flow of abras1ve and/or corrosive substances past
the O-ring seal.
The bellows has a boss 42 at its inner end which can seat against the cap 38 at one end
35 of the displacement of the bellows for sealing the vent passage 39. The end of the bellows
' can also seat against the cup 34 at the other end of its stroke, thereby sealing the opening 36.
If desired, a pressure relief check valve can also be provided in the grease reservoir for
'relieving over-pressures in the grease system that could damage the O-ring seal. Even with
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10 ~ Therefore, it is desired that the O-ring seal have a modulus of elasticity at 100 percent
elongation of from 850 to 1275 psi (6 to 9 megapascals), a minimum tensile strength of 2300
psi (16 megapascals), elongation of from 200 to 350 percent, die C tear strength of at least
250 1b/in. (4.5 kilogram/millimeter), durometer hardness Shore A in the range of from 75
to 85, and a compression set after 70 hours at 100°C of less than about 18 percent and

15 preferably less than about 16 percent.

A variety of O-rings seals have been employed in such rock bits. Such O-rings
typically comprise acrylonitrile polymers or acrylonitrile/butadiene copolymers. - Other
components in the polymers are activators or accelerators for the curing, such as stearic acid,
and agents that add to heat resistance of the polymer, such as zinc oxide and curing agents.

20 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 tensile strength and high coefficients of friction. Such properties are
undesirable for a seal in a rock bit, since the high operating temperatures of the bit result in
frequent failure of the seal.

25 - Preferred O-ring seals can be formed from the group of elastomeric compositions
including fluoroelastomers, carboxylated elastomers such as carboxylated nitriles, and highly
saturated nitrile (HSN) elastomers and the like. A particularly preferred O-ring seal is made
from an HSN resilient elastomer material and is disclosed in U.S. Patent Application Serial
No. 07/884,657 that is assigned to the same assignee as the present invention and is hereby

30 incorporated by reference. An exemplary elastomeric composition may comprise per 100
parts by weight of highly-saturated nitrile elastomer, furnace 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 weight, zinc oxide or magnesium oxide in
the range of from 4 to 7 parts by weight, stearic acid in the range of from 0.5 to 2 parts by

35 weight, and plasticizer up to about 10 parts by weight.

A mechanism of failure in a rock bit O-ring may be characterized as stick-slip. As
the elastomer of the O-ring moves along the metal surface of the leg or cone, the O-ring

material momentarily sticks to the metal surface. Almost instantly the elastomer then slips
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assenbly of t&eonvenignt means for comparing the properties op (Elastomers. For a roeck ?t 6—nng,r it is
15 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 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, preferably toward the high end of the range for reliable sealing. It is desirable to
20  maintain a squeeze in about this range and a bulk hardness in the order of 78 to 83, but to
' also increase the surface hardness and hence modulus and tear strength.
A way of modifying the surface properties of the O-ring without changing the bulk
properties of the body of the O-ring is to plasma i_reat the surface with an inert gas containing
a reactive gas species such as chlorine or fluorine. The chlorinated or fluorinated nitrile
25 rubber modules which form at the surface of the O-ring due to such treatment modify or
change the surface of the O-ring by increasing its lubricity and/or by decreasing its break-off
friction. Additionally, the modified surface may also have a hardness different than that of
the elastomeric body. The modified properties of the O-ring surface tends to reduce the
occurrence of stick-slip and any material loss as a consequence of stick-slip. While not
30 wishing to be bound by any particular theory or mechanism, it is believed that the
fluorination of the surface causes reduced break-off friction and reduced occurrences of stick-
slip due to enhariced lubricity and wettablity characteristi¢s, minimizing the " sticking" portion
of the stick-slip phenomenon.
It is also believed that the reduced occurrence of stick-slip may be caused by
35 enhancing the thermal resistance of the modified O-ring surface. The materials that are used
to treat the surface of O-ritig have an enhanced thermal resistance when compared to the
élastomeric O-ring body. This enhanced thermal resistance is believed to reduce the sticking
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fluorocarbon polymer may be introduced into such a plasma. When such highly energetic
polymers encounter the elastomeric nitrile rubber, bonds in the nitrile and in the fluorocarbon
or the like may be disrupted, thus, providing an opportunity for molecularly bonding the
fluorocarbon to the nitrile substrate. This, of course, changes the surface properues of the
O-ring without changing its bulk properties.

A graft polymer may also be formed on the surface of an O-ring by a variation of this
process. A polymer may be applied to the surface by dipping, spraying or the like.
Thereafter, the surface is subjected to plasma treatment and the energetic plasma disrupts
both nitrile and non-nitrile polymers leading to molecular bonding therebetween.

One may also increase the surface hardness of the elastomeric nitrile rubber by

treatment with sulfur. It is believed that nitrile rubber.continues to cure or cross-link during
elevated temperature service even though the nitrile is nominally completely cured. Elevated
temperatures increase hardness of nitrile as well as other rubbers and this may be due to
increased cross-linking. Sulfur tends to promote cross-linking of rubber and treatment of the
nitrile surface with sulfur may enhance cross-linking and hardness adjacent to the surface of
the O-ring. Such sulfur treatment may be by energetic sulfur introduced into an inert gas
plasma.
_ An alternative method used to modify the surface of the O-ring is to deposit a few
microns of tungsten disulfide onto the surface of the elastomer by the dip process and
subsequently drying the O-ring in an oven. This surface modification technique, like that
previously discussed above, also enhances the surface properties of the O-ring, lowers break-
off friction and, thus reduces the tendency for stick-slip.

When the surface properties of the O-ring are modified in this manner the O-ring
continues to provide a seal for the grease since the bulk properties of the O-ring are
unchanged and the effect of squeeze is unchanged. The modified surface properties,
however, tend to reduce break-off friction, minimize stick-slip and minimize material loss

-at the O-ring surface.
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understood that the principles of this invention may apply to Orings
haV|ng a C|rcular or . non-circul ar cross sections.

FIG 2 is a fragnentary, |ongitudinal cross-section of the fock bit,
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subt errggean e&gﬁ gfup.ﬁfet&%é Rfclg bt 25 I's rotated. Sorre types of
bits have hard- i& te cévee?etd%&] ngon t he OurthS' qaestoOf th ne b
instead of car bi g comprising meric compos1 on can be
constructed in such a manner that it provides a lower coefficient of friction at the surface of
the seal and, thus results in a lower degree of material loss than O-ring seals made entirely
from the elastomeric composition alone. An O-ring seal constructed according to principles
20 of this invention having a lower coefficient of friction minimizes the amount of frictional heat ,
generated between the cone and the journal and stick-slip, a known cause of rock bit failure.
An embodiment of an O-ring seal constructed according to principles of this invention
comprises a body formed from an elastomeric composition such as one selected from the
group of elastomeric materials previously described, and an enhanced surface enclosing the
25 body formed from a uniform 1ayér of material having a different molecular makeup than the
body. A preferred material may be selected from the group of metal sulfides including
tungsten disulfide (WS,) and molybdenum disulfide (MoS,) and the like. A particularly
preferred surface enhancing material is tungsten disulfide. The material used to enhance the
properties of the surface can be applied using well known surface deposition techniques such
30 as by chemical dipping, vapor deposition or the like. However, to afford enhanced
properties of reduced break-off friction to the surface of the O-ring seal without substantially
increasing the dimension of the seal, it is desired that the material used to enhance the
surface actually molecularly bond with or impregnate the structure of the substrate O-ring
~ body. Techniques for impregnating or molecularly bonding such materials to the surface of
35 a substrate are relatively new and are not well known in the art. A preferred techhique for
impregnating or molecularly bonding the material to the body of the O-ring seal is by
chemical dipping, wherein the O-ring seal is emersed or dipped into a liquid solution of
surface enhancing material and then allowed to air dry, such as that conducted by Diversified
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10 molecularly bonds with the body via the deposition technique described above. The
technique of molecularly fusing the enhancing material onto the body permits the formation
of a strongly adhered and durable thin film that provides the desired degree of surface
enhancement without having to use multiple layers. '

~ The ability to achieve a surface layer having the desired enhanced properties using

15 only a thin film of material eliminates potential complicatioris that may develop when fitting
together parts having close spatial tolerances. Accordingly, the use of a molecularly bonded
material layer eliminates the need to reconﬁguré existing O-ring seals to accommodate the
surface layer thickness and, therefore is economically desirable. A preferred surface layer '
may have a thickness in the range of from 100 to 500 Angstroms (A).

20 An O-ring seal constructed according to the above described principles has been shown
to display decreased break-off friction, increased lubricity and wettablity, and increased
thermal resistance at the surface of the O-ring as compared with O-rings constructed entirely
from the elastomeric material alone. These enhanced properties have been shown to enhance
the service life of the O-ring and, thus the service life of a rock bit incorporating the same

" 25 by as much as two times. An additional advantage of ‘constructing an O-ring according to
such principles is that, while the surface of the O-ring displays improved properties of
reduced break-off friction and the like, the body of the O-ring formed from the elastomeric
composition retains all of the desired physical properties, such as the desired modulus of
elasticity, tensile strength, -elongaﬁon', tear strength, durometer hardness and a low

30 compression set. A further advantage, as mentioned above, is that the overall dimension of |
the O-ring seal remains substantially the same, eliminating potential spatial tolerance
complications as well as permitting the use of existing O-ring seals.

_ Alternatively, the surface of the O-ring seal may comprise a uniform layer of material
that encloses and is molecularly bonded to the body. The material may be selected from the

35 group of “polymeric materials including fluoropolymers, polyethylene polymers, silicone
polymers, urethane polymers and the like. A particularly preferred material is
polytetrafluoroethylene (PTFE). The surface enhancing material can be applied to the body
of the O-ring seal by using previouS!y described deposition techniques such as chemical dip,

i
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he cone and crs Bk e raap Sempined RUbIHELY QO it bt Ehnillvedlo o PLS
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i ncl uded in tU@0Yed Eeplagiag dhe; sprface gmolegyles and forming a new polymeric suiface layer
comprising the desired surface enhancing material. The process of ion recombination and
attachment to the O-ring seal body continues until a desired layer thickness of the plasma

20 polymerized film is achieved. Plasma polymerization forms a thin film of the desired surface

_enhancing material that is molecularly bonded or grafted to the O-ring body substrate
material that will not flake off or leach out after being applied. .

- 'The thickness of the surface layer can be controlled by varying the conditions of the

. plasma polymerization and may range between 25 and 1000 A. A preferred O-ring seal

25  comprises a surface layer having a thickness in the range of 100 to 500 A. Like the use of
the chemical dipping deposition technique previously described, the use of the plasma
polymerization process to molecularly graft a desired surface enhancing material into the .
body of the O-ring body permits the formation of an extremely strong thin-film layer which
does not noticeably alter the overall dimensions of the O-ringseal.

30 A particularly preferred plasma polymerization process is one conducted by Metro-
Line Industries, Inc. of Corona, California, using a three stage gas plasma surface
modification process. First, the surface of the O-ring body undergoes an atomic cleaning
process to remove all organic contaminants, leaving an atomically clean body. Second, the
chemical structure of the surface of the O-ring body is molecularly modified by ion

35 bombardment at a High rate of speed during the ionization cycle of the plasma polymerization
process. During ion bombardment the ions impact the surface of the O-ring seal body,
causing the polymer backbone to fracture. Some of the charged molecules then attached
themselves to the surface of the O-ring body, forming a new chemical structure. Finally,
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seal. Even wt
bonded, to only a portion of the O-ring seal body, i.e., that portion of the O-ring body that

is subjected. to stick-slip, and therefore material loss In this embodiment, the surface
_enhancing material would not completely encapsulate the entire O-ring body.

20 Laboratory tests have been conducted comparing various physical characteristics of
improved O-ring seals constructed according to principles of this invention with O-ring seals
formed from only an elastomeric composition comprising HSN. Table 1 shows a series of
test results comparing the physical characteristics of an O-ring seal formed entirely from the

~ HSN material (Standard equals an average of the test results from nine tests) with those of

25 O-ring seals each comprising a body formed from the HSN elastomeric material and an
enhanced surface layer formed from a molecularly. bonded surface enhancing material
previously described (Tests 1 through 5). The O-rings tested were those typically used in
12 1/4 inch rock bits, having an inside diameter (ID) of approximately 2.9 inches (73
millimeters), a cross section of approximately 0.3 inches (7.6 millimeters), and an outside

30 diameter (OD) of approximately 3.5 inches (89 millimeters). All of the tests were conducted
under similar conditions of cone revolution (375 rpm) and percent squeeze. (approximately
10.6 percent).

s

35
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6 a pressure conpensator, it is believed that occasional
dhfferentlal pressures may exi st across the Oring of up to 150
.p3| (548 kil opascal s). To mai ntain the desired properties of
the Oring seal at the pressure and tenpeFaBLEd _ condi tions that
prevail in a rpck DIt, TO fnnibit ~punping  of The grease through T he
-O4ring 5 and for a Iong EF§b7"Eﬁ“"F§‘T'\§s"'-T9c is i ort ant t hat [t he
Oiring seal b ] R T
_corrp03| tions f

'inraS|on

resistance, ha Ow rubbing fqiction, b read| Ly deflornmed {inder
-the pr pBst Sttt enpelf at?dffe jc&hldt 4i B¢ | d24 % wel’ %l”ﬁlhl B "Coul d al | ow
e R Lo AT TR (PR S N T O
o5, f o SR o 100 THERT e |98 oloph o i Pme0[ o 1275
10 O-Ring Material HsN | HsN HSN HSN HSN HSN
Coating - ws, ws, ws, PTFE PTFE
Life 27.4 64 49 58 42 49
Time To Smooth (hours) - - - 20 3.5 33
- 15 - ;
. Durometer {Shore A) 83 85 85 85 82 81
Percent Squeeze | 10.6 10.6 10.8 10.5 10.9 10.6
Surface Finish (Ra) 20 32 26 25 21 15
20 Ave. Leg Temp. (F) 270 296 263 227 234 328
Ave. Cone Temp. (F) 227 222, | 229 N/A 206 216
Ave. Torque (in-lbs) 222 266 397 339 143 235
05 Max. Leg Temp. (F) 397 494 494 347 500 Plus | 491
Max. Cone Temp. (F} 306 324 436 N/A 308 391
Max. Torque (in-ibs) 559 | 534 867 - | 492 734 505

As shown in Table 1, the average life for an O-ring seal formed entirely from the

30 HSN elastomeric material subjected to a cutter cone speed of approximately 375 rpm is 27.4
hours (Standard). Test number 1 is an example of a first embodiment of an improved O-ring
seal comprising'a body formed from the HSN elastomeric material and a surface layer of
molecularly bonded tungsten disulfide applied via the dip process. Test 1 displayed a service

35 life of approximately 64 hours, approximately 2.3 times greater than the O-ring seal

comprising HSN alone. Test numbers 2 and 3 are identical examples of a first embodiment

of an improved O-ring, each displaying a service life of approximately 49 hours and 58

hours, respectively. Accordingly, the average service life for a first embodiment of an '
- O-ring seal comprising an enhanced su:face layer of molecularly bonded tungsten disulfide,

=13~

-

—

" 7



M
i

psi (16 nmegapascal s), elongation of from 200 to 350 percent, die C tear

strength of at | east 250 I b/in. (4.5 kilogramm|Ilimeter),
duronet er hardness Shore A in the range of from 75 to 85, and a
conpr essi én seds gprasentkbiBestss1,a2, a@a}g & appoximatelys¥ ohadimasshe sqrswsékfeeﬁthe

and 15 pref erqml Jeal formed aﬁﬂelgtmﬁ uk&imrepa@ﬁhmc composmon A variety of

O-rings seals have i3 SHE S

typically conpri se’IS?E ?Hagﬂpta’r'eiy(%leja %?#é'p &fo%ﬂwpr%v%?“ Peg %&?%Jﬂ%ﬂﬂﬂgabody
copol ymers. O fasmed from thecmﬂmraencrmmalmﬂm riacg dayer With, molscylagy bonded
accel erat srs f pTFER@plidvidthe plasmi polyntetiesion prévessl, Tests 4 and ﬁmglsngemaviwaves

2gents. 20 reﬁt)‘ﬁfe@@?@ '@E“Je’&g&% et ol fﬁe@v@ﬁéé’ﬁf“ o o i Sbodmen

agents [ yatpqnggi)

typl
resi st ance andobhe Hreing ,H:q;npnsmg an g
ext ended per i ogpprafimatelye45.S\ddutsi arnal Itynesstha;kemom&mﬂﬂledbmg seal formed eitirblyt

undesirably | Oﬂoﬁmelﬂéﬁsﬁiﬁﬁ dcopdsifibgln coefficients of friction. Such
propertles are sl rabl e for._a se si.nce. t he hi

oper at i nglPenper at. JF‘@%C i tﬁﬁ’é te,st,ggl&qspaﬁeﬂlxe e&mcedfqug‘agyew’pp?xgﬁ of an ’d?pr?
seal . 25 O-ring sdal ebmstrueted @eqording ¢ ptisciples of ¢hi§ dnvention anshthereffegt thap sush

e: as: omeric Coﬁmﬁﬁééd'sﬁtg&e prope rtles'hﬁféi'd%kﬁgdljl Bﬁrs@ﬁllééﬂif@m ﬁ)Ck%rH?QWWtﬁﬁﬁchnd
el astoners suc as carno 1 Tri
T Parl hiony  h Shine e ndty i il e o, 005 Sprid ?‘V“&%Péﬁe@as?@%%‘aa%%

i's made albnem an HSN resilient elastonmer material and is disclosed in
U S. Pateps Appli ca{lingBetSeinti®l embodimentNof aifp?8vediB fing &l forsrodls bit besihgs have

e Same s gﬁ?fee‘f?é‘r’f‘%f’i?@& S0 BVER BaPl f*f‘i%&%‘m villations Wifl Belighabic
parts by wei ghto thosengkgfledin dhe art.aAseprdingly; fitds &0 be P@¢Pé$t°°df @gﬁwaﬁw@w &f thee
range of from 4gbended 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.
20

25
30
35
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c;:?O parts by weight, peroxide curing agent from7 to 10
pdrts by wei ght, graphite in the rangll“lllmﬂu)mwmmﬂno parts by
wei ght, Zinc oxide or magnesi um oxide in * fhetrahge off from4 to 7
parts by hei ghWHAT #3/CLABEER ISn the range of from0.5 to 2 parts by 35
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r | | ng. My, be r &%
stick-slip. As c? "Fy?ﬂ‘é) r na novVes na e%?rg]onof
surface of thethﬂ?g't\mi hg‘{;n@abpqq@g@u materi al nonentarily sticks
to the megal surf ageutteflconstotdtitsy mtxhwd bh @achl jesinahpin ahé énchalings bearing surface;
I8 relati xsress%ré{;q%&ﬁga?éd e réRAbhn édrﬁrﬂém&‘ii%ﬁ Fg &ﬁbéﬂ#f‘&dxﬂ@é’é
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‘force of the Oring*I's su verc%
friction between thGr%ﬁ ’é’c@ﬁgreé@a‘leﬁwlgﬂ?q asent the bearipg, gu e&nﬁ“

breaki ng of bonds hdynuméio O-tieg sdah firaetainirgtiie gedasd mdhsbeq;‘wgsmnmemgy and
causes frictional a body formed from a resilient elastomeric composition; and

10 a surface portion integral with the body forming a permanent surface on the
body for engaging a journal pih and a cone and having properties different from the
properties of the body, wherein the surface portion comprises a material different from
the elastomeric composition, and wherein the surface portion is molecularly bonded
to the elastomeric composition.

15
2.  The rotary cone rock bit as recited in claim 1 wherein the surface portion is
integral with the elastomeric body and comprises enhanced properties of reduced break-away
friction, increased lubricity and wettablity, and increased thermal resistance as compared to
the elastomeric body. '
20

3. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pins each 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;
25 a pressure-compensated grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
a body formed from a resilient elastomeric composition; and
a surface portion integral with the body for engaging a journal pin and a cone
30 and having a surface with properties different from the properties of the body, wherein
the surface portion comprises a material different from the elastomeric composition
that is molecularly bonded to the elastomeric composition, and wherein the surface .
material comprises a metal sulfide selected from the group consisting of tungsten
disulfide and molybdenum disulfide.
35
4, The rotary cone rock bit as recited in claim 1 wherein the body comprises a
nitrile rubber and the surface portion comprises at least a portion of nitrile rubber having a
molecular structure different from the molecular structure of the nitrile rubber of ‘the body.
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and nmetal,” some 5 of the elastonmer may be renoved fromthe Oring,

t her eby degradi ng the surface. _ It is therefore desirable to
g nlhm ze t_he anmounts. of Fhe ritdrp goriearorlebin ad feeitexd ia<labmel wirerein the nitrile rubbenbf. the
uch sticking i L QL 4 tice of this invention by nodifying the
surface of km?htﬁo@gpﬁgge\%@ﬁbut changi ng the bul k prgpertieg 019 t he
maj n body of the Oring in such a manner as to reduce the break-off
friction and incredse tThe fotdry canetrpclabitiasiecitebiniclaym §f whdrein the digile rubbengf the
seal surfgce. grface portion is flubfnagddast omeric materials the tensile nodul us of

the elastomer, Its tpgar strength and har dness are positively

correl ated. Wien the hardness of the elastonmer is increased, one

normal |y finds that7.t heArotiry coneaock bitfor dsillingrsybthrranean foroatipprccompsising;

Hardness is theref grg body mcludiﬁgﬁwny%ﬂguﬁm@ﬁasfemé‘a@émafglmntaheg rtion of

properties of ﬁllsabztoggrs. Fo|r a rock bit ring, it is 15 desirabl e that

t he duroneter r Et%h g § 's in the range of fromabout 75 to 85

on the ShdPe A scalaccutigyenine gbtatablyteunted onrraehsjoymal pia agd includinga heasing sprface;

Sho re A. At . Agrelage Tompertdated grasc Fser it ifi Coththinicdtion m&_nmmafgag' Surfacespf

an ring a e s : . t, e squeeze
%?i'ea%g lfr?lﬂ%e:i:ease res O'PABJ? g&j%%e}ﬁtlglfege&rfgoﬁkfa@s anll a

of the Oring in the seal rom about | ] et cent,
preferably toward sedl foretaining, thergzease i the B PR§I8It s
desirable to 20 mai nd body formelifrema sesiliet elastombiic compagitionndndy bul k

hardness jg the order 0{ sufho Qo h the body ﬁJr%Hgdgm‘gf@ﬁ:E?nai ﬁla]fnurd‘&ﬁs

hardness and hence ul, us an ég g ré‘ﬁit
modi fyi ng t he surfé‘g&ﬂ?)‘fi%%?‘l 288 W ngﬁeﬁi-?fﬁﬁnb&'%mm%%i%% sthegein
properties of the hidyody corhprisey ninitgilé subber, prhesaim ther suface ipertionrdompeisesi vitrilan
Inert gas containi REypher treated by the group consisting of halogenation, fluorination, and sulfur
treatment, and wherein the surface portion has a molecular structure different from the

20 molecular structure of the nitrile rubber of the body.
Ei . . - o
‘ 8. A rotary cone rock bit for drilling subterranean formations comprising;
| a bit body including a plurality of journal pins each extending from a leg portion of
the bit and having a bearing surface;
25 a cutter cone rotatably mounted on each journal pin and including a bearing surface;

*a pressure-compensated grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for i'etain'ing the grease in the bearing comprising:
a body formed from a resilient elastomeric composition;-and
30 a surface portion integral with the body for engaging a journal pin and a cone
and having a surface with properties different from the properties of the body, wherein
the body comprises a nitrile rubber, wherein the surface portion comprises nitrile
rubber treated by the group consisting of halogenation, fluorination, and sulfur
- treatment, wherein the surface portion has a molecular structure different from the
35 . molecular structure of the nitrile rubber of the body, and wherein the nitrile rubber
o of the surface portion is molecularly bonded to an organic molecule that is not a nitrile
rubber molecule.
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a -;r—ea_c,tive’ga_s speci es such as chlorine or fluorine. The chlorinated or
fi‘gupr_l. natgd nitrile 25 rubber nodul es which format the surface of the
Oiring dué to such treatnment nodify or change the surface of the

01110 by | ncreaS1 00 | 8 e ok g o Bk o
. . he. nodi fied. .surface Q .
diffferent than t hat Ibgf)ﬁoéy mdu‘i?rlgh%plgfagﬁ 0 Pf“gj%}é%%(:ﬁ %ﬁﬁéﬁﬁéqﬁg‘fﬁ‘?? iogs
of{ the O ring thebitaod havingls beasingeyrface; t he occurrence of stick-slip
\?\ndgh?% tﬁ;t g(ra | gLULE&%@&om fotdisbiy) impunted of eathijobrnall pip andNfricludingat beding surface;
_ ) v s DlonlRhi& i ered.
~that the f1a8rTnar ?\'{oolﬁféé%wgys%r §Qé1¥étgél?s S rleaglighhgl?cgak-of - ’
ftiction and r educdEreee iy the grease rgsereqiy E‘Ki-cadlace"t e bearine FiHaces dfanced
I ]thbrl city and wet t aldyhdmyic Cheingsdab farstiaining the greasezinrihe béasing sompiisings” portion
of the stick-slip phengngy 'Torlmed from a resilient elhstoréricdéontposisiohead t hat the
hermal Tesistance of AR 0T PoLior skReing AUORIAL PR A % cone
thermal resistance o _ ) t s¥That "are
used 10 to treafd havingsusuffaceavith propertiesgliffercns from e ipropesies ofithe bady, wherein
;ﬁf}:;] E:chfh\éw:ﬁ'gl C?gﬁ%d{ﬁg dofpliB& a Inltl'lle rg%éi‘,s WhERIN the Quith¥0preielY cohBtifes nitrile
ru%bgr trrégtgd Ibsy g glrgl\lll? co;[lscl)sti;lge dotfcﬁalcgg%gaéotn', cfiﬂoﬁﬂation, and sulfur

treatment, wherein the surface portion has a molecular structure different from the

molecular structure of the nitrile rubber of the body, and wherein the nitrile rubber

15 of the surface portion is molecularly bonded to an organic molecule comprising a
" flaorinated compound. :

10. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pins each extending from a leg portion of -
20 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 communication with such bearing surfaces;
" a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
25 a body formed from a resilient elastomeric composition; and
a surface portion integral with the body for engaging a journal pin and a cone
and having a surface with properties different from the properties of the body, wherein
the body comprises a nitrile rubber, wherein the surface portion comprises nitrile
rubber treated by the group consisting of halogenation, fluorination, and sulfur
30 treatment, wherein the surface portion has a molecular structure different from the
molecular structure of the nitrile rubber of the body, and wherein the nitrile rubber
of the surface portion is molecularly bonded to an organic molecule comprising a
fluorinated compound selected from the group consisting of fluoropolymers.

35 11. A rotary cone rock bit for drilling subterranean formations comprising;
: a bit body including a plurality of journal pins each 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;'
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|
81 portion of the stick-slip phenonena at the Oring surface and,
t herefore,” serves to reduce the amount material | oss and
degr ddation at the O ring surface. The properties of the
surface nmpy al so bgprbsufgespeyisaedogdrease geservdirfin eontmtnication swithaudhcbearing surfacdshe

nitrile nol ecul es ng&?ﬂltthggh&&e (fnggg %a&eﬂ?ﬁh@b&:ﬂ% ﬁg@é‘sempl y

mol ecul es adj acent

ace are-co
f I uor opel ymer. o héFlY?%‘I“ﬁl%Flgg B34 f °frFE'9“”d‘%£ g‘ﬁ eanng QOH’@F‘EI‘B%'
pol yet hyl ene, siliconea bndgl formied fraa lacrasiBent elastomeric compos1t@m;anqoot enti al

copol ymerg are grafted tQrhlniivifabd §oﬂa9h mhﬁuhﬁ:ﬂ%%%g&%@ #8rmed from
treatnment. A hi h ener Iasma Issaﬁmggec

gas, typical|y? Surface @ ggbBﬁkl Omfi&i &@ﬁ P %F

Q her gaseous myeup af tlw(bhdjaswmrqm the siitfagsr partierh comprsey rﬂelﬁnlfmvl bléef Of SUfface
i ntroduced i Nntinsi¢idp MaHAHR is WoRRuRtl§ BoidedWith @8 ®6GEbf the seal. pol ymers
encounter the elastoneric nitrile rubber, bonds in the n|tr|Ie and |n t he
fl uorocarbon or the like nmay be dJsru ted, thus, provid

‘oppor tuni¥S for nolbculTherganyneas mykibifas recited in g ligoklowharein rﬁhechS“(“H’é CHFtPWFT“"e
substrate. Thi®mpoéitie® s Sselecl afrgms thieh groupr f)ﬁcmatq&'talmeonmmg obff tflneroelastomers,

O-ring wthout I A graft polyner
caﬁQ) %.%ds{o?nep# afid (#Pglr%&té@“ ng by a variati

may al so beforrre e surfrace on of this

!

13. The rotary cone rock bit as recited in claim 11 wherein the uniform layer of
15 surface enhancing material has a thickness in the range of from 100 to 500 Angstroms.

14. The rotary cone rock bit as recited in claim 13 wherein the surface enhancing
material is selected from the group of materials consisting of fluoropolymers, polyethylene
polymers, tungsten disulfide, molybdenum disulfide, silicone polymers, and urethane

20 polymers. : '

15. The rotary cone rock bit as recited in claim 14 wherein the surface enhancing
material is poly-tetrafluoroethylene.

25 16. The rotary cone rock bit as recited in claim 15 wherem the surface enhancing
material is applied by plasma polymerization.

17. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pins each extending from a leg portion of
30 the bit and having a bearing surface;
a cutter cone rotatably mounted on each journal pm and including a bearing surface;
a pressure-compensated grease reservoir in communication with ‘'such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
35 ’ a body formed from a resilient elastomeric composition selected from the group
' of materials consisting of fluoroelastomers, carboxylated elastomers, and HSN
elastomers; and
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priocess. A polymer may be applied to the surface by di pping, spraying or
the |ike. - Thereafter, the surface is subjected to plasna treatnent
and- the energetic plasma disrupts both nitrile and non-nitrile

pol ynmer s 1l eadi ng t o noheerfdcarcoinpristhgign integrat erface enhancing material having 2Omelecuiyr

also i ncrease g ¢a&&ie?e§i§féaartgg§fogevcmg: B! SRR St QurfieR eBfnpltes 2

treatrrent wth @{Jl’e

or: cross-|ink P‘i“héayef of surfagesenhapcin I Effeée'ge{ éﬁe 3%’%2‘4 WB%S

nitrile is norlastaheyic oaonmbmumi,ywheremdthe Hhyev sofestirface enhancipgyyaaterial r@§108€s and

't gcr ease sh?:]g r'?lgo‘ié;cg%lgpighﬂé With Eié bo8Y gf ?{? s@il NPleréitl pRamsfoRn thybhofSsurface dnfarbii
|1 nki u C o of

rubber and t rMP ess In the rgge q f&°“§3§‘?é‘§ go%@g&gﬁ}sf Wg%dy{hg'%ance

cross-1inking eah@chgnnmm la@pmﬂlsulﬁdﬂ he surface of 25 the O ring.

Such sul fur treatnment may be by energetic sulfur introduced into an inert

051 ace or Pha"Ciby Ay sl 424 b g ol
di sul fi d&%nt o t hea bitbpdy incluingtrepluralitt efienrnal pinh each iextepiing &om 2 Jeg portion of

subsequent |y Qre/biband havirfg & b&ging Rusicepven. This surface nodification

t echni que, |ike thgg?tgé cane taRY sﬂi: hﬁie@bég#beﬁjﬁﬂrﬁ%%dﬁ#ﬁﬂmgﬁ%ﬂﬁﬁésdrﬁﬁe

surface properties 0 OWer S tion a
t hus reduces the t&PrEsHEyCOMpen m;eﬁervoumcommumcauonwgwéﬁ &%“@s

properties of the ngeaseqnahegmlréseﬂbu mdddja:emtahmlmrmgeumqes,ngnd

conti nue Y provi .es of the
Ori ng arae 518 dm1 ﬁ%"%ﬁﬁ 0 lgelge e@élé.?hu%ﬂﬁﬁﬁ%g

nodi fi ed surface pr ope?'tq°€3§ formed fro m Wg“ef‘fi Thaterial qﬁ?q%cg%o@f f‘he Eroup
friction, nininizeconsisting ofl flyproataitomiens, rcaﬂ:exyialbé elagtomerss and HSN elastomers; and .

a surface comprising a uniform layer of surface enhancing material having a

molecular makeup different than the molecular makeup of the elastomeric composition,

20 the material enclosing and being molecularly bonded to the body to form a permanent

' enhanced surface for contacting adjacent surfaces of the journal pin and the cone, the

material being selected from the group.of materials consisting of metal sulfides,
fluoropolymers, polyethylene polymers, silicone polymers, and urethane polymers.

25 19. The rotary cone rock bit as recited in claim 18 wherein the layer of surface
enhancing material has a thickness in the range of from 100 to 500 Angstroms.

20. The rotary cone rock bit as recited in claim 19 wherein the surface enhancing
material comprises poly-tetrafluoroethylene.
. 30 _ |
21. The rotary cone rock bit as recited in claim 20 wherein the layer surface
enhancing material is applied to the body of the O-ring seal by plasma polymerization.

22. A rotary cone rock bit for drilling subterranean formations comprising;
35 a bit body including a plurality of journal pins each 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 communication with such bearing surfaces;
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at; - the O-ring surface.
9:- .1 - A carboxyl ated el astoneric nitrile polynmer may be
_preferred The carboxyl at ed pol ymer appears to have i nproved

propertijes for a 4 grekselihtthdpreasegespvoiroamdoadixdenti thd bedring surfaces; andiSN r ubber,

A O 1ing seal rof fipanie OB Re Rding U Bleal! AL S IBADINHES

lubrication. During 52 bOdy famed | frqs @ regilient clpstomsyic m*}t%nq%éeleffe%ﬁmm thegreyr.d
that Ori ng seal scongistingfofdiuotdeiastinesy, catboxylated elastomexsrrpmisHSbbﬂdasmas,aland

.average dife of approy 'sﬂ?ﬂc%ldbn%ﬁisﬁlg a3|9ui+39Hﬁ§ye§‘tof %uﬁﬂ!éeéﬂﬁﬁmﬂfg ﬁb@ﬁﬁl Heldi
_percent when the cutt nes gf% Pr%éa ted at alglglfeom Er&l ﬁia%/t C‘F '[1 :
“average |ife of molecu t‘ﬁ‘?i‘e ﬁ)‘-“r"]leﬁ Wagmakeup of the 851CB PRost °8’na|
heat that occurs the mategial®nclosigg snd being matedularly bonded to the body to form an enhanced
surface for contacting adjacent surfaces of the journal pin and the cone, wherein the
layer of surface enhancing material has a thickness in the range of from 100 to 500
10 Angstroms, and wherein the surface enhancing material comprises tungsten disulfide.
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,IJe material loss related to stick-slip caused by the interaction between
tﬂe adlj acent cone and 10 the journal surfaces. As the cone rotates on

t He journal and along the surface of the Oring, : the frictional heat
‘generated at the interacti ORING SEALSPORZROCK:BFE BEARINGS!| material to
degrade. Utimately, the degradation of the Oring seal either pernits the
grease within the .rock bit to escape or permts the entrance of
abrasive dri Ia®re ke into the cone. - The occurrence of
either of the abdweimprontdtQaing sesl fonfrbck bitrieatingscannspristhe bodyglfotmed Frosr angs

boen di cove St Sibrica diapblition kida Hhodifl Siat Pbinprising a permanent surkabe 145
be ‘?@F’?‘i‘f@t aw’rf'gprf{\%i"’aﬁatﬁet %66 GOPrisey glayer HfFUrfage ot
of fricti on enhanding matcmddhat@hcapsulates andnis neadedulaglycbonded te ancundenlying purface ofier
“degree of neye y O | shhafRste. afetisle ed hélode megl
el astomer ¢ sOpRt pLonglant &,%ﬁay&&ése%@ﬁ%ﬂ;&g&%ﬁ%ﬁé&i@ it
principles VWV@hF N\ 5 4 on
i ni m zZE& t hBheaRoing swfacir displays prhiangedproperties of grdpeadbreek-oiftfrietion, rincreased
and the | Ourmshc@rwldsaeuﬂhnﬁlm@mcmkdamnﬁmsmﬁxfe m&eémhﬁnc'édsdrt‘prropemes

An enbodi mange to llllll Illm %k%ﬁglaa&ﬂ?&wggfﬂoﬁ%gﬁjﬁl E'éSHﬁiln fﬁﬁﬂ QEth hi's
i'nvention npri ses y. TQLIME rom an [IC CO 05|t|on
such as one ¥ 8!9{“@&1@9‘%“8 e service lifeof $he, Ot ‘H]%WF Hat eri al s

previ ously described, and an enhanced surface encl.osing the 25 body
formed fgoma uniformlayer of material having a different nolecul ar makeup
t han the body. A preferred material nay be selected fromthe group
of metal sulfides including tungsten disulfide (W5 err]) and

nol ybdenum di sul fide (MoS[err]) and the like. A particularly
preferred surface enhancing material is-tungsten disulfide. The nateri al
-used to enhance the

20

me C:\WPDOCS\GRANT.APP\26722.FOR

25

30

35
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pr_oéerties of the surface can be applied using well known surface—

deposition techni ques such 30 as by chenmical dipping, Vapo?‘h@m&iaﬂa Reper=
or the like. However, to afford enhanced properties o TN“‘\

break-off friction to the surface of the Oring seal without sug M\\

i ncreasi ng the. di-nmensi on of %ﬁgy it is desired that the mat'®rial used .
to enhance the __surfac |y nolecularly bond with or inpregnate
t he str% 2% L at e ring body. Techniques for

I mpregn bondi ng such materials to the surface of 3 5

a substrate aregszEEs ~;-\~\-v are not well known in the art. A
preferred techng c;;:—,—-e---\\ I npregnating or nol ecularly bonding the
material to thg heQ ring seal is by - chem cal di ppi ng,
wherein the QfpiA 3 B sed or dipped into a aFgui Cgol ution of
surface enhe ' : hen al | oned to ai r'@?-;f/s as that
conduct ed A \

10 /5.




" Drilube, Inc., of Tulsa, ©klahoma under a process that it|r FRACRMENT SHERT
" Utral ube process. During the chem cal dipping de og%élcﬂ1qu 199 .
techni que, the lanellar crystal structure of the UNOSEBH I s

dry lubricant is believed to inpregnate and nol ecularly fuse with the
surface portion of the substrate Oring ﬁgﬁy wi t hout the use of heat,
resins, or any other. 5 bi nders: .. The ecul ar interl ock established

bet ween the seal body and the erihanci ng material |ayer is so
conplete that only renoval of the elastomeric material of the seal body
Itself can affect the enhanced properties of the nodified Oring surface.
Accordingly, a preferred Oring seal conprises a body fornmed from an

el astoneric conposition and a surface fornmed froma uniformlayer of
material that encloses and 10 nmol ecul arly bonds with the body via the
deposi tion techni que descri bed above. The techni que of nol ecularly
fusing the enhancing material onto the body permts the formation of
a strongly adhered and durable thin filmthat provides the desired degree

of surface £nhapgZEEaaN\ t hout vk?g to use multiple |ayers.
=NLaye ng the desired enhanced
= NinTtilMo

The ability to achite
properties using 15 \ f material elimnates potenti al
conplications that a2 WRen fitting t oget her parts having
cl ose spatial tolerafded. AccidiWgly, the use of € |£ul arly bonded
material |ayer eli 4 A \%o reconfigure eXisting Oring seals to
\ therefore is
may have a
(4). 20 An
ped pringiples has

econoni cal | y desi rjxe
t hi ckness in the
O ring seal const/#
- been shown /
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SHEET
t o5 di spl ay decreased break-of f fri ction, increased |ubri ﬁ%”"é\?&MENT

wettablity, and increased thermal resi stance at the sueraEeJldN 1895
Oring as conpared with Orings constructed entirely - Da ‘f'rnmLheri
elastoneric material alone. These enhanced propertie leen showgat
efihance the service life of thg1 O ring and, t?ﬁfg@? gse“%ﬁ'ém?'?fceéo
a rock bit incorporating the sane 25 by as chh as two tines.

addi ti onal advantage of constructing an Oring according to such
principles is that, while the surface of the Oring displays inproved
properties of r educ gERINGSEAL FOR ROCKBHhBEARINGS e, t he body of
the Oring forped t he el astoneric conposition retains all of

t he desired e ies, such_as the desire

d
elasticity, tensmhsmwmgtrﬂateél%ﬁggtﬂftﬁwsea]t Fe%‘f‘i”érfﬂgﬁ’%“ﬁﬁfﬁm‘f“grmﬁé?“éﬂ%ss
and a 1w 30pearip 93135@5& ﬁﬂoﬁ@ﬁﬂbﬁfbﬂﬂhﬂﬁg olldwellst arthe like. Monei pardenlan th

S that t he, ove aII nsi r O5iBIOR Is&1Si toreduce
SRR (PHag heal bavipe, s el RMpob B sEving

subst ant i al F§AVERH

t t
conpl i cati onmeaneaks:bff frictioneofithe O-miag, tand %e‘e@%"%g‘%ﬂ!& tglnllh O‘g‘h%ﬂp‘gee@gaﬁegv ice life

Al ternativel yg g E@rﬁg_rface of the Oring seal may conprise a uniform!l ayer
of materi al at encloses and is nolecularly bonded to the body. The.
material may be selected fromthe 35 group of polymeric materials

i ncl udi ng f | Backgrotmdef the Invengtiorhy| ene pol yners, silicone pol yners,
ur et hane pol yrrer Qg_dtu Reddill s or rbck B¢ bieCerhployed foredrilling ovelta tig rsubteriagean

polytetraflu oet PTFE) C ng ahit€ avda bod
applied to t li %e@ailﬁéaﬂl @yq%#ggfﬁ? ?\i/iluoulsl ‘(ljesged? ged

dep03| tion t em’mectqd&a duﬂlsh'ms aodaé@l‘@éi!t}’dﬁyplcal y three, of hollow cutter cone’ moun
the body for drilling rock formations. The cutter cones are mounted on steel journals or pins

15 integral with the bit body at its lower end. In use, the drill string and bit 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 fdrmations, high pressures and terhperatures are encountered.
The total useful life of a drill bit in such severe environments is in the order of 20 to
" 20 200 hours for bits in sizes of about 6% to 12% inch diameter at depths of 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 260 rpm, i.e., high-speed drill bits, is generally in the range of from about 20 to 50
hours. - The cutter cones in such high-speed bit are operated at a rotation speed of
25 approximately 375 _rpfn. The shortened useful life of the bit is often due to the increased
frictional heat produced in the bit caused by the increased operating speed. :
When a drill bit wears out or fails as a bore hole is being drilled, it is necessary to
withdraw the drill string for replacing the bit. The amount of time required to make a round
trip for replacing a bit is essentially lost from drilling operations. This time can become a
30 significant portion of the total time for completing a 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 drill bit can be required for a number
of reasons, inchi,ding wearing out or breakage of the structure contacting the rock formation.

35 _
One reason for replacing the rock bits include failure or severe wear of the journal
bearings on which 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



11 1 cheni cal vapor deposition and the Iike. Homevs=rREFf~tAQE§,‘"’%§gs$’l"%FciT

that the material be part of t he i nternol ecul ar rakeuQ ngumqggs
surface portion of the Oring body, thereby providing Date ~“enhanced-
propertles of reduced break-off friction, increased |ubrrcity and
wettabllty, and I ncreased the?mal resi stance at the Oring surface
W t hout significant | ayer t hi ckness. 5 Additionally, a layer of surface

" enhanci ng material that ul arl'y bond d he
O ri ngl seal tovdnlling,oas WP%I% eﬁé‘?g |ITRRETALUESS 1P 3@% g&“ hﬂ'g %Zledrre 4 n;1dcefgag>l ed
onto the, develo meﬁuhﬁﬂf Rdscbegn rcbnrlneted over the years to prﬂdlp:péxeémfﬂéﬁim?é{fﬁ%@q‘ tor

appl yi ng a“dquﬂlo #?’%ﬂﬁ‘ady if ‘b&f%a%n&fzb)fﬁucwéﬁﬁ enhanci ng

10 ' pol ;ﬁeruzaﬂmdﬂu@nlamgmﬁffelﬂ Wgﬁa‘ﬁ&ém'%ﬁ%ﬁ% i el EdtiRidn, 2

phase §DONONBHch lubricants &vch eritical glsmentTinghlife ofya seck) bif.s Ap$“éE 58 \é?erélsé)#l?“%a
charber meﬂ&ega%eﬂﬂ 7S 10HPA M othél’ dements of the bit so that premature failures of bearings’
do not unduly limit drilling. Failure of lubrication can be detected by generation of elevated
pressure in the bit, evidence of which can often be found upon examination of a used bit.
The high pressure is generated due to decomposition of the oil in the grease, with consequent
10 generation of gas when lubrication is deficient and a bearing overheats due to friction.
Lubrication failure can be attributed to misfit of bearings or O-ring seal failure, as well as
problems with a grease.
Pressure and temperature conditions in a drill bit can vary with time as the drill bit
is used. For example, when a “joint" of pipe is added to the drill string, weight on the bit
15 can be relieved and slight flexing can occur. Such variations can result in "pumping"” of the
grease through O-ring seals, leading to loss of grease or introduction of foreign abrasive
materials, such as drilling mud, that can damage bearing surfaces. One of the consistent
problems in drill bits is the inconsistency of service life. Sometimes bits are known to last
for long periods, whereas bits which are apparently identical operated under similar
. 20 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. Lubricant may be lost if the seal fails, or abrasive particles of rock may work
their way into the bearing surfaces, causing excessive wear.
Rock bit O-rings are being called on to perform service in environments which are
25 extremely harsh. Modern bits are beihg run at exceptionally high surface speéds, sometimes
more than 500 feet per minute, with cone speeds averagihg 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 degraded by high temperatures due to friction (as well as
elevated temperature in the well bore) and abrasion.
30 In order to provide a consistently reliable O-ring seal for maintaining the lubricant
" within rock bits, it is known to make the O-ring seal from a resilient elastomeric composition
displaying a desire degree of chemical resistance, heat resistance, and wear resistance.
O-ring seals known in the art are constructed from resilient elastomeric materials that, while
displaying some degree of chemical, heat, and wear resistance, have ultimately limited the
35 service life of the rock bit by wearing away or suffering material loss along the O-ring
surface during use.
_ It is therefore desirable to provide a consistently reliable O-ring seal for maintaining
the lubricant within a rock bit, that has a long useful life, is resistant to crude gasoline and
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modification techniques such as plasma polymerization and the like. The modified surface
may have a film thickness in the range of from 100 to 500 Angstroms.
The modified O-ring seal surface displays enhanced surface properties such as
decreased break-off friction, increased lubricity and wettablity, and increased thermal
20 resistance when compared to the elastomeric body, serving to minimize sticking between the
' O-ring surface and adjacent sealing surfaces and, therefore minimizing the material loss at
the O-ring surface resulting from stick-slip. In this manner the enhanced surface properties
of the O-ring seal serves to extend the life of the O-ring and 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  Detailed Description
A rock bit employing an O-ring seal constructed according to principles of this
invention comprises a body 10 having three cutter cones 11 mounted on its lower end, as
shown in FIG. 1. A threaded pin 12.is at the upper end of the body for assemibly of the rock
bit onto a drill string for drilling oil wells or the like. A plurality of tungsten carbide inserts
35 13 are pressed into holes in the surfaces of the cutter cones for bearing on the rock formation
being drilled. Nozzles 15 in the bit body introduce drilling mud into the space around the
cutter cones for cooling and carrying away formation chips drilled by the bit.
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5 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 principles of this invention may apply 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

10 from the rotational axis 14 of the rock bit through one of the three legs on which the cutter
cones 11 are mounted. Each leg includes a journal pin extending downwardly and radially,
inwardly on the rock bit body. The journal pin includes a cylindrical bearing surface having
a bard metal insert 17 on a lower portion of the journal pin, The hard metal insert is

. typically a cobalt or iron-based alloy welded in place in a groove on the journal leg and

15 having a substantially greater hardness that the steel forming the journal pin and rock bit
body.

An open groove 18 is provided on the upper portion of the journal pin. Such a groove
may, for example, extend around 60 percent or so of the circumference of the journal pin,
and the hard metal insert 17 can extend around the remaining 40 percent or so. The journal

20 pin also has a cylindrical nose 19 at its lower end.

Each cutter cone 11 is in -the form of a hollow, generally-conical steel body having
cemented tungsten carbide inserts 13 pressed into holes on the external surface. For long
hfe, the inserts may be tipped with a polycrystalline diamond layer. Such tungsten carbide
inserts provide the drilling action by engaging a subterranean rock formation as the rock bit

25 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 beanng surface including an aluminum
bronze insert 21 deposited 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

30 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 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 journal pin. Other types of bits,

: particularly for higher rotational speed applications, have roller bearings instead of the

35 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 bearings.



rmdiffed surface of the Oring seal body, fornming an enti Pem]?!nw*émTﬁtiEET

conprising the desired surface enhanci ng pol yner. i{5 q JUN 1995
O-ring-seals constructed according to the above descri bedipPatact.pl.es...0f-oe.r
t hi-s invention -have been shown 30 display reduced Wr

friction, increased lubricity, and increased thermal resistance at
the Oring surface as conmpared with O rings constructed entirely from
only the el astone sitio The mpdified surface | ayer displays an

i ncreased | ubri Cll{ Qﬁ’rﬁ‘tyngp beaging balls Z4rpre fikach e complempntanybafifracasdn thewone and
modi fi ed sur bathe Jomd pithi Thesg balls dré énsemeti thrqgh bball pas:sugef 26, 8vHiéh &Rénd@ Ehrough

attract and pRl aiu‘ﬂ |b'éfv%en?h bmén?q'a&g%d%é ekl étatgﬁ d'ocrzl{i ﬁxjd.rsn 1% ga%lésﬁrst

| ubri cat ed |§§?Jfa e ;ﬁe eal con
frictional ofh e journ P“br thegx the p?qu‘ﬂgl balls 2fiapg imserted dheough theshallpassage.
bet weend adj athaballseadry agy thrust dmﬂs teadﬂgew reicietge boiR from the Joﬁﬁ{allgﬁeﬁnh 'tﬂe‘i"eﬂ}

the Oring af};‘éau'i ﬂfékcoﬁébn the jo The Hll a?ﬁ%{a@gd Hxnﬂg 5§ ﬁ{,re%mer 27

O-ring seal con truc e eren
descri bed ab Eas;a,ge theobdls @re implace. ndeplug 38 is then welded

exanpl'e, - into ﬂmrm@of i the bahqjassag:y t&ke@omtﬁanlcfeeﬁhdﬂélw a Tﬁé’ﬁéarﬁi‘ s'ix&'faf:é&c

h |
(Ca>nr ?RSI 2gaImal;e'%,ééi‘l t u‘f-ﬁé! port on %ﬁqﬁ%&q@rl %’ng ?r%g b1y, e in thgor of
subj ect’eH gekctret 5 qvacuaaq#d 5 gheate s dnteasivesd througbsfill passags €106 ty) e,

t he surf ace grease thusefiilscthé: regipnsatjacina thevisating BefaceOpInk Qiutbus RBGAGSIHIA dﬁeas@e
entire O rin@sdosly, axﬁpalr is essentiall d@&%&nttﬁétxﬁeﬁ'@r\’gf Bl%eﬂ) gq?fuclthg grease

oo 09 o et ROWSHES s GREY 26 Ll zoa is B, it Rpbsd bt posree
formed from2mbyadubrishatspassage 3¢. d@nemesilto Hits therportich oftheibll pasbieadjacehoine
Series 1  pall retainer, the open groove 18 on the upper side of the journal pin, and a diagonally
extending passage 32 therebetween. Grease is retained in the bearing structure by a resilient
seal in the form of an O-ring 33 between the cone and Joumal pin. Preferably, the O-ring
is in a slightly V-shaped groove.
A pressure compensation subassembly is included in the grease reservoir 29. The
20 subassembly comprises a 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 41.
When the rock bit is filled with grease, the bearings, the groove 18 on the journal pin,.
25 passages in the journal pin, the lubrication passage 31, and the grease reservoir on the
outside of the bellows 37 are filled with grease. If the volume of grease expands due to
heating, for example, the bellows 37 is compressed to provide additional volume in the sealed
grease system, thereby preventing accumulation of excessive pressures. High pressure in the
grease system can damage the O-ting seal 33 and permit drilling mud or the like to enter the
30 bearings. Such material is abrasive and can quickly damage the bearings. Conversely, if
the grease volume should contract, the bellows can expand to prevent low pressures in the
sealed grease system, which could cause flow of abrasive and/or corrosive substances past
the O-ring seal.
The bellows has a boss 42 at its inner end which can seat against the cap 38 at one end
35 of the displacement of the bellows for sealing the vent passage 39. The end of the bellows
' can also seat against the cup 34 at the other end of its stroke, thereby sealing the opening 36.
If desired, a pressure relief check valve can also be provided in the grease reservoir for
relieving over-pressures in the grease system that could damage the O-ring seal. Even with
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, and for a long useful , it is important that the O-ring seal be resistant to crude
gasohne and other chemical composmons found within oil wells, have a high heat and
abrasion reasmnce, have low rubbing friction, and not be readily deformed under the
pressure and temperature conditions in a well which could allow leakage of the grease from
within the bit or drilling mud into the bit.

10 Therefore, it is desired that the O-ring seal have a modulus of elasticity at 100 percent
elongation of from 850 to 1275 psi (6 to 9 megapascals), a minimum tensile strength of 2300
psi (16 megapascals), elongation of from 200 to 350 percent, die C tear strength of at least
250 Ib/in. (4.5 kilogram/millimeter), durometer hardness Shore ‘A in the range of from 75

. to 85, and a compression set after 70 hours at 100°C of less than about 18 percent and

15 preferably less than about 16 percent.

A variety of O-rings seals have been employed in such rock bits. Such O-rings
typically comprise acrylonitrile polymers or acrylonitrile/butadiene copolymers. Other
components in the polymers are activators or accelerators for the curing, such as stearic acid,
and agents that add to heat resistance of the polymer, such as zinc oxide and curing agents.

20 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 tensile strength and high coefficients of friction. Such properties are
undesirable for a seal in a rock bit, since the high operating temperatures of the bit result in
frequent failure of the seal.

25 Preferred O-ring seals can be formed from the group of elastomeric compositions
including fluoroelastomers, carboxylated elastomers such as carboxylated nitriles, and highly
saturated nitrile (HSN) elastomers and the like. A particularly preferred O-ring seal is made
from an HSN resilient elastomer material and is disclosed in U.S. Patent Application Serial
‘No. 07/884,657 that is assigned to the same assignee as the present invention and is hereby

30 incorporated by reference. An exemplary elastomeric composition may comprise per 100
parts by weight of highly-saturated nitrile elastomer, furnace 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 weight, zinc oxide or magnesium oxide in
the range of from 4 to 7 parts by weight, stearic acid in the range of from 0.5 to 2 parts by

35 weight, and plasticizer up to about 10 parts by weight.

A mechanism of failure in a rock bit O-ring may be characterized as stick-slip. As
the elastomer of the O-ring moves along the metal surface of the leg or cone, the O-ring
material momentarily sticks to the metal surface. Almost instantly the elastomer then slips

J'&'é\g SHEET |
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relative to the metal. The O-ring slips because the rotational force of the O-ring is sufficient

to overcome the break-off friction between the adjacent sealing surfaces. This making and

breaking of bonds between the elastomer and metal dissipates energy and causes frictional
heating. Futthermore if too strong a bond is formed between the elastomer and metal, some
of the elastomer may be removed from the O-ring, thereby degrading the surface.

1t is therefore desirable to minimize thg amount of sticking between the elastomer and

metal. Such sticking is minimized in practice of this invention by modifying the surface of
the O-ring without changing the bulk properties of the main body of the O-ring in such a
manner as to reduce the break-off friction and increase the lubricity and wettablity of the O-
ring seal surface. _

In elastomeric materials the tensile modulus of the elastomer, its tear strength and
hardness are positively correlated. When the hardness of the elastomer is increased, one
normally finds that the modulus and tear strength are also increased. Hardness is therefore
a convenient means for comparing 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 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, preferably toward the high end of the range for reliable sealing. It is desirable to

maintain a squeeze in about this range and a bulk hardness in the order of 78 to 83, but to

also increase the surface hardness and hence modulus and tear strength.

A way of modifying the surface properties of the O-ring without changing the bulk
properties of the body of the O-ring is to plasma treat the surface with an inert gas containing
a reactive gas species such as chlorine or fluorine. The chlorinated or fluorinated nitrile
rubber modules which form at the surface of the O-ring due to such treatment modify or
change the surface of the O-ring by increasing its lubricity and/or by decreasing its break-off
friction. Additionally, the modified surface may also have a hardness different than that of
the elastomeric body. The modified properties of the O-ring surface tends to reduce the
occurrence of stick-slip and any material loss as a consequence of stick-slip. While not
wishing to be bound by any particular theory or mechanism, it is believed that the
fluorination of the surface causes reduced break-off friction and reduced occurrences of stick-
slip due to enhanced lubricity and wettablity characteristics, minimizing the "sticking" portion
of the stick-slip phenomenon. :

‘It is also believed that the reduced occurrence of stick-slip may be caused by
enhancing the thermal resistance of the modified O-ring surface. The materials that are used
to treat the surface of O-ring have an enhanced thermal resistance when compared to the
elastomeric O-ring body. This enhanced thermal resistance is believed to reduce the sticking
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the nitrilggiplecules adjagnt to the surfige of the O, Preferably molecules adjacent to
the surface are copolymerized with a fluoropolymer. Other polymers that may be suitable
include polyethylene, silicones and polyurethanes.

Such potential copolymers are grafted to the nitrile polymer by high energy plasma
treatment. A high energy plasma comprises a highly ionized and accelerated gas, typically,
an inert gas such as argon, nitrogen or the like. Other gaseous species such as a
fluorocarbon polymer may be introduced into such a plasma. When such highly energetic
polymers encounter the elastomeric nitrile rubber, bonds in the nitrile and in the fluorocarbon
or the like may be disrupted, thus, providing an opportunity for molecularly bonding the
fluorocarbon to the nitrile substrate. This, of course, changes the surface properties of the
O-ring without changing its bulk properties.

A graft polymer may also be formed on the surface of an O-ring by a variation of this
process. A polymer may be applied to the surface.by dipping, spraying or the like.
Thereafter, the surface is subjected to plasma treatment and the energetic plasma disrupts
both nitrile and non-nitrile polymers leading to molecular bonding therebetween.

One may also increase the surface hardness of the elastomeric nitrile rubber by
treatment with sulfur. It is believed that nitrile rubber continues to cure or cross-link during
elevated temperature service even though the nitrile is nominally completely cured. Elevated
temperatures increase hardness of nitrile as well as other rubbers and this may be due to
increased cross-linking. Sulfur tends to promote cross-linking of rubber and treatment of the
nitrile surface with sulfur may enhance cross-linking and hardness adjacent to the surface of .
the O-ring. Such sulfur treatment may be by energetic sulfur introduced into an inert gas
plasma. i

An alternative method used to modify the surface of the O-ring is to deposit a few

4|J

.fnlcrons of tungsten disulfide onto the surface of the elastomer by the dip process and

30.

35

subsequently drying the O-ring in an oven. This surface modification technique, like that
previously discussed above, also enhances the surface properties of the O-ring, lowers break-
off friction and, thus reduces the tendency for stick-slip.

When the surface properties of the O-ring are modified in this manner the O-ring.
continues to provide a seal for the grease since the bulk properties of the O-ring are
unchanged and the effect of squeeze is unchanged. The modified surface properties,
however, tend to reduce break-off friction, minimize stick-slip and minimize material loss
at the O-ring surface.
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the material loss related to stick-slip caused by the interaction between the adjacent cone and
the journal surfaces. As the cone rotates on the journal and along the surface of the O-ring,
the frictional heat generated at the interacting O-ring surface causes the seal material to

_ degrade. Ultimately, the degradation of the O-ring seal either permits the grease within the
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rock bit to escape or permits the entrance of abrasive drilling mud or the like into the cone.
The occurrence of either of the above conditions is sufficient to cause the rock bit bearihgs
to fail, ending the useful life of the rock bit. '

It has been discovered that an O-ring comprising the elastomenc composition can be
constructed in such a manner that it provides a lower coefficient of friction at the surface of
the seal and, thus results in a lower degree of material loss than O-ring seals made entirely
from the elastomeric composition alone. An O-ring seal constructed according to principles
of this invention having a lower coefficient of friction minimizes the amount of frictional heat
generated between the cone and the journal and stick-slip, a known cause of rock bit failure.

An embodiment of an O-ring seal constructed according to principles of this invention
comprises a body formed from an elastomeric composition such as one selected from the
group of elastomeric materials previously described, and an enhanced surface enclosing the
body formed from a uniform layer of material having a different molecular makeup than the
body. A preferred material may be selected from the group of metal sulfides including
tungsten disulfide (WS,) and molybdenum disulfide (MoS,) and the like. A particularly
preferred surface enhancing material is tungsten disulfide. The material used to enhance the
properties of the surface can be applied using well known surface deposition techniques such
as by chemical dipping, vapor deposition or the like. However to afford enhanced
properties of reduced break-off friction to the surface of the O-ring seal without substantially
increasing the dimension of the seal, it is desired that the material used to enhance the
surface actually molecularly bond with or impregnate the structure of the substrate O-ring
body.” Techniques for impregnating or molecularly bonding such materials to the surface of
a substrate are relatively new and are not well known in the art. A preferred technique for
impregnating or molecularly bonding the material to the body of the O-ring seal is by

~ chemical dipping, wherein the O-ring seal is emersed or dipped into a liquid solution of

surface enhancing material and then allowed to air dry, such as that conducted by Diversified
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Accordmgly, a preferred O-ring seal comprises a body formed from an elastomeric

composition and a surface formed from a uniform layer of material that encloses and

10 molecularly bonds with the body via the deposition technique described above. The
technique of molecularly fusing the enhancing material onto the body permits the formation
of a strongly adhered and durable thin film that provides the desired degree of surface
enhancement without having to use multiple layers.

The ability to achieve a surface layer having the desired enhanced properties using

15 only a thin film of material eliminates potential comphcatlons that may develop when fitting
together parts having close spatial tolerances. Accordingly, the use of a molécularly bonded
material layer eliminates the need to reconﬁgure existing O-ring seals to accommodate the
surface layer thickness and, therefore is economically desirable. A preferred surface layer
may have a thickness in the range of from 100 to 500 Angstroms (A).

20 An O-ring seal constructed according to the above described principles has been shown
to display decreased break-off friction, increased lubricity and wettablity, and increased
thermal resistance at the surface of the O-ring as compared with O-rings constructed entirely
from the elastomeric material alone. These enhanced properties have been shown to enhance
the service life of the O-ring and, thus the service life of a rock bit incorporating the same

" 25 by as much as two times. An additional advantage of ‘constructing-an O-ring according to
such principles is that, while the surface of the O-ring displays improved propeities of
reduced break-off friction and the like, the body of the O-ring formed from the elastomeric
composition retains all of the desired physical properties, such as the desired modulus of
elasticity, tensile strength, .elengaﬁon, tear strength, durometer hardness and a low

30 compression set. A further advantage, as mentioned above, is that the overall dimension of
the O-ring seal remains substantially the same, eliminating potential spatial tolerance
complications as well as permitting the use of existing O-ring seals.

Alternatively, the surface of the O-ring seal may comprise a uniform layer of matenal
that encloses and is molecularly bonded to the body. The material may be selected from the

35 group of polymeric materials including fluoropolymers, polyethylene polymers, silicone
polymers, urethane polymers and the like. A particularly preferred material is
polytetrafluoroethylene (PTFE). The surface enhancing material can be appliéd to the body
of the O-ring seal by using previously described deposition techniques such as chemical dip,
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25 ; the intermolecular makeup of the surface portion of the O-ring body, thereby providing
enhanced properties of reduced break-off friction, increased lubricity and wettablity, and
increased thermal resistance at the O-ring surface without significant layer thickness.

5 Additionally, a layer of surface enhancing material that is molecularly bonded to the surface
of the O-ring seal will not flake away like a surface layer that is merely coated onto the -
substrate surface.

A preferred method for applying and molecularly fusing the alternative surface
enhancing material to the O-ring body is by plasma polymerization, which occurs in a

10 polymerization chamber under a vacuum environment, using various gas phase monomers
and catalyst. The O-ring seal is placed into the chamber where gas phase monomers are
introduced and ionized by using a radio frequency energy field, causing the monomers to
break apart to form ions and free electrons. It is believed that some of the ions bombard the
surface of the O-ring seal body, removing some portions of the molecules along the surface.

15 Other ions are believed to recombined with each other and attach themselves to the surface
of the O-ring seal at the site where the O-ring seal surface molecules have been disrupted or
removed, replacing the surface molecules and forming a new polymeric surface layer
comprising the desired surface enhancing material. The process of ion recombination and
attachment to the O-ring seal body continues until a desired layer thickness of the plasma

20 polymerized film is achieved. Plasma polymerization forms a thin film of the desired surface
enhancing material that is molecularly bonded or grafted to the O-ring body substrate
material that will not flake off or leach out after being applied. _

The thickness of the surface layer can be controlled by varying the conditions of the
plasma polymerization and may range between 25 and 1000 A. A preferred O-ring seal

25 comprises a surface layer having a thickness in the range of 100 to 500 A. Like the use of
the chemical dipping deposition technique previously described, the use of the plasma
polymerization process to molecularly graft a desired surface enhancing material into the
body of the O-ring body permits the formation of an extremely strong thin-film layer which
does not noticeably alter the overall dimensions of the O-ring seal.

30 A particularly preferred plasma polymerization process is one conducted by Metro-
Line Industries, Inc. of Corona, California, using a three stage gas plasma surface
modification process. First, the surface of the O-ring body undergoes an atomic cleaning
process to remove all organic contaminants, leaving an atomically clean body. Second, the
chemical structure of the surface of the O-ring body is molecularly modified by ion

35 bombardment at a high rate of speed during the ionization cycle of the plasma polymerization
process. During jon bombardment the ions impact the surface of the O-ring seal body,
causing the poiymer backbone to fracture. Some of the charged molecules then attached
themselves to the surface of the O-ring body, forming a new chemical structure. Finally,
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some of the ions recombine to form the desired polymeric surface enhancing material, e.g.,
PTFE, during the plasma polymerization process-and molecularly graft with the molecularly
modified surface of the O-nng seal body, forming an entirely new surface comprising the
desired surface enhancing polymer.

O-ring seals constructed according to the above described principles of this invention
have been shown to display reduced break-off friction, increased lubricity, and increased
thermal resistance at the O-ring surface as compared with O-rings constructed entirely from
only the elastomeric composition. The modified surface layer displays an increased lubricity
due to an enhanced wettablity of the new modified surface. The ability of the modified
surface to wet or attract and retain a fluid, e.g., the rock bit lubricant, maximizes the
lubricated interface between the O-ring seal and cone and, thus reduces frictional heat and
break-off friction, minimizing stick-slip between adjacent sealing surfaces and extending the
service life of the O-ring and rock bit. '

It is to be understood that an O-ring seal may be constructed differently than
specxﬁcally described above and not depart from the scope of this invention. For example,
an O-ring seal may be constructed having a layer of surface enhancing material molecularly

~ bonded, to only a portion of the O-ring seal body, i.e., that portion of the O-ring body that
is subjected. to stick-slip, and therefore material loss. In this embodiment, the surface

20

25

30

35

enhancing material would not completely encapsulate the entire O-ring body.

Laboratory tests have been conducted comparing various physical characteristics of
improved O-ring seals constructed according to principles of this invention with O-ring seals
formed from only an elastomeric composition comprising HSN. Table 1 shows a series of
test results comparing the physical characteristics of an O-ring seal formed entirely from the
HSN material (Standard equals an average of the test results from nine tests) with those of
O-ring seals each comprising a body formed from the HSN elastomeric material and an
enhanced surface layer formed from a molecularly bonded surface enhancing material
previously described (Tests 1 through 5). The O-rings tested were those typically used in
12 1/4 inch rock bits, having an inside diameter (ID) of approximately 2.9 inches (73
millimeters), a cross section of approximately 0.3 inches (7.6 millimeters), and an outside
diameter (OD) of approximately 3.5 inches (89 millimeters). All of the tests were conducted
under similar conditions of cone revolution (375 rpm) and percent squeeze (approximately
10.6 percent). )
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1. Arotary cone rock bit for drilling subterranean fd ﬁ‘ﬁ?%ﬂEM ENT SHEET
conpri si'ng; a bit body including a plurali §@of P QN 1995ns
each extending froma | eg portion of the bit and eng--ahearing -
syrface; 5 a cutter cone rotatably nounted on—each journal pin
and ‘i'ncl udi ng a bearing surface; 13 a pressure-conpensated

grease reservoir in comunication with such beari ng surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces and
a dynanid-C)ring seal for retalnlng the JFABEE 1 n the bearing conprising:
a bOdy f or med (fFromarestHent—etastorerte ‘.:UII[JUDI e+ ard—46
a surface por

lon integral with tmlbmi\ynésmmg a permanent surface on the
body for engag 7 . ; . _

fromthe

conpri seg a ny Tt o
conposi tion, Qqreck@in@redinchest he slunt dee | pwrid pr2ite hokesu
to the el ast oferTc—TomposTtToM—15 2= fre—r-ot-ar-y—eohe rock
bit as recited oRng 8ikedPinchesvherjei R.5t h¢ sus f fce.spoftisdn s 3.5 aent egr al
wi th the el astomertTtbodyamdjconprTes—enmfrancedpropeltt+es—of—reducjed
br eak- away Speed, fomi ct i on, | rﬁcraeaset Blbr | ey preaswejtasl itl,s7and
i ncreased t heymat—TESTStance gs Conp§red tp tefetastoper+e—ody. 20
3. A ralary|@dimeMpegielk bit for HINi | || HIN spbiisar riarsan | oswat | pmisn
conpri si ng; ' -
Coating - ws, ws, ws, PTFE PTFE
Life 27.4 64 | a9 58 42 49
Time To Smooth (hours} - - - 20 3.5 33
15 . -
. Durometer (Shore A) 83 85 85 85 82 81
Percent Squeeze 10.6 10.6 10.8 105 10.9 10.6
Surface Finish (Ra) 20 32 26 ‘25 21 15
20 Ave. Leg Temp. (F) 270 296 263 227 234 328
Ave. Cone Temp. (F} 227 222 229 . N/A 206 216
Ave. Torque {in-lbs) 222 266 397 339 143 235
25 Max. Leg Temp. (F) 397 494 494 347 500 Plus ;1»91
Max. Cone Temp. (F) 306 324 436 N/A 308 391
Max. Torque (in-lbs) . 559 534 867 492 734 505
30 As shown in Table 1, the average life for an O-ring seal formed entirely from the
HSN elastomeric material subjected to a cutter cone speed of approximately 375 rpm is 27.4
hours (Standard). Test number 1 is an example of a first embodiment of an improved O-ring
seal comprising a body formed from the HSN elastomeric material and a surface layer of
molecularly bonded tungsten disulfide applied via the dip process. Test 1 displayed a service
15 life of approximately 64 hours, approximately 2.3 times greater than the O-ring seal

comprising HSN alone. Test numbers 2 and 3 are identical examples of a first embodiment
of an improved O-ring, each displaying a service life of approximately 49 hours and 58
hours, respectively. Accordingly, the average service life for a first embodiment of an
O-ring seal comprising an enhanced surface layer of molecularly bonded tungsten disulfide,



a bi'_t body including a plurality of journal pins each ext eﬁE?WEMﬁmﬁHF
portion of the bit and having a bearing surface; 29 JUN 1885

cutter cone rotatably nmounted on each journal pin and inaj Befeng-abeariHg

surface; 25 a pressure- corrpeln4sat ed grease reservoir in

communi cati on with such bearing surfaces; a grease in the
grease reservoir and adjacent the bearlng surfaces; and a -
dynamic Oring seal for retaining the grease in the beari ng conprising:

a body for neds represented ésiTestsrit, 2;|and t3oiseapproximatplysit 0n# timesritie service life of the

a surface poy. hﬂgséa@g@%{ea'enm.ayffopfméméagmﬁfaae%ﬁ odtidrUr nal pin and a

cone 30 avi n ace with pro S dlff ent fromﬁ)g{gV
S

properties of theT'%Ef(fya“%%"P@fﬁfHSt embodiment o Axung 5 COMPLEEND
a material diférredefdmfthe HSNielastoartio nmtemalmdpmwrface ayer W1th molecularly Hondéd

nol ec uI
Rk i e i e
ungst en
4, The r ot af thecO#ingr seak doiriprising rae enhamted sunficeilayet ofiesledutariyhborided FE, is
PT

conmpri ses-a %?{oxwa?élir I4is] §h61H‘E e, ’f"ﬁﬂwE e SeHiteGife BOHe ORingORRY forMed dhtirely
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10 . These results of these tests illustrate the enhanced surface properties of an improved

O-ring seal constructed according to principles of this invention and the effect that such
enhanced surface properties have in extending the service life of a rock bit by two times, and
in some cases more than that, over O-ring seals formed from the HSN elastomeric material -

, alone. : . '

.15 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 of the
appended claims, the improved O-ring seal for rock bit bearing according to pnncxples of this
invention may be embodied other than as specifically described herein.
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6. The rotary I' HI ' s recited in claimb vvherg Raterie- -nitEri-dvehd...
rubber. of the ortion igs fluorinated. : % A
rotary cone rock bit for dr| I'1ing subterranean f or mati ong ‘?Q@éH@ET“fQAS BEEN
a bit body including a pl ural i ty of journal pins each extlend mgﬁ:mmsg
portion of the bit and having a bearing surface;

cutter kone WATJEIWES-M each journal pin and incl udi ng a bear i ng
surf ace; rétafyl Ednetbek 6P wedrﬂﬁhg Juiiléreaietn FEaREYAY Eorhplising;
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the bit and havmg a bearing surface;
5 _ a cutter cone rotatably mounted on each journal pin and including a bearing surface;
a pressure-compensated grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
a body formed from a resilient elastomeric composition; and
10 a surface portion integral with the body forming a permanent surface on the
body for engaging a journal pin and a cone and having properties different from the
properties of the body, wherein the surface portion comprises a material different from
the elastoineric composition, and wherein the surface pdrtion is molecularly bonded

to the elastomeric composition.

15 : .

2.  The rotary cone rock bit as recited in claim 1 wherein the surface portion is
integral with the elastomeric body and comprises enhanced properties of rediced break-away
friction, increased lubricity and wettablity, and increased thermal resistance as compared to
the elastomeric body.

20

3. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of Journal pins each extendmg from a leg portion of
the bit and having a bearing surface;
a cutter cone rotatably mounted on each journal pin and mcludmg a bearing surface;
25 a pressure-compensated grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; .and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
a body formed from a resilient elastomeric composition; and
a surface portion integral with the body for engaging a journal pin and a cone
30 and having a surface with properties different from the properties of the body, wherein
the surface portion comprises a material different from the elastomeric composition
that is molecularly bonded to the elastomeric composition, and wherein the surface
material comprises a metal sulfide selected from the group consisting of tungsten
disulfide and molybdenum disulfide.
35 _
4. The rotary cone rock bit as recited in claim 1 wherein the body comprises a
nitrile rubber and the surface portion comprises at least a portion of nitrile rubber having a
molecular structure different from the molecular structure of the nitrile rubber of the body.

* [ L M S *
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of the body. g8 A rotary cone rock bit for drilling.

subt erranean fornmations conpri sing a bit body including a

plurality of jour6al fﬂngo@a}cmmxodhbit ayreciteshinclaimgd whereinohe ditrile rubber oftthe
bit andghavi %Wb@% fbrimea; 25 : a cutter cone rotatably

nount ed on each journal pin and including a bearing surface;
a pressure-conpensated grease reservoir in conmunication wth such bearing
sur f aces; 7. A retaryr ame eockrbit foe dgillingsmbteemnean dormativns gdinpusing; t he

bearing surfaces; , gfidoqg dy mcludm%a pluralfty &f it p@fsréaageﬁ@ﬁdmé ?(ronf £1¢y purfien bhe

grease in the bear| formed from a

resilient el 4B¢ B’(‘(ﬂflilga%&ﬁm%)wﬁ%d 30 a surface
portioniiont egral aichifertdoae batatabliy anovatedayi eagh ourmal pinadndpincluding acbearing surface;
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ri.ses
t he sur f ace porti élgrmﬂlg(ggeaﬁq FesgIveir an adjacent %herbeanng surfaces; and
a dynamic O-ring seal for retammg the grease in the bearing comprising:

a body formed from a resilient elastomeric composition; and
15 a surface portion integral with the body for engaging a journal pin and a cone
and having a surface with properties different from the properties of the body, wherein
the body comprises a nitrile rubber, wherein the surface portion comprises nitrile
rubber treated by the group consisting of halogenation, fluorination, and sulfur
treatment, and wherein the surface portion has a molecular structure different from the
20 molecular structure of the nitrile rubber of the body.

8. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of ]oumal pins each extending from a leg portion of
the bit and having a bearing surface;
25 a cutter cone rotatably mounted on each journal pin and including a beanng surface;
a pressure-compensated grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dYnamic O-ring seal for retaining the grease in the bearing comprising:
a body formed from a resilient elastomeric composition; and
30 a surface portion integral with the body for engaging a journal pin and a cone
and having a surface with properties different from the properties of the body, wherein
the body comprises a nitrile rubber, wherein the surface portion comprises nitrile
rubber treated by the group consisting of halogenation, fluorination, and sulfut
treatment, wherein the surface portion has a molecular structure different from the
35 - molecular structure of the nitrile rubber of the body, and wherein the nitrile rubber
of the surface portion is molecularly bonded to an organic molecule that is not a nitrile
rubber molecule. ' -

. * c L M S *
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surface: the bit and aving a bearing surface;
a cutter cone rotatably mounted on each journal pin and includirig a bearing surface;
5 - a pressure-compensated grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
a body formed from a resilient elastomeric composition; and
- a surface portion integral with the body for engaging a journal pin and a cone
10 and having a surface with properties different from the properties of the body, wherein
the body éomprises a nitrile rubber, wherein the surface portion comprises nitrile
rubber treated by the group consisting of halogenation, fluorination, and sulfur
treatment, wherein the surface portioh has a molecular structure different from the
molecular structure of the nifrile rubber of the body, and wherein the nitrile rubber
15 of the surface portion is molecularly bonded to an organic molecule comprising a
fluorinated compound.

10. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pins each extending from a leg portion of -
20 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 communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
25 a body formed from a resilient elastomeric composition; and
a surface portion integral with the body for engaging a journal pin and a cone
and having a surface with properties different from the properties of the body, wherein
the body comprises a nitrile rubber, wherein the surface portion comprises nitrile
rubber treated by the group consisting of hélogenal;ion, fluorination, and sulfur
30 treatment, wherein the surface portion has a molecular structure different from the
molecular structure of the nitrile rubber of the body, and wherein the nitrile rubber
of the surface portion is rﬁolecularly bonded to an organic molecule comprising a
fluorinated compound selected from the group consisting of fluoropolymers.

35 11. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pms each 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;

* [ L L] S *
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13. The rotary cone rock bit as recited in claim 11 wherein the uniform layer of
15 surface enhancing material has a thickness in the range of from 100 to 500 Angstroms. '

14. The rotary cone rock bit as recited in claim 13 wherein the surface enhancing
material is selected from the group of materials consisting of fluoropolymers, polyethylene
polymers, tungsten disulfide, molybdenum disulfide, silicone polymers, and urethane

20 polymers.

- 15.  The rotary cone rock bit as recited in claim 14 wherein the surface enhancing ,
material is poly-tetrafluoroethylene. '

25 16. The rotary cone rock bit as recited in claim 15 wherein the édrface enhancing
material is applied by plasma polymerization.

17. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pins each extending from a leg portion of
30 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 communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
35 ) a body formed from a resilient elastomeric composition selected from the group
' of materials consisting .of fluoroelastomers, carboxylated elastomers, and HSN

- elastomers; and
[
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18. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pins each extending from a leg portlon of

the bit and having a bearing surface;
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a cutter cone rotatably mounted on each journal pin and including a bearing surface;
a pressure-compensated grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
a body formed from a resilient elastomeric material selected from the group
consisting of fluoroelastomers, carboxylated elastomers, and HSN elastomers; -and
a surface comprising a uniform layer of surface enhancing material having a
molecular makeup different than the molecular makeup of the elastomeric composition,
the material enclosing and being molecularly bonded to the body to form a permanent
enhanced surface for contacting adjacent surfaces of the journal pin and the cone, the
material being selected from the group.of materials consisting of metal sulfides,
fluoropolymers, polyethylene polymers, silicone polymers, and urethane polymers.

19. The rotary cone rock bit as recited in claim 18 wherein the layer of surface

enhancing material has a thickness in the range of from 100 to 500 Angstroms.

20. The rotary cone rock bit as recited in claim 19 wherein the surface enhancing

material comprises poly-tetrafluoroethylene.

. 30

21. The rotary cone rock bit as recited in <':1ajm 20 wherein the layer surface

enhancing material is applied to the body of the O-ring seal by plasma polymerization.

35

22. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pins each 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 communication with such bearing surfaces;
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18 a pressure-conpensated grease reservoi r i REBLAGEMENESHERT
wi th such bear i rithisSheef B ®8én Replaced a grease in the greage, r gReLVQY I
and adj acent the | . es;! and a dyn a@ﬁ@éé.rj@gﬁ&w
for retaining the bearigg conpri sing: ™ ' - E—
body fornmed froma resilien astoneric conposition; and| SHIS SHEET HAS BEEN
a permanent surface portion integral with and enclosing tthhe bodgEriLaceEed

from a surface enhancing material having a npl ecu] a'r—rrerﬁeup\
di f f elent fr om a Beeaseoinctbe igeease reservoir pad adjgcent the, Beapiggpurfagesy &P t he surface
portion conpri sgaymmidiC-AhistaAY6x regfinifigl tiedgrease in the beaningreompgisingt er i al t hat
I's nol ecul arly bonde i th the.body of..t . . )
rotary cone rock bi tawyrtggp?cggophx&s&rqq?%lﬁ@ﬁgpging]fa? ae1 SFlggﬁeFifé(?{% the Eﬂﬁp
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el astoners. - . rof ary. cqne_roc Jt .claim
11 wherein the @H}@WPWB%f&rer%}{m%%ﬂﬁ%@g r@ﬂ%&ﬁg ?%h%)eﬁa%&oérfe% glcgﬁngéﬁ%&l,
t hi ckness in t hthemsaterial ehclésingrartidingomeleoulauly; berdsdso the body to form an enhanced
. surface for contacting adjacent surfaces of the journal pin and the cone, wherein the
layer of surface enhancing material has a thickness in the range of from 100 to 500
10 Angstroms, and wherein the surface enhancing material comprises tungsten disulfide.
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The O-ring surface displays- enhanced properties of reduced break-off friction, increased
lubricity and wettablity, and increased thermal resistance. These enhanced surface properties
serve to minimize stick-slip and material loss from the O-ring surface resulting from stick-
slip, thereby increasing the service life of the O-ring seal and rock bit
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18. A rotary cone rock bit for drilling subt erranean formati ons
conprisi,ng; 10 a bit body including a plurality ofzf Gﬂ&amﬁglns
each .extending froma | eg portion of the bit and having a bearing
surface; a cutter cone rotasably nmounted on each journal pin
and including a bearing surface; ' a pressure-conpensat ed grease
reservoir in conmunication with such bearing surfaces; a

grease inlthe grease reservoir and adjacent the bearing surfaces; and 15

a dynamc Ori ghi ng the grease in the bearing conprising:
a body forned ?ﬁg)lriﬁ?gbr elgixpdgir?taf el astonmeric materical selected fromthe group

consi sting of fluoroel % FYaRreone gackihindor drilkige syblerrapean, fermatigns ¢omprising;
el astoners; -and a bit body including a plurality ofijolimakbpiaeqoh iestemting fromi of leg pottioy of

of surface enhﬂl@%t“ﬂld"lﬁhﬁ%'aade éu'ﬂgc@ mol ecul ar makeup
different than the np ion, 2

l.a neric 05| , ‘
the material encl oglcﬂaera‘ﬁ’&e Bcg?rm%y “Btt‘?ﬂlpﬁref“i?‘ JB'ergé’d" g 1 ﬁg ! FersBiafica
per manent a pressugernempensated grease eesénypir @tmmuﬁcngormi}lmuembeaeing $uafaees; of
the journal pin and drée GOthe grdakCreservoir and adjacent/thé-Béating siificel) afel ected from.

the group of materiyg ‘Erﬁhﬁg @f&freﬁﬁﬁﬂ }egéeqﬁ%"e Gearing comprising: | 1ne

quoropoIY rs, poly Fene

pol yners. ' 25 W‘?‘BP&FW%F@“?‘B‘EFK’ ‘i?ﬂmﬁgm’r’é‘e‘ilt ed in claim
18 wherein the |ayer ofa smfabapmlon integralewitta thei body rierming @ permasem stifacelonethe

in the range of froBuylRR ehgaghidOa UL piAEd a cone and having properties different from the
properties of the body, wherein the surface portion comprises a material different from
the elastomeric composition, and wherein the surface portion is molecularly bonded

15 to the elastomeric composition.

2. The rotary cone rock bit as recited in claim 1 wherein the surface portion is
integral with the elastomeric body and comprises enhanced properties of reduced break-away
friction, increased lubricity and wettablity, and increased thermal resistance as compared to

20 the elastomeric body.

3. A rotary cone rock bit for drilling subterranean formations comprisilig;
a bit body including a plurality of journal pins each extending from a leg portion of
the bit and having a bearing surface; -
25 a cutter cone rotatably mounted on each journal pin and including a bearing surface;
a pressure-compensated grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
" a dynamic O-ring seal for retaining the grease in the bearing comprising:
a body formed from a resilient elastomeric composition; and
30 ' a surface portion integral with the body for engaging a journal pin and a cone
and having a‘surfdce with properties different from the properties of the body, wherein
the surface portion comprises a material different from the elastomeric composition
that is molecularly bonded to the elastomeric composition, and wherein the surface
material comprises a metal sulfide selected from the group consisting of tungsten
35 disulfide and molybdenum disulfide. '

4, The rotary cone rock bit as recited in claim 3 wherein the body comprises a
‘nitrile rubber and the surface portion comprises at least a portion of nitrile rubber having a

_—
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20. The rotary cone rock bit as recited in claim19 wherein the surface

enhanci ng mat eri al conprises poly-tetrafl uoroethylene. 30

21. .The rotary cone rock bit as recited i.n claim 20 wherein the | ayer
surface enhancing material is applied to the body of the Oring seal
by plasma pol yneri zati on. 182. A rotary cone rock bit for
drilling subterranean formations conprising; 35 a bit body

i ncl udi ngqa pl ' jouenal pins.each extendin oma |l eqg portion,of
the bit and havhoigbish st Ui Bl 8 Hoteoist SRR of e itheP B e Bie

nmount ed on each journal pin and including a bearing surface;
pressur e- conpensat efl gr Thes fotdrg TO1e/MCK bit Bs 0NN clith i40vherdii the itile RBHY iof the
surfaces; surface portion is halogenated.
s :
6. The rotary cone rock bit as recited in claim 5 wherein the nitrile rubber of the
surface portion is fluorinated. ' '

) 7. A rotary cone rock bit for drilling subterranean formations comprising;
10 ' a bit body including a plurality of journal pins each 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 communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
15 a dynamic O-ring seal for retaining the grease in the bearing comprising:
' a body formed from a resilient elastomeric composition; and
a surface portion integral with the body for engaging a journal pin and a cone
and having a surface with properties different from the properties of the body, wherein
the body comprises a nitrile rubber, wherein the surface portion comprises nitrile
20 rubber treated by the group consisting of halogenatidn, fluorination, and sulfur
treatmént, wherein the surface portion has a molecular structure different from the
molecular structure of the nitrile rubber of the body, and wherein the nitrile rubber
of the surface portion is molecularly bonded to an organic molecule that is not a nitrile
rubber molecule.
25 : _
8. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including.a pluralify of journal pins each extending from a leg portion of
the bit and having a bearing sutface; , E
a cutter cone rotatably mounted on each journal pin and including a bearing surface;
30 a pressure-compensated grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:
a Body formed from a resilient elastomeric composition; and .
a surface portion integral with the body for engaging a journal pin and a cone
35 and having a surface with properties different from the properties of the body, wherein
the body comprises a nitrile rubber, wherein the surface portion comprises nitrile
rubber treated by the group consisting of halogenation, fluorination, and sulfur
treatment, wherein the surface portion has a molecular structure different from the
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sur faces; and

a grease in t he grease reservoir and adjacent the bearing
a dynamc Oring seal for retaining the grease in
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the bit and having a bearing surface; : _
a cutter cone rotatably mounted on each journal pin and including a bearing surface;
a pressure-compensatéd grease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal: for retaining the grease in the bearing comprising:

a body formed from a resilient elastomeric composition; and

a surface portion integral with the body for engaging a journal pin and a cone’
and having a surface with properties different from the properties of the body, wherein
the body comprises a nitrile rubber, wherein the surface portion comprises nitrile
rubber treated by the group consisting of halogenation, fluorination, and sulfur
treatment, wherein the surface portion has a molecular structure different from the
moleculaf structure of the nitrile rubber of the body, and wherein the nitrile rubber
of the surface portion is molecularly bonded to an organic molecule comprising a
fluorinated compound selected from the group consisting of fluoropolymers.

10. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pins each 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 gfease reservoir in communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and '
a dynamic O-ring seal for retaining the grease in the bearing comprising:
a body formed from a resilient elastomeric composition; and
a permanent surface portion integral with and enclosing the body formed from
a surface enbancing material having a molecular makeup different from the molecular
makeup of the body, wherein the surface pbrtion comprises a uniform layer of surface
enhancing material that is molecularly bonded with the body of the seal.

11.  The rotary cone rock bit as recited in claim 10 wherein the resilient elastomeric
composition is selected from the group of materials consisting of fluoroelastomers,
carboxylated elastomers, and HSN elastomers.

-
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12. The rotary cone rock bit as recited in claim 10 wherein the uniform layer of
surface enhancing material has a thickness in the rangé of from 100 to 500 Angstroms.

13." The rotary cone rock bit as recited in claim 14 wherein the surface enhancing
material is selected from the group of materials consisting of fluoropolymers, polyethylene

polymers, tungsten disulfide, molybdenum disulfide, silicone polymers, and urethane
polymers. :

14.  The rotary cone rock bit as recited in claim 13 wherein the surface enhancing
aterial is poly-tetrafluoroethylene.

15.  The rotary cone rock bit as re;:ited in claim 14 wherein the surface enhancing
material is applied by plasma polymerization.

16. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pins each 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 communication with such bearing surfaces;
.a grease in the grease reservoir and adjacent the bearing surfaces; and
a dynamic O-ring seal for retaining the grease in the bearing comprising:

a body formed from a resilient elastomeric composition selected from the group
of materials consisting of fluoroelastomers, carboxylated elastomers, and HSN
elastomers; and

a surface comprising an integral surface enhancing material having a molecular

makeup different from the molecular makeup of the body, wherein the surface comprises a
uniform laiyer of surface enhancing material different from the material makeup of the
elastomeric composition, wherein the layer of surface enhancing material encloses and
molecularly bonds with the body of the seal, wherein the uniform layer of surface enhancing
material has a thickness in the range of from 100 to 500 Angstroms, wherein the surface

~ enhancing material is tungsten disulfide.

17. A rotary cone rock bit for drilling subterranean formations comprising;

a bit body including a plurality of journal pins each 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 greése reservoir in communication with such bearing surfaces;

a grease in the grease reservoir and adjacent the bearing surfaces; and
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a dynamic O-ring seal for retaining the gfease in the bearing comprising: ‘

a body formed from a resilient elastomeric material selected from the group
consisting of fluoroelastomers, carboxylated elastomers,_ and HSN elastomers; and

- a surface comprising a uniform layer of surface enhancing material having a

molecular makeup different than the molecular makeup of the elastomeric composition,

* the material enclosing and being molecularly bonded to the body to form a permanent

enhanced surface for contacting adjacent surfaces of the journal pin and the cone, the

material being selected from the group of materials consisting of metal sulfides,
ﬂuoropolyiners, polyethylene polymcrs, silicone polymers, and urethahe polymei's.

18.  The rotary cone rock bit. as récited in claim 17 wherein the layer of surface
enhancmg material has a thickness in the range of from 100 to 500 Angstroms

19.  The rotary cone rock bit as recited in claim 18 wherein the surface enhancing
material comprises poly-tetrafluoroethylene.

20.  The rotary cone rock bit as recited in. claim 19 wherein the layer surface
enhancing material is applied to the body of the O-ring seal by plasma polymerization.

21. A rotary cone rock bit for drilling subterranean formations comprising;
a bit body including a plurality of journal pms each extendmg 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 communication with such bearing surfaces;
a grease in the grease reservoir and adjacent the bearing surfaces; and
‘a dynamic O-ring seal for retaining the grease in the bearing comprising:
a body formed from a resilient elastomeric material selected from the group
consisting of fluoroelastomers, carboxylated elastomers, and HSN elastomers; and
a surface comprising a uniform layer of surface enhancing material having a
molecular makeup different than the molecular makeup of the elastomeric composition,
the material enclosing and being molecularly bonded to the body to form an enhanced
surface for contacting adjacent surfaces of the journal pin and the cone, wherein the
layer of surface enhancing material has a thickness in the range of from 100 to 500
Angstroms, and wherein the surface enhancing material comprises tungsten disulfide.
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O-RING SEAL FOR ROCK BIT BEARINGS -

Abstract of the Disclosure

An improved O-ring seal for rock bit bearings comprises a body formed from a
resilient elastomeric composition and a modified surface comprising a permanent surface
enhancing material integral with the body. The surface comprises a layer of surface
enhancing material that encapsulates and is molecularly bonded to an underlying surface of
an elastomeric seal body. The surface enhanéing material selected may include metal
disulfides, fluoropolymers, ethylene polymers, silicone polymers, and urethane polymers.
The O-ring surface displays enhanced properties of reduced break-off friction. increased
lilbricity and wettablity, and increased thermal resistance. These enhanced surface properties

.serve to minimize stick-slip and material loss from the O-ring surface resulting from stick-

slip, thereby increasing the service life of the O-ring seal and rock bit.




