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dynam c O ring seal for retaining the lubricant around the journal bearings
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" 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 lifetime of a drill bit in a rock formation.
Prolonging the time of drilling minimizes the lost time in "round tripping" the drill string for
replacing 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 includes failure or severe wear of the journal bearings on which the cutter cones
are mounted. These bearings are subject to very high pressure drilling loads, high
hydrostatic pressures in the hole being drilled, and high temperaturés due to drilling, as well
as elevated temperatures in the formation being drilled. Considerable development work has
been conducted over the years to produce bearing structures and to employ materlals that
minimize wear and failure of such bearings.

The journal bearings are lubricated with grease adapted to such severe conditions.
Such lubricants are a critical element in the life of a rock bit and considerable work has been
done to improve such greases. .

. One of the consistent problems in rock bits is inconsistency of hfetnne Sometimes
bits last for long periods, whereas bits which are apparently identical operated under similar
conditions may fail with a short lifetime. One cause of erratic lifetime is failure of.the:
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Brief Summary of the Invention

There is, therefore, provided in practice of this invention according to a presently
preferred embodiment, a rock bit for drilling subterranean formations, with improved
dynamic O-ring seals for retaining lubricant around the rock bit bearings. Such a rock bit
comprises a plurality of journal pins, each having a bearing surface, and a cutter cone
mounted on each journal pin and including a bearing surface. A pressure-compensated
grease reservoir is in communication with such bearing surfaces for maintaining a grease
adjacent to the bearing surfaces. The grease. is sealed in with dynamic O-ring seals
comprising an elastomeric O-ring and a stationary sealing surface adjacent to the O-ring
having a surface hardness greater than Vickers 1000 and a surface finish smoother than 32
microinch (0.8 micrometers) AA. Preferably, the sealing surface is on a seal ring interposed
between the journal and cone, commonly secured to the journal. .
Brief Description of the Drawings

A rock bit containing such an O-ring seal is illustrated in semi-schematic perspective
in FIG. 1 and in a partial cross-section in FIG. 2.
Detailed Description _

A rock bit employing an O-ring seal comprises a body 10 having three cutter cones
11 mounted on its lower end. 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 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




There,is, therefore, provided in practice of this invention according to a
presently preferred enbodi nent, a rock bit for drilling subterranean
formations, with inproved dynanmic Oring seals for retaining |ubricant
around the rock bit bearings. Such a rock bit conprises a plurality of
journal pins, each having a bearing surfdce, and a cutter cone nmounted on
each journal pin and including a beari-ng surface. A pressure-conpensated
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provide the drilling action by engaging a subterranean rock formation as the rock bit is
~ rotated. Some types of bits have hard-faced steel teeth milled on the outside of the cone
instead of carbide inserts. _

The cavity in the cone contains a cylindrical bearing surface including an aluminum
bronze insert 21 deposited in a groove in the steel of the cone or as a floating insert in a
groove in the cone. The aluminum bronze insert 21 in the cone-engages the hard metal insert
17 on the leg and provides the main bearing surface for the cone on the bit body. A nose
button 22 is between the end of 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 exemplary journal bearings illustrated herein.

A plurality of bearing balls 24 are fitted into complementary ball races in the cone and
on the journal pin. These balls are inserted through a ball passage 26, which extends through
the journal pin between the bearing races and the exterior of the rock bit. A cone is first
fitted on the journal pin, and then the bearing balls 24 are inserted through the ball passage.
The balls carry any thrust loads tending to remove the cone from the journal pin and thereby
retain the cone on the journal pin. The balls are retained in the races by a ball retainer 27
inserted through the ball passage 26 after the balls are in place. A plug 28 is then welded
into the end of the ball passage to keep the ball retainer in place.

The bearing surfaces between the journal pin and cone are lubricated by a grease
composition. Preferably, the interior of the rock bit is evacuated, and grease is introduced
through a fill passage (not shown). The grease thus fills the regions adjacent the bearing




radially . inwardly on the rock bit body. The journal pin includes a
cylindrical bearing surface having a hard netal insert 17 on a | ower
portion of the journal pin. The hard netal insert is typically a cobalt or
iron-base alloy welded in place in a groove on the journal |eg and having a
substantially greater hardness than the gteel formng the journal pin and
rock bit body. An open groove 18 is provided on the upper portion of the
journal pin, for exanple, extend arqund 6Q% or so of the
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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.

A variety of O-ring seals have been e‘mployéd in such rock bits. Such O-rings
typically comprise acrylonitrile polymers or acrylonitrile/butadiene copolymers. Other
materials used for dynamic O-ring seals comprise a perfluoroelastomer which has resistance
to chemical attack, thermal stability at elevated temperature, and a low coefficient of friction.
Suitable O-rings are manufactured from Kalrez perfluoroelastomer resins available from E.
1. DuPont de Nemours & Co. , Wilmington, Delaware. Other O-rings are made from highly
saturated nitrile rubber or carboxylated elastomers. O-rings may be coated or uncoated.

The O-ring in the rock bit is adjacent to a stationary sealing surface, preferably on a
seal ring 46 placed on the journal and welded or otherwise bonded in place. The sealing
surface has a Vickers hardness of ‘at least 1000 and a surface finish smoother than 32
microinches (0.8 micrometers) AA and preferably less than 20 microinches (0.5 micrometers)
AA. The sealing surface is burnished by vibratory finishing to have a random lay of surface-
roughness and what appears to be a matte finish, rather than a shiny finish.

When a seal surface is being formed, the material is machined to approximately the




I nserted.,through the ball passage 26 after the balls are in place. A plug
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by operating the O-ring against a surface having a hardness higher than is typically available
on steel_. Previously, sealing surfaces in rock bits have employed hardened steel with a
carburized, boronized, nitrided or carbonitrided surface. These case-hardened steel surfaces
provide a maximum Vickers hardness in the order of 800, although more commonly the
surface hardness is in the order of 600-700. It is found in practice of this invention that a
very much harder surface is desirable for enhancing lifetime of a seal. Improvements in
lifetime of 50% or more may be achieved as compared with a carburized seal surface.

To obtain such a high hardness on the seal surface, materials other than steel must be
used. A suitable material comprises a cemented tungsten carbide composite. A composite
having a sufficient hardness comprises tungsten carbide with a chromium-nickel binder
having 20% by weight chromium, 7% by weight nickel, and 6% by weight carbon, the
balance being tungsten. Such a material is available from Praxair Surface Technologies,
Inc., Indianapolis, Indiana, as their material SDG 2005. Other SDG 2000 series coatings
may also be used.

A hard layer as the sealing surface may be deposited on a steel sﬁbstrate by flame
spraying, arc plasma spraying, detonation gun (D-Gun) or the like. Chemical vapor

deposition, plasma assisted vapor deposition or reactive vapor deposition may also be
suitable. Deposition by Praxair with a so-called Super D-Gun yields a high density deposited
coating. Other suitable materials include tungsten carbide cemented with from 6% to 15%
cobalt or nickel. Other materials include metal carbides such as titanium carbide, tantalum
carbide, chromium carbide, or ceramics such as silicon carbide, aluminum oxide, silicon



of the di,splacenent of the bellows for sealing the vent passage 39. The end
of the bellows can al so seat against the cup 34 at the other end of its
stroke, thereby sealing the opening 36. If desired, a pressure-relief check
val ve can al so be provided in the grease reservoir for relieving
over-pressures in the grease systemthat6coul d damage the Oring seal. A
variety of Oring seals have been enployed in such rock bits. Such O rings
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made with a profilometer, which in the case of the data mentioned herein had a pyramid
shaped stylus with a two micrometer point.
When the sealing surface is made of hardened steel, shot peening is a desirable
technique for producing the desired surface smoothness. It is also found that a surface
* roughness in the range of from 10 to 15 microinches (0.25 to 0.38 micrometers) AA is
preferred for steel. When the surface is a harder material such as Super D-Gun deposited
tungsten carbide composite, a surface roughness of from 5 to 10 microinches (0.13 to 0.25
micrometers) AA is preferred.
Surprisingly, it is found that a surface that is polished or burnished to be too smooth
actually reduces the life of an O-ring seal. When the surface roughness was reduced to about
1 to 2 microinches (0.025 to 0.05 micrometers) AA, seal lifetime was reduced. It is
theorized that with an extremely smooth surface, the O-ring may approach the sealing surface
so closely that van der Waals forces cause sticking and stick-slip erosion of the O-ring and/or
sealing surface.

It is also theorized that in the event the sealing surface is too smooth, it may not be
possible to retain a thin film of lubricant between the O-ring and the sealing surface. During
normal operation of the dynamic seal in a rock bit, some of the grease from within the bit
is believed to be present between the O-ring and sealing surface, thereby minimizing shear
forces between the O-ring and sealing surface, reducing frictional heating, and maintaining
a physical separation between at least portions of the O-ring and the sealing surface, all of |
which contribute to enhanced lifetime of the seal. Vibratory finishing which leaves minute



I nstead of vibratory finishing the surface may be snoot hed by shot peening.
Shot peening tends to obliterate machi ni ng wavi ness as well as grinding

mar ks. Any renmi ni ng roughness has a random | ay. Shot peeni ng has been
shown to increase service life of a seal by 50% Vickers hardness is al so
known as di anmond pyramnmi d hardness. An exénplary Vickers microhardness test
enpl oys a diamond pyram d indenter with a 300 gram|oad (ASTM E384- 84. The
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commonly tR ag G55 @b least apgat assthephardness, pfithe girfagg heingob urm{s hed, {Theneeramic
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and 6% by (Weylare flat, bnmguldn@:dnas afceraihiei with tlw”:gigbebem@m theapoints exfithe triangle
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used. A hag the serfaceswhendt iscrpishedsto a roughness, in,the gangs<oft 03 migrpinches
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Constant agitation of the mixture in the vibratory vessel circulates the medium,
compound and parts being finished to produce a scrubbing action that moves across the
workpiece surfaces in random directions. The merit of the vibratory finishing is that any
residual directional lay of the surface roughness due to prior méchining or grinding
operations, is effectively obliterated. As has been mentioned, this treatment smooths
roughness, not waviness of machining. After vibratory burnishing, the lay of the surface is
random. As has been mentioned,- vibratory finishing or shot peening should not be continued
so long that the surface roughness is less than about 5 microinches (0.13 micrometers) AA.
The hard material forming the sealing surface is preferably deposited on a steel
substrate. The thickness of the hard coating should be at least two mils (50 micrometers),
and preferably about four mils (100 micrometers). During the operation of a rock bit, the
motion of the compressed O-ring across the sealing surface (or vice versa) applies a
substantial shear force at the surface. Appreciable thickness of the coating is required for
diminishing the shear force at the interface between the substrate and coating. Otherwise,
the shear force might exceed the shear strength of the bond between the coating and substrate
and result in delamination. _
There is no uniform upper limit to the thickness of the deposited coating except that
it must be accommodated in the space available for the seal of the rock bit. Typically, the
thickness of the coating is less than ten mils (0.25mm) since thicker coatings are not needed
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cobal.t or nickel. O her materials include netal carbides such as titanium
car bi de, tantalum carbide, chrom um carbide, or ceram cs such as silicon
car bi de, al um num oxi de, silicon 6 oxi de chrom um oxide or the like. The
carbides are generally preferred over oxides since the latter have a
relatively lower strength, tthe strain-tgfailure being 1/3 to 1/2 of the
strain- to-failure for carbldes A particularly preferred naterlal
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D- Gun dep
to insert a seal ring in the cone and employ a dynamic seal on the outside diameter of an

O-ring.

A rock bit with the preferred sealing surface can be made as follows: the legs and
cones of a rock bit are forged, machined, welded and heat treated in substantially the same
way as is conventionally done. A steel ring is separately manufactured and heat treated to
a hardness of about 38 to 42 Rockwell C. A hard surface coating, such as a tungsten carbide
composite, is deposited on the outside diameter of the seal ring by the Super D-gun technique
or the like. The sealing surface of the coating is ground with a fine diamond abrasive to
substantially its final dimension. The ring is then vibratory finished so that the sealing
surface has a roughness in the range of from 5 to 10 microinches (0.13 to 0.25 micrometers)
AA. Such aring is placed on a journal of the rock bit and at least spot welded in place with
a laser beam. A cone with an O-ring in place is then assembled on the journal and the

- assembly of the bit is completed in a conventional manner. o
| A sealing surface as provided in practice of this invention significantly increases the
lifetime of an O-ring seal. For example, in a conventional O-ring seal, the sealing surface
of steel carburized and heat treated to a hardness of about 55 Rockwell C has a lifetime in
a standardized test in the order of about 25 hours or less. At the end of this time, pitting and
wear grooves can be seen on the steel surface. A polished sealing surface formed of the
SDG 2005 material has a lifetime of about 50 hours in a similar test. 'When such a surface
is vibratory burnished to a surface roughness in the order of 6 to 9 microinches (0.15 to 0.23
micrometers) AA, the lifetime is further increased to about 75 hours. Furthermore, there




tungsten.carbi de conposite, a surface roughness of from5 to 10 m croi nches
~(0.13 to 0.25 mcroneters) AAis preferred. Surprisingly, it is found that
a surface that is polished or burnished to be too snmooth actually reduces
thé life of an Oring seal. Wen the surface roughness was reduced to about
1 to 2 microinches (0.025 to. 0.05 microméters) AA seal lifetine was
reduced. It is theorized that with an extrenely snooth surface, the Oring
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practiced otherwise than as specifically described.




Abrasive.is not nornally used when finishing the sca‘etl*rﬁg—sw—f_ac&\ :
preferred ceram c finishing nedi um conprises what hree pointed
stars. They are flat, triangular pieces of ceram c mﬂHb et ween
the points of the triangle somewhat recessed or contcawve. .| d t hat
thi s burnishing nmediumleaves a matte fi APsh on the surface when 1t is
burni shed to a roughness in the range of from5 to 32 mcroinches (0.13 to
0.8 m'cro ) 14, shaped burni shing nedi um can be used to obtain
| ow roughnesﬁM@Lﬁbt produce the desired a matte finish. Ceramc
bal I burni shing nedi um nakes the surface shiny, but doesn't decrease
surface roughnqss: MACRck ittt biRifitng AbterARRER FSmmlionY corishg:! | have greater

roughness than desir st ant Jtatlon of the qure I the vibyrator
o dnTeor  ut At bhY inchiine B‘Hf?g%d’ PRRLPIS, BASBAIgURah Ph BAVPS 3, PEATIRE
a scrubbi reprface;i on t hat rmves acr oss the wor kpi ece surfaces in random
directions. Th t ual

di recti onal Ia;?/l og ho surpgtgéopou ess (rP *‘o%grh?ddfrlggbe% %"8—?4# gri ndi ng
operations, is a@mr&sutercmgpnmd gr@mtr@sﬁrvomm mmnb@léamm\mth sebdearing surfaces;

treat nent snDofp eiééﬁﬁhﬂ@@ﬁeas@ﬁﬁse%ﬁ'ﬂﬂsﬁ &Enf@é*ﬁe&h surfce®r Vi bratory
bur ni shing, the %stOf t.he surfaclﬁ IS ra nentj one

vibratory fini &Hi %‘f‘eré‘h Bﬂg’ﬁ% H’é‘f“ ep’B ?tﬁaecangémr Bﬁ@%t"e

t he surfacgeamughhebsamng,lands than about 5 microi nches (0 13 m cronet ers)

AA. The hard t cﬁfarjg I
on a steel ggtsﬁit %ﬂhﬁgmif feh{‘% ggﬁg t n S%%mge at as
two mils (%8}41%1#‘6? ness Pt a4 Jeps réé‘ér%‘él%/ #ist IPHE in sta{lg_fbef from 5 to 32
m cr onet ermjcroinclidsn@. 1 @ﬁanmtomﬂemj AArock bit, the notion of the
conpressed O-ring across the sealing surface (or vice versa) applies a
substantial shear force at the surface. %prem abl e _thickness of the .
coating is reqdr Adrackrbitipgrracitedhimglaimel whergin thersealing surfaseis fermegdcen a seal
bet ween t hgng bSddEbetweert MRldond an@jhighay se, the shear force m ght exceed
t he shear strength of the bond between the coating and substrate and result
“in delamnation. There is no uniformupper limt to the thickness of the
deposi t ed coat i3ngAevockhit ashmcitéd innelaim Bevlereinrthe skl eihgi is mduategipacthe journal.
avail able for the seal of the rock bit. Typically, the thickness of the
coating is less than ten mls _(0.25my) since thicker coatings are no
needed 4. A rock bit as recited in claim 2 wherein the seal ring is formed of steel with a
surface layer of material selected from the group consisting of tungsten carbide, titanium
carbide, tantalum carbide, chromium carbide, silicon carbide, silicon oxide, aluminum oxide

and chromium oxide.

5. A rock bit as recited in claim 4 wherein the surface layer comprises tungsten-
chromium-nickel-carbon composite.

6. A rock bit as recited in claim 1 wherein the surface finish is in the range of from
5 to 10 microinches (0.13 to 0.25 micrometers) AA.

7. A rock bit as recited in claim 1 wherein the surface finish is on a layer having a
thickness of at least two mils (50 micrometers) over a steel substrate.

-8. A rock bit as recited in claim 1 wherein the surface layer comprises a material
deposited on a steel substrate by a method selected from the group consisting of detonation
spraying, plasma spraying, flame spraying, chemical vapor deposition, and plasma assisted
chemical vapor deposition.



8 and.are costly. An entire seal ring may be nade _of ‘hard material—i nstead
of formng a deposit on a steel ring for formng t ce.
However, the hard materials generally -tend to be le!@ h!“ji Ml n steel
and may not be able to reliably V\nthstang t he str a rock
bit. Typically, during operation of a roc bit, the Oring between t he cone
and journal rotates with the cone. In other vvords there is a static seal
between the O ring .and the cone, and a dynam c seal between the Ori ng and
the journal . |n%uénhrogk bitdnhEciieddn clape Sswherein the sprface layer eeraprisesia miagewial
har dness i sddposit&liby detbition®prayang. The seal may, however, be designed so
that the Oring remmins fixed relative to the journal, and the cone rotates
relative to the Oring. In such an enbodi nent, the hard, snooth seal.ing
surface i s provilded W %oek mittfer deling sutplemerean formationssempeisingr act i cal
difficulties in apbiebody ichidifg acsihialy S jouss® pas, Radh furhd) Sih Bavi a Pealinge
end of each | of a rock bit or inside the rot at abl e” cone. Deposition,

grindi ng an ni shing all present manufacturing problems. It is,
t heref ore, pref exrcutttr conecmphmtyd an cacht jourmabpin mhgcld&mg'ﬁﬂmaunglsurfaceg is

preferably plac r
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dynani ¢ seal on atsi@aﬁeﬂel%gwmewoefan@Héla@muthrgbqasmgrs &ed, it is also
feasible to i nsemt elastoméric O—ﬁﬁg isBalt tietwesn e JOGknaNPinOndatheydume] ﬁn-&ewlmﬁgl thé'e
out si de di ape lj §§aorl ng. Arock bit with the preferred sealing
surface cangrﬁ . g IaB the. l egs and cones of a rock bit are
forged, machined stadomheyi saaimgheafaoeraemcw fontheuOstingns¢ad| hayinghe sealing \eurfaess
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treated to g%hardncil & hout 42 Rockwel|l C. A hard surface coati ng,
such as a ttmJYHOIPs: %g’lﬁré’mfgé'?)t ‘i s deposited on the outside diameter

of the seal ring by the Super D-gun techni que or the Iike. The sealing
surface of the CﬁatA’}Q g§9&5@dﬂ%}3ﬂ@lé%@ﬁ%?ﬁ%@ﬁl@%ﬁ l:é’?sio?medonc? seal
Vi-br SO

substantlallyltsflna e r1ng IS atory Tinishe
that the seHPg dgferposed between the cone and journal.

12. A rock bit as recited in claim 10 wherein the sealing surface has a surface
roughness less than 20 microinches (0.5 micrometers).

13. A rock bit as recited in claim 12 wherein the sealing surface has a matte finiS_h.

14. A rock bit as recited in claim 10 wherein the seal ring is formed of steel with a
surface layer of material selected from the group consisting of tungsten carbide, titanium
carbide, tantalum carbide, chromium carbide, silicon carbide, aluminum oxide and chromium
oxide.

15. A rock bit as recited in claim 14 wherein the surface layer comprises a tungsten-
chromium-nickel-carbon composite.

16. A rock bit as recited in claim 10 wherein the sealing surface comprises a
tungsten-chromium-nickel-carbon composite.

17. A rock bit as recited in claim 10 wherein the surface finish is in the range of from
5 to 10 microinches (0.13 to 0.25 micrometers) AA.

18. A rock bit as recited in claim 10 wherein the surface finish is on a surface layer



surface has a roughness in the range of froms5 to T0 mcroirehes{0.13 to

0.25 mcroneters) AA. Such a ring is placed onaJ ock bi t
and at | east spot welded in place with a | aser béa Mﬂmmmm 0 r| ng
in place is then assenbled on the journal and the ass Ly

conpleted in a conventional manner. A sedfing surface as provi ded |n
practice of this invention significantly increases the lifetine of an

O ring seal,. For le, .in a conventlonal Oring seal, the sealing
surface of MAVIRg agg‘aﬁﬁsﬁ ?éat least tHomls (30, micTomsters) (pxetia sicel sbstaatout 55
Rockwell C has a lifetinme in a standardized test in the order of about 25

hours or |ess -t . | N nd ooves, can be
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to 9 m cr0|c§‘3§]§%68% 15 F}%&ﬁéﬂ% m cromet%g s) AA, the ti gt ibr?egﬁg(ﬁ;%rﬁ{ahaggmgd
i ncreased t Bor ﬂ?ﬂﬁ’rs Meurthernore, there 9 is a significant
decrease in variability of resistance torque fromthe seal surface. In the
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test, and tthd.2% anicrometersy Ade spi ke is nearly elimnated. It is also found
that vibratory finishing or shot peening to a surface finish [ess than 32
m croi nches (0.8 mcroneters) AAis beneficial for carburized steel sealing

surfaces whi ch %veAamOkd?ébﬁ% recdfied i Hlaime 1@ whetgin tigosealing surfhce isested] amduhe
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enbodi nents of rock bit have been described herel nsq@nanyonogrt}?‘ﬁ%gﬂ%eﬁs AA

variations wll be apparent to those skill ed in the art. The exenpl ary b|t
descri bed and i RRust Aatoek butsfondnﬂmgesm)tmanédmfomiaﬂaisa:oﬁflﬁlsmgva“ ety of bit
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Furthernore, variations may
surface;

a cutter cone 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;

an elastomeric O-ring seal between the journal pin and the cone for retaining the
grease in the bearing; and

a stationary seal ring adjacent to the O-ring seal having a sealing surface with a
Vickers hardness of at least 1000 and a surface finish smoother than 32 microinches (0.8
mlcrometers) AA.

23. A rock bit as recited in claim 22 wherein the surface finish is in the range of from
5 to 10 microinches .(0.13 to 0.25 micrometers) AA.

24. A rock bit as recited in claim 22 wherein the surface finish is on a layer having
a thickness of at l¢ast two mils (50 micrometers) over a steel substrate.

25. A rock bit as recited in claim 22 wherein the surface layer comprises a material
deposited on a steel substrate by a method selected from the gfoup consisting of detonation

spraying, plasma spraying, flame spraying, chemical vapor deposition and plasma assisted
chemical vapor deposition.

26. A rock bit as recited in claim 22 wherein the sealing surface comprises a



in the conposition of the surface beyond the specific materials nmentioned.
The sealing surface nmay al so be deposited by chenical vapor deposition

pl asma- assi sted chem cal vapor deposition, or the
sprayi ng techni ques descri bed above. It is therefor stood that
wi thin the scope of the appended cl ains, 1Bhis invenf mm&g@ |ced
ot herwi se than as specifically .descri bed. 10 WHAT= |

rock bit f l.i n subt an f ormat i ons conpr|5|ng a bit body

i ncl udi ng Eu?ﬁ Eﬁna %“fﬁ”}l o?)f:?i@ o%gch journal pin having a bearing
surface; a cutter cone nounted an each journal pin and including a bearing
surface; a presﬁ’?”%‘f&él?ﬁ!ﬁ%? Eﬁéﬁﬁnrz%ssﬁﬁéf&hrthéﬁz IrRiripRized'h nthtriig D
beari ng surfaces; rease Int grease reservoir and a jacent t he bearing

sur f aces; éﬁp‘é@l"&gtlly tpaatwnrwgl%m between the journal pin and the cone
for retainlng the grease in the bearing; and a stationary sealing surface
adj acent to the 0O-ring seal having a sealing surface with a Vickers

har dness .of at | east 1000 and a surface finish in the range of' from5 to 32
m croinches (0.13 to 0.8 mcroneters) AA. 2. Arock bit as recited in claim
1 wherein the sealing surface is formed on a seal ring interposed between
the cone and journal. 3. Arock bit as recited in claim2 wherein the seal -
ring is mounted on the journal. 4. Arock bit as recited in claim2 wherein
the seal ring is formed of steel with a surface |ayer of material selected
fromthe group consisting of tungsten carbide, titanium carbide, tantalum
carbi de, chrom um carbide, silicon carbide, silicon oxide, alum num oxide
and chromumoxide. 5. Arock bit as recited in claim4 wherein the surface
| ayer conpri-ses tungsten-



chrom um ni ckel - carbon conposite. 6. Arock bit as recited in claim1l
wherein the surface finish is in the range of from5 to 10 m croinches .
(0.13 to 0.25 microneters) AA. 7. Arock bit as recited in claim1 wherein
the surface finish is on a | ayer having 3 t hi ckness of at least two mls
(50 mcroneters) over a steel substrate. 8. Arock bit as recited in claim
1 wherein the surface |ayer conprises a material deposited on a steel
substrate by a nmethod selected fromthe group consisting of detonation
sprayi ng, plasma spraying, flane spra}ﬂa&KiB'Enlcal vapor deposition, and

pl asma assi st ed chem' cal vapor deposition. 9. Arock bit as recited in
claim8 an ot fglce | ayer conprises a nmaterial deposited by
detonati o ck bit for drilling subterranean fornations

conprising: a b"LIOQkobiyfcmﬂrillmg supterrpheanfoithations l;asannmprqyledslynaamtoimlgrseal
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13. Asroek bit as recited in claim1l2 wherein the sealing surface has a
matte finish. 14. Arock bit as recited in claim10 wherein the seal ring
is formed of steel with a surface |layer of material selected fromthe group
consi sting of tungsten carbide, titanium carbide, tantalum carbide,.
chrom um carbi de, silicon carbide, alum Aéfm oxi de and chronium oxidé. 15. A
rock bit as recited in claim14 wherein the surface |ayer conprises a
tungst en- chrom um ni ckel - carbo onppsite. 16. Arock bit as recited in
claim 10 wherein the seall e‘conprises a

tungsten-chrgqjun}n?,: NN Conposite. 17. A rock bit as recited in

claim 10 wher ei S 3 n':vz?isintherange of from5 to 10
m croi nches (0.13 /942-’:.’?53:~\ ers) AA. 18. Arock bit as recited in

’/////“"\-\\\‘ nish is on a surface |ayer 12 having a

50 mcroneters) over a steel substrate. 19.
t wherein the sur@,aér conprises a
Nt rate by a nethod &el ected fromthe group
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yma. assi st ed ' cal vapor deposition.
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a cutter cone nounted on each journal pin and including a bearing surface;
a pressure- conpensated grease reservoir in comuni cation with such bearing
surfaces; a grease in the grease reservoir and adjacent the bearing
surfaces; an el astoneric O-ring seal betygen the journal pin and the cone
for retaining the grease in the bearing; and a stationary seal ring

adj acent to the 0O-ring seal having a sealing surface wwth a Vickers .
hardness. of at | east 1000 and a surfajg &@Qbﬁg snoot her than 32 m croi nches
(0.8 mcroneters) AA. 23. A rock bit &0 d in claim22 wherein the
surface finish is in the range of from5 to 10 mcroinches (0.13 to 0.25
mcrometerii) &%heﬁ)lﬁaﬁgm@t as recited in claim22 wherein the surface
finish is —a thickness of at least two mls (50

mi croneters) overogk bif fondri llBg subferrancag fopmations lgﬁstandglpr@@ﬂtcg'aampp OrEngsead
wher ei n { hfor el ﬁ;ﬁbﬁtw@m TR UESFock HTRbGRingk dﬁmgé‘dﬁcﬁﬂloﬁrbf&hé & bit. Such

substrate b sel.ect r Oup consi s ef onat i on

sprayi ng, % 6 Jo én‘%ﬁf'?ﬂ/ﬁﬂangﬁ ?ﬁl%furbag %(ﬁa“ fier £onsmappped
pl asma assostash johmal pinl anddpcinditg pdeating surfe, A greask rmetvoasls nncommnmqatxon
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tungst en-chrom um rbon conposl| te oC |t as eclte
o 20, WBEAS: 1 SEHEL it Sunataig &3 Tiog A5 ERRUAE ARAIRT PéFaHH’gﬁBEf?‘Ef‘e}Y“W ickers

det onat i onhannesﬁlofgnt least 1000 and vibratory burnished to have a surface finish in the range of
" from 5 to 32 microinches (0.13 to 0.8 micrometers) AA. Preferably, the sealing surface is
- formed on a seal ring interposed between the cone and journal. Preferably the sealing
surface co;nprises a tungsten carbide composite sprayed onto the outside surface of a steel
ring which is then welded to a journal.
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