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cavity of a rotary cone rock bit. These two patents em- phasize the
elastomeric material biased between the This invention relates to a seal
for the bearings of  leg backface and the metal sealing ring adjacent the a
rotary cone rock bit. More particularly, this inven-  cone or similar
L-shaped ring backed against the first tIon relates to a high-speed
metal-to-metal seal for a   5   ring. rotary cone rock bit, the dynamic
metal sealing sur-    Another prior art U.S. Patent No. 4,722,404 de- faces
being of different hardnesses, prelapped prior  scribes a low friction seal
assembly for use with a ro- to assembly, and resiliently biased towards
each     tary drill bit having bit cutters manufactured by casting other.
the rotary cutters. The seal assembly includes a seal There are prior art
patents that describe compo-  10  element having a Belleville spring
surrounded by an site seals that are fabricated of resilient material that
elastomeric material. The static side of the seal is encapsulates or is
adjacent to a metal sealing ring.  positioned in a roughened groove in the
cast cone For example, U.S. Patent Nos. 4,344,629 and          such that
the Inner dynamic sealing side of the Bel- 4,394,020 describe and teach a
metal-to-metal seal,  leville seal is positioned near the Intersection of
the the metal sealing surfaces of which are not prelapped   15  journal and
the leg backface. Typically, a Belleville prior to assembly. Both of these
patents feature a re-  seal has the static side of the seal at this
intersection silient seal that initially operates to provide a seal  of
thejournal in the leg backface, the dynamic sealing while the
metal-to-metal dynamic sealing surfaces    surface being adjacent the
rotary cone. One embodi- are being. lapped-in during operation of the
rotary  ment of this patent discioses a metal ring adjacent the cone rock
bit in a borehole.                    20  dynamic side of the Bellevilie
seal that runs against U.S. Patent No. 4,666,001 describes an earth-    a
surface nearest the intersection of the journal and boring bit with
metal-to-metal seals. A rigid face seal  the leg backface. assembly is
positioned between the cutter and bear-     The '404 patent, while it
describes a Belleville ing shaft of the rotary bit. The seal assembly moves
type seal, illustrates the Belleville seal in a reverse axially to
compensate for dynamic pressure changes   25  configuration than is typical
of a Belleville seal in a ro- in the lubricant adjacent to the seal. The
metal-to-  tary cone rock bit. Since the dynamic seal surface is metal seal
is designed to translate axially within an  opposite to a standard
Belleville seal, the Belleville enlarged seal cavity during operation of
the bit in a  seal as shown will act as a natural pressure relieving
borehole to react to sudden changes of pressure      valve. Unfortunately,
the valving action will admit de- across the seal face.
30   bris that exteriorly surrounds the seal cavity. Stan- The foregoing
patent Is similar to a typical "Cater-  dard Belleville type seals in the
typical, reverse orien- pillar" type seal, examples of which are found in
U.S.  tation will valve in the opposite direction, hence, lubri- Patent
Nos. 3,180,648; 3,403,916; and 3,524,654; all  cant will be expelled past
the dynamic sealing faces of which are assigned to the Caterpillar
Corporation  thus purging the seal face of any detritus, ratherthan and
which teach improvements to their basic metal-  35  admitting contaminants.
to-metal seal. These patents, while they Illustrate and  The present
invention teaches the use of a static teach metal-to-metal seals, do not
elaborate on ma-  metal sealing ring, the sealing surface of which com-
terials of the metal seals.                          prises a relatively
softer metallic material than an op- U.S. Patent no. 4,306,727 describes a
dynamic    posite dynamic sealing surface. The static or non- seal for
sealing between a rotary cutter and a drill bit  40   moving seal ring of
softer material Is lapped against journal in an underground formation
drilling bit having  the harder material on the dynamic oppositely facing
rotatable cones. The seal utilizes a static elastomeric  sealing ring. The
hard and soft materials of the seal seal ring abutting a metal seal ring
having a dynamic  rings are prelapped prior to assembly of the seal be-
seal face. A metal sealing ring is biased against the  tween a journal
bearing and a rotary cone. The softer cone sealing surface by an elastomer
wedged be-  46  sealing surface is preferably smaller in surface area tween
the intersection of the leg and the journal and  than the harder dynamic
sealing surface to accom- an L-shaped metal dynamic ring adjacent the cone.
modate for cone wobble oreccentricities that may oc- Another related U.S.
patent, 4,466,622, teaches  cur between the cone and the journal during
opera- a very similarsealing arrangement except that there  tion of the
rotary cone rock bit in a borehole. are two dynamic L-shaped sealing rings
that are sus-  50  The first mentioned prior art patents assigned to pended
between two diagonally positioned elasto-     the same assignee as the
present invention taught mers such that the two L-shaped rings float in a
seal  the use of metal-to-metal seals that were not prelap- cavity formed
between the cone and the journal.      ped prior to use, the basic seal
relying on a resilient The '727 patent, while it describes a metal-to-
material to provide the initial seal during the lapping metal seal, does
not elaborate on the materials of the   55   process. The present invention
differs In that the met- dynamic seal faces within a rotary cone rock bit.
The  al rings of the seal are prelapped, the softer static same is true for
the '622 patent wherein back-to-back  seal ring material being run or
lapped against the har- dynamic sealing rings are positioned within a
sealed  der dynamic surface of the dynamic sealing ring be- 2    



3                   EP 0 335 497 B1                 4 fore the rings are
installed in the rock bit.      rotary cone rock bit generally designated
as 10 con- According to the present invention there is pro-  sists of rock
bit body 12, upper pin end 11, and a lower vided a metal-to-metal seal for
a rotary cone rock bit,  cutting end generally designated as 26. Each cone
28 said seal being positioned in a seal cavity formed be-  making up the
cutting end 26 is attached to a leg 14 tween a leg of the rock bit and a
rotatable cone mount-   5   that terminates In a shirttail portion 16. Each
of the ed on a journal bearing extending from the leg of the  cones 28 has,
for example, a multiplicity of equally bit, said seal comprising a first
metal ring and a first  spaced tungsten carbide cutter inserts 29 interfer-
sealing surface formed from a metallic material atone  ence fitted within
insert holes formed in the cone bod- axial side of the metal ring serving
as part of the met-  les 28. A lubricant reservoir generally designated as
al-to-metal seal, and a resilient material confined   10  18 is provided in
each of the legs 14 to supply lubri- within the seal cavity and positioned
on the opposite  cant to bearing surfaces formed between the rotary axial
side of the first metal ring to the first sealing sur-  cones and their
respective journals. Three or more face for urging the first metal sealing
surface against  nozzles 13 communicate with a chamber formed In- a second
metal sealing surface for maintaining the  side the bit body 12 (not
shown). The chamber re- first and second sealing surfaces in sealing
engage-  15  ceives drilling fluid or "mud" through the upper pin ment, the
seal being characterized by: a second ring  end 11. The fluid then is
directed out through the noz- inserted into a circumferential cavity In the
cone and  zles 13 during bit operation. secured to the cone, the second
ring defining said     Turning nowto FIG.2,therockbitleg 14isshown second
metal sealing surface and being positioned  in cross-section revealing the
lubricant reservoir sys- axially adjacent the first sealing surface on the
metal  20  tem generally designated as 18. The reservoirsystem ring, the
second metal sealing surface being formed  comprises a reservoir cover cap
20 which closes a lu- from a metallic material which is harder than the
met-  bricant reservoir cavity 19. The reservoir 19 is isolat- allic
material forming the first sealing surface, the  ed from the cover cap by a
resilient diaphragm 22; the first and second sealing surfaces being
prelapped to  diaphragm being responsive to exterior pressures
substantially perfect a seal between the sealing sur-  25  through a hole
25 formed in the cover cap 20. Lubri- faces prior to insertion of the two
metal rings into the  cant is passed down a lubricant channel 23 formed In
seal cavity.                                       the leg 14 toward a ball
hole 36 formed through the A metal-to-metal seal embodying the present in-
shirttail portion 16. Lubricant then enters into a lubri- vention will now
be described, by way of example,  cant channel 24 formed in a ball hole
plug 37. Lubri- with reference to the accompanying drawings, in  30  cant
passes to the bearing surfaces formed between which:
the journal 32 and the cone 28 via ball races 33 and FIG. 1 Is a
perspective view of a typical rotary  34. cone rock bit;
A series of cone retention balls 35 are passed FIG. 2 is a partially broken
away section of a leg  through the ball hole 36 into the bearing race 33
and of a rotary cone rock bit Illustrating a portion of  35  34 formed in
the journal and the cone respectively. the cone mounted onto a journal
bearing includ-  After all the cone retention balls are in place, a ball
Ing a seal cavity formed between the journal    hole plug 37 is typically
inserted and welded in place bearing and the rotary cone;
to retain the balls within the race. FIG. 3 is an enlarged viewof an
exemplary metal-   With reference now to the exemplary embodi- to-metal
seal housed within the seal cavityshown   40   ments depicted in FIGS. 2
and 3, a metal-to-metal in FIG. 2;
seal, generally designated as 40, consists of an outer FIG. 4 is an
alternative embodiment of a metal-  resilient material 42 that at least
partially encapsu- to-metal seal enclosed within a seal cavity     lates an
inner metal ring 44. The rubber-like resilient formed between the journal
bearing and the cone  material 42 is designed to be larger in size than a
por- of the rock bit;                           45  tion of a seal cavity
formed by the leg backface 58, a FIG. 5 is yet another embodiment of a
metal-to-  radially extending wall 56 in the cone, a circumferen- metal
seal;                                     tial surface 54, a conical ramp
39 on the leg, and the FIG. 6 is a partially broken away section of a leg
bearing surface 38 of the journal 32. A portion of the of a rotary cone
rock bit illustrating another em-  resilient material 43 is compressed by
the ramp 39 bodiment of metal-to-metal seal with a Belleville  50  and leg
backface 58 to urge the sealing surface 47 of spring;
the metal insert46 against a radially disposed sealing FIG. 7 is an
enlarged view of the metal-to-metal  surface 52 formed on a metal layer 51
on a ring 49 In Belleville seal in FIG. 6;                     the cone 28.
The resilient material 42 may, for exam- FIG. 8 illustrates an alternative
embodiment of a  ple, consist of nirile rubber. metal-to-metal Belleville
seal; and        55      The partially encapsulated ring 44 has, for exam-
FIG. 9 is yet another embodiment of a metal-to-  pie, metallurgically
bonded thereto, a relatively soft metal Belleville seal.
metallic material 46 that has an exterior radial sealing With reference now
to FIG. 1, the sealed bearing  surface 47 that is highly polished and
lapped against 3    



5                   EP 0 335 497 B1                6 the similarly polished
and lapped sealing surface 52  ped flat within two helium light bands with
a surface formed from harder material 51 that is, for example,  finish from
0.05 to 0.3 micrometers rms. The encap- metallurgically bonded to and
confined within the ra-  sulating resilient material bonded to the metal
ring 44 dial ring 49.                                     is preferably
fabricated from a nitrile composition The radially disposed ring 49 is
preferably metal-   5   manufactured by Royal Seal of Cucamonga, Califor-
lurgically bonded at the annular intersection 50. The  nia. The resilient
material 42 has a Shore hardness of ring 49 may, for example, be laser
welded and her-  between 50 and 70. A preferred Shore hardness of metically
sealed at intrsection 50 by a process as de-  the nitrile material would be
60. scribed In U.S. Patent No. 4,560,175 and Incorporat-  The radially
disposed inner ring 49 and outer ring ed herein by reference. The ring is
adapted to fit with-  10  44 are prelapped together prior to assembly of
the in a recess 53 formed within a cone mouth or seal  rings within the
seal cavity 48. It would be very diffi- cavity 48 of the cone 28
cult to lap a sealing surface within the cavity orrecess The two lapped
materials 46 and 51 are, for ex-  53 formed in the cone 28. Hence, the seal
rings 44 ample, prelapped together prior to inserting the radi-  and 49 are
carefully paired and their sealing surfaces ally disposed ring 49 within
the recess 53 formed in  15  47 and 52 completely finished prior to
metallurgically the cone mouth of the cone 28. The lapped surface  securing
the radial ring 49 within the cone mouth or 52 of hard material 51 bonded
within the metal ring 49  recess 53. has a surface area larger than the
lapped surface     Moreover, the rings 44 and 49 could befabricated area 47
of the softer material 46. The larger sealing  from Tribaloy and tungsten
carbide respectively, surface 52 on the harder material 51 accommodates
20  thereby eliminating the bonding or fusion process for cone wobble or
eccentricities that may occur dur-  whereby the preferred material
(Tribaloy 46 and tung- ing operation of the rock bit 10 In a borehole.
sten carbide 51) is secured to rings 44 and 49. With reference now to the
enlarged drawing of      The seal cavity clearly shown in FIG. 3 is divided
FIG. 3, the seal generally designated as 40 is shown  up in two annular
areas 48 and 60. It Is preferred that compressed against the ramp 39 and
leg backface 58   25  the Internal area 60 be somewhat larger in size than
within the seal cavity 48. The enlarged portion 43,  the outer annular area
48. The annulus 60 is formed shown In phantom, is compressed within the
seal cav-  between the inner diameterof rings 49 and 44 and the ity 48 to
assure contactof the lapped surface 47 of the  Inside surface of the
resilient material 42 and con- softer metallic material 46 against the
lapped surface  taens internal lubricant from the lube reservoir system 52
of the harder metallic material 51 bonded to ring   30  18. The area 48
that is exterior to the seal assembly 49.
40 is exposed to the outside environment which in- The seal surface
material 46 bonded to or part of  eludes mud and detritus generated when
the bit the encapsulated ring 44 is made of a metal such as  works in a
borehole. stelilte orTribaloy, which isa trademark of Stoody De-  This type
of seal 40 is favored when higher lor Stellite Corporation of California.
The Tribaloy ma-  35  grease pressures occurwithin the internal annulus 60
terial Is preferred. Tribaloy metal generally contains  while lubricating
the bearing surfaces. Higher internal cobalt, silicon and molybdenum, while
some of the  grease pressures would serve to protect the lapped Tribaloy
may contain portions of chromium, nickel or  surfaces since any breach of
the seal between the tungsten as well as other elements. The Tribaloy ma-
two lapped surfaces would cause the lubricant under terial may range in
hardness from Rockwell C 42 to  40  higher pressures to escape outwardly
from the cavity 62. An example of the preferred Tribaloy wear-     60.
Therefore, higher internal lube pressures prevent resistant Intermetallic
materials is designated as T-  any detritus that may be in the outer seal
cavity 48 400, T-700 or T-800. The preferred grade of Tribaloy  from
ruining the lapped sealing surfaces. is T-800 having a Rockwell C hardness
of 62. Tribaloy  The resilient nitrile material 42 bonded to the out- T-800
has a composition comprising 3.0 percent nick-  45  erring 44 at surfaces
55 of the ring and 57 of the ni- el plus iron, 28.5 percent molybdenum,
17.5 percent  true material may be secured together through well- chromium,
3.4 percent silicon, 0.08 percent carbon,  known vulcanization processes.
It would also be de- and the balance cobalt, with a Rockwell C hardness
sirable to roughen the surface 52 to about three mi- of 62.
crometers rms for better bonding of the nitrile to the The material 51 on
the inner ring in the cone is  50  ring 44, fabricated from, for example,
tungsten carbide having  The ramp angle of the conical ramp 39 with re- a
Rockwell C hardness about ten points higher than  spect to a centerline of
the journal bearing (not the Rockwell C hardness of the opposing softer ma-
shown) should be between 10 and 45 degrees. The terial 46. For example, if
the Tribaloy material 46 is T-  preferred ramp angle is about 30 degrees as
shown 800 with a Rockwell C hardness of 62 the Rockwell  55  in FIG. 3. The
ramp angle 39 helps prevent the en- C hardness of the opposing tungsten
carbide material  larged resilient material 42 from rotating against the 51
would be about 72. The two surfaces (47 of mate-  journal bearing 32. rial
46 and 52 of material 51) should preferably be lap-  The nitrile rubber 42
may additionally be bonded 4    



7                  EP 0 335 497 B1                8 to the surface 59
formed by the ramp 39. The ramp  "bump" 243 is to provide added
metal-to-metal seat surface 59, for example, is preferably roughened to
protection during operation of the seal in a rock bit. about three
micrometers rms prior to bonding surface  The nitille resilient material
242 is further bonded or 57 of the rubber 42 to the ramp. An adhesive may
be  secured to the surface 271 of a separate circular lock used to adhere
the surfaces together such as Loc-Ti-   5   ring 270. The ring 270 in turn
is secured to the journal te super bond thermal cycle gel designated as 499
by  bearing 232 at the juncture between the journal bear- the manufacturer,
Loc-Tite Corporation of Connecti-  Ing 232 and the leg backface 258. The
lock ring 270 cut.                                             is secured
by adhesives or preferably metallurgically A shallow radially disposed
angle 63, about five  bonded or secured to the bearing 232 by a laser weld
degrees on each of the rings 44 and 49 has two pur-  10  280. The dynamic
metal ring 244 has a layer of Triba- poses. The firstpurpose is tofeed the
grease from the  loy 246 secured to the ring, the surface 247 being grease
reservoir 18 to the sealing surface 47 and 52.  highly polished. The
surface 247 mates with a polish- The second purpose is to provide an easy
transition  ed surface 252 of the preferred tungsten carbide ma- and a good
seal surface as the opposing surfaces  terial 251 secured to ring 249. The
ring 249 is attached wear during use. Also, the shallow angle 63 helps to
15  through the cone mouth 248 of cone 228 by a laser prevent grooving of
the opposing surfaces during op-  weld 250 also as heretofore described. It
should again Oration of the bit in a borehole.                 be noted
that the surface area of polished surface The metal-to-metal seal
configuration as shown  252 of the tungsten carbide 251 is much larger than
and just described with respectto FIGS. 2 and 3, may  the surface area 247
of the Tribaloy material 246. alternatively be comprised of a separate
O-ring that  20  Again, this Is to accommodate possible cone wobble nests
within the dynamic metal ring, the O-ring being  or eccentricities between
the rotating cone and its re- urged againstthe metal ring by the ramp as
illustrated  spective journal. The rubber bump 243 acts to pre- in FIGS. 2
and 3.                                vent drilling mud and detritus from
getting to the pol- For example, FIG. 4 illustrates an alternative em-
shed sealed surfaces 247 and 252. bodiment wherein the seal assembly
generally desig-  25  The Tribaloy material 46, 146 and 246 and the nated
as 140 is comprised of a separate O-ring 142  harder opposing material 51,
151 and 251 shown In that nests within a concave surface 155 formed by a
FIGS. 2,3,4 and 5 may be deposited on their respeo- metal ring 144. The
O-ring 142 is biased against the  tive backup rings by, for example, plasma
spray or D- concave surface 155 by a conical ramp 139 formed  gun.
Alternatively, the material may be welded or between the journal bearing
132 and the leg backface  30  brazed in place without departing from the
scope of 158. Polished surfaces 147 and 152 of Tribaloy ma-  this
invention. terial 146 and tungsten carbide material 151 are urged  The
nitrile material 242 may be secured through together by the combination of
the oversized 0-ring  vulcanization or secured with the adhesives hereto-
142 (phantom 143) and the ramp angle 139 to assure  fore mentioned to
assure the Integrity of the seal gen- the prelapped surfaces remain In
sealing engage-  35  erally designated as 240. ment during operation of the
bit in a borehole. The  With reference now to the embodiments depicted
metal-to-metal seal configuration 140 operates ex-  In FIGS. 6 and 7, a
metal-to-metal Belleville seal, gen- actly the same as that which was
described with re-  erally designated as 340, consists of a rubber encap-
spect to FIGS. 2 and 3, with the exception that the O-  sulated Belleville
spring 342 and a partially encapsu- ring 142 is not bonded orsecured to the
dynamic met-  40  lated annular lock ring 344. The inner lock ring 344 is
al ring 144.                                      preferably
metallurgically secured to the journal 332 The concave surface 155 in ring
144 may be    with a 360 degree laser weld at an intersection 346. slightly
roughened to assure that the surface 157 of  The outer peripheral end 348
of the Belleville seal the O-ring 142 does not slip within the concave sur-
340 forms an annular rounded convex surface 350 face 155 during operation
of the bit.        45  that nests within a complementary concave surface
The ring 149, preferably of tungsten carbide, is  352 formed in an annular
metal ring 354. The ring 354 secured within the cone mouth 148 of cone 128
by a  has, for example, metallurgically bonded thereto a rel- metallurgical
bond 150 at the juncture between the  atively softer metallic material 356
that has an exter- outer peripheral diameter of ring 149 in the cone  lor
radially extendingsealing surface 357 that is high- mouth opening 148.
Again, the ring 149 may be weld-  50  ly polished and lapped sealing
surface 359 formed ed to the cone by laser weld machine.            from an
outer material 360 that is, for example, met- Yet another embodiment is
Illustrated In FIG. 5  allurgically bonded to and confined within a radial
ring wherein the metal-to-metal seal assembly generally  362. The annular
ring 362 fits within a recess 363 designated as 240 comprises a dynamic
metal ring  formed within a cone mouth or seal cavity 370 of the 244 which
Is partially encapsulated within a rubber ni-  55  cone 328 and is
preferably metallurgically bonded at trile material 242. The nitrile
material almost com-  the annular intersection 361. pletely surrounds the
inner ring 244 to form a rubber  The lapped surface 359 of harder material
360 seal band 243. The purpose of the seal band or    bonded within metal
ring 362 has a surface area larg- 5    



9                   EP 0 335 497 B1                 10 er than the lapped
surface area 357 of the softer ma-  to an annular radially disposed metal
ring 454. terial 356. The larger sealing surface 359 on the har-  An
annular seal bump 450 protrudes from the der material 360 accommodates for,
cone wobble or  outer peripheral end 448 and extends past the sur-
eccentricities that may occur during operation of the  face of the radially
disposed ring 454 such that it pro- rock bit in a borehole.
5   vides a seal. to help protect the sealing surfaces. The The sealing
surface of the ring 354 adjacent the  nitrile rubber445 In thefree state Is
shown in phantom end 348 of the Belleville seal 340 is made of a metal
449, this portion being compressed when the seal such as stellite or
Tribaloy. The Tribaloy material is  surfaces are in contact with one
another. preferred as hereinabove described. The preferred      As
heretofore stated, the ring 454 Is bonded to grade of Tribaloy is T-800
having a Rockwell C hard-  10  the nitrile rubber 445 encapsulating the
Belleville ness of 62. The material 360 is fabricated from, for ex-  spring
442. The ring 454 is fabricated from a metal ample, tungsten carbide having
a Rockwell C hard-  such as stellite or preferably Tribaloy. ness about ten
points harder than the Rockwell C       Aradially disposed ring 462 is
inlaid into a recess hardness of the opposing softer material 356.
463formed in the cone mouth 470 in cone 428. Again, The radially disposed
ring 362 and annular ring   15  the radially disposed ring 462 is
preferably laserweld- 354 are prelapped together prior to assembly of the
ed into the cone 428 at a junction 461. Alayer of hard rings within the
seal cavity 370. The seal rings 354  material such as the preferred
tungsten carbide 460 and 360 are carefully paired and their sealing surfac-
Is bonded or secured to the ring 462. The opposing es 357 and 359
completelyfinished priorto metallurg-  sealing surfaces 457 of the Tribaloy
material 454 and Ically securing the radial ring 362 within the cone   20
surface 459 of the tungsten carbide material 460 are mouth or recess 363.
prelapped together prior to assembly of the sealing Moreover, the rings 354
and 362 could be fabri-  rings within the seal cavity or cone mouth 470.
cated from Tribaloy and tungsten carbide, respective-  The annular bump
450, when the sealing surface ly, thereby eliminating the bonding or fusion
process  and are urged together bythe Belleville spring is com- whereby the
preferred materials are secured to the   25   pressed against the outer
peripheral surface of the rings.
tungsten carbide material 460. The bump thus pro- The resilient material
345 encapsulating the Bel-  vides a seal for the polished surfaces 457 and
459 leville spring 342 is preferably bonded to the annular  during
operation of the bit in a borehole. concave surface 352 or ring 354 at
surface 350 near   It should additionally be noted that a Belleville the
end 348 of the Belleville spring 340. Surfaces 350   30  type seal
generally acts as a one-way valve. In the and 352 may be bonded together by
well-known vul-  event internal pressures within the rock bit and within
canization processes. It would also be desirable to  the sealed lubrication
system exceed certain limits, roughen the surface 352 to about a three
microme-  the Belleville seal will break the seal between polish- ters rms
for better bonding of the resilient material  ed surfaces 457 and 459,
thus, allowing lubricant un- 345 to the ring 354. The resilient material
345 is typ-  35  der excess pressure to pass the sealing surfaces to ically
fabricated from a nitrile material having a Shore  the exteriorof the bit.
Thus, it can be realized thatthis hardness of between 50 and 70.
one-way valving action prevents detritus or debris While it is preferred
that the annular ring 354 be  from entering or ruining the polished sealing
surfac- bonded or secured to the surface 350 of the Belleville  es. The
bump 450 acts as a backup seal to discourage spring 340, the two surfaces
need not be bonded as   40  any detritus or debris from entering the
protected long as an effective seal is established between the  bearing
surfaces through the seal. annular bump 350 and its conforming recess 352
in      And yet another alternative embodiment Is illu- the ring 354.
strated in FIG. 9 wherein the metal-to-metal seal as- It is preferred that
the ring 354 be secured at the  sembly generally designated as 540
comprises a Bel- surface 352 of the ring and convex surface 350 of the   45
leville spring 542 encapsulated within rubber 545, the Belleville seal 340
by an adhesive such as Loo-Tite  spring being secured to an Inner lock ring
544, the 499. The ring may also be bonded to the Belleville  lock ring
again, being laserwelded to thejournal 532. seal by well-known
vulcanization processes.        The outer peripheral end 548 partially
encapsulates Turning now to FIGURE 8, an alternative embodi-  a radially
disposed annular ring 562. A layer of the mentis shown wherein the seal
assembly, generally  50  preferred Tribaloy material 554 Is metallurgically
designated as 440, is comprised of a Belleville spring  bonded to the ring
553. Aflattened surface 557 of Tri- 442 encapsulated within, for example, a
nitrile rub-  baloy material is polished and mated to the surface ber-like
material 445. The inner diameter, or base, of  559 of the preferred
tungsten carbide material 560. the Belleville spring is comprised of an
annular metal  The tungsten carbide is metallurgically bonded to the lock
ring 444 that is bonded or secured to the nitrile  55  radially disposed
ring 562 seated within an annular rubber 445. Again, the ring 444 is
preferably secured  groove 563 formed In cone 528. The ring, again, Is
tojournal 432 by a weld atjunction 448. The outer per-  welded at the
intersection 561 within the cone 528. lpheral end 448 of the Belleville
spring 440 is secured  The exposed surface 555 of the ring 553 is angled
ap- 6    



11                   EP 0 335 497 B1                   12 proximately five
degrees with respect to the surface     of the second sealing surface (52)
for compen- 559 of tungsten carbide 560 both on the inboard ra-      sating
for eccentricities which may develop be- dial face at 555 of the partial
encapsulated ring 553    tween thefirstand second prelapped seal surfac-
and at the outboard radial face.                         es (47,52) during
operation of the rotary cone Again, the surfaces 557 of Tribaloy material
554   5  rock bit (10) in a borehole. and the surface 559 of the tungsten
carbide material 560 are prelapped and polished to the parameters     3. A
metal-to-metal seal according to Claim 1 or to heretofore described,
preferably prior to the insertion  Claim 2, characterized in that in the
material of annular ring 562 within the cone 558.                 forming
the first sealing surface (47) has a Rock- It will of course be realized
that various modiflca-   10  well C hardness in the range of from 42 to 62.
tions can be made in the design and operation of the present invention.
Thus, while the principal preferred  4. A metal-to-metal seal according to
any one of the construction and mode of operation of the invention
preceding claims, characterized in that the mate- have been explained in
what Is now considered to rep-    rial forming the first sealing surface
(47) compris- resent its best embodiments, which have been illu-   15    es
by weight 3.0 percent nickel plus iron, 28.5 per- strated and described, It
should be understood that      cent molybdenum, 17.5 percent chromium, 3.4
within the scope of the appended claims, the inven-      percent silicon,
0.08 percent carbon and the bal- tion may be practiced otherwise than as
specifically     ance cobalt, with a Rockwell C hardness of 62. illustrated
and described. 20   5. A metal-to-metal seal according to any preceding
claim, characterized in that the metal forming the Claims
first sealing surface (47) is stellite with a Rock- well C hardness in the
range of from 42 to 62. 1. A metal-to-metal seal (40) for a rotary cone
rock bit (10), said seal (10) being positioned in a seal   25   6. A
metal-to-metal seal according to any preceding cavity (48) formed between a
leg (14) of the rock    claim, characterized in that the first and second
bit (10) and a rotatable cone (28) mounted on a      sealing surfaces
(47,52) are lapped flat within journal bearing extending from the leg (14)
of the   two helium light bands. bit (10), said seal (40) comprising a
first metal ring (44) and a first sealing surface (47) formed from   30
7. A metal-to-metal seal according to any preceding a metallic material at
one axial side of the metal   claim, characterized in that the material
forming ring (44) serving as part of the metal-to-metal      the second
sealing surface (52) Is tungsten car- seal (40), and a resilient material
(42) confined    bide with a Rockwell C hardness of 72 when the within the
seal cavity (48) and positioned on the     material forming the first
sealing surface (47) is opposite axial side of the first metal ring (44) to
35  a metallic alloy having a Rockwell C hardness of the first sealing
surface (47) for urging the first  62. metal sealing surface (47) against a
second met- al sealing surface (52) for maintaining the first  8. A
metal-to-metal seal according to any preceding and second sealing surfaces
(47,52) in sealing       claIm, characterized In that the second metal ring
engagement, the seal being characterized by:  40     (49) is
metallurgically secured within the circum- a second ring (49) inserted into
a circum-      ferential cavity (48) in the cone (28). ferential cavity in
the cone (28) and secured to the cone (28), the second ring (49) defining
said  9. A metal-to-metal seal according to any preceding second metal
sealing surface (52) and being          claim, characterized in that the
surface finish of positioned axially adjacent the first sealing sur-  45
the first and second sealing surfaces (47,52) is face on the metal ring,
the second metal sealing     0.05 to 0.3 micrometers rms. surface (52)
being formed from a metallic mate- rial which is harder than the metallic
material   10. A metal-to-metal seal according to any preceding forming the
first sealing surface (47), the first    claim, characterized in that the
first metal ring and second sealing surfaces (47,52) being pre-  50   (44)
is partially encapsulated within the resilient lapped to substantially
perfect a seal between       material (42), the first sealing surface (47)
being the sealing surfaces (47,52) prior to insertion of   exposed. the two
metal rings (44,49) into the seal cavity (48).
11. A metal-to-metal seal according to any preceding 55      claim,
characterized in that the resilient material 2. A metal-to-metal seal
according to Claim 1 char-      (42) is nitrile rubber. acterised in that
the surface area of the f irst seal- ing surface (47) is smaller than the
surface area  12. A metal-to-metal seal according to any preceding 7    
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degrees with respect to the surface    of the second sealing surface (52)
for compen- 559 of tungsten carbide 560 both on the inboard ra-     sating
for eccentricities which may develop be- dial face at 555 of the partial
encapsulated ring 553   tweenthefirstand second prelapped seal surfac- and
at the outboard radial face.                        es (47,52) during
operation of the rotary cone Again, the surfaces 557 of Tribaloy material
554   5  rock bit (10) in a borehole. and the surface 559 of the tungsten
carbide material 560 are prelapped and polished to the parameters     3. A
metal-to-metal seal according to Claim 1 or to heretofore described,
preferably prior to the insertion  Claim 2, characterized in that in the
material of annular ring 562 within the cone 558.                forming
the first sealing surface (47) has a Rock- It will of course be realized
that various modifica-  10  well C hardness In the range of from 42 to 62.
tions can be made in the design and operation of the present invention.
Thus, while the principal preferred  4. A metal-to-metal seal according to
any one of the construction and mode of operation of the invention
preceding claims, characterized In that the mate- have been explained In
what is now considered to rep-   rial forming the first sealing surface
(47) compris- resent Its best embodiments, which have been illu-  15  es
bywelght3.0 percent nickel plus iron, 28.5 per- strated and described, it
should be understood that     cent molybdenum, 17.5 percent chromium, 3.4
within the scope of the appended claims, the inven-     percent silicon,
0.08 percent carbon and the bal- tion may be practiced otherwise than as
specifically    ance cobalt, with a Rockwell C hardness of 62. illustrated
and described. 20   5. A metal-to-metal seal according to any preceding
claim, characterized in that the metal forming the Claims
first sealing surface (47) is stellite with a Rock- well C hardness in the
range of from 42 to 62. 1. A metal-to-metal seal (40) for a rotary cone
rock bit (10), said seal (10) being positioned in a seal  25  6. A
metal-to-metal seal according to any preceding cavity (48) formed between a
leg (14) of the rock    claim, characterized In that the first and second
bit (10) and a rotatable cone (28) mounted on a      sealing surfaces
(47,52) are lapped flat within journal bearing extending from the leg (14)
of the   two helium light bands. bit (10), said seal (40) comprising
afirstmetal ring (44) and a first sealing surface (47) formed from   30
7. A metal-to-metal seal according to any preceding a metallic material at
one axial side of the metal   claim, characterized in that the material
forming ring (44) serving as part of the metal-to-metal      the second
sealing surface (52) 18 tungsten car- seal (40), and a resilient material
(42) confined    bide with a Rockwell C hardness of 72 when the within the
seal cavity (48) and positioned on the    material forming the first
sealing surface (47) is opposite axial side of the first metal ring (44) to
35  a metallic alloy having a Rockwell C hardness of the first sealing
surface (47) for urging the first  62. metal sealing surface (47) against a
second met- al sealing surface (52) for maintaining the first  8. A
metal-to-metal seal according to any preceding and second sealing surfaces
(47,52) in sealing       claim, characterized in that the second metal ring
engagement, the seal being characterized by:    40   (49) Is
metallurgically secured within the circum- a second ring (49) inserted into
a circum-     ferential cavity (48) in the cone (28). ferential cavity in
the cone (28) and secured to the cone (28), the second ring (49) defining
said  9. A metal-to-metal seal according to any preceding second metal
sealing surface (52) and being          claim, characterized in that the
surface finish of positioned axially adjacent the first sealing sur-  45
the first and second sealing surfaces (47,52) is face on the metal ring,
the second metal sealing     0.05 to 0.3 micrometers rms. surface (52)
being formed from a metallic mate- rial which is harder than the metallic
material  10. Ametal-to-metal seal according to any preceding forming the
first sealing surface (47), the first    claim, characterized in that the
first metal ring and second sealing surfaces (47,52) being pre-  50
(44)is partially encapsulated within the resilient lapped to substantially
perfect a seal between       material (42), the first sealing surface (47)
being the sealing surfaces (47,52) prior to insertion of   exposed. the two
metal rings (44,49) into the seal cavity (48).
11. Ametal-to-metal seal according to any preceding 55      claim,
characterized In that the resilient material 2. A metal-to-metal seal
according to Claim 1 char-     (42) is nitrile rubber. acterised In that
the surface area of the firstseal- ing surface (47) is smaller than the
surface area  12. A metal-to-metal seal according to any preceding 7    



13                  EP 0 335 497 B1                 14 claim, characterized
in that the first sealing sur-  Dichtoberflache (52) aus einem metalliachen
Ma- face (147) of the first metal ring (144) is urged  terial hergestellt
ist, welches hirterals das metal- against the second sealing surface (152)
by a re-  Ilsche Material ist, welches die erste Dichtober- silient 0-ring
(142).                              flache (47) bildet, wobei die ersten
und zweiten 5      Dichtoberflichen (47, 52) vorgelapptsind, um ei- 13. A
metal-to-metal seal according to Claim 12,       ne Dichtung zwischen den
Dichtoberflachen (47, characterised in that the O-ring (142) is bonded
52) irn wesentlichen zu vollenden, bevor die bel- to the first metal ring
(144).                     den Metallringe (44,49) in die Dichtkammer (48)
elngesekzt werden. 14 A metal-to-metal seal according to Claims 1 to 9   10
characterized in that the first sealing surface  2. Metall-Metall-Dichtung
nach Anspruch 1, da- (357) of the first metal ring (354) is urged against
durch gekennzeichnet, dael der Oberfiichenbe- the second metal (359)
sealing surface by a Bel-   reich der ersten Dichtoberflache (47) kleiner
als leville spring (342).                              der
Oberflachenberelch der zweiten Dichtober- 15     flache (52) ist, um
Exzentrizitten zu kompensie- 15. A metal-to-metal seal according to Claim
14 char-  ren, die sich zwischen den ersten und zweiten acterised in that
the Belleville spring (342) is en-  vorgelippten Dichtoberflachen (47, 52)
wihrend capsulated in a rubber-like material (348).        der BetAtigung
des sich drehenden Konus-Ge- steinsbohrmeigels in einem Bohrloch ausbilden
16. A metal-to-metal seal according to Claim 15,  20   konnen.
characterised in that the first metal ring (454) Is secured to the
rubber-like material at the outer  3. Metall-Metall-Dichtung nach Anspruch
I oderAn- peripheral edge of the Belleville spring (462) and  spruch 2,
dadurch gekennzeichnet, dae In dem the first sealing surface (457) on the
first metal  Material die erste Dichtoberfliche (47) eine ring (454) is
exposed.                     25      Rockwell C Hirte im Bereich zwischen
42 und 62 aufweist. Patentansprnfche                                   4.
Metall-Metall-Dlchtung nach irgendeinem  der vorstehenden Ansprilche,
dadurch gekennzelch- 1. Metall-Metall-Dichtung (40) fOr einen sich dre-  30
net, daB das Material, welches die erste Dicht- henden Gesteinsbohrmeilel
(10), wobel die          oberflache (47) bildet, aus elnem Material be-
Dlchtung (10) In einer Dichtkaammer (48) ange-     steht, welches 3
Gewichtsprozent Nickel + Eisen, ordnet st, die zwischen elnem Schenkel (14)
des    28,5 Gewicbtsprozent Molybdan, 17,5 Gewichts- Gesteinsbohrmeilels
(10) und elnem sich dre-       prozent Chrom, 3,4 Gewichtsprozent Silizium,
henden Konus (28) vorgesehen ist, deraufeinem   35  0,08 Gewichtsprozent
Kohlenstoff und den auf- Achszapfen befestigt Ist, der sich von dem
fOllenden Rest Kobalt umfalt, und elne Rockwell Schenkel (14) des MeiSels
(10) wegerstreckt, wo-   C Harte von 62 aufweist. bel die Dichtung (40)
elnen ersten Metallring (44) und eine erste Dlchtoberfliache (47), die aus
el-  5. Metall-Metall-Dichtung nach Irgendeinem  der nem metallischen
Material an der elnen axialen   4o  vorstehenden Ansprflche, dadurch
gekennzelch- Selte des Metallrings (44) ausgebildet lst, der als  net, daB
das Metall, welches die erste Dlchtober- Tell der Metall-Metall-Dichtung
(40) dient, und ein  fliche (47) bildet, Stelilte mit einer Rockwell C
blegsames Material (42) umfalt, das Innerhalb      Harte im Bereich
zwischen 42 und 62 ist. der Dichtkammer (48) eingeschlossen und auf der
gegenrlber liegenden axialen Selte des er-  45  6. Metall-Metall-Dichtung
nach irgendeinem  der sten Metallringes (44) zur ersten Dichtoberflache
vorstehenden Ansprflche, dadurch gekennzeich- (47) hin angeordnet ist, um
die erste metallische  net, dael die ersten und zweiten Dichtoberflichen
Dichtoberfliche (47) gegen elne zwelte metalil-    (47, 52) innerhalb von
zwel Heliumwellenlangen sche Dichtoberfifiche (52) zu drOcken, um die er-
flach gelippt sind. sten und zwelten Dlchtoberflachen (47, 52) In  50
dichtendem Eingriff zu halten, dadurch gekenn-  7. Metall-Metall-Dichtung
nach irgendelnem der zelchnet, dal emn zweiter Ring (49) In einem urn-
vorstehenden Ansprflche, dadurch gekennzelch- kreisfarmigen Hohiraum in den
Konus (28) einge-    net, daf das die zweite Dlchtoberfifiche (52) bil-
fiihrt und mit diesem Konus (28) verbunden Ist,    dende Material
Wolframkarbid mit elner Rockwell wobei derzwelte Ring (49) die zweibe
metalleche  S5  C Harte von 72 Ist, wenn das Material, weiches
Dichtoberflache (52) begrenzt und axial benach-    die erste
Dichtoberflache (47) bildet, eine Me- bart zur ersten Dichtoberflache an
dem Metall-     tallegierung mit einer Rockwell C Harte von 62 ring
angeordnet ist, wobei die zwelbt metallische  Ist. 8    15
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8. Metail-Metall-Dichtung nach Irgendeinem  der    Revendicatlons
vorstshenden Anspriche, dadurch gekennzeich- net, dalB der zwelte
Metaliring (49) metallurgisch  1. Joint d'6tancheit6 (40) metal sur m6tal
pour un Innerhalb des umkreiaformigen Hohlraums (48)       tr6pan tournant
a cones (10) pour roche, ce joint In dem Konus (28) befestigt 1st.
5       d'etancheite (40) etant dispos6 dans une cavlte d'etanch6ete (48)
m6nag6e entre une jambe (14) 9. Metall-Metall-Dichtung nach Irgendolnem
der        du tr6pan (10) etun cone tournant (28) montesur vorstehenden
Ansprflche, dadurch gekennzeich-      un tourillon s tendanta partir de la
jambe (14) du net, daB die Oberflachenbearbeitung der ersten     trepan
(10), cpjoint dbtanchite (40) comprenant und zwelten Dichtoberflachen (47,
52) zwischen   10  un premier anneau mhtalllque (44) et une premle- 0,05
und 0,3 Mikrometer im mittleren quadrati-     re surface d'etanchebite (47)
formee A partird'une schen Fehler betragt.
matiere mhtallique sur un cote en sons axial de I'anneau mbtallique (44)
constituant une partie 10. Metall-Metall-Dichtung nach irgendelnem  der
du joint d'etancheite (40) metal sur metal, et une vorstehenden Ansprflche,
dadurch gskennzelch-  15  matlere souple (42) confinbe A IPinterieurde la
ca- net, daB der erste Metallring (44) tellweise Inner-  vitb d'etancheltb
(48) et dispos6e sur le cotb op- halb des blegsamen Materials (42)
verkapselt lst,  pos6 en sons axial A la premiere surface d'btan- wobel die
orate Dichtoberflache (47) nach auSen    cheltb (47) du premier anneau
mhtallique (44) gewandt ist.                                       pour
pousser cette premlere surface mhtallique 20      d'etancheite (47) contre
une seconds surface 11. Metall-Metall-Dlchtung nach irgendeinem  der
mhtallique d'tanchlth (52) afin deo tnirces pre- vorstehenden Anspruche,
dadurch gekennzelch-      minre et seconde surfaces d'etancheite (47, 52)
net, daB das blegsame Material (42) Nitri-Gumml    en contact d'etanchelte,
le joint d'etanchete etant Ist.
caracterise par: 28            un second anneau (49) introduit dans une 12.
Metall-Metall-Dichtung nach Irgendeinem  der       cavitb circonferentlelle
du cone (28) et fixe A ce vorstehenden AnsprOche, dadurch gekennzelch-
cOne (28), ce second anneau (49) definissant la net, daB die erste
Dichtoberflache (147) des or-   seconds surface metallique d btanchMWt6
(52) et sten Metallringes (144) durch elnen blegsamen      etant disposh en
sens axial a proximite de la pre- O-RIng (142) gegen die zweite
Dichtoberflache   30  mlere surface d'etancheite sur l'anneau m~talli-
(152) gedriickt wird.                              que, la seconds surface
mhtalllque d'etanchbitb (52) etant formee A partir d'une matiere metalli-
13. Metall-Metall-Dlchtung nach Anspruch 12, da-       quo qul eat plus
dure que la matlere mhtallique durch gekennzelchnet, dam1 der O-Ring (142)
an     constituant la premiere surface d'etancheite (47), dem ersten
Metallring (144) gebonded lst.  35      la premlere surface et la seconde
surface d'etan- ch6lth (47, 52) etant pr6-rodhes pour parfalre 14
Metall-Metall-Dlchtung nach elnem der Anspr0-       substantlellement un
contact d'btancheltb entre che I bls 9, dadurch gekennzslchnet, daBl die
er-  les surfaces d'etancheite (47, 52) avant l'Intro- ste Dlchtoberflfche
(357) des ersten Metallrin-    duction des deux anneaux mhtalllques (44,
49) A ges (354) durch sine Belleville-Fader (342) ge-  40  1'1nterieur de
la cavitb dletancheltb (48). gen die zwelte Metalldlchtoberfllche (359) go-
drucktwird.                                     2. Joint d'etancheite metal
sur metal selon la reven- dicatlon I caracterise en ce quo l'aire de la
sur- 15. Metall-Metall-Dhchtung nach Anspruch 14, da-      face de la
premlere surface d'etancheltb (47) est durch gekennzeichnet, daB die
Belleville-Feder  45  plus petite quo l alre de la surface de ta seconds
(342) in ehnem gummiartigen Material (348) eh-     surface d'etancheite
(52) pour compenser les ex- gekapselt ist.
centratlons qul peuvent se produire entre la pro- miere surface et la
seconde surface d etanchhlt6 16. Metall-Metall-Dichtung nach Anspruch 15,
da-      (47, 52) pre-rodees pendant le fonctionnement durch
gekennzeichnet, das der erste Metallring   so  du trepan tournant (10) A
cOnes dane un trou de (454) an dem gummiartigen Material an dem Au-
forage. Beren umkre-isfrmigen Rand der Belleville- Feder (462) befestigt
Ist und die orate Dbchtober-  3. Joint d'etancheitb metal sur mhtal selon
la reven- ffiche (457) auf dem ersten Metallring (454)       dication I ou
la revendlcation 2 caractdrls oen ce Obersteht.
S5       quo la matiere constituent la premilre surface d'etanchelte (47) a
uno durete Rockwell C se si- tuant dana la gamme de 42 A 62. 9    17
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quelconque des revendications pr6cedentes co-     racteris6 en ce que la
premlere surface d'ftan- ract6rlse en ce quo la matibre constituant la pre-
cheit6 (147) du premier anneau metallique (144) mibre surface d'etancheit6
(47) comprend, en      est pressee contre la seconde surface d'etan- polds,
3 % de nickel plus du fer, 28,5 % de mo-   5  ch6lte (152) par un joint
torique souple (142). lybdbne, 17,5 % de chrome, 3,4 % de sliclum, 0,08 %
de carbone et le solde btant du cobalt,  13. Joint d'etancheite metal sur
mhtal selon la reven- avec une durete Rocekwell C de 62.
dbcation 12 caract6rls6 en ce quo le joint torique (142) est adh6rent au
premier anneau m6tallique 5. JoInt d'6tanchllt6 metal sur metal selon l'une
10  (144). quelconque des revendicatlons precedentes ca- ract6riu6 en ce
que le m6tal constituantla premilb-  14. Joint d'etanch6lte metal sur m6tal
selon les re- re surface d'6tancheit6 (47) est de la stellite avec
vendicatlons I A 9 caract6rise en co que la pre- une durete Rockwell G so
situant dans la gamnme   mibre surface d'6tanch6it6 (357) du premier an- de
42 a 62.                               15      neau metallique (354) est
press6e contre la se- conde surface d'etanch6it6 metallique (359) par 6.
Joint d'etanchelte metal sur metal selon l'une     une rondelle Belleville
(342). quelconque des revendications precedentas ca- racterlse en co que la
premlbre surface et la se-  15. Joint d'etanchelt6 metal sur metal selon la
reven- conde surface d'Atancheltd (47, 52) sont pre-ro-  20  dication 14
caracterise en ce que la rondelle Bel- deas A plat A l'int6rleur de deux
bandes legbres  leville (342) est encapsulee dans una matibre d'helium.
(348) analogue a du caoutchouc. 7. Joint d'etanchelte metal sur metal salon
'une  16 Joint d'tanchelt6 metal sur mtal selon la reven- quelconque des
revendications prec6dentes ca-  25  dicatlon 15 caracterise en ce que le
premIer an- racterlse en ce que la matibre constituant la se-  neau
metallique (454) est fIx6 A la matibre ana- conde surface d'etanchelt6 (52)
ast du carbure    logue A du caoutchouc au bord peripherique ex- de
tungstbne avec une durete Rockwell C de 72     terleur de la rondelle
Belleville (462) et la premie- cependant que la matibre constituant la
premibre  re surface d'etancheite (457) du premler anneau surface
d'etanchelte (47) est un aillage metaill-  30  metallique (454) est
expos6e. qua ayant une durete Rockwell C de 62. 8. Joint d'etanch6lt6 metal
sur metal selon l'une quelconque des revendicatlons pr~cedentes ca-
racterlis en ce que le second anneau metallique  35 (49) eat fixe
metallurgiquament A l'lnterieur de la cavite circonferentielle (48) du cone
(28). 9. Joint d'dtanchetd metal sur metal salon l'une quelconque des
revendicatlons precedentes ca-  40 racterlse en ce que la finition de
surface de la pre- mlere surface et de la seconde surface d'etan- chilte
(47, 52) est de 0,05 A 0,3 micrombtres, ecart moyen geometrique. 45 10.
Joint d'etanchit6 metal sur metal selon l'une quelconque des revendications
precedentbs ca- racterise en ca que le premier anneau metallique (44) est
partiellementencapsule A l'int6rieurde la matibre souple (42), la premibre
surface d'etan-  50 cheite (47) etant expos6e. 11. Joint d'etanchelte metal
sur metal salon l'une quelconque des revendications precedentes ca-
racterlse en ce qua Ia matibre souple (42) eat du  55 caoutchouc nitulle.
12. Joint d'etanchelte metal sur metal salon l'une 10    


