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ROCK BIT HAVING A PRESSURE BALANCED METAL FACED SEAL

BACKGROUND

Technical Field

[01] The present invention relates to earth boring bits, and more particularly to
those having rotatable cutters, also known as cones.

Description of Related Art

[02]  Earth boring bits with rolling element cutters have bearings employing either
rollers as the load carrying element or with a journal as the load carrying element. The use of
a sealing means in such rock bit bearings has dramatically increased bearing life in the past
fifty years.

[03] Early seals for rock bits were designed with a metallic Belleville spring clad
with an elastomer, usually nitrile rubber (NBR). The metallic spring provided the energizing
force for the sealing surface, and the rubber coating sealed against the metal surface of the
head and cone and provided a seal on relatively rough surfaces because the compliant
behavior of the rubber coating filled in the microscopic asperities on the sealing surface.
Belleville seals of this type were employed mainly in rock bits with roller bearings. The seal
would fail due to wear of the elastomer after a relatively short number of hours in operation,
resulting in loss of the lubricant contained within the bearing cavity. The bit would continue
to function for some period of time utilizing the roller bearings without benefit of the
lubricant.

[04] A significant advancement in rock bit seals came when o-ring type seals were
introduced. These seals were composed of nitrile rubber and were circular in cross section.
The seal was fit into a radial gland formed by cylindrical surfaces between the head and cone
bearings, and the annulus formed was smaller than the original dimension as measured as the
cross section of the seal. The o-ring seal was then radially squeezed between the cylindrical
surfaces.

[05] To minimize sliding friction and the resultant heat generation and abrasive
wear, rotating O-rings are typically provided with a minimal amount of radial compression.
However, reciprocating (Belleville) seals must have a much larger radial compression to

exclude contamination from the sealing zone during axial sliding (typically about twice the
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compression). The rock bit seal must both exclude contamination during relative head/cone
axial motion and minimize abrasive wear during rotation.

[06] Reference is now made to FIGURE 1 which illustrates a prior art
configuration for an earth boring bit. FIGURE 2 illustrates a close-up view of the prior art
configuration focusing on the area of a sealing system 2 associated with a rotating cone 4
installed on a shaft 6 of a bit head 8. An o-ring seal 10 is inserted into a seal gland 12 and
squeezed between a cone sealing surface 14 and a head sealing surface 16.

[07] Reference is now made to FIGURE 3 which illustrates a prior art
configuration for an earth boring bit. FIGURE 4 illustrates a close-up view of the prior art
configuration focusing on the area of a sealing system 22 associated with a rotating cone 24
installed on a shaft 26 of a bit head 28. A first ring 30 is press-fit into a gland 32 formed in
the cone 24. The first ring 30 presents a first metal seal face 34. A second ring 36 is also
placed in the gland 32. The second ring 36 presents a second metal seal face 38. An
energizing structure 40 is also placed in the gland 32 and configured to apply a combination
of axial and radial force against a back surface 42 of the second ring 36 so as to urge the
second metal seal face 38 into contact with the first metal seal face 34. The structure shown
in Figure 4 illustrates the well-known single energizer type of metal faced sealing system.

[08] In all configurations of metal faced sealing structures, the sealing system 22
must be provided with sufficient force through the energizing structure 40 to maintain
sufficient sealing contact (between the second metal seal face 38 and first metal seal face 34)
and further to overcome any pressure differential between internal and external zones.
Pressure differentials between those zones fluctuate as the cone is contorted on the bearing
during operation. This phenomenon is known in the art as “cone pumping.” Cone pumping
throws an internal pressure surge at the metal faced bearing seal which can lead to
catastrophic failure of the seal over time. In addition, changes in depth while the bit is in use
can cause fluctuations in pressure between the internal pressure and the external pressure.
Conversely, application of too much force on the seal by the energizing structure 40 can
cause difficulties in assembling the cone to the bearing and may result in accelerated wear of
the first and second rings 30 and 36. It is important that the metal seal faces 34 and 38 are
flat, and so a lapping of the surfaces is often provided (in the light band range).
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[09] A significant challenge with the single energizer type of metal faced sealing
system shown in Figure 4 is that the press fitting of the first ring 30 in the cone gland 32 may
deform the first ring and produce a “waviness” in the first metal seal face 34. The second
ring 36 with second metal seal face 38 must overcome this surface waviness through the
force applied by the energizing structure 40 so as to maintain the desired sealing contact
(otherwise the seal will leak).

[010] An additional challenge with the single energizer type of metal faced sealing
system shown in Figure 4 is that the elastomeric energizing structure 40 is offset so as to
apply force to the second ring 36 not only in the preferred axial direction but also in the radial
direction. The sealing force is accordingly dissipated by the wasted force component applied
in the radial direction. The radially applied force component further introduces a torque on
the second ring 36 which reduces (i.e., narrows) the radial width of the effective sealing
surface where the metal seal faces 34 and 38 make sealing surface contact. This occurs
because of a distortion of the seal ring resulting from press-fitting that causes an out-of-
flatness surface characteristic for the face of the seal ring.

[011] Yet another challenge with the single energizer type of metal faced sealing
system shown in Figure 4 is that the metal seal faces 34 and 38 become unloaded as a result
of an increase in grease pressure. For example, rock bit bearings may operate with an
internal pressure greater than the environment. As a result, grease leakage may occur.

[012] Notwithstanding the foregoing challenges, metal faced sealing systems are
often used in roller cone drill bits which operate at higher RPM drilling applications because
the metal seal faces 34 and 38 resist wear and consequently exhibit longer operating life than
a standard O-ring type sealing system like that shown in Figures 1 and 2.

[013] The foregoing challenges remain an issue and thus a need exists in the art for

an improved metal faced sealing system for use in rock bits.
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SUMMARY

[014] In an embodiment, a sealing system for a drill bit including a shaft region and
a rotating cone comprises: a first annular gland defined in the rotating cone; a first ring
mounted in the first annular gland and having a first metal seal face; a second ring mounted at
a base of the shaft region; a third ring positioned between the first and second rings, said third
ring including a second metal seal face in contact with the first metal seal face and further
including a biasing surface axially opposite the second metal seal face; and an energizing
structure mounted adjacent second ring and configured to apply an axial force against the
biasing surface of the third ring at about a radial location that substantially radially
corresponds to a radial center of the second metal seal face.

[015] In another embodiment, a sealing system for a drill bit including a shaft region
and a rotating cone comprises: a first annular gland defined in the rotating cone; a first ring
mounted in the first annular gland and having a first metal seal face; a second ring mounted
to the shaft region; a third ring including a second metal seal face in contact with the first
metal seal face and further including a biasing surface axially opposite the second metal seal
face; a second annular gland formed between the second ring and third ring; an O-ring
sealing member radially compressed within the second annular gland and wherein the second
gland is sized to permit axial movement of the O-ring sealing member within the second
gland in response to pressure change; and an energizing structure configured to apply an axial

force against the biasing surface of the third ring.

BRIEF DESCRIPTION OF THE DRAWINGS

[016] Other features and advantages of the invention will become clear in the
description which follows of several non-limiting examples, with references to the attached
drawings wherein:

[017] FIGURE 1 illustrates a prior art configuration for an earth boring bit with a
conventional O-ring type sealing system;

[018] FIGURE 2 illustrates a close-up view of the prior art configuration of
FIGURE 1 focusing on the area of the seal;
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[019] FIGURE 3 illustrates a prior art configuration for an earth boring bit with a
conventional single energizer metal faced sealing system;

[020] FIGURE 4 illustrates a close-up view of the prior art configuration of
FIGURE 3 focusing on the area of the seal;

[021] FIGURES 5A, 5B, and 5C illustrate an embodiment of a metal faced sealing
system;

[022] FIGURE 5D illustrates an embodiment of a metal faced sealing system;

[023] FIGURES 5E and 5F illustrate an embodiment of a metal faced sealing
system; and

[024] FIGURE 6 illustrates an embodiment of a metal faced sealing system.

DETAILED DESCRIPTION OF THE DRAWINGS

[025] FIGURES 1-4 have previously been described.

[026] Reference is now made to FIGURE 5A which illustrates a cross-sectional
view of an embodiment of a metal faced sealing system 100. The sealing system 100 is
associated with a rotating cone 102 installed on a shaft region 104. The sealing system 100 is
suitable for use in any sealing application including implementations where the cone is
supported for rotation using a journal bearing or a roller bearing as well known to those
skilled in the art.

[027] The sealing system 100 is provided within a gland structure 106 formed in the
cone 102 adjacent a base of the shaft region 104. The gland structure 106 formed in the cone
is an annular structure defined by a radial surface 110 extending outwardly into the body of
the cone 102 perpendicularly away from the axis of cone rotation and a cylindrical surface
112 extending perpendicularly and rearwardly from the radial surface towards a bottom
surface (base) 114 of the cone in a direction parallel to the axis of cone rotation. The shaft
region 104 is defined by a cylindrical shaft surface 116 to which the cone 102 is mounted (in
a manner conventional and known to those skilled in the art) and a radial surface 118 at the
base of the shaft region extending outwardly from the cylindrical shaft surface 116
perpendicularly away from the axis of cone rotation. An annular projection 108 extends
axially from the radial surface 118 at the base of the shaft region 104 and includes a pair of

cylindrical side surfaces 120 and 122 and a radial surface 124 interconnecting the cylindrical
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surfaces 120 and 122 at a top of the annular projection. In this configuration, it will be noted
that the annular projection 108 extends into the gland structure 106. An annular grease gland
126 is formed in the shaft region 104 where the cylindrical shaft surface 116 meets the radial
surface 118. This grease gland 126 is an optional structure, and in an alternative embodiment
(shown in dotted line) the cylindrical shaft surface 116 extends to the corner to meet with the
radial surface 118.

[028] The sealing system 100 further comprises a first ring 130 (having a generally
square or rectangular cross-section) press fit into the first gland 106 against the radial surface
110 and cylindrical surface 112 at a corner where the surfaces 110 and 112 meet. An inner
diameter of the first ring 130 defined by surface 132 is offset from the cylindrical surface 116
of the shaft region 104. The first ring 130 further includes a first metal seal face (using a
radially extending surface) 134.

[029] The sealing system 100 further comprises a second ring 140 (having a T-
shaped cross-section) that includes a first leg region 142, second leg region 144 and third leg
region 146. The first and second leg regions 142 and 144 extend axially away from each
other and the third leg region 146. The third leg region 146 extends inwardly and radially
from the first and second leg regions 142 and 144. A distal end of the first leg region 142 is
mounted to the shaft region 104 (see, reference 148). More particularly, in an embodiment
the distal end of the first leg region is welded to the radial surface 124 of the annular
projection 108. In an alternative implementation, the annular projection 108 may be absent
and the distal end of the first leg region 142 is welded to the radial surface 118 of the shaft
region 104. In yet another alternative implementation, the distal end of the first leg region
142 may be welded to the surface 120 of the annular projection 108. While welding presents
a preferred method for mounting the second ring 140 to the shaft region 104, other mounting
means such a press-fitting the distal end in an annular slot formed in the projection 108 or
surface 118 could instead be selected. Still further, the mounting of the second ring 140 may
be accomplished by integrally forming the second ring with the shaft region 104.

[030] The second and third leg regions 144 and 146 of the second ring 140 form part
of a second gland 150 comprising an annular structure defined by a radial surface 152 of the
third leg region 146 extending perpendicularly away from the axis of cone rotation and a

cylindrical surface 154 of the second leg region 144 extending perpendicularly and
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frontwardly from the radial surface towards a distal end of the second leg region 144 in a
direction parallel to the axis of cone rotation.

[031] The sealing system 100 further comprises a third ring 170 (having an L-shaped
cross-section) that includes a second metal seal face (using a radially extending surface) 172
including a first portion 172a and a second portion 172b. The second metal seal face 172 is
positioned in sliding/sealing contact with the first metal seal face 134. The sealing contact is
made between the first portion 172a of the second metal seal face 172 and the first metal seal
face 134 of the first ring 130. Axially opposite the second metal seal face 172, the third ring
170 further includes a biasing surface 176.

[032] The first and second portions 172a and 172b are coaxial and are separated
from each other by an annular channel 174. The annular channel 174 forms a non-contacting
region of the face 172 that serves to separate the function of the first portion 172a from the
function of the second portion 172b. The size (for example, width) of the channel 174 may
be selected to serve the purpose of the design by adjusting the forces acting on the first and
second portions 172a and 172b. A plurality of passages 184 are provided extending through
the third ring 170 to connect an inner circumferential surface 186 of the third ring 170 to the
annular channel 174. The plurality of passages 184 are angularly distributed about the
annular channel 174. The passages 184 provide for pressure equalization between the
channel 174 and the grease side of the seal at reference 186. FIGURE 5B (not drawn to
scale) shows the angular distribution of the passages 184 about the inner circumference 186.
In this configuration, both the first portion 172a and the second portion 172b are
circumferentially continuous. However, it is the portion 172a which is responsible for
providing the sealing surface. In an illustrated embodiment, there are twelve passages 184,
so that the angular offset between passages is thirty degrees. In another implementation,
sixteen passages 184 may be provided. Fewer or more passages may be provided in
accordance with a desired design (perhaps based on the diameter of the cone and diameter of
the gland 106).

[033] In an alternative implementation, a plurality of radially extending channels
184° are provided in the second portion 172b of the second metal seal face 172 to extend
between the inner circumference 186 of the third ring 170 and the annular channel 174. The

channels 184’ provide for pressure equalization between the channel 174 and the grease side
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of the seal at reference 186. FIGURE 5C (not drawn to scale) shows the angular distribution
of the channels 184° about the inner circumference 186. The second portion 172b of the
second metal seal face 172 is accordingly circumferentially discontinuous and thus does not
participate in forming the seal (while the first portion 172a is circumferentially continuous
and thus responsible for providing the sliding sealing surface). In the illustrated embodiment,
there are twelve channels 184°, so that the angular offset between channels is thirty degrees.
In another implementation, sixteen channels 184 may be provided. Fewer or more channels
may be provided in accordance with a desired design (perhaps based on the diameter of the
cone and diameter of the gland 106).

[034] The L-shape of the third ring 170 further assists in defining the third gland 150
by presenting an annular structure defined by a radial surface 192 extending outwardly
perpendicularly away from the axis of cone rotation and a cylindrical surface 194 extending
perpendicularly and rearwardly from the radial surface toward the surface 176 parallel to the
axis of cone rotation.

[035] An O-ring sealing member 200 (for example, with a circular cross-section) is
inserted within the second gland 150 and radially compressed between the cylindrical surface
154 of the second ring 140 and the cylindrical surface 194 of the third ring 170. In a
preferred implementation, there is sufficient axial room in the second gland 150 (between
surface 152 and 192) to permit some axial movement of the O-ring sealing member 200
within the second gland in response to pressure changes. In an alternative implementation,
the O-ring sealing member 200 may further be axially compressed between the radial surface
152 of the second ring 140 and the radial surface 192 of the third ring 170.

[036] The radial compression of the O-ring sealing member 200 between the
surfaces 154 and 194 couples the third ring 170 to the second ring 140. The compressed O-
ring sealing member 200 accordingly forms a static seal between the grease side and exterior
(for example, mud) side of the sealing system 100. The sliding seal between the grease side
and exterior side is provided by the opposed first and second metal seal faces 134 and 172,
respectively.

[037] An energizing structure 206 is installed within the first gland 106 between the
third ring 170 and the shaft region 104. The energizing structure 206 engages the radial
surface 118 at the base of the shaft region 104 and further engages the biasing surface 176 of
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the third ring 170. Thus, the energizing structure 206 is compressed between the radial
surface 118 and the biasing surface 176. In this configuration, the energizing structure 206
functions to apply an axially directed force against the third ring 170 so as to maintain
sliding/sealing contact between the first metal seal face 134 of the first ring 130 and the
second metal seal face 172 of the third ring 170.

[038] In a preferred implementation, the energizing structure 206 comprises a
Belleville spring member 208 (or any suitable conical spring washer device) and a force
transfer ring 210. The Belleville spring member 208 includes an outer peripheral edge 212
which engages the radial surface 118 at the base of the shaft region 104. An inner peripheral
edge 214 of the Belleville spring member 208 engages a rear surface 216 of the force transfer
ring 210. An opposite front surface 218 of the force transfer ring 210 engages the biasing
surface 176 of the third ring 170. It will be noted that the force transfer ring 210 is
configured to transfer the radial application point of the axially directed biasing force from a
relatively smaller radial position at the inner peripheral edge 214 of the Belleville spring
member 208 to relatively larger radial position at the biasing surface 176. Importantly, this
relatively larger radial position of the axially applied biasing force on the third ring is radially
located at approximately the radial center of the second metal seal face 172 of the third ring
so as to equalize the force applied by the first portion 172a and a second portion 172b of the
second metal seal face 172 against the first metal seal face 134, and more importantly ensure
sufficient force applied by the first portion 172a to maintain the sealed relationship with the
first metal seal face 134.

[039] The second portion 172b of the second metal seal face 172 does not provide
for sealing (due to the presence of passages 184 or channels 184° and annular channel 174),
but instead functions as a self-aligning guiding face for the sliding seal. The third ring 170 is
somewhat flexible due to its short axial length. Through the careful arrangement of hydraulic
forces on the seal ring and in response to the circumferentially distributed force supplied by
the energizing structure 206 against the third ring 170, the sliding seal becomes self-aligning
to any tilting (i.e., waviness) present on the first metal seal face 134 as a result of press-fitting
the first ring 130 with the first gland 106. The second portion 172b is pre-loaded by the
spring member 208 and pressure loads. The contact force will vary as needed to ensure that

the portion 172b remains in contact with the face 134 in spite of any circumferential variation
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in surface face tilting (i.c., waviness of the face 134 resulting, for example, from the press-
fitting of the ring 130). This ensures that first portion 172a maintains a parallel face sealing
contact with the face 134.

[040] With respect to applying drive torque, a number of technical implementations
may be utilized. In a preferred embodiment, a radially extending drive connection
(schematically shown at reference 230) is provided to interconnect the second ring 140, third
ring 170 and transfer ring 210. The radially extending drive connection 230 may take the
form of a plurality of circumferentially spaced drive pins which radially extend through
passages formed in second ring 140, third ring 170 and transfer ring 210.

[041] As a further alternative to applying drive torque, an axially extending drive
connection (schematically shown at reference 231) is provided to interconnect the spring
member 208 to the transfer ring 210. For example, a plurality of circumferentially spaced
notches and corresponding protrusions may be formed in the inner edge 214 and surface 216
to provide for an engagement. Likewise, the engagement of the transfer ring 210 and third
ring 170 may be made by a plurality of circumferentially spaced notches and corresponding
protrusions so as to ensure the drive torque is transferred to the third ring 170. And
furthermore, likewise, the engagement of the spring surface 212 and shaft radial surface 118
may be made by use of a plurality of circumferentially spaced notches and corresponding
protrusions so as to ensure the drive torque is transferred to the spring 208 from the shaft 116.

[042] Reference is now made to FIGURE 5D which illustrates a cross-sectional
view of an embodiment of a metal faced sealing system 100. The embodiment of FIGURE
5D is similar to the embodiment of FIGURE 5A and like reference numbers refer to like or
similar parts for which no further discussion will be provided. With respect to those parts,
reference is made to the description of FIGURE 5A. The embodiment of FIGURE 5D differs
from the embodiment of FIGURE S5A primarily in the configuration of the second ring 140’
and the energizing structure 206’.

[043] Turning first to the second ring 140’, the second ring 140’ has an L-shaped
cross-section including a body region 142’ and an axially extending leg region 144°. The
body region 142’ is mounted to the shaft region 104 (see, reference 148’). More particularly,
in an embodiment the body region 142’ is welded to the cylindrical surface 120 of the annular

projection 108. Additionally, or alternatively, the body region 142’ is welded to the radial
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surface 118 of the shaft region 104. In yet another alternative implementation, the body
region 142’ is press-fit against the cylindrical surface 120 of the annular projection 108, or
press-fit into an annular slot formed in the surface 118. Still further, the mounting of the
second ring 140’ may be accomplished by integrally forming the second ring with the shaft
region 104.

[044] In the illustrated embodiment, the biasing surface 176 is provided at the distal
end of an axially extending biasing projection member 178. Also axially opposite the second
metal seal face 172, the third ring 170 further includes a rear surface 180.

[045] With respect to the energizing structure 206°, the energizing structure 206’ is
installed within the first gland 106 between the third ring 170 and the shaft region 104. The
energizing structure 206’ engages the radial surface 118 at the base of the shaft region 104
and further engages the biasing surface 176 of the third ring 170. Thus, the energizing
structure 206’ is compressed between the radial surface 118 and the biasing surface 176. In
this configuration, the energizing structure 206’ functions to apply an axially directed force
against the third ring 170 so as to maintain sliding/sealing contact between the first metal seal
face 134 of the first ring 130 and the second metal seal face 172 of the third ring 170.

[046] In a preferred implementation, the energizing structure 206’ comprises a
Belleville spring member 208 (or any suitable conical spring washer device). The Belleville
spring member 208’ includes an inner peripheral edge 212 which engages the radial surface
118 at the base of the shaft region 104. An outer peripheral edge 214 of the Belleville spring
member 208’ engages the biasing surface 176 of the third ring 170. It will be noted that the
orientation of the Belleville spring member 208 is opposite that of the member 208 in
FIGURE 5A. With this configuration, the transfer ring 210 is not required and the Bellevelle
spring member 208’ axially applies force to the biasing surface 176 at a relatively larger
radial position that is radially located at approximately the radial center of the third ring 170
so as to equalize the force applied by the first portion 172a and a second portion 172b of the
second metal seal face 172 against the first metal seal face 134, and more importantly ensure
sufficient force applied by the first portion 172a to maintain the sealed relationship with the
first metal seal face 134. Again, the axial force is applied to the biasing surface 176 at a
radial position which substantially radially corresponds to a radial center of the second metal

seal face 172.
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[047] With respect to applying drive torque, a number of technical implementations
may be utilized. In a preferred embodiment, a plurality of radially extending drive pins 230’
are provided to interconnect the second ring 140’ and the third ring 170. The radially
extending drive pins 230’ are circumferentially spaced about the rings and radially extend
through first passages 232 formed in second ring 140’ and correspondingly aligned second
passages 234 in the third ring 170. The pins 230 are press-fit (or otherwise secured in a
sealed manner) within the passages 232. The passages 234 are configured in the form of an
axially extending slot which loosely receives the pins 230’ so as to permit an axial sliding of
the third ring 170 relative to the second ring 140’.

[048] Reference is now made to FIGURE SE which illustrates a cross-sectional view
of an embodiment of a metal faced sealing system 100. The embodiment of FIGURE 5E is
similar to the embodiments of FIGURES 5A and 5D and like reference numbers refer to like
or similar parts for which no further discussion will be provided. With respect to those parts,
reference is made to the description of FIGURES 5A and 5D. The embodiment of FIGURE
SE differs from the embodiments of FIGURES 5A and 5D primarily in the configuration of
the energizing structure 206”’.

[049] The energizing structure 206°> comprises a ring housing 220 installed in the
gland 106 adjacent the radial surface 118 at the base of the shaft region 104. The ring
housing 220 includes a plurality of axially extending apertures 222 evenly distributed
circumferentially around the ring housing (see, FIGURE SF, not drawn to scale). In the
illustrated embodiment, there are twelve apertures 222, so that the angular offset between
apertures is thirty degrees. In another implementation, sixteen apertures 222 may be
provided. Fewer or more apertures may be provided in accordance with a desired design
(perhaps based on the diameter of the cone and diameter of the gland 106).

[050] A coil spring 224 is installed in each aperture 222. A first end of the coil
spring 224 engages a floor of the aperture 222. A second end of the coil spring 224 engages
the biasing surface 176 of the third ring 170. Thus, each coil spring 210 is compressed
between the floor of the aperture 222 and the biasing surface 176. In this configuration, the
coil spring 224 functions to apply an axially directed force against the third ring 170 so as to
maintain sliding/sealing contact between the first metal seal face 134 of the first ring 130 and

the second metal seal face 172 of the third ring 170. As with the Bellevelle spring member
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208’, the coil spring 224 axially applies force to the biasing surface 176 at a relatively larger
radial position located at approximately the radial center of the third ring 170 so as to
equalize the force applied by the first portion 172a and a second portion 172b of the second
metal seal face 172 against the first metal seal face 134, and more importantly ensure
sufficient force applied by the first portion 172a to maintain the sealed relationship with the
first metal seal face 134. Again, the axial force is applied to the biasing surface 176 at a
radial position which substantially radially corresponds to a radial center of the second metal
seal face 172.

[051] With respect to applying drive torque, a number of technical implementations
may be utilized. In one embodiment, an axially extending drive connection (schematically
shown at reference 240) is provided to interconnect the ring housing 220 and the third ring
170. The axially extending drive connection 240 may take the form of a plurality of
circumferentially spaced drive pins which axially extend through passages formed in ring
housing 220 and third ring 170. In another implementation, a radially extending drive
connection (see, for example, FIGURES 5A and 5D) may be used to apply drive torque.

[052] Although the biasing surface 176 in FIGURES 5D and 5E is illustrated as a
separate surface from the rear surface 180 of the third ring 170, it will be understood that the
biasing surface 176 and rear surface 180 may, in an alternative embodiment, comprise a same
surface of the third ring 170 against which the energizing structure applies the axially
directed force to maintain the sealing relationship between the first and second metal seal
faces 134 and 172, respectively.

[053] While a coil spring 224 is illustrated to reside in aperture 220 and supply the
biasing axial force against the third ring 170, it will be understood that the aperture could take
on shapes other than a circular hole and that the coil spring 224 could alternatively comprise
other spring or energizing structures known to those skilled in the art (including, for example,
a leaf spring or elastic member) that are inserted within the aperture.

[054] Reference is now made to FIGURE 6 which illustrates a cross-sectional view
of an embodiment of a metal faced sealing system 300. The sealing system 300 is associated
with a rotating cone 302 installed on a shaft region 304. The sealing system 300 is suitable
for use in any sealing application including implementations where the cone is supported for

rotation using a journal bearing or a roller bearing as well known to those skilled in the art.
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[055] The sealing system 300 is provided within a gland structure formed in the
cone 302 and at a base of the shaft region 304. The gland structure includes a first gland 306
formed in the cone and a second gland 308 formed in the base of the shaft region 304. The
first gland 306 is an annular structure defined by a radial surface 310 extending outwardly
into the body of the cone 302 perpendicularly away from the axis of cone rotation and a
cylindrical surface 312 extending perpendicularly and rearwardly from the radial surface
towards a bottom surface (base) 314 of the cone in a direction parallel to the axis of cone
rotation. The shaft region 304 is defined by a cylindrical shaft surface 316 to which the cone
302 is mounted (in a manner conventional and known to those skilled in the art) and a radial
surface 318 at the base of the shaft region extending outwardly from the cylindrical journal
surface 316 perpendicularly away from the axis of cone rotation. The second gland 308 is an
annular channel-like structure defined in the radial surface 318 at the base of the shaft region
304 by a pair of cylindrical (channel side) surfaces 320 and 322 and a radial (channel bottom)
surface 324 interconnecting the cylindrical surfaces 320 and 322 at a bottom of the annular
structure. In this configuration, it will be noted that the second gland opens into the first
gland.

[056] The sealing system 300 further comprises a first ring 330 (having a generally
square or rectangular cross-section) press fit into the first gland 306 against the radial surface
310 and cylindrical surface 312 at a corner where the surfaces 310 and 312 meet. An inner
diameter of the first ring 330 defined by surface 332 is offset from the cylindrical surface 316
of the shaft region 304. The first ring 330 further includes a first metal seal face (using a
radially extending surface) 334.

[057] The sealing system 300 further comprises a second ring 340 (having an
irregular cross-section) forming a housing member that includes a central body region 342, a
rear region 344 extending rearwardly and axially from the central body region, a flange
region 346 extending inwardly and radially from the central body region and a front region
348 extending frontwardly and axially from the central body region. The rear region 344 of
the second ring 340 is press fit into the second gland 308 against the radial surface 324 and
cylindrical surface 320 at a corner where the surfaces 324 and 320 meet. The front region
348 of the second ring 340 forms part of a third gland 350 comprising an annular structure

defined by a radial surface 352 extending outwardly into the front region 348 perpendicularly
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away from the axis of cone rotation and a cylindrical surface 354 extending perpendicularly
and frontwardly from the radial surface towards an end of the second ring 348 in a direction
parallel to the axis of cone rotation.

[058] The flange region 346 extends radially inwardly from the central body region
342 to define a seat for a biasing apparatus to be described in more detail below.

[059] The sealing system 300 further comprises a third ring 370 (having an L-shaped
cross-section) that includes a second metal seal face (using a radially extending surface) 372
including a first portion 372a and a second portion 372b. The first and second portions 372a
and 372b are coaxial and are separated from each other by an annular channel 374. The
annular channel 374 forms a non-contacting region of the seal face that serves to separate the
functions of first portion 372a and second portion 372b. The width of channel 374 is selected
to ensure improved contact by the first portion 372a. A plurality of radially extending
channels 384 are provided in the second portion 372b of the second metal seal face 372 to
extend between an inner circumference 386 of the third ring 370 and the annular channel 374.
The channels 384 support provision of pressure equalization between the channel 374 and the
grease side of the seal at reference 386. Pressure equalization is desired so that the second
portion 372b will function as a bearing surface (not a sealing surface) while the first portion
372a functions as a sealing surface (having a pressure differential). Reference may be made
to FIGURE 5C which illustrates an angular distribution of the channels 184 like the channels
384. The second portion 372b of the second metal seal face 372 is accordingly
circumferentially discontinuous and thus does not participate in forming the seal (while the
first portion 372a is circumferentially continuous and thus responsible for providing the
sliding sealing surface).

[060] The second metal seal face 372 is positioned in sliding/sealing contact with the
first metal seal face 334. The sealing contact is made between the first portion 372a of the
second metal seal face 372 and the first metal seal face 334 of the first ring 330. Axially
opposite the second metal seal face 372, the third ring 370 further includes a biasing surface
376. In the illustrated embodiment, the biasing surface 376 is provided at the distal end of a
radially extending biasing projection member 378. Also axially opposite the second metal

seal face 372, the third ring 370 further includes a rear surface 380.
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[061] The third ring 370 further includes a plurality of axially and radially extending
first apertures 382 (for example, forming in the shape of axially extending through slots)
evenly distributed circumferentially around the biasing projection member 378. The central
body region 342 of the second ring 340 includes a corresponding plurality of radially
extending second apertures 390 which are aligned with the first apertures 382. A drive pin
388 passes through correspondingly aligned first and second apertures. The drive pins 388
collectively function to connect the third ring 370 to the second ring 340 for the application
of drive torque. As the second ring 340 is press-fit within the second gland 308, the drive pin
388 attachment of the third ring 370 to the second ring ensures that the third ring will not
rotate with the first ring 330 when the cone 302 is rotated. In the preferred implementation,
the drive pin 388 is press-fit within aperture 382 and loosely fit for axial sliding within
aperture 390.

[062] The L-shape of the third ring 370 further assists in defining the third gland 350
by presenting an annular structure defined by a radial surface 392 extending outwardly
perpendicularly away from the axis of cone rotation and a cylindrical surface 394 extending
perpendicularly and rearwardly from the radial surface toward the surface 376 parallel to the
axis of cone rotation.

[063] An O-ring sealing member 400 (for example, with a circular cross-section) is
inserted within the third gland 350 and radially compressed between the cylindrical surface
354 of the second ring 340 and the cylindrical surface 394 of the third ring 370. The O-ring
sealing member 400 may further be axially compressed between the radial surface 352 of the
second ring 340 and the radial surface 392 of the third ring 370. Because the second and
third rings 340 and 370, respectively, are attached to each other through the drive pins 388,
the compressed O-ring sealing member 400 forms a static seal between the grease side and
exterior (for example, mud) side of the sealing system 300. The sliding seal between the
grease side and exterior side is provided by the opposed first and second metal seal faces 334
and 372, respectively.

[064] An energizing structure 406 is installed within the first gland 306 between the
third ring 370 and seat formed by the flange region 346 of the second ring 340. The
energizing structure 406 engages the radial surface of the flange region 346 and further

engages the biasing surface 376 of the third ring 370. Thus, the energizing structure 406 is
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compressed between the second ring 340 and the biasing surface 176. In this configuration,
the energizing structure 406 functions to apply an axially directed force against the third ring
370 so as to maintain sliding/sealing contact between the first metal seal face 334 of the first
ring 330 and the second metal seal face 372 of the third ring 370.

[065] In a preferred implementation, the energizing structure 406 comprises a
Belleville spring member 408 (or any suitable conical spring washer device). The Belleville
spring member 408 includes an outer peripheral edge 412 which engages the biasing surface
376 and an inner peripheral edge 414 which engages the flange region 346. The Belleville
spring member 408 accordingly applies an axially directed force with a radial position
located at approximately the radial center of the second metal seal face 372 of the third ring
so as to equalize the force applied by the first portion 372a and a second portion 372b of the
second metal seal face 372 against the first metal seal face 334, and more importantly ensure
sufficient force applied by the first portion 372a to maintain the sealed relationship with the
first metal seal face 334.

[066] Although the biasing surface 376 is illustrated as a separate surface from the
rear surface 380 of the third ring 370, it will be understood that the biasing surface 376 and
rear surface 380 may, in an alternative embodiment, comprise a same surface of the third ring
370 against which the spring member 408 applies the axially directed force to maintain the
sealing relationship between the first and second metal seal faces 334 and 372, respectively.

[067] The second portion 372b of the second metal seal face 372 does not provide
for sealing (due to the presence of radially extending channels 384 and annular channel 374),
but instead functions as a self-aligning guiding face for the sliding seal. The third ring 370 is
somewhat flexible due to its short axial length. Through the careful arrangement of hydraulic
forces on the seal ring and in response to the circumferentially distributed force supplied by
the spring member 408 against the third ring 370, the sliding seal becomes self-aligning to
any tilting (i.c., waviness) present on the first metal seal face 334 as a result of press-fitting
the first ring 330 with the first gland 306. The second portion 372b is pre-loaded by the
spring member 408 and pressure caused loads. The contact force will vary as needed to
ensure that second portion 372b maintains contact with the surface 334 in spite of any

circumferential variation due to face tilt (i.e., waviness of surface 334 as a result of the press
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fit). This ensures that first portion 372a is in sealing contact with surface 334 (i.e., the
surfaces maintain a parallel face contact).

[068] In the illustrated embodiment of FIGURE 6, each of the apertures 382 and 390
are shown passing completely through the third ring 370 and second ring 340, respectively.
In an alternative embodiment, one or the other of the apertures 382 and 390 may comprise a
blind opening.

[069] While FIGURE 6 illustrates the mounting of the second ring to shaft region
304 using the second gland 308, it will be understood that in an alternative embodiment the
ring 340 may comprise the regions 342, 346 and 348 with region 342 mounted to the shaft
region 304 using any suitable mounting means (including, for example, a welded
attachment). See, for example, FIGURES 5A, 5D and 5E. Likewise, the first ring 330 may
alternatively be mounted within the first gland 306 using any suitable mounting means
(including, for example, a welded attachment).

[070] Although preferred embodiments of the method and apparatus have been
illustrated in the accompanying Drawings and described in the foregoing Detailed
Description, it will be understood that the invention is not limited to the embodiments
disclosed, but is capable of numerous rearrangements, modifications and substitutions
without departing from the spirit of the invention as set forth and defined by the following

claims.
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WHAT IS CLAIMED IS:

L. A sealing system for a drill bit including a shaft region and a rotating cone,
comprising:

a first annular gland defined in the rotating cone;

a first ring mounted in the first annular gland and having a first metal seal
face;

a second ring mounted at a base of the shaft region;

a third ring positioned between the first and second rings, said third ring
including a second metal seal face in contact with the first metal seal face and further
including a biasing surface axially opposite the second metal seal face; and

an energizing structure mounted adjacent second ring and configured to apply
an axial force against the biasing surface of the third ring at about a radial location that

substantially radially corresponds to a radial center of the second metal seal face.

2. The sealing system of claim 1, wherein the shaft region includes a cylindrical
surface and a radial surface extending perpendicular from the cylindrical surface, and

wherein the second ring is mounted to the radial surface of the shaft region.

3. The sealing system of claim 1, wherein the shaft region includes a cylindrical
surface and a radial surface extending perpendicular from the cylindrical surface, and further
including an annular projection extending from the radial surface, and wherein the second

ring is mounted to the annular projection.

4. The sealing system of claim 1, wherein the shaft region includes a cylindrical
surface and a radial surface extending perpendicular from the cylindrical surface, and further
including an annular gland formed in the radial surface, and wherein the second ring is

mounted within the annular gland.

5. The sealing system of claim 1, further comprising:
a second annular gland formed between the second ring and third ring; and

an O-ring sealing member compressed within the second annular gland.
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6. The sealing system of claim 5, wherein the O-ring sealing member is radially
compressed within the second gland between a first cylindrical surface of the second ring and
a second cylindrical surface of the third ring, and wherein the second gland is sized between a
first radial surface of the second ring and a second radial surface of the third ring to permit
axial movement of the O-ring sealing member within the second gland in response to

pressure change.

7. The sealing system of claim 1, wherein the shaft region includes a cylindrical
surface and a radial surface extending perpendicular from the cylindrical surface, and
wherein the energizing structure comprises a Belleville spring member including an inner
edge which engages the radial surface of the shaft region and an outer edge which engages

the biasing surface of the third ring.

8. The sealing system of claim 1, wherein the shaft region includes a cylindrical
surface and a radial surface extending perpendicular from the cylindrical surface, and
wherein the energizing structure comprises a Belleville spring member including an outer
edge which engages the radial surface of the shaft region and an inner edge which engages a
force transfer ring, said force transfer ring configured to radially transfer the axial force for

application to the biasing surface of the third ring.

9. The sealing system of claim 1, wherein the second ring includes a radially
inwardly extending flange, and wherein the energizing structure comprises a Belleville spring
member including an inner edge which engages the radially inwardly extending flange and an

outer edge which engages the biasing surface of the third ring.

10. The sealing system of claim 1, wherein the second metal seal face on the third
ring comprises a pair of coaxially arranged surface portions separated from each other by an

annular channel.
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11. The sealing system of claim 10, wherein a first one of the pair of coaxially
arranged surface portions is in sliding and sealing configuration with the first metal seal face

on the first ring.

12. The sealing system of claim 11, wherein a second one of the pair of coaxially
arranged surface portions includes a plurality of radially extending channels connected to the

annular channel.

13. The sealing system of claim 11, further including a plurality of radially

extending passages passing through the third ring and connected to the annular channel.

14. The sealing system of claim 1, further comprising at least one radially

extending drive pin interconnecting the second ring to the third ring.

15. The sealing system of claim 1, wherein the energizing structure comprises a
plurality of spring members configured to apply axial force against the biasing surface of the

third ring at about said radial center.

16. The sealing system of claim 15, wherein each spring member is a coiled

spring.

17. The sealing system of claim 16, further comprising at least one axially

extending drive mechanism coupled to the third ring.
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18. A sealing system for a drill bit including a shaft region and a rotating cone,

comprising:

a first annular gland defined in the rotating cone;

a first ring mounted in the first annular gland and having a first metal seal
face;

a second ring mounted to the shaft region;

a third ring including a second metal seal face in contact with the first metal
seal face and further including a biasing surface axially opposite the second metal seal face;

a second annular gland formed between the second ring and third ring;

an O-ring sealing member radially compressed within the second annular
gland and wherein the second gland is sized to permit axial movement of the O-ring sealing
member within the second gland in response to pressure change; and

an energizing structure configured to apply an axial force against the biasing

surface of the third ring.

19. The sealing system of claim 18, wherein the shaft region includes a cylindrical
surface and a radial surface extending perpendicular from the cylindrical surface, and

wherein the second ring is mounted to the radial surface of the shaft region.

20. The sealing system of claim 18, wherein the shaft region includes a cylindrical
surface and a radial surface extending perpendicular from the cylindrical surface, and further
including an annular projection extending from the radial surface, and wherein the second

ring is mounted to the annular projection.

21. The sealing system of claim 18, wherein the shaft region includes a cylindrical
surface and a radial surface extending perpendicular from the cylindrical surface, and
wherein the energizing structure comprises a Belleville spring member including an inner
edge which engages the radial surface of the shaft region and an outer edge which engages

the biasing surface of the third ring.
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22. The sealing system of claim 18, wherein the shaft region includes a cylindrical
surface and a radial surface extending perpendicular from the cylindrical surface, and
wherein the energizing structure comprises a Belleville spring member including an outer
edge which engages the radial surface of the shaft region and an inner edge which engages a
force transfer ring, said force transfer ring configured to radially transfer the axial force for

application to the biasing surface of the third ring.

23. The sealing system of claim 18, wherein the second ring includes an inwardly
radially extending flange, and wherein the energizing structure comprises a Belleville spring
member including an inner edge which engages the inwardly radially extending flange and an

outer edge which engages the biasing surface of the third ring.

24, The sealing system of claim 18 wherein the second metal seal face on the third
ring comprises a pair of coaxially arranged surface portions separated from each other by an

annular channel.

25. The sealing system of claim 24, wherein a first one of the pair of coaxially
arranged surface portions is in sliding and sealing configuration with the first metal seal face

on the first ring.

26. The sealing system of claim 24, wherein a second one of the pair of coaxially
arranged surface portions includes a plurality of radially extending channels connected to the

annular channel.

27. The sealing system of claim 24, further including a plurality of radially

extending passages passing through the third ring and connected to the annular channel.

28. The sealing system of claim 18, wherein the axial force is applied against the
biasing surface of the third ring at about a radial location that substantially radially

corresponds to a radial center of the second metal seal face.
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29. The sealing system of claim 28, wherein the energizing structure comprises a
plurality of spring members configured to apply axial force against the biasing surface of the

third ring at about said radial center.

30. The sealing system of claim 29, wherein each spring member is a coiled

spring.
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