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METHOD AND APPARATUS FOR REDUCING LUBRICANT PRESSURE PULSATION
WITHIN A ROTARY CONE ROCK BIT

TECHNICAL FIELD
The present invention relates generally to rock bit drilling tools, and more specifically
concerns roller cone drilling tools and the lubrication and pressure compensation systems used

within such roller cone drilling tools.

BACKGROUND

A roller cone rock bit is a commonly used cutting tool used in oil, gas, and mining fields
for breaking through earth formations and shaping well bores. Reference is made to Figure 1
which illustrates a cross-sectional view of a portion of a typical roller cone rock bit. Figure 1
specifically illustrates the portion comprising one head and cone assembly of the bit. The
general configuration and operation of such a bit is well known to those skilled in the art.

The head 10 of the bit includes a downwardly and inwardly extending bearing shaft 12.
A cutting cone 14 is rotatably mounted on the bearing shaft 12. The bearing system for the head
and cone assembly that is used in roller cone rock bits to rotatably support the cone 14 on the
bearing shaft 12 typically employs either rollers as the load carrying element (a roller bearing
system) or a journal as the load carrying element (a friction bearing system). Figure 1
specifically illustrates a roller bearing implementation including a bearing system defined by a
first roller bearing 16 (also referred to as the main roller bearing). The cone 14 is axially
retained on the bearing shaft 12, and further supported for rotation, by a set of ball bearings 18

that ride in the annular raceway 20 defined at an interface between the bearing shaft 12 and cone
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14. The ball bearings 18 are delivered to the raceway 20 through a ball opening 46, with that
opening 46 being closed by a ball plug 48. The ball plug 48 is shaped to define a portion of the
lubricant channels 28 within the ball opening 46. The ball bearing system as shown would
typically also be present in bearing system implementations which utilize friction journal
bearings. The bearing system for the head and cone assembly further includes second roller
bearing 22, first radial friction (thrust) bearing 24 and second radial friction (thrust) bearing 26.

The bearing system for the head and cone assembly of the bit is lubricated and sealed.
The interstitial volume within the bearing system defined between the cone 14 and the bearing
shaft 12 is filled with a lubricant (typically, grease). This lubricant is provided to the interstitial
volume through a series of lubricant channels 28. A pressure compensator 30, usually including
an clastomer diaphragm, is coupled in fluid communication with the series of lubricant channels
28. The lubricant is retained within the bearing system by a sealing system 32 provided between
the base of the cone 14 and the base of the bearing shaft 12. The configuration and operation of
the lubrication and sealing systems within roller cone drill bits are well known to those skilled in
the art.

A body portion 34 of the bit, from which the head and cone assembly depends, includes
an upper threaded portion forming a tool joint connection which facilitates connection of the bit
to a drill string (not shown, but well understood by those skilled in the art).

Figure 2 illustrates a cross-sectional view of the bit shown in Figure 1 focusing on a
bearing shaft and cone in greater detail. The first roller bearing (main roller bearing) 16 is
defined by an outer cylindrical surface 40 on the bearing shaft 12 and a set of roller bearings 42
provided within an annular roller raceway 44 in the cone 14. In a friction journal bearing

system, the outer cylindrical surface 40 on the bearing shaft 12 would interact with an inner
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cylindrical surface of the cone 14 or a bushing (a ring-shaped structure typically made of
beryllium copper) that is press fit into an annular aperture formed in the cone 14.

As discussed above, lubricant is retained within the bearing system by a sealing system
32. The sealing system 32, in a basic configuration, comprises an o-ring type secal member 50
positioned in a seal gland 52 between the cutter cone 14 and the bearing shaft 12 to retain
lubricant and exclude external debris. A cylindrical sealing surface 54 is provided at the base of
the bearing shaft 12. The annular seal gland 52 is formed in the base of the cone 14. The gland
52 and sealing surface 54 align with each other when the cutting cone 14 is rotatably positioned
on the bearing shaft 12. The o-ring sealing member 50 is compressed between the surface(s) of
the gland 52 and the sealing surface 54, and functions to retain lubricant within the bearing
system. This sealing member 50 also prevents materials from the well bore (such as drilling mud
and debris) from entering into the bearing system.

Over time, the rock bit industry has moved from a standard nitrile material for the seal
member 50, to a highly saturated nitrile elastomer for added stability of properties (thermal
resistance, chemical resistance). The use of a sealing system 32 in rock bit bearings has
dramatically increased bearing life in the past fifty years. The longer the sealing system 32
functions to retain lubricant within the interstitial volume, and exclude contamination of the
bearing system, the longer the life of the bearing and drill bit. The sealing system 32 is, thus, a
critical component of the rock bit.

The second roller bearing 22 of the bearing system is defined by an inner cylindrical
surface 60 on the cone 14 and a set of roller bearings 62 provided within an annular roller
raceway 64 in the bearing shaft 12. The first radial friction (thrust) bearing 24 of the bearing

system is defined between the first and second cylindrical friction bearings 16 and 22 by a first
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radial surface 66 on the bearing shaft 12 and a second radial surface 68 on the cone 14. The
second radial friction (thrust) bearing 26 of the bearing system is adjacent the second roller
bearing 22 at the axis of rotation for the cone and is defined by a third radial surface 70 on the
bearing shaft 12 and a fourth radial surface 72 on the cone 14.

The lubricant is provided in the interstitial volume that is defined between the surface 40
and raceway 44 of the first roller bearing 16, the surface 60 and raceway 64 of the second roller
bearing 22, the surfaces 66 and 68 of the first radial friction bearing 24 and the surfaces 70 and
72 of the second radial friction bearing 26. The sealing system 32 with the o-ring type seal
member 50 positioned in the seal gland 52 functions to retain the lubricant within the lubrication
system and specifically between the opposed surfaces of the bearing system.

During operation of the bit, the rotating cone 14 oscillates along the head in at least an
axial manner. This motion is commonly referred to in the art as a “cone pump.” Cone pumping
is an inherent motion resulting from the external force that is imposed on the cone by the rocks
during the drilling process. The oscillating frequency of this cone pump motion with respect to
the head is related to the rotating speed of the bit. The magnitude of the oscillating cone pump
motion is related to the manufacturing clearances provided within the bearing system (more
specifically, the manufacturing clearances between the surface 40 and raceway 42 of the first
roller bearing 16, the surface 60 and raceway 64 of the second roller bearing 22, the surfaces 66
and 68 of the first radial friction bearing 24 and the surfaces 70 and 72 of the second radial
friction bearing 26). The magnitude is further influenced by the geometry and tolerances
associated with the retaining system for the cone (for example, the ball race). When cone pump

motion occurs, the interstitial volume defined between the foregoing cylindrical and radial



10

15

20

WO 2012/102771 PCT/US2011/059187

surfaces of the bearing system changes. This change in volume squeezes the lubricant provided
within the interstitial volume.

The change in interstitial volume and squeezing of the lubricant grease results in the
generation of a lubricant pressure pulse (that pulse generally originating at or near the radial
thrust bearings). Over a very short period of time, responsive to this pressure pulse, grease flows
along a first path 74 between the bearing system and the pressure compensator 30 through the
series of lubricant channels 28 (see, also Figure 1). The pressure compensator 30 is designed to
relieve or dampen the pressure pulse by compensating for volume changes through its elastomer
diaphragm. However, it is known in the art that the pressure pulse, notwithstanding the presence
and actuation of the pressure compensator 30, can also be felt at the sealing system 32 due to the
presence of other paths for the flow of grease, responsive to this pressure pulse, between the
opposed surfaces of the bearing system and the sealing system 32. For example, grease may
flow along a second path 76 through the raceway 20 and along the surface 40 between the
bearing system and the sealing system 32. Additionally, grease may flow along a third path 78
between the bearing system and the sealing system 32 through the raceway 20, the series of
lubricant channels 28 and along the surface 40. Still further, grease may flow along a fourth path
80 between the bearing system and the sealing system 32 through the raceway 64, the series of
lubricant channels 28 and along the surface 40.

The flow of grease along the second through fourth (and perhaps other) paths in response
to the pressure pulse is known to be detrimental to seal operation and can also reduce seal life.
For example, positive and negative pressure pulses due to cone pump motion may cause
movement of the sealing member 50 within the seal gland. A nibbling and wearing of the seal

member 50 may result from this movement. Additionally, a positive pressure pulse due to cone
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pump motion may cause lubricant grease to leak out past the sealing system 32. A negative
pressure pulse due to cone pump motion may pull materials in the well bore (such as drilling
mud and debris) past the sealing system 32 and into the bearing system.

Reference is now made to Figure 3 which shows a cross-section of a portion of a bit with
a cylindrical friction bearing (also referred to as the main journal bearing). The cylindrical
friction bearing 16’ is defined by an outer cylindrical surface 40’ on the bearing shaft 12 and an
inner cylindrical surface 42’ of a bushing 44’ which has been press fit into the cone 14. This
bushing 44’ is a ring-shaped structure typically made of beryllium copper, although the use of
other materials is known in the art. Ball bearings 18 ride in an annular raceway 20 defined at an
interface between the bearing shaft 12 and cone 14. The ball bearings 18 are delivered to the
raceway 20 through a ball opening 46, with that opening 46 being closed by a ball plug 48. The
ball plug 48 is shaped to define a portion of the lubricant channels 28 within the ball opening 46.

Cone pumping is also a concern in bits using the cylindrical friction bearing 16’. Again,
responsive to this pressure pulse (generally originating at or near the radial thrust bearings),
grease flows along a first path 74 between the bearing system (for example, the thrust bearing
surfaces) and the pressure compensator 30 through the series of lubricant channels 28 (see, also
Figure 1). The pressure compensator 30 is designed to relieve or dampen the pressure pulse by
compensating for volume changes through its elastomer diaphragm. However, it is known in the
art that the pressure pulse, notwithstanding the presence and actuation of the pressure
compensator 30, can also be felt at the sealing system 32 due to the presence of other paths for
the flow of grease. For example, grease may flow along a second path 76 through the raceway

20 and along the surface 40’ between the bearing system and the sealing system 32.
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Additionally, grease may flow along a third path 78 between the bearing system and the sealing
system 32 through the raceway 20, the series of lubricant channels 28 and along the surface 40.
As discussed above, this pressure pulse may have detrimental effects on the sealing
system 32 and particularly the sealing member 50. There is accordingly a need in the art to
reduce, or eliminate, the pressure pulsation due to cone pumping from acting on the sealing

system 32.

SUMMARY

In an embodiment, a drill tool comprises: a bit body; at least one bearing shaft extending
from the bit body; a cone mounted for rotation on the bearing shaft; a radial thrust bearing from
which cone pumping pressure pulsation originates; a lubricant sealing system comprising an
annular seal gland and a seal ring retained within the annular seal gland; and a lubricant cone
pumping pressure restrictor system comprising an annular gland separate from the annular seal
gland and a pressure restricting ring retained within the annular gland. The lubricant cone
pumping pressure restrictor system is positioned between the radial thrust bearing system and the
lubricant sealing system and is adapted to attenuate cone pumping lubricant pressure pulsation

from acting on the seal ring retained within the annular seal gland.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a cross-sectional view of a portion of a typical roller cone rock bit;
Figure 2 illustrates a cross-sectional view of the bit shown in Figure 1 focusing on a
bearing shaft and cone in greater detail;

Figure 3 illustrates a cross-section of a portion of a bit with a cylindrical friction bearing;
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Figures 4, 7-8, 10-11 and 13-149 illustrate cross-sectional views of a roller cone rock bit
focusing on embodiments of the present invention for addressing lubricant pressure pulsation
originating at the bearing system;

Figures 5A to 5E illustrate different configurations for a pressure restricting member of
an o-ring type;

Figure 5F illustrates installation of the restricting member of Figure 5E in a restrictor
gland;

Figure 5G illustrates installation of the restricting member of Figure 5C in a restrictor
gland;

Figure 6 illustrates a pressure restricting member of a split-ring type;

Figure 9 is a partial cross-sectional view of Figure §; and

Figure 12 is a partial cross-sectional view of Figure 11.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 4 illustrates a cross-sectional view of a roller cone rock bit focusing on an
embodiment of the present invention for addressing lubricant pressure pulsation originating at
the bearing system. Figure 4 is specifically directed to the arca of the main bearing 116 and
sealing system 132. The main bearing 116, in the illustrated example, is defined by an outer
cylindrical surface 140 on a bearing shaft 112 and a set of roller bearings 142 provided within an
annular roller raceway 144 in the cone 114. The bearing system further includes ball bearings
118 which ride in an annular raceway 120 defined at the interface between the bearing shaft 112

and cone 114. The ball bearings 118 are delivered to the raceway 120 through a ball opening
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146, with that opening 146 being closed by a ball plug (not shown, see reference 48, Figure 1).
The ball plug is shaped to define a portion of a lubricant channel 128.

Lubricant is provided in the interstitial volume between the surface 140 and the raceway
144 of the roller bearing 116 as well as in the annular raceway 120 and other opposed cylindrical
and radial bearing surfaces (as discussed above) between the cone 114 and the shaft 112. The
lubricant is retained within the bearing system by a sealing system 132. The sealing system 132,
in a basic configuration, comprises an o-ring type seal member 150 positioned in a seal gland
152 between the cutter cone 114 and the bearing shaft 112 to retain lubricant and exclude
external debris. A cylindrical sealing surface 154 is provided at the base of the bearing shaft
112. The annular seal gland 152 is formed in base of the cone 114. The gland 152 and sealing
surface 154 align with each other when the cutting cone 114 is rotatably positioned on the
bearing shaft 112. The o-ring sealing member 150 is compressed between the surface(s) of the
gland 152 and the sealing surface 154, and functions to retain lubricant within the bearing
system. This sealing member 150 also prevents materials (drilling mud and debris) in the well
bore from entering into the bearing system.

The bit further includes a pressure restrictor system 200. The system 200 includes an
additional annular gland 202 that is formed near the base of the cone 114 between the annular
seal gland 152 and the annular roller raceway 144. A ring type pressure restricting member 204
is positioned in the gland 202. Figures SA to SE illustrate different configurations for the
pressure restricting member 204. The pressure restricting member 204 may have any suitable
cross-section including rectangular, oval and circular, and be made of any suitable material
including elastomer, plastic, metal, ceramic, composite or combinations thercof. The pressure

restricting member 204 is typically solid and is configured to achieve a desired pressure (or flow)
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restriction in the manner described below. Alternatively, the ring type pressure restricting
member 204 may include one or more fluid communication passages 206. When installed in the
annular gland 202, the passages 206 are oriented generally parallel to the outer cylindrical
surface 140 of the bearing shaft 112. The size of the passages 206 in the ring pressure restricting
member 204 is selected to achieve a desired pressure (or flow) restriction in the manner
described below. Alternatively, the pressure restricting member 204 may comprise a split ring
member as shown in Figure 6. The width of the gap 212 in the split ring pressure restricting
member 204 is selected to achieve a desired pressure (or flow) restriction in the manner
described below. Still further, the pressure restrictor system 200 may comprise other types of
scals as conventionally used in roller cone rock bits including high aspect ratio elastomer seals,
labyrinth seals, packing type seals, metal face seals, or mechanical seals, but configured for use
in the pressure restrictor system 200 to permit restricted lubricant flow.

Figure 5F illustrates installation of the restricting member 204 of Figure 5E in an annular
gland 202 of the pressure restrictor system 200. The restricting member 204 includes a fluid
communication passage 206. The fluid communication passage 206 permits restricted passage
of lubricant from one side of the pressure restrictor system 200 to the other side of the pressure
restrictor system 200 along the surface 140. To ensure that the openings into fluid
communication passage 206 are exposed to the lubricant, the annular gland 202 is configured
with a step region 210 on either side of the restricting member 204. In this configuration, the
edge of the restricting member 204 adjacent to surface 140 may provide a substantial sealing
surface, with lubricant flow supported only through the fluid communication passage 206. Thus,

the restricting member 204 may be compressed within the gland 202 and relative to surface 140.

10



10

15

20

WO 2012/102771 PCT/US2011/059187

Figure 5G illustrates installation of the restricting member 204 of Figure 5C in an annular
gland 202 of the pressure restrictor system 200. As this restricting member 204 lacks a fluid
communication passage 206 (compare to Figures 5E and 5F), the restricting member is
configured for installation in the annular gland 202 in manner which permits restricted passage
of lubricant from one side of the pressure restrictor system 200 to the other side of the pressure
restrictor system 200 along the surface 140. The may be accomplished, for example, by setting
the geometric relationship of the gland 202 to surface 140 such that a non-sealing compression is
applied to the restricting member 204. The restricting member 204, in a non-sealing
compressed, or perhaps uncompressed, state, will not function to form a seal, and thus will allow
restricted lubricant flow around the restricting member 204 (for example, along surface 140 or
along the inner surface of the gland 202. The amount of compression applied to the restricting
member 204 is selected to achieve a desired pressure (or flow) restriction.

Reference is again made to Figure 4. As discussed previously, cone pumping changes the
interstitial volume between the cone 114 and shaft 112 and squeezes the lubricant grease
resulting in the generation of a lubricant pressure pulse originating at or near the radial thrust
bearings. Responsive to this pressure pulse, grease flows along a first path 74 between the
bearing system and the pressure compensator 30 through the series of lubricant channels 28 (and
128) (see, also Figure 1). The pressure compensator 30 is designed to relieve or dampen the
pressure pulse by compensating for volume changes through its elastomer diaphragm. However,
there are other possible paths for grease flow in response to the pressure pulse, and one or more
of these paths are directed towards the sealing system 132. For example, grease may flow along
a second path 76 through the raceway 120 and along the surface 140 towards the sealing system

132. Additionally, grease may flow along a third path 78 through the raceway 120, the series of
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lubricant channels 128 and along the surface 140 towards the sealing system 132. Still further,
grease may flow along a fourth path 80 through the raceway 164, the series of lubricant channels
128 and along the surface 140 towards the sealing system 132.

The pressure restrictor system 200, positioned between the annular seal gland 152 and the
annular roller raceway 144, functions to intercept and restrict the pressure pulse and the flow of
grease in response thereto along the surface 140 before reaching the sealing system 132. In this
configuration, the pressure restrictor system 200 supplements the restricting capabilities provided
by attenuation zones 208 defined between outer surfaces of the shaft 112 that are adjacent inner
surfaces of the cone 114. It is important to note that the pressure restrictor system 200 with
restricting member 204 in annular gland 202 is not designed or configured to function as a seal
with respect to the lubricant. Passage of lubricant from one side to the other side of the
restricting member 204 along surface 140 (or through the passages 206 or slots 212 or around the
member 204) is permitted (i.e., the restricting member 204 is “leaky”), but the restricting
member 204 nonetheless restricts or attenuates grease flow along surface 140 in response to cone
pumping pressure pulsation.

Separation of the pressure restrictor system 200 from the annular seal gland 152 (and o-
ring sealing member 150) is important. The grease flow in response to the cone pumping
pressure pulse pressure acts on the restrictor system 200 and may cause movement of the
restricting member 204. The placement of the pressure restrictor system 200 at a position
isolated from the annular seal gland 152 and o-ring sealing member 150 precludes any chance
that movement of the restricting member 204 when intercepting and restricting the pressure pulse

will transmit load to the sealing member 150 or otherwise coerce the sealing member 150 to
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move, deflect or deform as a result of the pressure pulse or lubricant volumetric flow along the
surface 140.

Reference is now made to Figure 7 which shows a cross-section of a portion of a bit with
a cylindrical friction bearing (also referred to as the main journal bearing). The cylindrical
friction bearing 116’ is defined by an outer cylindrical surface 140’ on the bearing shaft 112 and
an inner cylindrical surface 142’ of a bushing 144’ which has been press fit into the cone 114.
This bushing 144 is a ring-shaped structure typically made of beryllium copper, although the
use of other materials is known in the art. Ball bearings 118 ride in an annular raceway 120
defined at an interface between the bearing shaft 112 and cone 114. The ball bearings 118 are
delivered to the raceway 120 through a ball opening 146, with that opening 146 being closed by
a ball plug 148. The ball plug 148 is shaped to define a portion of the lubricant channels 128
within the ball opening 146.

As with the roller bearing implementation of Figure 4, the frictional journal bearing
implementation of Figure 7 includes the pressure restrictor system 200 comprising an additional
annular gland 202 formed near the base of the cone 114 between the annular seal gland 152 and
the bushing 144°. A ring type pressure restricting member 204 is positioned in the gland 202
(see, also Figures 5A to S5E and Figure 6 as described above).

As discussed previously, cone pumping changes the interstitial volume between the cone
114 and shaft 112 and squeezes the lubricant grease resulting in the generation of a lubricant
pressure pulse. Responsive to this pressure pulse, grease flows along a first path 74 between the
bearing system and the pressure compensator 30 through the series of lubricant channels 28 (and
128) (see, also Figure 1). The pressure compensator 30 is designed to relieve or dampen the

pressure pulse by compensating for volume changes through its elastomer diaphragm. However,
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there are other possible paths for grease flow in response to the pressure pulse, and one or more
of these paths are directed towards the sealing system 132. For example, grease may flow along
a second path 76 through the raceway 120 and along the surface 140’ towards the sealing system
132. Additionally, grease may flow along a third path 78/80 through the raceway 120, the series
of lubricant channels 128 and along the surface 140’ towards the sealing system 132.

The pressure restrictor system 200, positioned between the annular seal gland 152 and the
bushing 144°, functions to intercept and restrict the pressure pulse and the flow of grease in
response thereto along the surface 140’ before reaching the sealing system 132. In this
configuration, the pressure restrictor system 200 supplements the restricting capabilities provided
by attenuation zones 208 defined between outer surfaces of the shaft 112 that are adjacent inner
surfaces of the cone 114. It is important to note that the pressure restrictor system 200 with
restricting member 204 in annular gland 202 is not designed or configured to function as a seal
with respect to the lubricant. Passage of lubricant from one side to the other side of the
restricting member 204 along surface 140 (or through the passages 206 or around the member
204) is permitted (i.c., the restricting member 204 is “leaky”), but the restricting member 204
nonetheless restricts or attenuates grease flow along surface 140’ in response to cone pumping
pressure pulsation.

Figure 8 illustrates a cross-sectional view of a roller cone rock bit focusing on an
embodiment of the present invention for addressing lubricant pressure pulsation originating at
the bearing system. Figure 8 differs from the embodiment shown in Figure 4 with respect to the
placement of the pressure restrictor system 200. Figure 8, like Figure 4, provides a pressure
restrictor system 200 including an additional annular gland 202 formed near the base of the cone

114 between the annular seal gland 152 and the annular roller raceway 144 with a ring type
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pressure restricting member 204 positioned in the gland 202. However, in Figure §, the
additional annular gland 202 is adjacent to and extends from the annular roller raceway 144 in
the cone 114. Thus, the pressure restricting member 204 positioned in the gland 202 is adjacent
the set of roller bearings 142 provided within the annular roller raceway 144. Figure 9 is a
partial cross-sectional view showing the relationship between the roller bearings 142 and the
pressure restricting member 204 within the annular roller raceway 144 and the gland 202,
respectively.

The pressure restrictor system 200, positioned separate from the annular seal gland 152
and adjacent the annular roller raceway 144, functions to intercept and restrict the pressure pulse
and the flow of grease in response therecto along the surface 140 before reaching the sealing
system 132. It is important to note that the pressure restrictor system 200 with restricting
member 204 in annular gland 202 is not designed or configured to function as a seal with respect
to the lubricant. Passage of lubricant from one side to the other side of the restricting member
204 along surface 140 (or through the passages 206 or slots 212 or around the member 204) is
permitted (i.e., the restricting member 204 is “leaky”), but the restricting member 204
nonetheless restricts or attenuates grease flow along surface 140 in response to cone pumping
pressure pulsation.

Figure 10 illustrates a cross-sectional view of a roller cone rock bit focusing on an
embodiment of the present invention for addressing lubricant pressure pulsation originating at
the bearing system. Figure 10 differs from the embodiment shown in Figure 4 with respect to the
placement of the pressure restrictor system 200. Figure 10, like Figure 4, provides a pressure
restrictor system 200 including an additional annular gland 202 formed in the cone 114.

However, the pressure restrictor system 200 is positioned between the annular ball raceway 120
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and the annular roller raceway 144. The pressure restrictor system 200 includes a ring type
pressure restricting member 204 positioned in the gland 202.

The pressure restrictor system 200, positioned between the annular ball raceway 120 and
the annular roller raceway 144, functions to intercept and restrict the pressure pulse and the flow
of grease in response thereto along the surface 140 before reaching the sealing system 132. In
this configuration, the pressure restrictor system 200 supplements the restricting capabilities
provided by attenuation zones 208 defined between outer surfaces of the shaft 112 that are
adjacent inner surfaces of the cone 114. It is important to note that the pressure restrictor system
200 with restricting member 204 in annular gland 202 is not designed or configured to function
as a scal with respect to the lubricant. Passage of lubricant from one side to the other side of the
restricting member 204 along surface 140 (or through the passages 206 or slots 212 or around the
member 204) is permitted (i.e., the restricting member 204 is “leaky”), but the restricting
member 204 nonetheless restricts or attenuates grease flow along surface 140 in response to cone
pumping pressure pulsation.

It will be noted in Figure 10 that the pressure restrictor system 200, when positioned
between the annular ball raceway 120 and the annular roller raceway 144, cannot intercept and
restrict the pressure pulse and the flow of grease in response thereto with respect to the paths 78
and 80 (which flow through the radial lubricant channel 128 towards the roller bearing system).
The attenuation zone 208 between outer surfaces of the shaft 112 that are adjacent inner surfaces
of the cone 114 will assist in intercepting and restricting the pressure pulse and the flow of
grease in response from along paths 78 and 80. Additional assistance is provided by making the
radial lubricant channel 128 at reference 129 smaller. This smaller channel 128 (reference 129)

constricts the flow of grease along paths 78 and 80. As an alternative, or in addition, a pressure
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restrictor 131 may be inserted into the radial lubricant channel 128 to restrict the flow of grease
along paths 78 and 80 toward the surface 140 and sealing system 132.

Figure 11 illustrates a cross-sectional view of a roller cone rock bit focusing on an
embodiment of the present invention for addressing lubricant pressure pulsation originating at
the bearing system. Figure 11 differs from the embodiment shown in Figure 8 with respect to the
placement of the pressure restrictor system 200. Figure 11, like Figure 8, provides a pressure
restrictor system 200 including an additional annular gland 202 formed in the cone 114 adjacent
to and extending from the annular roller raceway 144. However, in Figure 11 the annular gland
202 is positioned on the opposite edge of the raceway 114 near the ball raceway 120. Thus, the
pressure restricting member 204 positioned in the gland 202 is adjacent the set of roller bearings
142 provided within the annular roller raceway 144. Figure 12 is a partial cross-sectional view
showing the relationship between the roller bearings 142 and the pressure restricting member
204 within the annular roller raceway 144 and the gland 202, respectively.

The pressure restrictor system 200, positioned separate from the annular seal gland 152
and adjacent the annular roller raceway 144, functions to intercept and restrict the pressure pulse
and the flow of grease in response thereto along the surface 140 before reaching the annular
roller raceway 144 and the sealing system 132. It is important to note that the pressure restrictor
system 200 with restricting member 204 in annular gland 202 is not designed or configured to
function as a seal with respect to the lubricant. Passage of lubricant from one side to the other
side of the restricting member 204 along surface 140 (or through the passages 206 or slots 212 or
around member 204) is permitted (i.c., the restricting member 204 is “leaky”), but the restricting
member 204 nonetheless restricts or attenuates grease flow along surface 140 in response to cone

pumping pressure pulsation.
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It will be noted in Figure 11 that the pressure restrictor system 200, when positioned
between the annular ball raceway 120 and the annular roller raceway 144, cannot intercept and
restrict the pressure pulse and the flow of grease in response thereto with respect to the paths 78
and 80 flowing in radial lubricant channel 128 towards the roller bearing system). The
attenuation zone 208 between outer surfaces of the shaft 112 that are adjacent inner surfaces of
the cone 114 will assist in intercepting and restricting the pressure pulse and the flow of grease in
response from along paths 78 and 80. Additional assistance is provided by making the radial
lubricant channel 128 at reference 129 smaller. This smaller channel 128 (reference 129)
constricts the flow of grease along paths 78 and 80. As an alternative, or in addition, a pressure
restrictor 131 may be inserted into the radial lubricant channel 128 to restrict the flow of grease
along paths 78 and 80 toward the surface 140 and sealing system 132.

Figure 13 illustrates a cross-sectional view of a roller cone rock bit focusing on an
embodiment of the present invention for addressing lubricant pressure pulsation originating at
the bearing system. Figure 13 differs from the embodiment shown in Figure 10 with respect to
the placement of the pressure restrictor system 200. Figure 13, like Figure 10, provides a
pressure restrictor system 200 including an additional annular gland 202 formed in the cone 114.
However, the pressure restrictor system 200 is positioned between the annular ball raceway 120
and the first (thrust) friction bearing 24. The pressure restrictor system 200 includes a ring type
pressure restricting member 204 positioned in the gland 202.

The pressure restrictor system 200, positioned between the annular ball raceway 120 and
the first (thrust) friction bearing 24, functions to intercept and restrict the pressure pulse and the
flow of grease in response thereto before reaching the sealing system 132. In this configuration,

the pressure restrictor system 200 supplements the restricting capabilities provided by
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attenuation zones 208 defined between outer surfaces of the shaft 112 that are adjacent inner
surfaces of the cone 114. It is important to note that the pressure restrictor system 200 with
restricting member 204 in annular gland 202 is not designed or configured to function as a seal
with respect to the lubricant. Passage of lubricant from one side to the other side of the
restricting member 204 (or through the passages 206 or slots 212 or around member 204) is
permitted (i.e., the restricting member 204 is “leaky”), but the restricting member 204
nonetheless restricts or attenuates grease flow along surface 140 in response to cone pumping
pressure pulsation.

It will be noted in Figure 13 that the pressure restrictor system 200, when positioned
between the annular ball raceway 120 and the first (thrust) friction bearing 24, cannot intercept
and restrict the pressure pulse and the flow of grease in response thereto with respect to the paths
78 and 80 which flow in the radial lubricant channel 128 extending towards the roller bearing
system. The attenuation zone 208 between outer surfaces of the shaft 112 that are adjacent inner
surfaces of the cone 114 will assist in intercepting and restricting the pressure pulse and the flow
of grease in response from along paths 78 and 80. Additional assistance is provided by making
the radial lubricant channel 128 at reference 129 smaller. This smaller channel 128 (reference
129) constricts the flow of grease along paths 78 and 80. As an alternative, or in addition, a
pressure restrictor 131 may be inserted into the radial lubricant channel 128 to restrict the flow of
grease along paths 78 and 80 toward the surface 140 and sealing system 132.

Figure 14 illustrates a cross-sectional view of a roller cone rock bit focusing on an
embodiment of the present invention for addressing lubricant pressure pulsation originating at
the bearing system. Figure 14 differs from the embodiment shown in Figure 7 with respect to the

placement of the pressure restrictor system 200. Figure 14, like Figure 7, provides a pressure
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restrictor system 200 including an additional annular gland 202 formed in the cone 114.
However, the pressure restrictor system 200 is positioned between the annular ball raceway 120
and the cylindrical friction bearing 116°. The pressure restrictor system 200 includes a ring type
pressure restricting member 204 positioned in the gland 202.

The pressure restrictor system 200, positioned between the annular ball raceway 120 and
the cylindrical friction bearing 116°, functions to intercept and restrict the pressure pulse and the
flow of grease in response thereto along the surface 140’ and path 76 before reaching the sealing
system 132. In this configuration, the pressure restrictor system 200 supplements the restricting
capabilities provided by attenuation zones 208 defined between outer surfaces of the shaft 112
that are adjacent inner surfaces of the cone 114. It is important to note that the pressure restrictor
system 200 with restricting member 204 in annular gland 202 is not designed or configured to
function as a seal with respect to the lubricant. Passage of lubricant from one side to the other
side of the restricting member 204 along surface 140’ (or through the passages 206 or around
member 204) is permitted (i.c., the restricting member 204 is “leaky”), but the restricting
member 204 nonetheless restricts or attenuates grease flow along surface 140° in response to
cone pumping pressure pulsation.

It will be noted in Figure 14 that the pressure restrictor system 200, when positioned
between the annular ball raceway 120 and the cylindrical friction bearing 116°, cannot intercept
and restrict the pressure pulse and the flow of grease in response thereto with respect to the paths
78 and 80 which flow in the radial lubricant channel 128 towards the friction journal bearing.
The attenuation zone 208 between outer surfaces of the shaft 112 that are adjacent inner surfaces
of the cone 114 will assist in intercepting and restricting the pressure pulse and the flow of

grease in response from along paths 78 and 80. Additional assistance is provided by making the
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radial lubricant channel 128 at reference 129 smaller. This smaller channel 128 (reference 129)
constricts the flow of grease along path 80. As an alternative, or in addition, a pressure restrictor
131 (see, for example, Figure 13) may be inserted into the radial lubricant channel 128 to restrict
the flow of grease along path 80 toward the surface 140’ and sealing system 132.

The radial lubricant channel 128 (at reference 129) terminates at the surface 140’ of the
shaft 112° at a groove 141 formed in the surface 140’ adjacent the friction journal bearing.
Although not explicitly shown in Figure 7, those skilled in the art recognize that the outer surface
140’ of the shaft 112” in Figure 7 will likewise include a groove 141 at the termination of the
radial lubricant channel 128.

Although explained in the context of a drilling tool designed primarily for use in an
oilfield drilling application, it will be understood that the disclosure is not so restricted and that
the systems as described could be used in any rotary cone drilling tool including tools used in
non-oil field applications. Specifically, the drilling tool can be configured for use with any
suitable drilling fluid including air, mist, foam or liquid (water, mud or oil-based), or any
combination of the foregoing. Furthermore, although described in the context of a solution to the
problems associated with cone pumping and lubricant pressure pulsation in sealed and pressure
compensated systems, the solutions described herein are equally applicable to rotary cone bits
which are lubricated but do not include a pressure compensator and diaphragm system.

While the figures illustrate the preferred implementation of the pressure restrictor system
200 on the cone side, it will be understood that the pressure restrictor system 200 could instead
be installed with the annular gland 202 formed on the shatft.

Although preferred embodiments of the method and apparatus of the present invention

have been illustrated in the accompanying Drawings and described in the foregoing Detailed
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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:

1. A drill tool, comprising:

a bit body;

at least one bearing shaft extending from the bit body;

a cone mounted for rotation on the bearing shaft;

a radial thrust bearing from which cone pumping pressure pulsation originates;

a lubricant sealing system comprising an annular seal gland and a seal ring retained
within the annular seal gland; and

a lubricant cone pumping pressure restrictor system comprising an annular gland separate
from the annular seal gland and a pressure restricting ring retained within the annular gland,
wherein the lubricant cone pumping pressure restrictor system is positioned between the radial
thrust bearing system and the lubricant sealing system is adapted to attenuate cone pumping

lubricant pressure pulsation from acting on the seal ring retained within the annular seal gland.

2. The drill tool of claim 1, further comprising a ball raceway and a set of balls
retained within the ball raceway to form a ball bearing, and wherein the lubricant cone pumping
pressure restrictor system is positioned between the lubricant sealing system and the ball bearing
and adapted to attenuate cone pumping lubricant pressure pulsation originating from the radial

thrust bearing.
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3. The drill tool of claim 2, further comprising a roller raceway and a set of rollers
retained within the roller raceway to form a roller bearing, and wherein the lubricant cone
pumping pressure restrictor system is positioned between the ball bearing and the roller bearing
and adapted to attenuate cone pumping lubricant pressure pulsation originating from the radial

thrust bearing.

4. The drill tool of claim 2, further comprising a friction journal bearing, and
wherein the lubricant cone pumping pressure restrictor system is positioned between the ball
bearing and the friction journal bearing and adapted to attenuate cone pumping lubricant pressure

pulsation originating from the radial thrust bearing.

5. The drill tool of claim 2, further comprising a roller raceway and a set of rollers
retained within the roller raceway to form a roller bearing, and wherein the lubricant cone
pumping pressure restrictor system is positioned between the lubricant sealing system and the
roller bearing and adapted to attenuate cone pumping lubricant pressure pulsation originating

from the radial thrust bearing.

6. The drill tool of claim 2, further comprising a friction journal bearing, and
wherein the lubricant cone pumping pressure restrictor system is positioned between the
lubricant sealing system and the friction journal bearing and adapted to attenuate cone pumping

lubricant pressure pulsation originating from the radial thrust bearing.
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7. The drill tool of claim 2, wherein the lubricant cone pumping pressure restrictor
system 1is positioned between the radial thrust bearing and the ball bearing and adapted to

attenuate cone pumping lubricant pressure pulsation originating from the radial thrust bearing.

8. The drill tool of claims 2-7, wherein the annular gland of the lubricant cone

pumping pressure restrictor system is formed in an inner surface of the cone.

9. The drill tool of claims 2-7, wherein the pressure restricting ring retained within
the annular gland does not provide a seal with respect to a flow of lubricant between the

lubricant sealing system and the ball bearing.

10. The drill tool of claim 9, wherein the pressure restricting ring includes a slot

opening permitting restricted passage of lubricant.

11. The drill tool of claim 9, wherein the pressure restricting ring includes a passage

extending through the ring permitting restricted passage of lubricant.

12.  The drill tool of claim 3, wherein the annular gland of the lubricant cone pumping

pressure restrictor system is an extension of the roller raceway for the roller bearing.

13.  The drill tool of claim 12, wherein the pressure restricting ring retained within the
annular gland is positioned in adjacent contact with the set of rollers retained within the roller

raceway.
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14.  The drill tool of claim 5, wherein the annular gland of the lubricant cone pumping

pressure restrictor system is an extension of the roller raceway for the roller bearing.

5 15.  The drill tool of claim 14, wherein the pressure restricting ring retained within the
annular gland is positioned in adjacent contact with the set of rollers retained within the roller

raceway.

16.  The drill tool of claim 1, further comprising: an internal radial lubricant channel

10 between a bearing surface and an internal central lubricant channel; and a pressure restrictor

inserted within that internal radial lubricant channel.
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