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PATTERNED TEXTURING OF THE SEAL SURFACE  

FOR A ROLLER CONE ROCK BIT 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is related to United States Application for Patent No. 12/399,171 filed 

March 6, 2009 (which claims the benefit of United States Provisional Application for Patent 

Serial No. 61/036,762 filed March 14, 2008).  The disclosures of each of the foregoing 

applications are hereby incorporated by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to earth boring bits, and more particularly to roller 

cone rock bits. 

BACKGROUND 

A roller cone rock bit is a preferred cutting tool used in oil, gas, and mining fields to 

break through the earth formation to shape a well bore.  Load and motion of the bit are 

transferred to the bearings inside three head and cone assemblies.  The main journal bearing is 

composed of the head (as the shaft), the bushing, and the cone (as the housing).  This bearing is 

lubricated and sealed.  An outer circumference of the seal is compressed by a gland of the cone 

so that the seal moves together with the cone and slides against the head (at a sealing surface or 

seal boss on the head/shaft) on the inner circumference of the seal.  The seal is thus confined in 

PATTERNED TEXTURING OF THE SEAL SURFACE FOR A ROLLER CONE ROCK BIT
CROSS-REFERENCE TO RELATED APPLICATIONS       This application is related to United States
Application for Patent No. 12/399,171 filed March 6, 2009 (which claims the benefit of United States
Provisional Application for Patent Serial No. 61/036,762 filed March 14, 2008). The disclosures of each of
the foregoing applications are hereby incorporated by reference. IECHNICAL FIELD OF THE INVENTION
The present invention relates generally to earth boring bits, and more particularly to roller cone rock bits.
BACKGROUND 



2 
 

the seal gland to secure the lubricant within the bearing and prevent debris from invading into the 

bearing.  The longer the seal excludes contamination from the bearing, the longer the bearing 

life.  Therefore, the seal can become the limiter of the rock bit life.  

An elastomer seal is known in the prior art as the dominant sealing element in rock bits.  

Various types of elastomer seals have been developed.  The seal is very flexible, and is 

compatible with the drilling mud.  The seal has excellent resilience at relatively high 

temperatures.  Thus, the seal has proved to be sufficient to provide enough sealing force to 

separate the mud and debris environment from the lubricant over an acceptable period of time. 

However, friction between the seal and surfaces of the seal gland as the cone rotates can 

cause damage to the seal itself.  Over time, this damage accumulates to the point where the seal 

itself fails.  Following seal failure, the bearing experiences grease starvation in the contact zone 

due to loss of lubricant in the bearing system.  Thereafter, excessive wear appears on the bearing 

system surfaces due to shearing and heating caused by sliding friction.  The end result is 

typically scoring, scuffing, and even catastrophic failure like galling or seizure.  It is thus 

imperative that lubrication be retained between contact interface surfaces of the journal bearing.  

Maintaining seal life is thus critical to maintaining bit life. 

One way to extend seal life is to reduce the friction between seal and head.  Under typical 

running conditions, the seal experiences mixed lubrication.  In this lubrication regime, more 

lubricant is necessary at the contact point between the seal and one or more of the gland surfaces 

in order to reduce the friction.  Thus, there is a need in the art to introduce more lubricant in the 

sealing zone. 

A roller cone rock bit is a preferred cutting tool used in oil, gas, and mining fields to break through the
earth formation to shape a well bore. Load and motion of the bit are transferred to the bearings inside
three head and cone assemblies. The main journal bearing is composed of the head (as the shaft), the
bushing, and the cone (as the housing). This bearing is lubricated and sealed. An outer circumference of
the seal is compressed by a gland of the cone so that the seal moves together with the cone and slides
against the head (at a sealing surface or seal boss on the head/shaft) on the inner circumference of the
seal. The seal is thus confined in  the seal gland to secure the lubricant within the bearing and prevent
debris from invading into the bearing. The longer the seal excludes contamination from the bearing, the
longer the bearing life. Therefore, the seal can become the limiter of the rock bit life.       An elastomer
seal is known in the prior art as the dominant sealing element in rock bits. Various types of elastomer
seals have been developed. The seal is very flexible, and is compatible with the drilling mud. The seal
has excellent resilience at relatively high temperatures. Thus, the seal has proved to be sufficient to
provide enough sealing force to separate the mud and debris environment from the lubricant over an
acceptable period of time.       However, friction between the seal and surfaces of the seal gland as the
cone rotates can cause damage to the seal itself. Over time, this damage accumulates to the point where
the seal itself fails. Following seal failure, the bearing experiences grease starvation in the contact zone
due to loss of lubricant in the bearing system. Thereafter, excessive wear appears on the bearing system
surfaces due to shearing and heating caused by sliding friction. The end result is typically scoring,
scuffing, and even catastrophic failure like galling or seizure. It is thus imperative that lubrication be
retained between contact interface surfaces of the journal bearing. Maintaining seal life is thus critical to
maintaining bit life.       One way to extend seal life is to reduce the friction between seal and head. Under
typical running conditions, the seal experiences mixed lubrication. In this lubrication regime, more
lubricant is necessary at the contact point between the seal and one or more of the gland surfaces in
order to reduce the friction. Thus, there is a need in the art to introduce more lubricant in the sealing zone.
Reference is made to FIGURE 1 which illustrates a partially broken away view of a typical roller cone rock
bit. FIGURE 1 more specifically illustrates one head and cone assembly. The general configuration and
operation of such a bit is well known to those skilled in the art and will not be described in excessive
detail. 
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Reference is made to FIGURE 1 which illustrates a partially broken away view of a 

typical roller cone rock bit.  FIGURE 1 more specifically illustrates one head and cone assembly.  

The general configuration and operation of such a bit is well known to those skilled in the art and 

will not be described in excessive detail.   

The head 1 of the bit includes the bearing shaft 2.  A cutting cone 3 is rotatably 

positioned on the bearing shaft 2 which functions as a journal.  A body portion of the bit includes 

an upper threaded portion forming a tool joint connection 4 which facilitates connection of the 

bit to a drill string (not shown).  A lubrication system 6 is included to provide lubrication to, and 

retain lubricant in, the journal bearing between the cone 3 and the bearing shaft 2.  This system 6 

has a configuration and operation well known to those skilled in the art. 

A number of bearing systems are provided in connection with the journal bearing 

supporting rotation of the cone 3 about the bearing shaft 2.  These bearing systems include a first 

cylindrical friction bearing 10 (also referred to as the main journal bearing), ball bearings 12, 

second cylindrical friction bearing 14, first radial friction (thrust) bearing 16 and second radial 

friction (thrust) bearing 18.  

FIGURE 2 illustrates a partially broken away view showing an exemplary bearing system 

and sealing system in greater detail.  The first cylindrical friction bearing 10 is defined by an 

outer cylindrical surface 20 on the bearing shaft 2 and an inner cylindrical surface 22 of a 

bushing 24 which has been press fit into the cone 3.  This bushing 24 is a ring-shaped structure 

typically made of beryllium copper, although the use of other materials is known in the art.  The 

ball bearings 12 ride in an annular raceway 26 defined at the interface between the bearing shaft 

2 and cone 3.   

The head 1 of the bit includes the bearing shaft 2. A cutting cone 3 is rotatably positioned on the bearing
shaft 2 which functions as a journal. A body portion of the bit includes an upper threaded portion forming
a tool joint connection 4 which facilitates connection of the bit to a drill string (not shown). A lubrication
system 6 is included to provide lubrication to, and retain lubricant in, the journal bearing between the cone
3 and the bearing shaft 2. This system 6 has a configuration and operation well known to those skilled in
the art.       A number of bearing systems are provided in connection with the journal bearing supporting
rotation of the cone 3 about the bearing shaft 2. These bearing systems include a first cylindrical friction
bearing 10 (also referred to as the main journal bearing), ball bearings 12, second cylindrical friction
bearing 14, first radial friction (thrust) bearing 16 and second radial friction (thrust) bearing 18.
FIGURE 2 illustrates a partially broken away view showing an exemplary bearing system and sealing
system in greater detail. The first cylindrical friction bearing 10 is defined by an outer cylindrical surface
20 on the bearing shaft 2 and an inner cylindrical surface 22 of a bushing 24 which has been press fit into
the cone 3. This bushing 24 is a ring-shaped structure typically made of beryllium copper, although the
use of other materials is known in the art. The ball bearings 12 ride in an annular raceway 26 defined at
the interface between the bearing shaft 2 and cone 3.       Reference is once again made to FIGURE 1.
The second cylindrical friction bearing 14 is defined by an outer cylindrical surface 30 on the bearing shaft
2 and an inner cylindrical surface 32 on the cone 3. The outer cylindrical surface 30 is inwardly radially
offset from the outer cylindrical surface 20. The first radial friction bearing 16 is defined between the first
and second cylindrical friction bearings 10 and 12 by a first radial surface 40 on the bearing shaft 2 and a
second radial surface 42 on the cone 3. The second radial friction bearing 18 is adjacent the second
cylindrical friction bearing 12 at the axis of rotation for the cone and is defined by a third radial surface 50
on the bearing shaft 2 and a fourth radial surface 52 on the cone 3.       As shown in greater detail in
FIGURE 2, with respect to the sealing system, an o-ring seal 60 is positioned between cutter cone 3 and
the bearing shaft 2. A sealing surface, for example, a cylindrical surface seal boss 62, is provided on the
bearing shaft. In the illustrated configuration, this sealing surface provided by the seal boss 62 is
cylindrical and outwardly radially offset (for example, in one implementation by about the thickness of the
bushing 24) from the outer cylindrical surface 20 of the first friction bearing 10. It will be understood that
the sealing surface (of the seal boss 62 for example) could exhibit no offset with respect to the main
journal bearing surface, or be inwardly radially offset, if desired. Additionally, it will be understood that the
sealing surface 62 need not be cylindrical but rather may be conical if desired. An annular groove is
formed in the cone 3 to define the seal gland 64. The groove and sealing surface (seal boss 62) align with
each other when the cutting cone 3 is rotatably positioned on the bearing shaft to define the gland 64
region. The o-ring seal 60 is compressed between the surface(s) of the gland 64 and the sealing surface
(seal boss 62), and functions to retain lubricant in the bearing area around the bearing systems and
prevents any materials (drilling mud and debris) in the well bore from entering into the bearing area. In a
conventional prior art implementation, the seal boss 62 surface is a machined or polished surface.
Load in the bearing system is supported by both asperity contact and hydrodynamic pressure. Lubricant
is provided in the first cylindrical friction bearing 10, second cylindrical friction bearing 14, first radial
friction bearing 16 and second radial friction bearing 18 between the various cylindrical and radial
surfaces using the system 6. Lubricant is retained in the bearing system by the compressed seal 60 in the
gland 64. That lubricant not only lubricates the bearing system, but also provides a measure of lubricant
on the surfaces of the seal gland 64 itself, and especially the sealing surface such as the seal boss 62
surface, that assists in allowing the compressed seal 60 to slide along the sealing surface (for example,
seal boss 62 outer cylindrical surface) as the cone 3 and seal 60 rotate together. 
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Reference is once again made to FIGURE 1.  The second cylindrical friction bearing 14 

is defined by an outer cylindrical surface 30 on the bearing shaft 2 and an inner cylindrical 

surface 32 on the cone 3.  The outer cylindrical surface 30 is inwardly radially offset from the 

outer cylindrical surface 20.  The first radial friction bearing 16 is defined between the first and 

second cylindrical friction bearings 10 and 12 by a first radial surface 40 on the bearing shaft 2 

and a second radial surface 42 on the cone 3.  The second radial friction bearing 18 is adjacent 

the second cylindrical friction bearing 12 at the axis of rotation for the cone and is defined by a 

third radial surface 50 on the bearing shaft 2 and a fourth radial surface 52 on the cone 3.   

As shown in greater detail in FIGURE 2, with respect to the sealing system, an o-ring 

seal 60 is positioned between cutter cone 3 and the bearing shaft 2.  A sealing surface, for 

example, a cylindrical surface seal boss 62, is provided on the bearing shaft.  In the illustrated 

configuration, this sealing surface provided by the seal boss 62 is cylindrical and outwardly 

radially offset (for example, in one implementation by about the thickness of the bushing 24) 

from the outer cylindrical surface 20 of the first friction bearing 10.  It will be understood that 

the sealing surface (of the seal boss 62 for example) could exhibit no offset with respect to the 

main journal bearing surface, or be inwardly radially offset, if desired.  Additionally, it will be 

understood that the sealing surface 62 need not be cylindrical but rather may be conical if 

desired.  An annular groove is formed in the cone 3 to define the seal gland 64.  The groove and 

sealing surface (seal boss 62) align with each other when the cutting cone 3 is rotatably 

positioned on the bearing shaft to define the gland 64 region.  The o-ring seal 60 is compressed 

between the surface(s) of the gland 64 and the sealing surface (seal boss 62), and functions to 

retain lubricant in the bearing area around the bearing systems and prevents any materials 

The seal is designed to withstand a high pressure in downhole drilling applications. That high pressure,
together with a designed high compression rate of the seal in gland, compresses the seal tightly against
the seal boss 62. The lubricant which is present in the sealing zone at the seal boss surface provides
lubrication to the seal and takes away friction heat. In the case where the seal is not well lubricated, it
slides dry against the seal boss and a large amount of friction heat is generated. This friction heat is
known to be the root cause of seal failure. It is accordingly desirable to introduce more lubricant
underneath the seal, such as on the seal boss 62 surface (or any other sliding gland surface), in order to
reduce friction and carry away heat. SUMMARY       To address issues of grease starvation and possible
seal failure, it is desired to increase the amount of lubricant that can be maintained in the surface contact
zones of the sealing system. 5 In an effort to introduce more lubricant into these surface contact zones,
the surface topography of the sealing system (for example, seal gland surfaces) is modified from the
conventional machined or polished surfaces of the prior art.       In an embodiment, a patterned surface
texture is introduced, preferably on the seal boss cylindrical surface at the seal location, to the sealing
system for the roller cone rock bit. The patterned surface texturing functions to retain additional lubricant
and is thus helpful to reduce friction at the seal.       In a preferred implementation, the surface texture
comprises a plurality of non-overlapping dimples or other reservoir-like like structures (texture features)
arranged in desired pattern (such as a repeating or regular pattern, as provided, for example, in an array).
Each dimple behaves as a lubricant reservoir which can hold more lubricant at the seal surface than if the
seal surface were simply a ground or polished (or otherwise typically treated surface) as in the prior art.
Preferably, the included dimples have a uniform size and shape. 
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(drilling mud and debris) in the well bore from entering into the bearing area.  In a conventional 

prior art implementation, the seal boss 62 surface is a machined or polished surface. 

Load in the bearing system is supported by both asperity contact and hydrodynamic 

pressure.  Lubricant is provided in the first cylindrical friction bearing 10, second cylindrical 

friction bearing 14, first radial friction bearing 16 and second radial friction bearing 18 between 

the various cylindrical and radial surfaces using the system 6.  Lubricant is retained in the 

bearing system by the compressed seal 60 in the gland 64.  That lubricant not only lubricates the 

bearing system, but also provides a measure of lubricant on the surfaces of the seal gland 64 

itself, and especially the sealing surface such as the seal boss 62 surface, that assists in allowing 

the compressed seal 60 to slide along the sealing surface (for example, seal boss 62 outer 

cylindrical surface) as the cone 3 and seal 60 rotate together. 

The seal is designed to withstand a high pressure in downhole drilling applications.  That 

high pressure, together with a designed high compression rate of the seal in gland, compresses 

the seal tightly against the seal boss 62.  The lubricant which is present in the sealing zone at the 

seal boss surface provides lubrication to the seal and takes away friction heat.  In the case where 

the seal is not well lubricated, it slides dry against the seal boss and a large amount of friction 

heat is generated.  This friction heat is known to be the root cause of seal failure.  It is 

accordingly desirable to introduce more lubricant underneath the seal, such as on the seal boss 62 

surface (or any other sliding gland surface), in order to reduce friction and carry away heat. 

SUMMARY 

To address issues of grease starvation and possible seal failure, it is desired to increase 

the amount of lubricant that can be maintained in the surface contact zones of the sealing system.  

In an embodiment, a regular pattern of surface texture features is employed to modify the topography of
one or more sliding surfaces (radial, conical or cylindrical) of the sealing system for a rock bit. The surface
texture features assist in permeating lubrication into inter-space or metal asperities. In addition, higher
hydrodynamic pressure is generated in the area of the surface texture features.       The non-overlapping
individual surface texture features are arranged on the sealing surface in a pattern. One pattern that may
be used is an array pattern. Another pattern that may be used is an offset array pattern. In the context of
the present invention, the use of the term "pattern" refers specifically to a non-random arrangement of the
non-overlapping surface texture features. A regular or repeating pattern would comprise an example of
the non-random arrangement of individual surface texture features in accordance with the invention. In
this context, the pattern arrangement of the surface texture features repeats along a circumference (inner
or outer) of the sealing surface.       An individual surface texture feature may have any desired plan
geometric shape. However, circular or elliptical shapes are preferred. Polygonal shapes, such as
triangular, square, pentagonal, hexagonal, etc., may alternatively be selected.       The individual surface
texture features may have a depth ranging from 3 to 300 microns. The diameter or width of the individual
surface texture features may range from 15 to 1000 microns.       The density of the textured (dimpled)
surface area, defined as the surface area of the non-overlapping features themselves divided by the total
area where that patterned texturing is provided, must be controlled. As feature (dimple) density increases,
the contact area between the seal and the sliding seal surface is reduced. If contact area is reduced
below a critical amount, due to increased feature density, there is an increase in interface contact
pressure which may result in increased wear (in spite of the presence of additional lubricant). Thus, it is
preferred that the density of textured (dimpled) surface area be controlled to a range from 3-60%. The
occupied surface area which has patterned surface texture features may range from 3-100%, it being
preferred that the occupied surface are be relatively high.       As a specific example, the surface texture
features may comprise a repeating pattern of non-overlapping dimples formed on the surface with an
array or offset array configuration. Each dimple has a generally round plan geometric shape with a depth
selected between 20 to 30 
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In an effort to introduce more lubricant into these surface contact zones, the surface topography 

of the sealing system (for example, seal gland surfaces) is modified from the conventional 

machined or polished surfaces of the prior art.   

In an embodiment, a patterned surface texture is introduced, preferably on the seal boss 

cylindrical surface at the seal location, to the sealing system for the roller cone rock bit.  The 

patterned surface texturing functions to retain additional lubricant and is thus helpful to reduce 

friction at the seal. 

In a preferred implementation, the surface texture comprises a plurality of non-

overlapping dimples or other reservoir-like like structures (texture features) arranged in desired 

pattern (such as a repeating or regular pattern, as provided, for example, in an array).  Each 

dimple behaves as a lubricant reservoir which can hold more lubricant at the seal surface than if 

the seal surface were simply a ground or polished (or otherwise typically treated surface) as in 

the prior art.  Preferably, the included dimples have a uniform size and shape. 

In an embodiment, a regular pattern of surface texture features is employed to modify the 

topography of one or more sliding surfaces (radial, conical or cylindrical) of the sealing system 

for a rock bit.  The surface texture features assist in permeating lubrication into inter-space or 

metal asperities.  In addition, higher hydrodynamic pressure is generated in the area of the 

surface texture features.  

The non-overlapping individual surface texture features are arranged on the sealing 

surface in a pattern.  One pattern that may be used is an array pattern.  Another pattern that may 

be used is an offset array pattern.  In the context of the present invention, the use of the term 

“pattern” refers specifically to a non-random arrangement of the non-overlapping surface texture 

microns and a diameter selected between 100 to 200 microns. The surface area where the dimples are
formed is about 100% of the functional surface area of the sliding seal. The density of the dimpled surface
area, defined as the surface area of the dimples themselves divided by the total area where patterned
texturing is provided, is about 15-20%.       Although it is preferred to include the patterned surface texture
about the circumference of the sliding seal surface(s), such as on the seal boss cylindrical surface at the
seal and gland location, it is further understood that the patterned surface texture may be used on other
surfaces of the seal gland, including non-sliding surfaces, radial surfaces, cylindrical surfaces and conical
surfaces.       The patterned surface texturing as described herein creates a pattern of reservoir-like
features, such as dimples, on one or more surfaces of the sealing system. With reference once again
made to FIGURE 2, the textured surface in the sealing system in accordance with embodiments
described herein is preferably the seal boss 62 surface. It will be understood, however, that depending on
the configuration of the gland 64, one or more other surfaces associated with defining the gland and
compressing the seal 60 could have a surface texturing as well. Thus, any desired surface, including
cylindrical, conical and radial surfaces, of the gland 64 area for the sealing system could possess a
surface texturing. Furthermore, any combination of textured surfaces, with untextured surfaces, may be
used in the sealing system.       The dimples of the surface texturing behave as lubricant reservoirs which
permeate the lubrication into the inter-space of metal asperities. Meanwhile, higher hydrodynamic
pressure is generated on the dimple area. Both functions will facilitate an improvement in sealing system
lubrication with a reduction in friction.         Embodiments herein utilize any one or more of a variety of
methods to create the patterned surface texturing including: machining, chemical etching, laser texturing,
deep rolling, vibratory finishing, etc. Controllability, uniformity, cost, coverage area, dimple size, dimple
depth, and dimple shape are the factors which determine which method is selected to form the texturing.
BRIEF DESCRIPTION OF THE DRAWINGS 
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features.  A regular or repeating pattern would comprise an example of the non-random 

arrangement of individual surface texture features in accordance with the invention.  In this 

context, the pattern arrangement of the surface texture features repeats along a circumference 

(inner or outer) of the sealing surface. 

An individual surface texture feature may have any desired plan geometric shape.  

However, circular or elliptical shapes are preferred.  Polygonal shapes, such as triangular, square, 

pentagonal, hexagonal, etc., may alternatively be selected. 

The individual surface texture features may have a depth ranging from 3 to 300 microns.  

The diameter or width of the individual surface texture features may range from 15 to 1000 

microns. 

The density of the textured (dimpled) surface area, defined as the surface area of the non-

overlapping features themselves divided by the total area where that patterned texturing is 

provided, must be controlled.  As feature (dimple) density increases, the contact area between the 

seal and the sliding seal surface is reduced.  If contact area is reduced below a critical amount, 

due to increased feature density, there is an increase in interface contact pressure which may 

result in increased wear (in spite of the presence of additional lubricant).  Thus, it is preferred 

that the density of textured (dimpled) surface area be controlled to a range from 3-60%.  The 

occupied surface area which has patterned surface texture features may range from 3-100%, it 

being preferred that the occupied surface are be relatively high. 

As a specific example, the surface texture features may comprise a repeating pattern of 

non-overlapping dimples formed on the surface with an array or offset array configuration.  Each 

dimple has a generally round plan geometric shape with a depth selected between 20 to 30 

FIGURE 1 illustrates a partially broken away view of a typical roller cone rock bit; FIGURE 2 illustrates of
a partially broken away view of another typical roller cone rock bit; FIGURES 2A-2C illustrate other
geometries for a sealing system used in FIGURE 2; and FIGURES 3A-3E illustrate exemplary patterns of
surface texture features. DETAILED DESCRIPTION OF THE DRAWINGS       Surface texturing is
employed to modify the topography of one or more surfaces (radial, conical or cylindrical or other) of the
sealing system for a roller cone rock bit. The surface texturing produces a patterned dimpled surface,
wherein each dimple retains additional lubricant helpful in reducing friction in the boundary and mixed
lubrication regimes. Surface coverage area for the dimpled texture may be between 3-100%, but more
preferably should exceed 60%, more preferably be between 70-90%, and even more preferably approach
or reach approximately 100%. The density of the dimpled surface area, defined as the surface area of the
dimples  
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microns and a diameter selected between 100 to 200 microns.  The surface area where the 

dimples are formed is about 100% of the functional surface area of the sliding seal.  The density 

of the dimpled surface area, defined as the surface area of the dimples themselves divided by the 

total area where patterned texturing is provided, is about 15-20%. 

Although it is preferred to include the patterned surface texture about the circumference 

of the sliding seal surface(s), such as on the seal boss cylindrical surface at the seal and gland 

location, it is further understood that the patterned surface texture may be used on other surfaces 

of the seal gland, including non-sliding surfaces, radial surfaces, cylindrical surfaces and conical 

surfaces. 

The patterned surface texturing as described herein creates a pattern of reservoir-like 

features, such as dimples, on one or more surfaces of the sealing system.  With reference once 

again made to FIGURE 2, the textured surface in the sealing system in accordance with 

embodiments described herein is preferably the seal boss 62 surface.  It will be understood, 

however, that depending on the configuration of the gland 64, one or more other surfaces 

associated with defining the gland and compressing the seal 60 could have a surface texturing as 

well.  Thus, any desired surface, including cylindrical, conical and radial surfaces, of the gland 

64 area for the sealing system could possess a surface texturing.  Furthermore, any combination 

of textured surfaces, with untextured surfaces, may be used in the sealing system. 

The dimples of the surface texturing behave as lubricant reservoirs which permeate the 

lubrication into the inter-space of metal asperities.  Meanwhile, higher hydrodynamic pressure is 

generated on the dimple area.  Both functions will facilitate an improvement in sealing system 

lubrication with a reduction in friction.   

themselves divided by the total area where patterned texturing is provided, is between 3-60%, but more
preferably should be about 15-20%.       With reference to FIGURE 2, the textured surfaces in the sealing
system to which this patterned surface texturing is applied preferably comprise any surface having sliding
contact with the seal 60 as the cone rotates. This would include one or more surfaces of the gland 64.
More specifically, it would at least include the seal boss 62 surface. Any combination of patterned
textured surfaces with desired untextured surfaces may alternatively be used.       While FIGURE 2
illustrates the use of cylindrical sealing surfaces associated with the boss 62 and gland 64, with the
patterned surface texturing being applied to the cylindrical seal boss 62 surface, the patterned surface
texturing may additionally be applied to other gland geometries for the sealing system such as those
illustrated in FIGURES 2A-2C. It will be noted that these alternative gland geometries exploit conical
surfaces 100 in connection with the sealing system (on either one of or both of the shaft and cone side of
the seal). Thus, any conical surface 100 or cylindrical surface 102 associated with the seal and
functioning as a sealing surface against which the seal 60 slides or rides or touches as the cone rotates is
a suitable candidate for texturing. The radial surfaces 104 of the gland, especially if they make contact
with the seal, may also be textured.       The dimples of the surface texturing behave as lubricant
reservoirs which permeate the lubrication into inter-space of metal asperities. Meanwhile, higher
hydrodynamic pressure is generated on the dimple area. Both functions will facilitate an improvement in
sealing and/or bearing system lubrication.       Any one or more of a variety of methods can be used to
create the dimpled surface texturing including: machining, chemical etching, laser texturing, deep rolling,
vibratory finishing, etc. Controllability, uniformity, cost, coverage area, dimple size, dimple depth, and
dimple shape factors which influence which method is selected for the surface texturing process.       The
dimpled surface texture is non-random and exhibits a pattern. The pattern is preferably regular and/or
repeating. Preferably, the individual features included in the pattern exhibit a uniform size and shape. The
pattern presented by the individual features repeats along a circumference (inner or outer) of the sealing
surface to which the pattern is applied. Furthermore, an individual texture feature in the pattern does not
overlap with any other individual texture feature.       FIGURES 3A-3E illustrate portions of exemplary
patterns of surface texture features, where those included features have a uniform size and shape. The
individual surface texture features may have a depth ranging from 3 to 300 microns. The diameter or
width of the individual surface texture features may range from 15 to 1000 microns. It will be understood
that the portions illustrated in FIGURES 3A-3E repeat along a circumference (inner or outer) of the
sealing surface to which the pattern is applied (the circumference coinciding with the direction of the
sliding movement of sealing surface against the seal). FIGURE 3A shows an array pattern of features,
wherein each feature has a circular plan shape. FIGURE 3B shows an array pattern of features, wherein
each feature has an elliptical (or oval) plan shape. FIGURE 3C shows an offset array pattern of features
(also referred to as hexagonal array), wherein each feature has a circular plan shape. FIGURE 3D shows
an offset array pattern of features (also referred to as hexagonal array), wherein each feature has an
elliptical plan shape. FIGURE 3E shows an array pattern of features, wherein each feature has an
elliptical (or oval) plan shape, 



9 
 

Embodiments herein utilize any one or more of a variety of methods to create the 

patterned surface texturing including: machining, chemical etching, laser texturing, deep rolling, 

vibratory finishing, etc.  Controllability, uniformity, cost, coverage area, dimple size, dimple 

depth, and dimple shape are the factors which determine which method is selected to form the 

texturing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 illustrates a partially broken away view of a typical roller cone rock bit; 

FIGURE 2 illustrates of a partially broken away view of another typical roller cone rock 

bit; 

FIGURES 2A-2C illustrate other geometries for a sealing system used in FIGURE 2; and 

FIGURES 3A-3E illustrate exemplary patterns of surface texture features. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Surface texturing is employed to modify the topography of one or more surfaces (radial, 

conical or cylindrical or other) of the sealing system for a roller cone rock bit.  The surface 

texturing produces a patterned dimpled surface, wherein each dimple retains additional lubricant 

helpful in reducing friction in the boundary and mixed lubrication regimes.  Surface coverage 

area for the dimpled texture may be between 3-100%, but more preferably should exceed 60%, 

more preferably be between 70-90%, and even more preferably approach or reach approximately 

100%.  The density of the dimpled surface area, defined as the surface area of the dimples 

and the orientation of each feature is set at about 450. The orientation angle of 45 is exemplary only, and
the angle may be selected at any desired value between 00 and 90. Although not specifically illustrated in
FIGURES 3A-3E, it will be understood that polygonal shapes, such as triangular, square, pentagonal,
hexagonal, etc., may alternatively be selected for the surface texture features.       In summary, a surface
textured sealing system is presented for use in a rock bit. Tiny dimples are formed on one or more
surfaces of interest in connection with the sealing system (for example, the seal boss or other sliding
surface with respect to the seal). The dimples have a nonrandom distribution (pattern). The dimples
preferably have a uniform size. The surface texturing is provided over the surface of interest (for example
with a coverage of between 3- 100% of the surface, and more preferably at least 60% of the surface). The
density of the dimpled surface area, defined as the surface area of the dimples themselves divided by the
total area where patterned texturing is provided, is between 3-60%, but more preferably is about 15- 20%.
The dimples work as reservoirs to constrain more lubricant in the surface contact zone. Hydrodynamic
pressure is generated in the dimple area and the seal friction is reduced. Correspondingly, the sealing
working condition is improved.       Embodiments of the invention have been described and illustrated
above. The invention is not limited to the disclosed embodiments.  WHAT IS CLAIMED IS:       1. A
sealing system for a bearing of a rock bit, comprising: 
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themselves divided by the total area where patterned texturing is provided, is between 3-60%, 

but more preferably should be about 15-20%. 

With reference to FIGURE 2, the textured surfaces in the sealing system to which this 

patterned surface texturing is applied preferably comprise any surface having sliding contact 

with the seal 60 as the cone rotates.  This would include one or more surfaces of the gland 64.  

More specifically, it would at least include the seal boss 62 surface.  Any combination of 

patterned textured surfaces with desired untextured surfaces may alternatively be used. 

While FIGURE 2 illustrates the use of cylindrical sealing surfaces associated with the 

boss 62 and gland 64, with the patterned surface texturing being applied to the cylindrical seal 

boss 62 surface, the patterned surface texturing may additionally be applied to other gland 

geometries for the sealing system such as those illustrated in FIGURES 2A-2C.  It will be noted 

that these alternative gland geometries exploit conical surfaces 100 in connection with the 

sealing system (on either one of or both of the shaft and cone side of the seal).  Thus, any conical 

surface 100 or cylindrical surface 102 associated with the seal and functioning as a sealing 

surface against which the seal 60 slides or rides or touches as the cone rotates is a suitable 

candidate for texturing.  The radial surfaces 104 of the gland, especially if they make contact 

with the seal, may also be textured. 

The dimples of the surface texturing behave as lubricant reservoirs which permeate the 

lubrication into inter-space of metal asperities.  Meanwhile, higher hydrodynamic pressure is 

generated on the dimple area.  Both functions will facilitate an improvement in sealing and/or 

bearing system lubrication.   

a gland; a shaft; and       a seal positioned in the gland and compressed by the gland against the shaft at
a sealing surface on the shaft,       wherein the sealing surface includes a surface texturing comprised of a
plurality of non-overlapping surface texture features arranged in a repeating pattern. 2. The sealing
system of claim 1, wherein the repeating pattern is an array pattern.       3. The sealing system of claim 1,
wherein the repeating pattern is an offset array pattern.       4. The sealing system of claim 1, wherein the
surface texture features have a uniform size and shape. 
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Any one or more of a variety of methods can be used to create the dimpled surface 

texturing including: machining, chemical etching, laser texturing, deep rolling, vibratory 

finishing, etc.  Controllability, uniformity, cost, coverage area, dimple size, dimple depth, and 

dimple shape factors which influence which method is selected for the surface texturing process. 

The dimpled surface texture is non-random and exhibits a pattern.  The pattern is 

preferably regular and/or repeating.  Preferably, the individual features included in the pattern 

exhibit a uniform size and shape.  The pattern presented by the individual features repeats along 

a circumference (inner or outer) of the sealing surface to which the pattern is applied.  

Furthermore, an individual texture feature in the pattern does not overlap with any other 

individual texture feature. 

FIGURES 3A-3E illustrate portions of exemplary patterns of surface texture features, 

where those included features have a uniform size and shape.  The individual surface texture 

features may have a depth ranging from 3 to 300 microns.  The diameter or width of the 

individual surface texture features may range from 15 to 1000 microns.  It will be understood 

that the portions illustrated in FIGURES 3A-3E repeat along a circumference (inner or outer) of 

the sealing surface to which the pattern is applied (the circumference coinciding with the 

direction of the sliding movement of sealing surface against the seal).  FIGURE 3A shows an 

array pattern of features, wherein each feature has a circular plan shape.  FIGURE 3B shows an 

array pattern of features, wherein each feature has an elliptical (or oval) plan shape.  FIGURE 3C 

shows an offset array pattern of features (also referred to as hexagonal array), wherein each 

feature has a circular plan shape.  FIGURE 3D shows an offset array pattern of features (also 

referred to as hexagonal array), wherein each feature has an elliptical plan shape.  FIGURE 3E 

shows an array pattern of features, wherein each feature has an elliptical (or oval) plan shape, 

5. The sealing system of claim 1, wherein surface texture features comprise dimples.       6. The sealing
system of claim 5, wherein the dimples have a circular plan shape. 7. The sealing system of claim 5,
wherein the dimples have an elliptical plan shape. 13  uniform size and shape, and a depth of between 3
and 3000 microns.       9. The sealing system of claim 8, wherein the depth is 20-30 microns.       10. The
sealing system of claim 1, wherein the surface texture features have a uniform size and shape, and a
width or diameter of 15-1000 microns. 
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and the orientation of each feature is set at about 45o.  The orientation angle of 45o is exemplary 

only, and the angle may be selected at any desired value between 0o and 90o.  Although not 

specifically illustrated in FIGURES 3A-3E, it will be understood that polygonal shapes, such as 

triangular, square, pentagonal, hexagonal, etc., may alternatively be selected for the surface 

texture features. 

In summary, a surface textured sealing system is presented for use in a rock bit.  Tiny 

dimples are formed on one or more surfaces of interest in connection with the sealing system (for 

example, the seal boss or other sliding surface with respect to the seal).  The dimples have a non-

random distribution (pattern).  The dimples preferably have a uniform size.  The surface 

texturing is provided over the surface of interest (for example with a coverage of between 3-

100% of the surface, and more preferably at least 60% of the surface).  The density of the 

dimpled surface area, defined as the surface area of the dimples themselves divided by the total 

area where patterned texturing is provided, is between 3-60%, but more preferably is about 15-

20%.  The dimples work as reservoirs to constrain more lubricant in the surface contact zone.  

Hydrodynamic pressure is generated in the dimple area and the seal friction is reduced.  

Correspondingly, the sealing working condition is improved. 

Embodiments of the invention have been described and illustrated above.  The invention 

is not limited to the disclosed embodiments. 

11. The sealing system of claim 10, wherein the width or diameter is 100-200 microns.       12. The
sealing system of claim 1, wherein a density of textured surface area for the surface texture features is
between 3-60%.       13. The sealing system of claim 12, wherein the density of textured surface area is
15- 20%.       14. The sealing system of claim 1, wherein a percentage of the sealing surface covered with
surface texture features is 3-100%.       15. The sealing system of claim 14, wherein the percentage is
greater than 60%. 16. The sealing system of claim 15, wherein the percentage is about 100%. 14 
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WHAT IS CLAIMED IS: 

1. A sealing system for a bearing of a rock bit, comprising: 

a gland; 

a shaft; and 

a seal positioned in the gland and compressed by the gland against the shaft at a sealing 

surface on the shaft, 

wherein the sealing surface includes a surface texturing comprised of a plurality of non-

overlapping surface texture features arranged in a repeating pattern. 

 

2. The sealing system of claim 1, wherein the repeating pattern is an array pattern. 

 

3. The sealing system of claim 1, wherein the repeating pattern is an offset array 

pattern. 

 

4. The sealing system of claim 1, wherein the surface texture features have a 

uniform size and shape. 

 

5. The sealing system of claim 1, wherein surface texture features comprise dimples. 

 

6. The sealing system of claim 5, wherein the dimples have a circular plan shape. 

 

7. The sealing system of claim 5, wherein the dimples have an elliptical plan shape. 

 

of the shaft.       18. The sealing system of claim 1, wherein the sealing surface is a conical surface of the
shaft.       19. Apparatus, comprising: a shaft including a first seal surface; a roller cone having an annular
gland including a second seal surface;       wherein the roller cone is rotatably mounted to the shaft such
that the gland aligns with the first seal surface; 
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8. The sealing system of claim 1, wherein the surface texture features have a 

uniform size and shape, and a depth of between 3 and 3000 microns. 

 

9. The sealing system of claim 8, wherein the depth is 20-30 microns. 

 

10. The sealing system of claim 1, wherein the surface texture features have a 

uniform size and shape, and a width or diameter of 15-1000 microns. 

 

11. The sealing system of claim 10, wherein the width or diameter is 100-200 

microns. 

 

12. The sealing system of claim 1, wherein a density of textured surface area for the 

surface texture features is between 3-60%. 

 

13. The sealing system of claim 12, wherein the density of textured surface area is 15-

20%. 

 

14. The sealing system of claim 1, wherein a percentage of the sealing surface 

covered with surface texture features is 3-100%. 

 

15. The sealing system of claim 14, wherein the percentage is greater than 60%. 

 

16. The sealing system of claim 15, wherein the percentage is about 100%. 

a seal ring compressed between the first and second seal surfaces within the seal gland; and       wherein
at least one of the first and second seal surfaces includes a surface texturing comprised of a plurality of
non-overlapping surface texture features arranged in a pattern which repeats along a circumference of
the at least one of the first and second seal surfaces.       20. The apparatus of claim 19, wherein the first
seal surface includes the surface texturing and the first seal surface is a cylindrical surface.       21. The
apparatus of claim 19, wherein the first seal surface includes the surface texturing and the first seal
surface is a conical surface. texturing and the second seal surface is a cylindrical surface.       23. The
apparatus of claim 19, wherein the first seal surface includes the surface texturing and the second seal
surface is a conical surface. 
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17. The sealing system of claim 1, wherein the sealing surface is a cylindrical surface 

of the shaft. 

 

18. The sealing system of claim 1, wherein the sealing surface is a conical surface of 

the shaft. 

 

19. Apparatus, comprising: 

a shaft including a first seal surface; 

a roller cone having an annular gland including a second seal surface; 

wherein the roller cone is rotatably mounted to the shaft such that the gland aligns with 

the first seal surface;  

a seal ring compressed between the first and second seal surfaces within the seal gland; 

and 

wherein at least one of the first and second seal surfaces includes a surface texturing 

comprised of a plurality of non-overlapping surface texture features arranged in a pattern which 

repeats along a circumference of the at least one of the first and second seal surfaces. 

 

20. The apparatus of claim 19, wherein the first seal surface includes the surface 

texturing and the first seal surface is a cylindrical surface. 

 

21. The apparatus of claim 19, wherein the first seal surface includes the surface 

texturing and the first seal surface is a conical surface. 

24. The apparatus of claim 19, wherein the repeating pattern is an array pattern.       25. The apparatus of
claim 19, wherein the repeating pattern is an offset array pattern.       26. The apparatus of claim 19,
wherein the surface texture features have a uniform size and shape.       27. Apparatus, comprising: a
shaft including a first seal surface; a roller cone having an annular gland including a second seal surface;
wherein the roller cone is rotatably mounted to the shaft such that the gland aligns with the first seal
surface; 
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22. The apparatus of claim 19, wherein the second seal surface includes the surface 

texturing and the second seal surface is a cylindrical surface. 

 

23. The apparatus of claim 19, wherein the first seal surface includes the surface 

texturing and the second seal surface is a conical surface. 

 

24. The apparatus of claim 19, wherein the repeating pattern is an array pattern. 

 

25. The apparatus of claim 19, wherein the repeating pattern is an offset array pattern. 

 

26. The apparatus of claim 19, wherein the surface texture features have a uniform 

size and shape. 

 

27. Apparatus, comprising: 

a shaft including a first seal surface; 

a roller cone having an annular gland including a second seal surface; 

wherein the roller cone is rotatably mounted to the shaft such that the gland aligns with 

the first seal surface;  

a seal ring compressed between the first and second seal surfaces within the seal gland; 

and 

a seal ring compressed between the first and second seal surfaces within the seal gland; and
wherein at least one of the first and second seal surfaces includes a surface texturing comprised of a
plurality of non-overlapping surface texture features arranged in a non-random pattern extending about a
circumference of the at least one of the first and second seal surfaces. 28.The apparatus of claim 27,
wherein the at least one of the first and second seal surfaces is in sliding contact with the seal ring. 
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wherein at least one of the first and second seal surfaces includes a surface texturing 

comprised of a plurality of non-overlapping surface texture features arranged in a non-random 

pattern extending about a circumference of the at least one of the first and second seal surfaces. 

 

28. The apparatus of claim 27, wherein the at least one of the first and second seal 

surfaces is in sliding contact with the seal ring. 

 
 

 

 


