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ASYMMETRICAL RADIAL BEARING

TECHNICAL FIELD

A radial bearing for transmitting a radial load exerted at a radial load location on

an orientable component of the radial bearing,

BACKGROUND OF THE INVENTION

In the o1l and gas industry holes may be drilled in subterranean formations using
rotating equipment. Bearings may be used to support rotating components axially and/or
radially. Examples of bearings include radial bearings for resisting radial loads and thrust
bearings for supporting axial loads. Bearings may be provided in various bearing

configurations in rotating equipment for at least partially supporting radial and/or axial loads.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the invention will now be described with reference to the

accompanying drawings, in which:

Figure 1 is a first pictorial view of a first exemplary embodiment of a second
radial bearing component, wherein a second radial bearing material i1s concentrated at a radial

load location on the second thrust bearing component.

Figure 2 is a second pictorial view of the second radial bearing component of
Figure 1, wherein the second radial bearing component is depicted as transparent in order to

more fully depict the second radial bearing material.

Figure 3 is a first pictorial view of a second exemplary embodiment of a second
radial bearing component, wherein a second radial bearing material is concentrated at a radial
load location on the second thrust bearing component, further comprising a support ring of a
support second radial bearing material, wherein the support ring is axially spaced from the

second radial bearing material.
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Figure 4 is a second pictorial view of the second radial bearing component of
Figure 3, wherein a second radial bearing component is depicted as transparent in order to
more fully depict the second radial bearing material and the support second radial bearing

material.

Figure 5 is a pictorial view of an embodiment of a first radial bearing
component, wherein a first radial bearing material extends substantially around the entire
circumference of the first radial bearing surface.

Figure 6 is a pictorial view of a drilling motor for use in drilling a borehole.

Figure 7 is a pictorial view of a rotary steerable drilling apparatus for use in

drilling a borehole.

DETAILED DESCRIPTION

This description is directed, in part, to a radial bearing for transmitting a radial
load between a first radial bearing component and a second radial bearing component of the
radial bearing. The radial bearing described herein may be particularly suited for transmitting a
radial load which is not evenly distributed on the second radial bearing component, but is
limited to or concentrated at a radial load location on the second radial bearing component. In
such circumstances, the first radial bearing component and the second radial bearing
component may interact in order to transmit the radial load between the first radial bearing
component and the second radial bearing component exclusively or primarily at the radial load

location on the second radial bearing component.

As used herein, radial load location may mean a localized circumferential and/or
axial point, area or region on the second radial bearing component, resulting from the
configuration of the radial bearing and/or of an apparatus in which the radial bearing is used, at
which a particular radial load is exerted on the second radial bearing component during use of
the apparatus, so that the particular radial load is not exerted evenly on the second radial
bearing component, but is exerted on the second radial bearing component exclusively or

primarily at the radial load location.
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The radial bearing described herein may be used in any environment and/or in
any apparatus in which a radial bearing is required. The radial bearing described herein may be
particularly suited for use in environments in which a radial load is exerted at a radial load

location.

As a non-limiting example, the radial bearing described herein may be a
component of an apparatus which is adapted to be inserted in a borehole. The apparatus may
be any apparatus which is suitable to be inserted within a borehole. As a non-limiting example,
the apparatus may be a drilling apparatus for use in drilling a borehole. As non-limiting
examples, such a drilling apparatus may comprise, consist of, or consist essentially of a drilling
motor, a rotary steerable drilling apparatus, a turbine, a reciprocating hammer, or any other

apparatus which is suitable for use in drilling a borehole.

In such apparatus, the radial load location may result at least in part from the
configuration of the apparatus or drilling apparatus. As a non-limiting example, the radial load
location may result from a bend in a drilling motor or from a bend in a rotary steerable drilling
apparatus, which in turn may result in radial loads being exerted on the second radial bearing

component at the radial load location when the apparatus is positioned within a borehole.

The radial bearing comprises the first radial bearing component and the second

radial bearing component.

The first radial bearing component defines a first radial bearing surface. The
second radial bearing component defines a second radial bearing surface. The radial bearing is
configured so that the first radial bearing surface and the second radial bearing surface are

adjacent to each other when the radial bearing is assembled.

The first radial bearing surface has a circumference and a length. Similarly, the
second radial bearing surface has a circumference and a length. The first radial bearing
component and the second radial bearing component are configured to rotate relative to each
other and to interact to transmit radial loads between the first radial bearing component and the
second radial bearing component via the first radial bearing surface and the second radial

bearing surface.
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All or a portion of the first radial bearing surface is provided by a first radial
bearing material. A portion of the second radial bearing surface is provided by a second radial

bearing material.

The first radial bearing material and the second radial bearing material may
comprise, consist of, or consist essentially of the same material or combination of materials, or
may comprise, consist of, or consist essentially of different materials or combinations of

materials.

The first radial bearing material and the second radial bearing material may
comprise, consist of, or consist essentially of any material or combination of materials which is
suitable for use in a radial bearing, and may be provided as the bearing surfaces in any suitable
manner. As a non-limiting example, one or both of the first radial bearing material and the
second radial bearing material may comprise, consist of, or consist essentially of one or more
wear resistant materials. As non-limiting examples, suitable bearing materials may include
polycrystalline diamond compact (PDC) materials, diamond impregnated materials, tungsten
carbide materials, wear resistant steel materials, and/or wear resistant coatings or deposits. As
non-limiting examples, suitable bearing materials may be provided as inserts, tiles, coatings or
deposits in or on the bearing components, or all or a portion of the bearing components may be
formed from the bearing materials so that the bearing components provide the bearing
materials. Inserts and tiles may be affixed to the bearing components in any suitable manner,
including as non-limiting examples, by thermal fit, interference fit, welding, brazing, soldering,
adhesive etc. Coatings and deposits may be applied to the bearing components in any suitable
manner, including as non-limiting examples, by a thermal application such as laser cladding, or

by spraying, sputtering, vapour deposition, etc.

The second radial bearing material is provided as a portion of the second radial
bearing surface so that the second radial bearing material is concentrated at the radial load

location.

As used herein, concentrated at the radial load location may mean that a
relatively greater area of second radial bearing material and/or a relatively greater area density
(i.e., smaller spacing between inserts, etc.) of second radial bearing material is provided as the

second radial bearing surface at or adjacent to the radial load location on the second radial
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bearing component than elsewhere on the second radial bearing surface, so that the bearing
capacity of the second radial bearing surface is increased at or adjacent to the radial load

location relative to other locations on the second radial bearing surface.

The extent of the area of concentration of the second radial bearing material at
the radial load location may vary depending upon various factors, including as non-limiting
examples, the magnitude of the radial load, the configuration of the apparatus, the
configuration of the radial bearing, the size of the radial bearing, the variability of the radial

load during use, the materials from which the radial bearing components are constructed, etc.

The second radial bearing material may be concentrated at the radial load
location along a portion of the circumference of the second radial bearing surface, and/or may
be concentrated at the radial load location along a portion of the length of the second radial
bearing surface. Alternatively or additionally, the second radial bearing material may be
concentrated at the radial load location by increasing the area density of the second radial
bearing material on a portion of the circumference and/or the length of the second radial

bearing surface.

The second radial bearing component is orientable relative to the radial load so

that the second radial bearing material can be concentrated at the radial load location.

The second radial bearing component may be orientable relative to the radial
load by being fixed relative to a frame of reference such as a component of the apparatus in
which the radial bearing is used if the radial load is fixed relative to the frame of reference.
The second radial bearing component may be orientable relative to the radial load by being
rotatable relative to a frame of reference such as a component of the apparatus in which the
radial bearing is used if the radial load is rotatable relative to the frame of reference. As non-
limiting examples, the second radial bearing component may be fixed or rotatable relative to a
housing or a shaft of an apparatus in which the radial bearing is used so that the second radial

bearing component is orientable relative to the radial load.

In addition to the first radial bearing material which is provided as all or a
portion of the first radial bearing surface, one or more support rings of a support first radial

bearing material extending substantially around the entire circumference of the first radial
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bearing surface may optionally be provided as a portion of the first radial bearing surface. The
one or more support rings of the support first radial bearing material are separate from and may

be axially spaced from the first radial bearing material.

The support first radial bearing material may comprise, consist of, or consist
essentially of any material or combination of materials which is suitable for use in a radial
bearing, and may be provided as a portion of the first radial bearing surface in any suitable
manner. The support first radial bearing material may comprise, consist of, or consist
essentially of the same material or combination of materials as the first radial bearing material
and/or the second radial bearing material, or may comprise, consist of, or consist essentially of
a different material or combination of materials than the first radial bearing material and/or the

second radial bearing material.

In addition to the second radial bearing material which is provided as a portion
of the second radial bearing surface and concentrated at the radial load location, one or more
support rings of a support second radial bearing material extending substantially around the
entire circumference of the second radial bearing surface may optionally be provided as a
portion of the second radial bearing surface. The one or more support rings of the support
second radial bearing material are separate from and may be axially spaced from the second

radial bearing material.

The support second radial bearing material may comprise, consist of, or consist
essentially of any material or combination of materials which is suitable for use in a radial
bearing, and may be provided as a portion of the second radial bearing surface in any suitable
manner. The support second radial bearing material may comprise, consist of, or consist
essentially of the same material or combination of materials as the first radial bearing material,
the second radial bearing material, and/or the support first radial bearing material, or may
comprise, consist of, or consist essentially of a different material or combination of materials
than the first radial bearing material, the second radial bearing material, and/or the support first

radial bearing material.

Since the second radial bearing component is orientable relative to the radial
load, and since the first radial bearing component rotates relative to the second radial bearing

component, the entire circumference of the first radial bearing component may be exposed to
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the radial load which is exerted at the radial load location. As a result, the first radial bearing
material on the first radial bearing component may extend substantially around the entire
circumference of the first radial bearing surface and/or may be distributed around the entire

circumference of the first radial bearing surface.

The first radial bearing component and the second radial bearing component
may be configured so that the first radial bearing component is received within the second
radial bearing component, or may be configured so that the second radial bearing component is

received within the first radial bearing component.

Figures 1-7 are exemplary only. The radial bearing described herein may be

used in any suitable apparatus.

In the description of the exemplary embodiments which follows, features which
are identical or equivalent in the exemplary embodiments may be identified with the same

reference numbers.

Referring to Figure 6, an exemplary drilling motor (20) comprises a power
section (22) and a bearing section (26). The bearing section (26) is axially distal to the power
section (22). One or more sections of the drilling motor (20) may be axially interposed
between the power section (22) and the bearing section (26). As depicted in Figure 6, the
drilling motor (20) further comprises a transmission section (24) which is axially interposed
between the power section (22) and the bearing section (26). These sections of the drilling
motor (20) constitute components of a powertrain which utilizes fluid energy to rotate a drill bit

(28). A dnill string (70) is connected with the proximal end of the power section (22).

The sections of the drilling motor (20) are contained within a tubular housing
(30).

As depicted in Figure 6, the housing (30) comprises a plurality of housing
sections connected together with threaded connections, including a tubular power housing (32)
for the power section (22), a tubular transmission housing (34) for the transmission section

(24), and a tubular bearing housing (36) for the bearing section (26).



10

15

20

25

30

WO 2017/117651 PCT/CA2016/051520

The power housing (32) may comprise a plurality of power housing components
which together provide the power housing (32), or the power housing (32) may be a unitary

power housing (32) which is formed from a single drive housing component.

The transmission housing (34) may comprise a plurality of transmission housing
components which together provide the transmission housing (34), or the transmission housing
(34) may be a unitary transmission housing (34) which is formed from a single transmission

housing component.

The bearing housing (36) may comprise a plurality of bearing housing
components which together provide the bearing housing (36), or the bearing housing (36) may

be a unitary bearing housing (36) which is formed from a single bearing housing component.

The power section (22) of the drilling motor (20) comprises a stator (50) and a
drive member or rotor (52). The stator (50) is fixedly connected with the power housing (32),
and the rotor (52) is rotatable within the stator (50) in response to fluid circulating through the

power section (22).

As depicted in Figure 6, the power section (22) is a Moineau-type power section
in which the stator (50) and the rotor (52) are lobed. The rotor (52) has one fewer lobe than the

stator (50), and rotates eccentrically within the stator (50).

The transmission section (24) accommodates and converts the eccentric
movement of the rotor (52) to concentric rotation of a driveshaft (54) within the bearing section
(26). The transmission section (24) also transmits rotational drive energy from the power

section (22) to the bearing section (26).

As depicted in Figure 6, the transmission section (24) comprises the
transmission housing (34) and a transmission member or transmission shaft (60) which is
connected between the rotor (52) and the driveshaft (54) such that eccentric rotation of the
rotor (52) results in concentric rotation of the transmission shaft (60), and rotation of the

transmission shaft (60) causes rotation of the driveshaft (54).
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As depicted in Figure 6, the bearing section (26) comprises the bearing housing
(36), the driveshaft (54) and a bearing assembly (not shown in Figure 6) comprising one or
more thrust bearings and radial bearings which rotatably support the driveshaft (54) within the
housing (30). As depicted in Figure 6, the bearing section (26) also comprises a stabilizer (56)

which is threadably connected with the exterior of the bearing housing (36).

As depicted in Figure 6, the drill bit (28) is connected with the driveshaft (54) so
that rotation of the driveshaft (54) causes rotation of the drill bit (28).

The drilling motor (20) has a primary axis (80) and the driveshaft (54) has a
driveshaft axis (82). As depicted in Figure 6, the driveshaft axis (82) is oblique to the primary
axis (80) so that there is a “bend” in the drilling motor (20). The bend in the drilling motor
(20) may be provided by a bend in the exterior of the housing (30), by a bend in the interior of
the housing (30), by an articulation of the driveshaft (54) within the housing (30), or in any

other suitable manner.

Referring to Figure 7, an exemplary rotary steerable drilling apparatus (100)
comprises a housing (102) having an exterior surface (104). A shaft (108) extends through the
housing (102). The shaft (108) is rotatable relative to the housing (102).

In the exemplary rotary steerable apparatus (100), a drill bit (110) is connected
with a distal end of the shaft (108), and a drill string (112) is connected with a proximal end of
the shaft (108). The drill string (112) may include a drill string communication system (114)

such as a measurement-while-drilling system.

In the exemplary rotary steerable drilling apparatus (100), an anti-rotation
device (116) i1s connected with or integrated into the housing (102) adjacent to a proximal end
of the housing (102), and a near-bit stabilizer (118) is connected with or integrated into the

housing (102) adjacent to a distal end of the housing (102).

In the exemplary rotary steerable drilling apparatus (100), a deflection
mechanism (not shown) is contained within the housing (102), which may be actuated to cause

radial deflection of a portion of the shaft (108) within the housing (102).
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The deflection mechanism may be comprised of any structure, device or
apparatus which is capable of causing the radial deflection of the portion of the shaft (108)
within the housing (102). The radial deflection of the portion of the shaft (108) may result in
bending of the shaft (108) within the housing (102). Additionally or alternatively, the radial
deflection of the portion of the shaft (108) may result in articulation of the shaft (108) within
the housing (102), if the shaft (108) is comprised of a joint (not shown) which facilitates such

articulation.

In the exemplary embodiment of the rotary steerable drilling apparatus (100), a
bearing assembly (not shown in Figure 7) is contained within the housing (102), comprising
one or more thrust bearings and radial bearings which rotatably support the shaft (108) within

the housing (102).

Figures 1-2 depict a first exemplary embodiment of a second radial bearing
component (162). Figures 3-4 depict a second exemplary embodiment of a second radial
bearing component (162). Figure 5 depicts an exemplary embodiment of a first radial bearing

component (164).

In the exemplary embodiments, the radial bearing components (162, 164) are
configured so that the first radial bearing component (164) is received within the second radial
bearing component (162). In other embodiments, the radial bearing components (162, 164)
may be configured so that the second radial bearing component (162) is received within the

first radial bearing component (164).

In the exemplary embodiments, the second radial bearing component (162) is

orientable within the apparatus within which the radial bearing (160) is used.

In the exemplary embodiments, the second radial bearing component (162) is
orientable relative to a particular radial load which is exerted on the second radial bearing
component (162) during use of the apparatus, resulting from the configuration of the radial
bearing (160) and/or of the apparatus, so that the radial load is exerted on the second radial
bearing component (162) at a radial load location (166) on the second radial bearing
component (162).

-10 -
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In the exemplary embodiments, the second radial bearing component (162) is
orientable relative to the radial load by being fixedly connected in a suitable manner with the
housing of the apparatus within which the radial bearing (160) is used, such as with the bearing
housing (36) of the drilling motor (20) or with the housing (102) of the rotary steerable drilling
apparatus (100).

Referring to Figures 1-4, the second radial bearing component (162) defines a
second radial bearing surface (170). The second radial bearing surface (170) has a
circumference (172), a length (174), and an area defined by the circumference (172) and the

length (174).

A second radial bearing material is provided as a portion of the second radial
bearing surface (170). The second radial bearing material may comprise, consist of, or consist
essentially of any suitable material, and may be provided as a portion of the second radial

bearing surface (170) in any suitable manner.

In the exemplary embodiments depicted in Figures 1-4, the second radial
bearing material comprises inserts (180) of a wear resistant material such as a polycrystalline
diamond compact (PDC) material, which are mounted in an array on or in the second radial
bearing component (162). The inserts (180) may be mounted on or in the second radial bearing
component (162) in pockets (not shown) or in any other suitable manner, and may be fixed in
position by thermal fit, interference fit, welding, brazing or soldering, with an adhesive, or in

any other suitable manner.

In the exemplary embodiments, the inserts (180) are arranged as a portion of the
second radial bearing surface (170) so that a larger number of inserts (180) are at or adjacent to
the radial load location (166) than elsewhere on the second radial bearing surface (170). As a
result, the inserts (180) are concentrated at the radial load location (166) and thus provide a
greater area of the second radial bearing material and/or a greater area density of the second

radial bearing material at or adjacent to the radial load location (166).

In the exemplary embodiments, the inserts (180) are concentrated along a
portion of the circumference (172) of the second radial bearing surface (170) and along a
portion of the length (174) of the second radial bearing surface (170).

-11 -
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In the first exemplary embodiment depicted in Figures 1-2, the inserts (180) are
concentrated along less than about one-half of the circumference (172) and along less than
about one-half of the length (174) of the second radial bearing surface (170). In the second
exemplary embodiment depicted in Figures 3-4, the inserts (180) are concentrated along less
than about two-thirds of the circumference (172) and along less than about one-half of the
length (174) of the second radial bearing surface (170).

In other embodiments, the second radial bearing material, as inserts (180) or in
any other form, may be concentrated along less than or greater than one-half or two-thirds of
the circumference (172) of the second radial bearing surface (170) and/or along less than or

greater than one-half of the length (174) of the second radial bearing surface (170).

The extent of the area of concentration of the second radial bearing material on
the second radial bearing surface (170) and the shape or pattern of the area of concentration
may vary according to various factors, including as non-limiting examples, the magnitude of
the radial load, the configuration of the apparatus, the configuration of the radial bearing (160),
the size of the radial bearing, the variability of the radial load during use of the apparatus, the

materials from which the radial bearing components (162, 164) are constructed, etc.

In some embodiments, the extent of the area of concentration of the second
radial bearing material and/or the shape or pattern of the concentration area may be designed
using modeling methods, techniques and/or software, having regard to the expected
environment in which the radial bearing (160) may be used and the loads which are expected to

be exerted upon the radial bearing (160).

Referring to Figures 1-2, in the first exemplary embodiment of the second radial
bearing component (162), the inserts (180) are generally circular. Referring to Figures 3-4, in
the second exemplary embodiment of the second radial bearing component (162), the inserts
(180) are generally rectangular. In the second exemplary embodiment, the generally
rectangular inserts (180) may be fabricated as generally rectangular, or generally circular

inserts (180) may be cut or otherwise modified to produce generally rectangular inserts (180).

-12-
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An advantage of generally rectangular inserts (180) over generally circular
inserts (180) is that the generally rectangular inserts (180) may potentially be arranged closer
together or more “densely” on the second radial bearing surface (170) than generally circular
inserts (180), thereby enabling a greater area and/or a greater area density of the second radial

bearing material within the area of concentration of the second radial bearing material.

Referring again to Figures 3-4, in the second exemplary embodiment, a ring of a
support second radial bearing material, which is separate from and axially spaced from the
concentrated second radial bearing material, extends substantially around the entire

circumference of the second radial bearing surface (170) as a support ring (182).

In other embodiments, no support ring (182) may be provided (as in the first
exemplary embodiment) or more than one support ring (182) may be provided. One or more
support rings (182) may be advantageous for supporting the first radial bearing component
(164) and/or for providing a general radial load bearing capacity for radial loads other than the

radial load which is exerted at the radial load location.

Referring to Figure 5, the first radial bearing component (164) defines a first
radial bearing surface (190). The first radial bearing surface (190) has a circumference (192), a
length (194), and an area defined by the circumference (192) and the length (194).

In the exemplary embodiment of the first radial bearing component (164), a first
radial bearing material is provided as a portion of the first radial bearing surface (190). The
first radial bearing material may comprise, consist of, or consist essentially of any suitable
material, which may be provided as a portion of the first radial bearing surface (190) in any
suitable manner. In some embodiments, the first radial bearing material may be a non-wear
resistant material or a relatively non-wear resistant material if the first radial bearing

component is configured as a wear part or a sacrificial component.

In the exemplary embodiment of the first radial bearing component (164), the
first radial bearing material comprises inserts (200) of a wear resistant material such as a
polycrystalline diamond compact (PDC) material, which are mounted in an array on or in the
first radial bearing component (164). The inserts (200) may be mounted on or in the first radial

bearing component (164) in pockets (not shown) or in any other suitable manner, and may be
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fixed in position by thermal fit, interference fit, welding, brazing or soldering, with an

adhesive, or in any other suitable manner.

In the exemplary embodiment of the first radial bearing component (164), the
inserts (200) are mounted on or in the first radial bearing component (164) in a circumferential
array which extends substantially around the entire circumference (192) of the first radial

bearing surface (190).

Optionally, one or more rings of a support first radial bearing material, which
are separate from and/or axially spaced from the circumferential array of the first radial bearing
material, may extend substantially around the entire circumference of the first radial bearing

surface (190) as support rings (not shown in Figure 5).

In the exemplary embodiments of the radial bearing components (162, 164), the
second radial bearing material providing the area of concentration on the second radial bearing
surface (170) and the first radial bearing material providing the circumferential array on the
first radial bearing surface (190) are configured so that the bearing materials coincide and
contact each other when the radial bearing (160) is assembled. Similarly, in the exemplary
embodiments, the support second radial bearing material providing one or more support rings
(182) on the second radial bearing surface (170) and the support first radial bearing material
providing one or more support rings (not shown) on the first radial bearing surface (190) are
configured and axially positioned so that the bearing materials coincide and contact each other

when the radial bearing (160) is assembled.

ADDITIONAL DISCLOSURES

The following are non-limiting, specific embodiments of the radial bearing

described herein:

Embodiment A. A radial bearing for transmitting a radial load,

comprising;
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(@ a first radial bearing component defining a first radial bearing surface, wherein
at least a portion of the first radial bearing surface is provided by a first radial

bearing material; and

(b) a second radial bearing component defining a second radial bearing surface,
wherein a portion of the second radial bearing surface is provided by a second
radial bearing material, wherein the first radial bearing component and the
second radial bearing component interact to transmit the radial load between the
first radial bearing component and the second radial bearing component at a
radial load location on the second radial bearing component, wherein the second
radial bearing component is orientable relative to the radial load, and wherein
the second radial bearing material is provided as the portion of the second radial
bearing surface such that the second radial bearing material is concentrated at

the radial load location.

Embodiment B. The radial bearing of Embodiment A wherein the second
radial bearing surface has a circumference and wherein the second radial bearing material is

provided along a portion of the circumference of the second radial bearing surface.

Embodiment C. The radial bearing of Embodiment A or B wherein the
second radial bearing surface has a length and wherein the second radial bearing material is

provided along a portion of the length of the second radial bearing surface.

Embodiment D. The radial bearing any one of Embodiments A through C
wherein the second radial bearing material is provided along less than one-half of the

circumference of the second radial bearing surface.

Embodiment E. The radial bearing of any one of Embodiments A through

D wherein the second radial bearing material is a wear resistant material.
Embodiment F. The radial bearing of any one of Embodiments A through

E wherein the second radial bearing material comprises one or more inserts mounted in the

second radial bearing component.
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Embodiment G. The radial bearing of any one of Embodiments A through
F wherein the second radial bearing material comprises a coating on the second radial bearing

component.

Embodiment H. The radial bearing of any one of Embodiments A through
G wherein a portion of the second radial bearing component is formed from the second radial
bearing material so that the second radial bearing component provides the second radial

bearing material.

Embodiment L. The radial bearing of any one of Embodiments A through
H wherein the second radial bearing material comprises a plurality of inserts mounted in the
second radial bearing component, wherein the plurality of inserts has an area density, and

wherein the area density of the inserts is concentrated at the radial load location.

Embodiment J. The radial bearing of any one of Embodiments A through
I wherein the first radial bearing surface has a circumference and wherein the first radial
bearing material extends substantially around the entire circumference of the first radial

bearing surface.

Embodiment K. The radial bearing of any one of Embodiments A through

J wherein the first radial bearing material is a wear resistant material.

Embodiment L. The radial bearing of any one of Embodiments A through
K wherein the first radial bearing material comprises one or more inserts mounted in the first

radial bearing component.

Embodiment M. The radial bearing of any one of Embodiments A through
L wherein the first radial bearing material comprises a coating on the first radial bearing

component.

Embodiment N. The radial bearing of any one of Embodiments A through
M wherein at least a portion of the first radial bearing component is formed from the first radial
bearing material so that the first radial bearing component provides the first radial bearing

material.
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Embodiment O. The radial bearing of any one of Embodiments A through
N wherein the radial bearing is a component of an apparatus which is adapted to be inserted in

a borehole.

Embodiment P. The radial bearing of any one of Embodiments A through
O wherein the radial bearing is a component of a drilling apparatus for use in drilling a

borehole.

Embodiment Q. The radial bearing of any one of Embodiments A through
P wherein the radial bearing is a component of a drilling apparatus for use in drilling a borehole

and wherein the radial load location is defined by the configuration of the drilling apparatus.

Embodiment R. The radial bearing of any one of Embodiments A through
Q wherein the drilling apparatus is a drilling motor and wherein the radial load location is

defined by a bend in the drilling motor.

Embodiment S. The radial bearing of any one of Embodiments A through
Q wherein the drilling apparatus is a rotary steerable drilling apparatus and wherein the radial

load location is defined by a bend in the rotary steerable drilling apparatus.

In this document, the word “comprising” is used in its non-limiting sense to
mean that items following the word are included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinite article “a” does not exclude the
possibility that more than one of the elements is present, unless the context clearly requires that

there be one and only one of the elements.
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I claim:

1. A radial bearing for transmitting a radial load, comprising;

(a) a first radial bearing component defining a first radial bearing surface, wherein
at least a portion of the first radial bearing surface is provided by a first radial

bearing material; and

(b) a second radial bearing component defining a second radial bearing surface,
wherein a portion of the second radial bearing surface is provided by a second
radial bearing material, wherein the first radial bearing component and the
second radial bearing component interact to transmit the radial load between the
first radial bearing component and the second radial bearing component at a
radial load location on the second radial bearing component, wherein the second
radial bearing component is orientable relative to the radial load, and wherein
the second radial bearing material is provided as the portion of the second radial
bearing surface such that the second radial bearing material is concentrated at

the radial load location.

2. The radial bearing as claimed in claim 1 wherein the second radial bearing
surface has a circumference and wherein the second radial bearing material is provided along a

portion of the circumference of the second radial bearing surface.

3. The radial bearing as claimed in claim 1 wherein the second radial bearing
surface has a length and wherein the second radial bearing material is provided along a portion

of the length of the second radial bearing surface.

4. The radial bearing as claimed in claim 2 wherein the second radial bearing
surface has a length and wherein the second radial bearing material is provided along a portion

of the length of the second radial bearing surface.

5. The radial bearing as claimed in claim 2 wherein the second radial bearing
material is provided along less than one-half of the circumference of the second radial bearing

surface.
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6. The radial bearing as claimed in claim 1 wherein the second radial bearing

material is a wear resistant material.

7. The radial bearing as claimed in claim 1 wherein the second radial bearing

material comprises one or more inserts mounted in the second radial bearing component.

8. The radial bearing as claimed in claim 1 wherein the second radial bearing

material comprises a coating on the second radial bearing component.

9. The radial bearing as claimed in claim 1 wherein a portion of the second radial
bearing component is formed from the second radial bearing material so that the second radial

bearing component provides the second radial bearing material.

10. The radial bearing as claimed in claim 1 wherein the second radial bearing
material comprises a plurality of inserts mounted in the second radial bearing component,
wherein the plurality of inserts has an area density, and wherein the area density of the inserts

is concentrated at the radial load location.
11. The radial bearing as claimed in claim 1 wherein the first radial bearing surface
has a circumference and wherein the first radial bearing material extends substantially around

the entire circumference of the first radial bearing surface.

12. The radial bearing as claimed in claim 11 wherein the first radial bearing

material 1s a wear resistant material.

13. The radial bearing as claimed in claim 11 wherein the first radial bearing

material comprises one or more inserts mounted in the first radial bearing component.

14. The radial bearing as claimed in claim 11 wherein the first radial bearing

material comprises a coating on the first radial bearing component.
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15. The radial bearing as claimed in claim 11 wherein at least a portion of the first
radial bearing component is formed from the first radial bearing material so that the first radial

bearing component provides the first radial bearing material.

16. The radial bearing as claimed in claim 1 wherein the radial bearing is a

component of an apparatus which is adapted to be inserted in a borehole.

17. The radial bearing as claimed in claim 1 wherein the radial bearing is a

component of a drilling apparatus for use in drilling a borehole.

18. The radial bearing as claimed in claim 1 wherein the radial bearing is a
component of a drilling apparatus for use in drilling a borehole and wherein the radial load

location is defined by the configuration of the drilling apparatus.

19. The radial bearing as claimed in claim 18 wherein the drilling apparatus is a

drilling motor and wherein the radial load location is defined by a bend in the drilling motor.
20. The radial bearing as claimed in claim 18 wherein the drilling apparatus is a

rotary steerable drilling apparatus and wherein the radial load location is defined by a bend in

the rotary steerable drilling apparatus.

-20 -



WO 2017/117651 PCT/CA2016/051520

e G2
e
160
FIG. 1 \6G
162
\co

-180




WO 2017/117651 PCT/CA2016/051520

2/3
V62

110

\60

160

180




WO 2017/117651 PCT/CA2016/051520

\
A
20
( /D ] ,
W w4

FIG. 7



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2016/051520

A. CLASSIFICATION OF SUBJECT MATTER

IPC: F16C 17/02 (2006.01), E2IB 10/22 (2006.01), E2IB4/00(2006.01), F16C 33/12 (2006.01)

According to International Patent Classification (IPC) or to both national classification and TPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: F16C 17/02 (2006.01) , E21B 10/22 (2006.01), E21B 4/00 (2006.01), F16C 33/12 (2006.01)

None

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Questel (FAMPAT)

outer race, align+

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Keywords: asymmetrical, radial+, bearing?, first, second, drill+, load?, orient+, force?, insert?, tile?, coating?, deposit?, material?, circumference,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y US 4190302 A (Boeing Commercial Airplane Company) 26 February 1980 (26-02-1980)
Y GB 2097486 A (Kamatics Corporation) 3 November 1982 (03-11-1982)

A US 4842424 A (Kamatics Corporation) 27 June 1989 (27-06-1989)

1-20

1-20

1-20

. Further documents are listed in the continuation of Box C.

W See patent family annex.

* |Special categories of cited documents:

“A” |document defining the general state of the art which is not considered
to be of particular relevance

“E” |earlier application or patent but published on or after the international
filing date

“L” |document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” |document referring to an oral disclosure, use, exhibition or other means

“P” |document published prior to the international filing date but later than
the priority date claimed

“T” |later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

ey

ey

g

Date of the actual completion of the international search
26 January 2017 (26-01-2017)

Date of mailing of the international search report
09 February 2017 (09-02-2017)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 819-953-2476

Authorized officer

Alexis Cote (819) 639-7785

Form PCT/ISA/210 (second sheet ) (January 2015)

Page 2 of 3




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CA2016/051520

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US4190302A 26 February 1980 (26-02-1980) US4190302A 26 February 1980 (26-02-1980)
DE2742999A1 30 March 1978 (30-03-1978)
DE2742999C2 28 April 1988 (28-04-1988)
FR2365721A1 21 April 1978 (21-04-1978)
FR2365721B1 10 August 1984 (10-08-1984)
GB1592478A 08 July 1981 (08-07-1981)
GB1592479A 08 July 1981 (08-07-1981)
IT1143604B 22 October 1986 (22-10-1986)
JPS5359158A 27 May 1978 (27-05-1978)
JPS6064323U 07 May 1985 (07-05-1985)
NL7710429A 29 March 1978 (29-03-1978)
NL182096B 03 August 1987 (03-08-1987)
NL182096C 04 January 1988 (04-01-1988)
SE7710285L 24 March 1978 (24-03-1978)
SE432293B 26 March 1984 (26-03-1984)

GB2097486A 03 November 1982 (03-11-1982) GB2097486A 03 November 1982 (03-11-1982)
GB2097486B 10 July 1985 (10-07-1985)
DE3214250A1 11 November 1982 (11-11-1982)
DE3214250C2 23 September 1993 (23-09-1993)
DE3214250C3 24 December 1998 (24-12-1998)
FR2504218A1 22 October 1982 (22-10-1982)
FR2504218B1 15 May 1987 (15-05-1987)
1T8220726D0 14 April 1982 (14-04-1982)
IT1210477B 14 September 1989 (14-09-1989)
JPS57184721A 13 November 1982 (13-11-1982)
JPH0461205B2 30 September 1992 (30-09-1992)
US4717268A 05 January 1988 (05-01-1988)
US4717268B1 04 June 1991 (04-06-1991)
US4842424A 27 June 1989 (27-06-1989)
US5110221A 05 May 1992 (05-05-1992)
US5137374A 11 August 1992 (11-08-1992)

US4842424A 27 June 1989 (27-06-1989) US4842424A 27 June 1989 (27-06-1989)
DE3214250A1 11 November 1982 (11-11-1982)
DE3214250C2 23 September 1993 (23-09-1993)
DE3214250C3 24 December 1998 (24-12-1998)
FR2504218A1 22 October 1982 (22-10-1982)
FR2504218B1 15 May 1987 (15-05-1987)
GB2097486A 03 November 1982 (03-11-1982)
GB2097486B 10 July 1985 (10-07-1985)
1T8220726D0 14 April 1982 (14-04-1982)
IT1210477B 14 September 1989 (14-09-1989)
JPS57184721A 13 November 1982 (13-11-1982)
JPH0461205B2 30 September 1992 (30-09-1992)
US4717268A 05 January 1988 (05-01-1988)
US4717268B1 04 June 1991 (04-06-1991)
US5110221A 05 May 1992 (05-05-1992)
US5137374A 11 August 1992 (11-08-1992)

Form PCT/ISA/210 (patent family annex ) (January 2015)

Page 3 of 3




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report

