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An Actuation Apparatus of a Directional Drilling Module

Background
[0001] Directional borehole operations, such as directional drilling, involve
varying or controlling the direction of a downhole tool (e.g., a drill bit) in a
wellbore to direct the tool towards a desired target destination. In directional
drilling, for example, the direction of a drill bit is controlled to direct the bit, and
the resultant wellbore, towards a desired target destination.
[0002] Various techniques have been used for adjusting the direction of a tool
string in drilling a borehole. Slide drilling, for example, may be performed using a
downhole motor and a bent housing to selectively change the direction in which
the borehole is being drilled. Normally, the entire drill string, including the
downhole motor and bent housing, is rotated from the surface, for a zero net
change in direction (nominally straight drilling). The direction of drilling may be
changed by using the downhole motor alone to rotate the bit while drill string
rotation 1s halted, such that the bent housing detlects the bit in the desired
direction. When the desired directional change 1s achieved, rotation of the string
from the surface may be resumed.
[0003] Slide drilling systems may have challenges related to halting drill string
rotation. For example, a non-rotating drill string is subject to buckling in the
wellbore and reduced hole cleaning efficiency.
[0004] In contrast to slide drilling systems, directional drilling systems typically
have an adjustable housing angle that may be dynamically controlled while
drilling to effectively steer the borehole being drilled. This allows the entire drill
string to continue rotating while changing the direction of the borehole. By
maintaining drill string rotation, directional drilling systems overcome various

deficiencies of slide drilling.

[0005] An example of a tool for controlling deflection in a directional drilling

system (i.e. a rotary steerable module) typically includes a shaft that rotates with
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the drill string surrounded by a housing that deflects the shaft thereby pointing the
bit, an internally rotatable articulated coupling of two shafts (Point the Bit), or a
tully rotating or partially geo-stationary device with radial push pads/gauges. By
deflecting the shaft, the direction of the downhole end of the shaft is changed to

also change the direction of drilling of the drill bit.

Brief Description of the Drawings
[0006] For a detailed description of the embodiments of the invention, reference

will now be made to the accompanying drawings in which:

[0007] FIG. 1 shows schematic view of a wellbore environment in accordance

with one or more embodiments of the present disclosure;

[0008] FIG. 2 shows a cross-sectional view of a directional drilling module for
drilling a deviated borehole in accordance with one or more embodiments of the

present disclosure;

[0009] FIG. 3 shows a cross-sectional view of a cam assembly of a directional
drilling module in accordance with one or more embodiments of the present

disclosure;

[0010] FIG. 4 shows a side view of the actuation apparatus in accordance with
one or more embodiments of the present disclosure;

[0011] FIG. 5 shows a cross-sectional view of an actuation apparatus in
accordance with one or more embodiments of the present disclosure;

[0012] FIG. 6 shows a side view of a steering shaft of an actuation apparatus in
accordance with one or more embodiments of the present disclosure;

[0013] FIG. 7 shows a cross-sectional view of a sleeve of an actuation apparatus
in accordance with one or more embodiments of the present disclosure;

[0014] FIG. 8 shows a detailed cross-sectional view of an actuation apparatus in

accordance with one or more embodiments of the present disclosure; and
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[0015] FIG. 9 shows another detailed cross-sectional view of an actuation
apparatus in accordance with one or more embodiments of the present disclosure.
[0016] The illustrated figures are only exemplary and are not intended to assert
or imply any limitation with regard to the environment, architecture, design, or

process in which different embodiments may be implemented.

Detailed Description
[0017] FIG. 1 is a schematic view of a well system operating a downhole drilling
assembly that can embody principles of the present disclosure. The system of the
present disclosure will be specifically described below such that the system is used
to direct a drill bit to drill a wellbore within a well, such as a well subsea or on
land. Further, it will be understood that the present disclosure is not limited to only
drilling an oil well. The present disclosure also encompasses natural gas wellbores
or hydrocarbon wellbores in general. Further, the present disclosure may be used
for production, monitoring, or injection in relation to the recovery of hydrocarbons
or other materials from the subsurface. This could also include geothermal

wellbores intended to provide a source of heat energy instead of hydrocarbons.

[0018] Accordingly, a tool string 126 is shown in FIG. 1 disposed in a directional
borehole 116. The tool string 126 including a directional drilling module 128 in
accordance with various embodiments. A drilling platform 102 supports a derrick
104 having a traveling block 106 for raising and lowering a drill string 108. A
kelly 110 supports the drill string 108 as the drill string 108 is lowered through a
rotary table 112. In some embodiments, a topdrive is used to rotate the drill string
108 in place of the kelly 110 and the rotary table 112. A drill bit 114 is positioned
at the downhole end of the tool string 126, and, in one or more embodiments, may
be driven by a downhole motor (not shown) positioned in the tool string 126
uphole of the rotary steering tool 128 and/or rotation of the drill string 108 from
the surface. As the bit 114 rotates, the bit 114 creates the borehole 116 that passes

through various formations 118. A pump 120 circulates drilling fluid through a
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teed pipe 122 and downhole through the interior of drill string 108, through
orifices in drill bit 114, back to the surface via the annulus 136 around drill string
108, and into a retention pit 124. The drilling fluid transports cuttings from the
borehole 116 into the pit 124 and aids in maintaining the integrity of the borehole
116.

[0019] The tool string 126 may include one or more logging-while-drilling
(“LWD”)/measurement-while-drilling (“MWD”) tools 132 that collect
measurements relating to various formation properties as well as the position of
the bit 114 and various other drilling conditions as the bit 114 extends the borehole
108 through the formations 118. The MWD tool 132 may include a device for
measuring formation resistivity, a gamma ray device for measuring formation
gamma ray intensity, devices for measuring the inclination and azimuth of the tool
string 126, pressure sensors for measuring drilling fluid pressure, temperature
sensors for measuring borehole temperature, etc.

[0020] The tool string 126 may also include a telemetry module 134. The
telemetry module 134 receives data provided by the various sensors of the tool
string 126 (e.g., sensors of the MWD tool 132), and transmits the data to a surface
control unit 138. Similarly, data provided by the surface control unit 138 is
received by the telemetry module 134 and transmitted to the tools (e.g, MWD tool
132, rotary steering tool 128, etc.) of the tool string 126. In some embodiments,
mud pulse telemetry, wired drill pipe, acoustic telemetry, or other telemetry
technologies know in the art may be used to provide communication between the
surface control unit 138 and the telemetry module 134.

[0021] The directional drilling module 128 1s configured to change the direction
of the tool string 126 and/or the drill bit 114, such as based on information
indicative of tool 128 orientation and a desired direction of the tool string 126. The
directional drilling module 128 includes a housing 130 disposed about a steerable
shaft 140. In this embodiment, the steerable shaft 140 transfers rotation through

the directional drilling module 128. A deflection or cam assembly surrounding the
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shaft 140 is rotatable within the rotation resistant housing 130 to orient the cam
assembly such that the shaft 140 can be deflected by movement of the cam
assembly. Some embodiments of the directional drilling module 128 include a
direction sensor (e.g., a magnetometer, gyroscope, accelerometer, etc.) for
determining an azimuth to a reference direction (e.g., magnetic north), and based
on the azimuth and a desired direction, the directional drilling module 128
determines a suitable orientation of the deflection sleeve to steer the tool string

126 1in the desired direction.

[0022] Referring now to FIG. 2, a cross-sectional view of a directional drilling
module 128 for drilling a deviated borehole in accordance with one or more
embodiments of the present disclosure is shown. In this embodiment, the
directional drilling module 128 includes a rotating shaft 140 within a housing 130.
Radial deflection of the rotating shaft 140 within the housing 130 by a cam
assembly 160 causes the lower end of the shaft 140 to pivot about a spherical
bearing system 142. The intersection of the central axis 144 of the housing 130
and the central axis 146 of the pivoted shaft 140 below the spherical bearing
system 142 defines a bend or angle 148 for directional drilling purposes. While
steering, the angle 148 is maintained in a desired toolface and bend angle by the
cam assembly 160. To drill straight, the cam assembly 160 1s arranged so that the
deflection of the shaft 140 is relieved and the central axis 146 of the shaft 140
below the spherical bearing system 124 is in line with the central axis 144 of the
housing 130.

[0023] FIG. 3 shows a cross-sectional view of the cam assembly 160. The cam
assembly 160 includes an outer ring 162 and an inner ring 166. The outer ring 162
has an eccentric hole 164 formed through the outer ring 162, and the inner ring
166 also has an eccentric hole 168 formed through the inner ring 166. The inner
ring 166 is then positioned (e.g., rotatably positioned) within the eccentric hole

164 formed of the outer ring 162. Further, the shaft 140 may be positioned and
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extend through the eccentric hole 168 of the inner ring 166 such that he shaft 140
1s rotatable within the eccentric hole 168.

[0024] An actuation apparatus (discussed more below) is provided to control the
orientation of the outer ring 162 and the inner ring 166 with respect to each other
and/or relative to the housing 130. By orienting the outer ring 162 relative to the
inner ring 166 in relation to the orientation of the housing 130, deflection of the
rotating shaft 140 is controlled as the shaft 140 passes through the cam assembly
160. The deflection of the shaft 140 can be controlled in any direction and any
magnitude within the limits of the cam assembly 160. This shaft deflection above
the spherical bearing system causes the lower portion of the rotating shaft 150
below the spherical bearing assembly 142 to pivot in the direction opposite the
shaft deflection and in proportion to the magnitude of the shaft deflection. For the
purposes of directional drilling, the angle 148 may occur within the spherical
bearing assembly 120 at the intersection of the central axis 144 of the housing 130
and the central axis 146 of the lower portion of the rotating shaft 160 below the
spherical bearing assembly 142. The bend angle is the angle between the two
central axes 144 and 146. The pivoting of the lower portion of the rotating shaft

150 causes the bit 114 to tilt in the intended manner to drill a deviated borehole.

[0025] Referring now to FIGS. 4-9, multiple views of an actuation apparatus 400
for use with a directional drilling module in accordance with one or more
embodiments of the present disclosure are shown. In particular, the actuation
apparatus 400 may be used with a cam assembly 160 of a directional drilling
module 128, such as to rotate one or more rings of the cam assembly with respect
to each other. Accordingly, FIG. 4 shows a side view of the actuation apparatus
400, FIG. 5 shows a cross-sectional view of the actuation apparatus 400, FIG. 6
shows a side view of a steering shaft 410 of the actuation apparatus 400, FIG. 7
shows a cross-sectional view of a sleeve 416 of the actuation apparatus 400, FIG.

8 shows a detailed cross-sectional view of an end of the actuation apparatus 400,
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and FIG. 9 shows another detailed cross-sectional view of another end of the
actuation apparatus 400.

[0026] The actuation apparatus 400 includes a housing 402 that has a bore 404
formed within and extending through the housing 402. In this embodiment, the
housing 402 may be formed from one or more parts or components, such as a first
housing 402A and a second housing 402B coupled to each other, or may be
formed as a single component.

[0027] The actuation apparatus 400 then includes one or more shafts, such as at
least partially positioned within the bore 404 of the housing 402. For example, an
adjustment shaft 406 that has a bore 408 formed within and extending through the
adjustment shaft 406 is at least partially positioned within the bore 404 of the
housing 402. Further, a steering shaft 410 is positioned within the bore 404 of the
housing 402, and more particularly positioned within the bore 408 of the
adjustment shaft 406. The steering shaft 410 and the adjustment shaft 406 may be
rotatable with respect to the housing 402, and the steering shaft 410 and the
adjustment shaft 406 may be rotatable with respect to each other.

[0028] In one or more embodiments, a motor 412 may be operably coupled to the
steering shaft 410 and/or the adjustment shaft 406 to rotate the steering shaft 410
and the adjustment shaft 406. The motor 412 may be an electric motor, mechanical
motor, magnetic motor (e.g., permanent magnet motor), hydraulic motor, and/or
any other type of motor known in the art.

[0029] A motion assembly 414 may then be operably coupled between the motor
412 and the steering shaft 410 and/or the adjustment shaft 406 to enable the motor
412 to rotate the adjustment shaft 406 with respect to the steering shaft 410. In this
embodiment, the motion assembly 414 includes a sleeve 416, a driver 418, and a
nut 420, and the motion assembly 414 is positioned, at least partially, within the
bore 404 of the housing 402. The steering shaft 410 may extend through the
motion assembly 414 such that the sleeve 416, the driver 418, and the nut 420 are

positioned about the steering shaft 410.
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[0030] The sleeve 416 rotationally engages with the steering shaft 410 such that
the sleeve 416 is rotatable with respect to the steering shaft 410. For example, the
sleeve 416 and the steering shaft 410 may be threadedly engaged with each other
(e.g., helically coupled using a helical spline or thread) such that rotation between
the sleeve 416 and the steering shaft 410 enables the sleeve 416 and the steering
shaft 410 to move axially with respect to each other. Further, the sleeve 416 and
the adjustment shaft 406 may be rotationally linked with each other such that the
sleeve 416 and the adjustment shatt 406 rotate with each other (e.g., at the same
rate). For example, the sleeve 416 and the adjustment shaft 406 may include one
or more splines 422 and corresponding slots 424 formed therebetween such that
rotation is translated between the sleeve 416 and the adjustment shatt 406 through
the spline 422 and the corresponding slot 424. The sleeve 416 and the adjustment
shaft 406, thus, may also move axially with respect to each other.

[0031] The motor 412 is used to axially move the sleeve 416 with respect to the
adjustment shaft 406 and/or the steering shatt 410. For example, the driver 418
and the nut 420 are operably coupled between the motor 412 and the sleeve 416 to
move the sleeve 416 with respect to the adjustment shaft 406 and/or the steering
shaft 410. The driver 418 is coupled to the motor 412 such that the motor 412 is
able to rotate the driver 418. In one embodiment, a gear reduction mechanism 426,
such as a strain wave gear (e.g., Harmonic Drive), may be used to facilitate
rotating the driver 418 with the motor 412.

[0032] The driver 418 and the nut 420 may be threadedly engaged with each
other such that rotation between the driver 418 and the nut 420 enables the driver
418 and the nut 420 to move axially with respect to each other. Further, the nut
420 and the sleeve 416 may be axially linked with each other such that axial
movement of the nut 420 also axially moves the sleeve 416. The nut 420 and the
sleeve 416 are able to rotate with respect to each other. For example, as shown,
one or more bearing assemblies 428 may be positioned between the nut 420 and

the sleeve 416 to facilitate rotation between the nut 420 and the sleeve 416.
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[0033] The driver 418 may be rotatable with respect to the housing 402 and/or
the steering shaft 410. One or more bearing assemblies 428 may be positioned
between the driver 418 and the housing 402 to facilitate rotation between the
driver 418 and the housing 402, and one or more bearing assemblies 428 may be
positioned between the driver 418 and the steering shaft 410 to facilitate rotation
between the driver 418 and the steering shaft 410. Further, the adjustment shaft
406 may be rotatable with respect to the housing 402 and/or the steering shaft 410.
One or more bearing assemblies 428 may be positioned between the adjustment
shaft 406 and the housing 402 to facilitate rotation between the adjustment shaft
406 and the housing 402, and one or more bearing assemblies 428 may be
positioned between the adjustment shaft 406 and the steering shaft 410 to facilitate
rotation between the adjustment shaft 406 and the steering shaft 410.

[0034] As mentioned above, the steering shaft 410 and the adjustment shaft 406
may be rotatable with respect to the housing 402, and the steering shaft 410 and
the adjustment shaft 406 may be rotatable with respect to each other. Accordingly,
one of the steering shaft 410 and the adjustment shaft 406 may be coupled to one
of the outer ring 162 and the inner ring 166 of the cam assembly 160 to rotate the
outer ring 162 with respect to the inner ring 166. In particular, in one embodiment,
the adjustment shaft 406 1s coupled to the inner ring 166 to rotate the outer ring
162 with respect to the inner ring 166. The steering shaft 410 (or another
component/shaft coupled to the steering shaft 410) may then extend through and
be rotatable with respect to the eccentric hole 168 formed through the inner ring
166. Rotation of the adjustment shaft 406 with respect to the steering shaft 410
enables and results in rotation of the outer ring 162 with respect to the inner ring
166 for the directional drilling module 128. The adjustment shaft 406 is then
coupled to the cam assembly 160 of the directional drilling module 128 to cause a
drill bit 114 to tilt in the intended manner in a target drilling direction. The
steering shaft 410 may then be operably coupled to a drive shaft (e.g., steerable
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shaft 140) and the drill bit 114 such that rotation from the steering shaft 410 may
be translated to the drill bit 114 to drill a deviated borehole.

[0035] In addition to the embodiments described above, many examples of
specific combinations are within the scope of the disclosure, some of which are

detailed below:

Example 1. An actuation apparatus, comprising:

a housing comprising a housing bore extending through the housing;

an adjustment shaft comprising an adjustment shaft bore extending through the
adjustment shaft, the adjustment shaft positioned at least partially within housing
bore; and

a steering shaft positioned at least partially within the adjustment shaft bore and

rotatable with respect to the adjustment shaft.

Example 1. An actuation apparatus for use with a directional drilling system that
includes a drill bit, the apparatus comprising:

a housing comprising a housing bore extending through the housing;

an adjustment shaft comprising an adjustment shaft bore extending through the
adjustment shaft, the adjustment shaft positioned at least partially within housing
bore; and

a steering shaft positioned at least partially within the adjustment shaft bore and
rotatable with respect to the adjustment shaft to adjust a drilling angle of the drill
bit.

Example 2. The apparatus of Example 1, further comprising a cam assembly for
use with the directional drilling system, the cam assembly comprising:

an outer ring with an outer ring eccentric hole formed therethrough;

an inner ring positioned within the outer ring eccentric hole; and

wherein the adjustment shaft is coupled to one of the outer ring and the inner ring

to rotate the outer ring with respect to the inner ring.

10
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Example 3. The apparatus of Example 2, wherein:
the inner ring comprises an inner ring eccentric hole formed therethrough; and

the steering shaft extends through the inner ring eccentric hole.

Example 4. The apparatus of Example 2, wherein the adjustment shaft rotates the
outer ring with respect to the inner ring when the adjustment shaft rotates with

respect to the steering shaft.

Example 5. The apparatus of Example 1, further comprising a motor to rotate the

adjustment shaft with respect to the steering shaft.

Example 6. The apparatus of Example 5, further comprising a motion assembly
operably coupled between the motor and at least one of the adjustment shaft and
the steering shaft to enable the motor to rotate the adjustment shaft with respect to

the steering shaft.

Example 7. The apparatus of Example 6, wherein:

the motion assembly comprises a sleeve positioned about the steering shaft;

the sleeve is rotationally engaged with the steering shaft such that the sleeve is
rotatable with respect to the steering shaft; and

the sleeve is rotationally linked to the adjustment shaft such that the sleeve and the

adjustment shaft rotate together.

Example 8. The apparatus of Example 7, wherein the sleeve and the steering shaft
comprise threaded engagement therebetween to rotationally engage the sleeve

with the steering shaft.

Example 9. The apparatus of Example 7, wherein the sleeve and the adjustment
shaft comprise a spline therebetween to rotationally link the sleeve to the

adjustment shaft.

11
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Example 10. The apparatus of Example 7, wherein the motor axially moves the

sleeve with respect to the steering shaft.

Example 11. The apparatus of Example 10, wherein the motion assembly further
comprises a nut operably coupled between the motor and the sleeve to axially

move the sleeve with respect to the steering shaft.

Example 12. The apparatus of Example 1, further comprising a bearing assembly

positioned between the housing and the adjustment shaft.

Example 13. The apparatus of Example 1, further comprising the drill bit operably
coupled to the steering shatft.

Example 14. A method to drill with a directional drilling system, the method
comprising:

rotating an adjustment shaft with respect to a steering shaft, the steering shaft
positioned within an adjustment shaft bore of the adjustment shaft; and

adjusting a drilling angle of a drill bit operably coupled to the steering shaft as the

adjustment shaft rotates with respect to the steering shatft.

Example 15. The method of Example 14, further comprising:

rotating an outer ring with respect to an inner ring of a cam assembly as the
adjustment shaft rotates with respect to the steering shaft, the inner ring positioned
within an outer ring eccentric hole of the outer ring and the adjustment shatt

coupled to one of the outer ring and the inner ring

Example 16. The method of Example 15, wherein the inner ring comprises an
inner ring eccentric hole formed therethrough, the method further comprising

rotating the steering shaft within the inner ring eccentric hole.

12
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Example 17. The method of Example 15, wherein the rotating the adjustment shaft
with respect to the steering shaft causes the rotating the outer ring with respect to

the inner ring of the cam assembly.

Example 18. The method of Example 14, wherein the rotating the adjustment shaft
comprises rotating the adjustment shaft with respect to the steering shaft using a

motor.

Example 19. The method of Example 18, wherein a motion assembly is operably
coupled between the motor and at least one of the adjustment shaft and the
steering shaft to enable the motor to rotate the adjustment shaft with respect to the

steering shaft.

Example 20. A directional drilling system, comprising:
a cam assembly comprising:
an outer ring comprising an outer ring eccentric hole formed therethrough;
and
an inner ring comprising an inner ring eccentric hole formed therethrough,
the inner ring rotatably positioned within the outer ring eccentric hole;
an adjustment shaft comprising an adjustment shaft bore extending through the
adjustment shaft, the adjustment shaft coupled to one of the outer ring and the
inner ring to rotate the outer ring with respect to the inner ring;
a steering shaft positioned at least partially within the adjustment shaft bore and
rotatable with respect to the adjustment shaft, the steering shaft extending through
the inner ring eccentric hole; and
a drill bit operably coupled to the steering shaft such that rotation of the
adjustment shaft with respect to the steering shaft adjusts a drilling angle of the
drill bit.
[0036] This discussion is directed to various embodiments of the invention. The

drawing figures are not necessarily to scale. Certain features of the embodiments

13
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may be shown exaggerated in scale or in somewhat schematic form and some
details of conventional elements may not be shown in the interest of clarity and
conciseness. Although one or more of these embodiments may be preferred, the
embodiments disclosed should not be interpreted, or otherwise used, as limiting
the scope of the disclosure, including the claims. It is to be fully recognized that
the different teachings of the embodiments discussed may be employed separately
or in any suitable combination to produce desired results. In addition, one skilled
in the art will understand that the description has broad application, and the
discussion of any embodiment is meant only to be exemplary of that embodiment,
and not intended to intimate that the scope of the disclosure, including the claims,

1s limited to that embodiment.

[0037] Certain terms are used throughout the description and claims to refer to
particular features or components. As one skilled in the art will appreciate,
different persons may refer to the same feature or component by different names.
This document does not intend to distinguish between components or features that
differ in name but not function, unless specifically stated. In the discussion and in
the claims, the terms “including” and “comprising” are used in an open-ended
tashion, and thus should be interpreted to mean “including, but not limited to... .”
Also, the term “couple” or “couples” is intended to mean either an indirect or
direct connection. In addition, the terms “axial” and “axially” generally mean
along or parallel to a central axis (e.g., central axis of a body or a port), while the
terms “radial” and “radially” generally mean perpendicular to the central axis. The
use of “top,” “bottom,” “above,” “below,” and variations of these terms is made

for convenience, but does not require any particular orientation of the components.

[0038] Reference throughout this specification to “one embodiment,” “an
embodiment,” or similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment may be included in at

least one embodiment of the present disclosure. Thus, appearances of the phrases

14
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99 ¢y

“in one embodiment,” “in an embodiment,” and similar language throughout this

specification may, but do not necessarily, all refer to the same embodiment.

[0039] Although the present invention has been described with respect to specitic
details, it is not intended that such details should be regarded as limitations on the
scope of the invention, except to the extent that they are included in the

accompanying claims.

15
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Claims

What is claimed is:

1. An actuation apparatus for use with a directional drilling system that includes a
drill bit, the apparatus comprising:
a housing comprising a housing bore extending through the housing;
an adjustment shaft comprising an adjustment shaft bore extending through
the adjustment shaft, the adjustment shaft positioned at least partially
within housing bore; and
a steering shaft positioned at least partially within the adjustment shaft bore
and rotatable with respect to the adjustment shaft to adjust a drilling

angle of the drill bit.

2. The apparatus of claim 1, further comprising a cam assembly for use with the
directional drilling system, the cam assembly comprising:
an outer ring with an outer ring eccentric hole formed therethrough;
an inner ring positioned within the outer ring eccentric hole; and
wherein the adjustment shaft is coupled to one of the outer ring and the

inner ring to rotate the outer ring with respect to the inner ring.

3. The apparatus of claim 2, wherein:
the inner ring comprises an inner ring eccentric hole formed therethrough;
and

the steering shaft extends through the inner ring eccentric hole.

4. The apparatus of claim 2, wherein the adjustment shaft rotates the outer ring
with respect to the inner ring when the adjustment shaft rotates with respect to the

steering shaft.

5. The apparatus of claim 1, further comprising a motor to rotate the adjustment

shaft with respect to the steering shaft.

16
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6. The apparatus of claim 5, further comprising a motion assembly operably
coupled between the motor and at least one of the adjustment shaft and the
steering shaft to enable the motor to rotate the adjustment shaft with respect to the

steering shaft.

7. The apparatus of claim 6, wherein:
the motion assembly comprises a sleeve positioned about the steering shaft;
the sleeve is rotationally engaged with the steering shaft such that the
sleeve 1s rotatable with respect to the steering shaft; and
the sleeve is rotationally linked to the adjustment shatt such that the sleeve

and the adjustment shaft rotate together.

8. The apparatus of claim 7, wherein the sleeve and the steering shaft comprise
threaded engagement therebetween to rotationally engage the sleeve with the

steering shaft.

9. The apparatus of claim 7, wherein the sleeve and the adjustment shaft comprise

a spline therebetween to rotationally link the sleeve to the adjustment shaft.

10. The apparatus of claim 7, wherein the motor axially moves the sleeve with

respect to the steering shaft.

11. The apparatus of claim 10, wherein the motion assembly further comprises a
nut operably coupled between the motor and the sleeve to axially move the sleeve

with respect to the steering shatft.

12. The apparatus of claim 1, further comprising a bearing assembly positioned

between the housing and the adjustment shaft.

13. The apparatus of claim 1, further comprising the drill bit operably coupled to
the steering shaft.

17
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14. A method to drill with a directional drilling system, the method comprising:
rotating an adjustment shaft with respect to a steering shaft, the steering
shaft positioned within an adjustment shaft bore of the adjustment
shaft; and
adjusting a drilling angle of a drill bit operably coupled to the steering shaft

as the adjustment shaft rotates with respect to the steering shatft.

15. The method of claim 14, further comprising:
rotating an outer ring with respect to an inner ring of a cam assembly as the
adjustment shaft rotates with respect to the steering shaft, the inner
ring positioned within an outer ring eccentric hole of the outer ring
and the adjustment shaft coupled to one of the outer ring and the

inner ring

16. The method of claim 15, wherein the inner ring comprises an inner ring
eccentric hole formed therethrough, the method further comprising rotating the

steering shaft within the inner ring eccentric hole.

17. The method of claim 15, wherein the rotating the adjustment shaft with respect
to the steering shaft causes the rotating the outer ring with respect to the inner ring

of the cam assembly.

18. The method of claim 14, wherein the rotating the adjustment shaft comprises

rotating the adjustment shaft with respect to the steering shaft using a motor.

19. The method of claim 18, wherein a motion assembly is operably coupled
between the motor and at least one of the adjustment shaft and the steering shaft to

enable the motor to rotate the adjustment shaft with respect to the steering shaft.

18
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20. A directional drilling system, comprising:

a cam assembly comprising:

an outer ring comprising an outer ring eccentric hole formed
therethrough; and

an inner ring comprising an inner ring eccentric hole formed
therethrough, the inner ring rotatably positioned within the
outer ring eccentric hole;

an adjustment shaft comprising an adjustment shaft bore extending through
the adjustment shaft, the adjustment shaft coupled to one of the outer
ring and the inner ring to rotate the outer ring with respect to the
inner ring;

a steering shaft positioned at least partially within the adjustment shaft bore
and rotatable with respect to the adjustment shaft, the steering shaft
extending through the inner ring eccentric hole; and

a drill bit operably coupled to the steering shaft such that rotation of the
adjustment shaft with respect to the steering shaft adjusts a drilling

angle of the drill bit.
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