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FIG. 7a

(57) Abstract: Variably configurable anti-rotation device
(252) 1 a rotary steerable subterranean drill (20). The
rotary steerable subterranean drill (20) includes a housing
(46) with which the anti-rotation device (252) is associ-
ated. Wellbore engaging portions of the anti-rotation
device (252) are positioned at an exterior (52) of the
housing (46) and have a plurality of differently configur-
able, radially deployable drag members (254) that are
peripherally spaced about the exterior (52) of the housing
(46). The drag member (254) has a plurality of settable
operational configurations wherein, within each configur -
ation, the drag member (254) is deployable across a bore-
hole engaging range of motion spanning from a start posi-
tion to a maximally extended, borehole engaging position.
Additionally, for at least two of the plurality of settable
operational configurations, the start position of the bore-
hole engaging range of motion 1s different.
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UNIFORMLY VARIABLY CONFIGURABLE DRAG MEMBERS
IN AN ANTI-ROTATION DEVICE

FIELD

0001 ] The present disclosure relates generally to drilling systems, and
particularly to rotary steerable drilling systems for oil and gas exploration
and production operations. More specifically, the present disclosure relates
to anti-rotation devices included in rotary steerable drilling systems that can
be configured for use in different size wellbores and to accommodate

different formation characteristics.

BACKGROUND

0002 ] Directional drilling in oil exploration and production is used to
reach subterranean destinations or formations with a rotating drill string.
One type of directional drilling involves rotary steerable drilling systems.
Rotary steerable drilling systems use the rotary power of the drill string for
drilling, while at the same time steering an attached rotating drill bit toward
a desired target location In a subterranean formation. These steering
systems typically include a housing that is rotationally fixed in the borehole
using an anti-rotation device, a drilling shaft that is rotatably supported in
the housing, and additional components that orient the drill bit relative to
the housing, and bias the bit in the desired drilling direction into
the formation.

[0003] In order to prevent, or at least impede rotation of the housing,
the included anti-rotation device is employed to press against the formation.
Depending upon the size and nature of the wellbore, different anti-rotation
devices can be required in dependence upon the characteristics of the

particular target wellbore.
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BRIEF DESCRIPTION OF THE DRAWINGS

10004 ] Implementations of the present technology will now be described,
by way of example only, with reference to the attached figures, wherein:
[0005] FIG. 1 is a partial cross-section view illustrating an embodiment of
a drilling rig for drilling a wellbore using a rotary steerable drilling system in
accordance with the principles of the present disclosure;

0006 ] FIG. 2a I1s a perspective view of one embodiment of a rotary
steerable drilling device;

0007 ] FIG. 2b is a side elevational view, partially cut-away, of an
embodiment of a rotary steerable drilling device;

10008 ] FIG. 3 is a schematic, transverse cross-section view of a drilling
shaft deflection assembly of a rotary steerable drilling device, including a
rotatable outer eccentric ring and a rotatable inner eccentric ring;

10009 ] FIG. 4 1s a simplified schematic of a transverse cross-section view
of the deflection assembly of the drilling shaft deflection assembly that
exaggerates the offset position of the drilling shaft relative the housing;
[0010] FIG. 5 is a perspective view of one embodiment of an internal
portion of a drilling shaft deflection device having a pair of drive motors;
|0011] FIG. 6 is a perspective side view of an anti-rotation device;

[0012] FIG. 6a is a perspective side view of an anti-rotation device with
drag members each extended the same amount into a first settable
operational configuration;

[0013] FIG. 6b is a perspective side view of an anti-rotation device with
drag members each extended the same amount, but more than in FIG. 63,
iNnto a second settable operational configuration;

0014 ] FIG. 6C is a perspective side view of an anti-rotation device with
the drag members extended different amounts, establishing different

deployed configurations;
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[0015] FIG. 6d is a perspective side view of an anti-rotation device with
movable frames extended into a first settable starting operational
configuration;

[0016] FIG. 6e is a perspective side view of an anti-rotation device with
movable frames extended further, to a different first settable starting
operational configuration;

0017 ] FIG. 6f Is a perspective side view of an anti-rotation device with
movable frames extended to a first settable starting operational
configuration as in FIG. 6d, but with drag members also deployed;

|0018] FIG. 69 is a perspective side view of an anti-rotation device with
movable frames extended out further to a first settable starting operational
configuration as in FIG. 6e, and also with the drag members deployed;
10019] FIG. 7 Is a cross-sectional view of a spring-biased, anti-rotation
device In a first settable operational configuration;

[0020] FIG. 7a is a cross-sectional view of the anti-rotation device with
drag members further extended than in FIG. /7 to a different settable
operational configuration;

[0021] FIG. 7b is a cross-sectional view of the anti-rotation device with
drag members extended different lengths Iinto different deployed
configurations;

[0022] FIG. 8 is an exploded perspective side view of the anti-rotation
device of FIG. 6;

[0023] FIG. 9 is a perspective side view of an alternate anti-
rotation device;

(0024 ] FIG. 10 is a schematic depicting a deflected drill bit of a rotary
steerable drilling device, whose housing is centered in a wellbore;

|0025] FIG. 11 depicts a deflected drill bit with the housing of the rotary

steerable drilling device laterally shifted, or pivoted up within the wellbore;



CA 02933812 2016-06-14

WO 2015/122916 PCT/US2014/016572

[0026] FIG. 12 depicts the deflected drill bit of FIG. 11, but an included
anti-rotation device moves the housing away from the wellbore, slightly;
|10027] FIG. 13 depicts the deflected drill bit of FIG. 11, but the included
anti-rotation device is expanded, moving the housing further away from the
wellbore, and serving to counteract the formation force bearing on the
drill bit, and therefore contributing to "steering” the bit;

[0028] FIG. 14 illustrates an anti-rotation device with complementary,
inclined, abutting surfaces (wedges) that together form a base for a spring-
biased carriage on which the drag members are positioned, and movable
between different deployment configurations;

10029 ] FIG. 15 is a cross-sectional view of a hydraulically-biased, anti-
rotation device in a first settable operational configuration;

10030] FIG. 15a is a cross-sectional view of the anti-rotation device of
FIG 15 with the drag members further extended to a different settable
operational configuration;

[0031] FIG. 15b i1s a cross-sectional view of the anti-rotation device of
FIG 15 with drag members extended different lengths into different
deployed configurations; and

10032 ] FIG. 16 is a diagram illustrating a configuration for the force

counteracting apparatus and process disclosed herein.



SUMMARY

In accordance with a first embodiment, there is provided a rotary steerable
subterranean drill for establishing a deflection angle and azimuthal toolface direction of
a drill, comprising: a housing; an anti-rotation device positioned at an exterior of the
housing and comprising a radially deployable drag member; the drag member having a
plurality of settable operational configurations wherein, within each settable operational
configuration, the drag member is deployable across a borehole engaging range of
motion spanning from a start position to a maximally extended, borehole engaging
position; and wherein for at least two of the plurality of settable operational

configurations, the start position of the borehole engaging range of motion is different.

4a
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DETAILED DESCRIPTION

[0033] It will be appreciated that for simplicity and clarity of illustration,
where appropriate, reference numerals have been repeated among the
different figures to indicate corresponding or analogous elements. In
addition, numerous specific details are set forth in order to provide a
thorough understanding of the embodiments described herein. However, it
will be understood by those of ordinary skill in the art that the embodiments

described her

cin can be practiced without these specific details. In other
instances, methods, procedures and components have not been described in
detail so as not to obscure the related relevant feature being described.
Also, the description is not to be considered as limiting the scope of the
embodiments described herein. The drawings are not necessarily to scale
and the proportions of certain parts have been exaggerated to better
Illustrate details and features of the present disclosure.

10034 ] In the following description, terms such as "upper,” "upward,”

"lower,” "downward,” "above,” "below,"” "downhole,” "uphole,” "longitudinal,”
"lateral,” and the like, as used herein, shall mean in relation to the bottom
or furthest extent of, the surrounding wellbore even though the wellbore or
portions of it may be deviated or horizontal. Correspondingly, the
transverse, axial, lateral, longitudinal, radial, and the like orientations shall
mean positions relative to the orientation of the wellbore or tool.
Additionally, the illustrated embodiments are depicted so that the orientation
IS such that the right-hand side is downhole compared to the left-hand side.

|0035] Several definitions that apply throughout this disclosure will now
be presented. The term "coupled"” is defined as connected, whether directly
or indirectly through intervening components, and is not necessarily limited
to physical connections. The connection can be such that the objects are
permanently connected or releasably connected. The term

"communicatively coupled” is defined as connected, either directly or

S
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indirectly through intervening components, and the connections are not
necessarily limited to physical connections, but are connections that
accommodate the transfer of data between the so-described components.
The term "outside"” refers to a region that is beyond the outermost confines
of a physical object. The term "inside" indicates that at least a portion of a
region Is partially contained within a boundary formed by the object. The
term "substantially” i1s defined to be essentially conforming to the particular
dimension, shape or other thing that "substantially” modifies, such that the
component need not be exact. For example, substantially cylindrical means
that the object resembles a cylinder, but can have one or more deviations
from a true cylinder.

[0036] The term "radially” means substantially in a direction along a
radius of the object, or having a directional component in a direction along a
radius of the object, even If the object Is not exactly circular or cylindrical.
The term "axially” means substantially along a direction of the axis of the
object. If not specified, the term axially refers to the longer axis of
the object.

0037 ] Disclosed herein is a rotary steerable subterranean drill capable of
establishing a deflection angle and azimuthal toolface direction of a drill bit.
The rotary steerable subterranean drill includes a housing, together with an
iIntegrated anti-rotation device(s). The anti-rotation device is positioned at
an exterior of the housing and has a plurality of differently, but uniformly
configurable, radially deployable drag members that are peripherally spaced
about the exterior of the housing. A controller is communicatively coupled
to the plurality of drag members and is configured to instruct different
deployed configurations of the drag members in dependence upon the size

and/or nature of the wellbore in which it will be utilized.
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Drill String and Rotary Steering Device

10038 ] FIG. 1 of the drawings illustrates a drill string, indicated generally
by the reference letter S, extending from a conventional rotary drilling rig R
and In the process of drilling a wellbore W into an earth formation F. The
lower end portion of the drill string S includes a drill collar C, and a drill tool
or bit B at the end of the string S, and a rotary steerable drilling device (20)
discussed further below. The drill bit B may be in the form of a roller cone
bit or fixed cutter bit or any other type of bit known Iin the art. In certain
configurations, the wellbore W is drilled by rotating the drill string S, and
therefore the drill bit B, from the rig R in a conventional manner. Those
skilled in the art will appreciate that these components are recited as
illustrative for contextual purposes and are not intended to limit the
disclosure provided herein.

0039 Also shown in FIG. 1 is an embodiment of a rotary steerable
drilling device (20). As shown therein, the rotary drilling device (20) is
positioned on the drill string S, before the drill bit B. However, one of skill in
the art will recognize that the positioning of the rotary steerable drilling
device (20) on the drill string S and relative to other components on the drill
string S may be modified while remaining within the scope of the
present disclosure.

10040 ] An exemplary rotary steerable drilling device (20) is illustrated for
example in FIGS. 2a and 2b. The drilling direction of the rotary steerable
drilling device (20) is comprised of a rotatable drilling shaft (24) that is
connectable or attachable to a rotary drill bit (22) and to a rotary drill string
(25) during drilling operations. More particularly, the drilling shaft (24) has a
proximal end (26) closest to the earth's surface and a distal end (28)
deepest in the well, furthest from the earth's surface. The proximal end (26)
IS drivingly connectable or attachable with the rotary drill string (25) such

that rotation of the drill string (25) from the surface results In a

/
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corresponding rotation of the drilling shaft (24). The proximal end (26) of
the drilling shaft (24) may be permanently or removably attached,
connected or otherwise affixed with the drill string (25) in any manner and
by any structure, mechanism, device or method permitting the rotation of
the drilling shaft (24) upon the rotation of the drill string (25). In this
regard, a drive connection connects the drilling shaft (24) with the drill
string (25). As indicated, the drive connection may be comprised of any
structure, mechanism or device for drivingly connecting the drilling
shaft (24) and the drill string (25) so that rotation of the drill string (25)
results in a corresponding rotation of the drilling shaft (24).

10041 ] The distal end (28) of the drilling shaft (24) is drivingly
connectable or attachable with the rotary drill bit (22) such that rotation of
the drilling shaft (24) by the drill string (25) results in a corresponding
rotation of the drill bit (22). The distal end (28) of the drilling shaft (24) may
be permanently or removably attached, connected or otherwise affixed with
the drill bit (22) in any manner and by any structure, mechanism, device or
method permitting the rotation of the drill bit (22) upon the rotation of the
drilling shaft (24). In the exemplary embodiment, a threaded connection is
utilized.

004 2] The drilling shaft (24) may be comprised of one or more elements
or portions connected, attached or otherwise affixed together in any suitable
manner providing a unitary drilling shaft (24) between the proximal and
distal ends (26, 28). In some examples, any connections provided between
the elements or portions of the drilling shaft (24) are relatively rigid such
that the drilling shaft (24) does not include any flexible joints or articulations
therein. In one embodiment, the drilling shaft (24) is comprised of a single,
unitary or integral element extending between the proximal and distal
ends (26, 28). Further, the drilling shaft (24) is tubular or hollow to permit
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drilling fluid to flow therethrough Iin a relatively unrestricted and
unimpeded manner.

1004 3] The drilling shaft (24) may be comprised of any material suitable
for and compatible with rotary drilling. In one embodiment, the drilling
shaft (24) is comprised of high strength stainless steel and is sometimes
referred to as a mandrel.

(0044 ] The rotary steerable drilling device (20) is comprised of a
housing (46) for rotatably supporting a length of the drilling shaft (24) for
rotation therein upon rotation of the attached drill string (25). The
housing (46) may support, and extend along any length of the drilling
shaft (24). However, in the illustrated example, the housing (46) supports
substantially the entire length of the drilling shaft (24) and extends
substantially between the proximal and distal ends (26, 28) of the drilling
shaft (24). The drilling shaft (24) and the housing (46) can be each
substantially cylindrical shaped and have a longitudinal centerline.

[0045] The housing (46) may be comprised of one or more tubular or
hollow elements, sections or components permanently or removably
connected, attached or otherwise affixed together to provide a unitary or
integral housing (46) permitting the drilling shaft (24) to extend
therethrough.

10046 ] The rotary steerable drilling device (20) may optionally be further
comprised of a near bit stabilizer (89), preferably located adjacent to the
distal end of the housing (46). The near bit stabilizer (89) may be comprised
of any type of stabilizer and may be either adjustable or non-adjustable.
10047 ] The distal end comprises a distal radial bearing (82) which
comprises a fulcrum bearing, also referred to as a focal bearing, or some
other bearing which facilitates the pivoting of the drilling shaft (24) at the

distal radial bearing location upon the controlled deflection of the drilling
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shaft (24) by the rotary steerable drilling device (20) to produce a bending
or curvature of the drilling shaft (24 ).

10048 ] The rotary steerable drilling device (20) is further comprised of at
least one proximal radial bearing (84) which is contained within the
housing (46) for rotatably supporting the drilling shaft (24) radially at a
proximal radial bearing location defined thereby.

[0049] The deflection assembly (92) within the rotary steerable drilling
device (20) provides for the controlled deflection of the drilling shaft (24)
resulting in a bend or curvature of the drilling shaft (24), as described
further below, in order to provide the desired deflection of the attached drill
bit (22). The orientation of the deflection of the drilling shaft (24) may be
altered In order to change the orientation of the drill bit (22) or toolface,
while the magnitude of the deflection of the drilling shaft (24) may also be
altered to vary the magnitude of the deflection of the drill bit (22) or the bit
tilt relative to the housing (46).

[0050] The rotary steerable drilling device (20) can comprise a distal seal
or sealing assembly (280) and a proximal seal or sealing assembly (282).
The distal seal (280) is radially positioned and provides a rotary seal
between the housing (46) and the drilling shaft (24) at, adjacent or in
proximity to the distal end of the housing (46). In this way, the housing (46)
can be maintained as a compartment or container for the contents located
therein. In at least one embodiment, the compartment can be a closed
compartment when it is sealed.

0051 | The rotary steerable drilling device (20) is comprised of at least
one distal thrust bearing (94) at thrust bearing location (98). Thrust
bearings may be positioned at any location along the length of the drilling
shaft (24) that rotatably support the drilling shaft (24) radially within the
housing (46), but resist longitudinal movement of the drilling shaft (24)
within the housing (46).

10
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0052 ] The rotary steerable drilling device (20) optionally has a housing
orientation sensor apparatus (364) for sensing the orientation of the
housing (46) within the wellbore. The housing orientation sensor
apparatus (364) can contain an ABI or At-Bit-Inclination insert associated
with the housing (46). Additionally, the rotary steerable drilling device (20)
can have a drill string orientation sensor apparatus (376). Sensors which
can be employed to determine orientation include for example
magnetometers and accelerometers. The rotary steerable drilling device (20)
also optionally has a releasable drilling-shaft-to-housing locking
assembly (382) which can be used to selectively lock the drilling shaft (24)
and deflector housing (46) together. In some situations downhole, it is
desired that the shaft (24) not be able rotate relative to the housing (46).
One such instance can be if the drilling device (20) gets stuck downhole; in
that case it may be desirable to attempt to rotate the housing (46) with the
drill string to dislodge the drilling device (2) from the wellbore. In order to
do that, the locking assembly (382) is engaged (locked) which prevents the
drilling shaft (24) from rotating in the housing (46), and turning the drill
string turns the housing (46).

0053 ] Further, in order that information or data may be communicated
along the drill string (25) from or to downhole locations, the rotary steerable
drilling device (20) can include a drill string communication system (378).
Communications can include wired or wireless, as well as "mud pulse"” or any
other known or conventional drill string communication device. The drill
string communication system (378) may be comprised of any system able to
communicate or transmit data or information from or to downhole locations.
The drill string communication system (378) can include an MWD or

Measurement-While-Drilling system or device.

11
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Deflection Mechanism

0054 ] There are a number of methods for deflecting and bending the
drilling shaft in order to orient or direct the drill bit. One example of the
rotary steerable drilling device (20) shown Iin FIGS. 2a and 2b, includes a
drilling shaft deflection assembly (92) contained within the housing (46) for
bending the driling shaft (24) therein. The drilling shaft deflection
assembly (92) is located axially at a location between the distal radial
bearing location (82) and the proximal radial bearing location (84) so that
the deflection assembly (92) bends (pulls to the side while rotating) the
drilling shaft (24) between the distal radial bearing (82) and the proximal
radial bearing (86). Various embodiments of the drilling shaft deflection
assembly (92) are described in detail below.

|0055] The deflection assembly (92) includes a mechanism for imparting
lateral movement to the drilling shaft (24). As shown in the exemplary
embodiment illustrated in FIG. 3, the deflection mechanism (384) is
comprised of a double ring eccentric mechanism. The eccentric rings may be
located at a spaced apart distance from one another along the length of the
drilling shaft (24). However, in the illustrated example, the deflection
mechanism (384) is comprised of an eccentric outer ring (156) and an
eccentric inner ring (158), provided one within the other at the same axial
location or position along the drilling shaft (24), within the housing (46).
Rotation of one or both of the two eccentric rings (156, 158) imparts a
controlled deflection of the drilling shaft (24) at the location of the deflection
mechanism (384 ).

[0056] The exemplary deflection assembly (92) disclosed herein can be
described as a double eccentric drive mechanism. Particularly, the outer
ring (156) has a circular outer peripheral surface (160) and defines therein a
circular inner peripheral surface (162). The outer ring (156), and preferably

the circular outer peripheral surface (160) of the outer ring (156), IS

12
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rotatably supported by or rotatably mounted on, directly or indirectly, the
circular inner peripheral surface (78) of the housing (46). When indirectly
supported, there can be included for example an intermediate housing (751)
between the outer ring (156) and inner peripheral surface (78) of the
housing (46). The portion of the housing (46) which houses the eccentric
rmgs can be referred to as the deflector housing (46). In some
embodiments, this housing (46) is cylindrically shaped to accommodate the
shape of the outer ring. The circular outer peripheral surface (160) of the
outer ring (156) may be supported or mounted on the circular inner
peripheral surface (78) by any supporting structure, mechanism or device
permitting the rotation of the outer ring (156) relative to the housing (46),
such as by a roller bearing mechanism or assembly.

|0057] The circular inner peripheral surface (162) of the outer ring (156)
IS formed and positioned within the outer ring (156) such that it I1s eccentric
with respect to the housing (46). In other words, the circular inner
peripheral surface (162) is deviated from the housing (46) to provide a
desired degree or amount of deviation.

[0058] Still referring to FIG. 3, the circular inner peripheral surface (78)
of the housing (46) is centered on the center of the drilling shaft (24), or the
rotational axis "A" of the drilling shaft (24), when the drilling shaft (24) is In
an undeflected condition or the deflection assembly (92) is inoperative. The
longitudinal centerlines of the undeflected drilling shaft (24) and
housing (46) are substantially coincident when the drilling shaft (24) is
undeflected within the housing (46).

[0059] The circular inner peripheral surface (162) of the outer ring (156)
s centered on point "B" which is offset from the centerlines of the drilling
shaft (24) and housing (46) by a distance "e.”

0060 ] Similarly, the inner ring (158) has a circular outer peripheral

surface (166) and defines therein a circular inner peripheral surface (168).
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The inner ring (158), and preferably the circular outer peripheral
surface (166) of the inner ring (158), is rotatably supported by or rotatably
mounted on, either directly or indirectly, the circular inner peripheral
surface (162) of the outer ring (156). The circular outer peripheral
surface (166) may be supported by or mounted on the circular inner
peripheral surface (162) by any supporting structure, mechanism or device
permitting the rotation of the inner ring (158) relative to the outer

ring (156), such as by a roller bearing mechanism or assembly.

0061 ] The circular inner peripheral surface (168) of the inner ring (158)
is formed and positioned within the inner ring (158) such that it is eccentric
with respect to the circular inner peripheral surface (162) of the outer
ring (156). In other words, the circular inner peripheral surface (168) of the
inner ring (158) is deviated from the circular inner peripheral surface (162)
of the outer ring (156) to provide a desired degree or amount of deviation.
10062 ] More particularly, the circular inner peripheral surface (168) of
the inner ring (158) is centered on point "C", which is deviated from the
center "B" of the circular inner peripheral surface (162) of the outer
ring (156) by the same distance "e". As described, preferably, the degree of
deviation of the circular inner peripheral surface (162) of the outer
ring (156) from the housing (46), defined by distance "e", is substantially
equal to the degree of deviation of the circular inner peripheral surface (168)
of the inner ring (158) from the circular inner peripheral surface (162) of the
outer ring (156), also defined by distance "e".

10063 ] The drilling shaft (24) extends through the circular inner
peripheral surface (168) of the inner ring (158) and is thereby rotatably
supported. The drilling shaft (24) may be supported by the circular inner
peripheral surface (168) by any supporting structure, mechanism or device
permitting the rotation of the drilling shaft (24) relative to the inner

ring (158), such as by a roller bearing mechanism or assembly.
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10064 ] As a result of the above described configuration, the drilling
shaft (24) may be moved, and specifically may be laterally or radially
deviated or pulled to the side within the housing (46), upon the movement
of the center of the circular inner peripheral surface (168) of the inner
ring (158). Specifically, upon the rotation of the inner and outer rings (158,
156), either independently or together, the center of the drilling shaft (24)
may be moved with the center of the circular inner peripheral surface (168)
of the inner ring (158) and positioned at any point within a circle having a
radius equal to the sum of the amounts of deviation of the circular inner
peripheral surface (168) of the inner ring (158) and the circular inner
peripheral surface (162) of the outer ring (156).

[0065] In other words, by rotating the inner and outer rings (158, 156)
relative to each other, the center of the circular inner peripheral
surface (168) of the inner ring (158) can be moved to any position within a
circle having the predetermined or predefined radius as described above.
Thus, the portion or section of the drilling shaft (24) extending through and
supported by the circular inner peripheral surface (168) of the inner
ring (158) can be deflected by an amount in any direction perpendicular to
the rotational axis of the drilling shaft (24).

0066 ] More particularly, since the circular inner peripheral surface (162)
of the outer ring (156) has the center B, which is deviated from the

1t

rotational center A of an undeflected drilling shaft (24) by the distance "e”",
the locus of the center B is represented by a circle having a radius "e"
around the center A. Further, since the circular Iinner peripheral
surface (168) of the inner ring (158) has the center C, which is deviated
from the center B by a distance "e", the locus of the center "C" is
represented by a circle having a radius "e" around the center B. As a result,
the deviated center C of the drilling shaft (24) may be moved to any desired

position within a circle having a radius of "2e" around the center A (see

15



CA 02933812 2016-06-14

WO 2015/122916 PCT/US2014/016572

FIG. 3). Accordingly, the portion of the drilling shaft (24) supported by the
circular inner peripheral surface (168) of the inner ring (158) can be
deflected in any direction on a plane perpendicular to the undeflected
rotational axis of the drilling shaft (24) by a distance of up to "2e" (i.e., "e"
plus "e"), thus providing for variable positioning of the drilling shaft (24)
within the circle having radius 2e. When deflected, the condition is also
sometimes referred to as a "Deflection ON" setting.

10067/ ] In addition, as stated, the two deviation distances "e" are
preferably substantially similar in order to permit the operation of the rotary
steerable drilling device (20) such that the drilling shaft (24) is undeflected
within the housing (24) when directional drilling is not required. More
particularly, since the degree of deviation of each of the centers B and C of
the circular inner peripheral surface (162) of the outer ring (156) and the
circular inner peripheral surface (168) of the inner ring (158), respectively,
IS preferably defined by the same or equal distance "e", the center C of the
portion of the drilling shaft (24) extending through the deflection
assembly (92) can be positioned on the undeflected rotational axis A of the
drilling shaft (24) (i.e., "e" minus "e"), in which case the rotary steerable
drilling device (20) is in a zero deflection mode which is sometimes referred
to as a "'Deflection OFF" setting.

10068 ] A simplified and exaggerated expression of the drilling shaft (24)
deflection concept is illustrated in FIG. 4. As depicted, the orientation of the
rings (156, 158) causes deflection of the drilling shaft (24) in one direction
thereby tilting the drill bit (22) in the opposite direction relative to the
centerline of the deflector housing (46).

0069 ] This simplified depiction of FIG. 4 more clearly illustrates how
actuation of the deflection assembly pulls the drilling shaft (24) to the side

within the deflector housing (46) and in this manner deflects or bends the

drilling shaft (24) because the shaft (24) is otherwise radially centered and
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anchored in the housing (46) at both ends of the shaft (24) by the radial
distal bearing (82, 84). From this exaggerated perspective in FIG. 4, it is
also easier to appreciate the fact that revolution of the deflected shaft
around in the housing (46), for instance by rotating the outer ring (156) with
the inner ring (158) held fast, causes the bowed (deflected) drilling
shaft (24) to orbit about within the housing, resembling a rotating jump-
rope. In this way the direction that the lower end of the shaft (24) extends
out of the housing (46) is established. This directional extension at the
deflected angle establishes a desired toolface orientation of the bit. For
example, once the eccentric rings (156, 158) are rotated to create the
desired deflection, the rings (156, 158) can be fixed relative to one another
and rotated together in order to orient the drill bit (22) in the desired

angular direction relative to the housing's (46) centerline.

Powering the Deflection Assembly

[00/0] A mechanical actuator is disclosed that employs at least one
motor for rotating the eccentric rings of the drilling shaft deflection
assembly (92). Referring to FIG. 5, a drilling shaft deflection device (750) is
shown with the housing removed, exposing the internal portion of the
deflection device (750). Covered hatches (710a) and (710b) (shown In
FIG. 2a) permit access to at least a portion of the deflection device (750) In
an exteriorly exposable recess of the housing (46). The hatches (710a,
710b) can be secured to the housing (46) with threaded bolts or similar
releasable securement mechanisms that facilitate the hatches' (710a, 710b)
removal. A seal can also be provided between the hatches (710a, 710b) and
the housing (46) which maintains a fluid tight, closed compartment within
the housing (46).

[0071] Received beneath the hatches (710a, 710b) are two brushless DC

(BLDC) drive motors; an outer eccentric ring drive motor (/60a) and an
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iInner eccentric ring drive motor (760b). Any type of motor may be used
capable of providing rotational bias or power to the eccentric rings, including
but not limited to hydraulic motors and electric motors. Suitable electric
motors include AC motors, brushed DC motors, piezo-electric motors, and
electronically commutated motors (ECM). The term ECM can include all
variants of the general class of electronically commutated motors, which
may be described using various terminology such as a BLDC motor, a
permanent magnet synchronous motor (PMSM), an electrically commutated
motor (ECM/EC), an interior permanent magnet (IPM) motor, a stepper
motor, an AC induction motor, and other similar electric motors which are
powered by the application of a varying power signal, including motors
controlled by a motor controller that induces movement between the rotor
and the stator of the motor.

|100/2] In some examples the ECM can have built-in features which are
inherent or included in the device. For example, the ECM can optionally
have a braking mechanism, such as a detent brake, to prevent movement of
the output shaft of the motor when the ECM iIs not being purposefully
rotated. An additional built-in feature can include a feedback mechanism
such as an included resolver or associated Hall effect sensors that track the
position of the rotor relative to the stator in order to facilitate operation of
the ECM by the motor controller.

0073 ] Referring again to FIG. 5, the eccentric ring drive motors (760a,
760b) can be substantially cylindrical and small relative the size and
diameter of the housing (46). The eccentric ring drive motors (760a, 760b)
can be housed in a motor housing (761a, 761b) which provides a surface
which substantially contains the contents of the drive motor components.
The drive motor housing (/61la, /761b), Is radially offset, aside the
longitudinal centerline of the housings (46). Further, the motor
housings (/61a, 7/61b) of drive motors (/60a, 760b) can be anchored to the

18



CA 02933812 2016-06-14

WO 2015/122916 PCT/US2014/016572

housing (46) located proximate thereto. The motor housings (761a, 761b)
of the drive motors (760a, 760b) can be circumferentially spaced apart one
from another about the housing (46). In such case, the motor
housings (761a, 761b) of the drive motors (760a, 760b) can be
circumferentially spaced apart, one from another, by any degree, including
about 45 degrees, or about 60 degrees, or about /70 degrees, or about 90
degrees, or about 120 degrees, or about 180 degrees, and in some
examples less than about 90 degrees, or less than about 180 degrees
around the housing (46). In some examples, the drive motors (760a, 760b)
are spaced so that they are easily accessible when hatches (710a, 710b),
shown in FIG. 2a, are removed.

[0074] The drive motors (760a, 760b) are connected indirectly to the
mechanical actuator (384) by fixed-ratio transmissions, or transmission
components. These are fixed in their gear ratios such that upon rotation of
a rotor within motors (760a, 760b) the fixed-ratio transmissions transmit the
rotor’s rotation to the mechanical actuator at a particular ratio. The
transmissions include for example, spider couplings, shafts, pinions, spur
gears further outlined and defined hereinbelow. In particular, the drive
motors (/760a, 7/60b) are each coupled to a pinion (/766a, 7/66b) via upper
spider coupling (763a) and lower spider coupling (763b). The spider
couplings (/763a, 763b) are each comprised of opposing interlocking
teeth (762a, 762b) which communicate rotation from the drive
motors (760a, 760b) to a set of pinions (766a, 766b). The upper coupling
portion (/65a, 765b) of each spider coupling (763a, 763b) includes a series
of teeth and channels that engage a similar (mirror image) series of teeth
and channels on the lower coupling portion (764a, 764b) of each spider
coupling (/63a, 763b).

[0075] There can be drive shafts (767a, 767b) which extend from the

lower coupling portion (764a, 7/64b) to an outer eccentric ring pinion (/66a)
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and inner eccentric ring pinion (766b). The respective pinions (766a, 766b)
are each splined, having gear teeth that engage with an outer eccentric ring
spur gear (/70a) and inner eccentric ring spur gear (/70b). The spur
gears (/70a, 770b) are each splined, having gear teeth that surround the
entire peripheral edge of the respective gear and receive the teeth from
pinions (/66a, 766b). The spur gears (//70a, 770b) can have substantially
the same diameter, with a circumference less than that of the housing (46),
and In some embodiments the same or greater than the outer eccentric
ring (156).

[0076] The pinions (766a, 766b) are positioned adjacent the spur
gears (//70a, 770b), at their periphery, so that pinion teeth intermesh with
spur gear teeth as shown in FIG. 5. The motors (760a, 760b) provide
rotational driving force that is communicated through the spider
coupling (763a, /763b) and drive shafts (76/7a, 76/7b) causing rotation of the
pinions (766a, 766b). The rotating pinions (766a, 766b) engage and rotate
the spur gears (//70a, 7/70b). The spur gears (//70a, 7/0b) can be connected
directly or indirectly to the outer and inner eccentric rings (156, 158)
contained within the body of the deflection device (750). For example, spur
gears (//7/0a, /77/0b) can be bolted to inner and outer eccentric
rings (156, 158). In the illustrated example, the outer eccentric ring spur
gear (/770a) i1s coupled to the outer eccentric ring (156) via a linkage, which
may take the form or an interconnected cylindrical sleeve. The inner
eccentric spur gear (770b), however, is coupled to the inner eccentric
ring (158) via an Oldham coupling. The Oldham coupling permits off-center
rotation and the necessary orbital motion of the inner eccentric ring (158)
relative the housing (46).

|100/7] The Inner eccentric ring spur gear (//0b) permits deflection or
floating of the drilling shaft (24) held in the interior aperture of the inner
eccentric ring (156). As the drilling shaft (24) orbits about within the
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housing (46) as the orientations of the eccentric rings change, the powering
transmission, at least to the inner eccentric ring (156), must shift in order to
maintain connection to the ring (156), and this is accomplished by use of the
Oldham coupling.

[0078] In the illustrated embodiment of FIG. 5, the drive
motors (/60a, 760b) are positioned at the top or proximal end (left side of
the FIG. 5) of the drilling shaft deflection device (750). As shown, the outer
eccentric ring pinion (/766a) iIs positioned further down, toward the distal end
of the drilling shaft deflection device (750). In other embodiments, the drive
motors (760a, 760b) can be lengthwise offset, one from the other, relative
the housing (46).

[0079] The outer eccentric ring spur gear (770a) and inner eccentric ring
spur gear (770b) are positioned adjacent one another, but with the outer
eccentric ring spur gear (//7/0a) positioned further along the body In the
distal direction.

0080 ] With respect to deflection, the motors can rotate the eccentric
rings to bend the drilling shaft (24) to any desired deflection ranging from no
deflection up to the maximum amount mechanically permitted. As discussed
previously with respect to FIG. 3, in a "Deflection OFF" setting, the center C
of Inner eccentric ring (158) is positioned on the rotational axis A of outer
ring (156) thereby providing no deflection (i.e., "e" minus "e"). In a
"Deflection ON" setting, the eccentric rings (156, 158) are oriented so that
the axial centers add to each other giving a non-zero result (i.e., "e" plus "e"
IS not equal to zero).

0081 ] In order to deflect drilling shaft (24), outer eccentric ring drive
motor (760a) can hold outer eccentric ring (156) from rotating while at the
same time inner eccentric ring drive motor (/60b) can apply rotating force
to rotate inner eccentric ring (158) in either direction (clockwise or

counterclockwise; i.e., bi-directional). Alternatively, inner eccentric ring
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drive motor (760b) can hold inner eccentric ring (158) from rotating while at
the same time outer eccentric ring drive motor (760a) can apply rotating
force to rotate outer eccentric ring (156) in either direction. Additionally,
both motors (760a, 760b) can be simultaneously operated which
correspondingly rotates eccentric rings (156, 158) to achieve a
desired deflection.

10082 ] In practice, a control signal is sent to one or both
motors (/60a, 760b) which then actuates and applies a rotating force
through one or both spider couplings (763a, 763b) to drive the
shafts (765a, 765b) that rotate their respective pinions (766a, 766b). The
pinions (/66a, 7/66b) engage and rotate their respective spur
gears (770a, 770b), which communicate rotation to the respective eccentric
rings (156, 158). In this way, the eccentric rings can be singly, or
simultaneously rotated from a position in which the axial centers are aligned
(i.e., "e" minus "e" equals zero) to any other desired position within a circle
having a radius of "2e" around the centerline A of the housing (46). In this
way the drilling shaft (24) is deflected at a desired angle. That is, the
amount of deflection is affected based on how far the drilling shaft (24) is
radially displaced (pulled) away from the centerline of the housing (46). The
degree of radial displacement can be affected by rotation of one or both of
the eccentric rings (156, 158), in either direction.

0083 ] In practice, the drilling shaft (24) is effectively supported at three
locations in the housing (46): at each of the two ends of the housing (46) by
radial or fulcrum bearings and at the middle of the housing (46) by the
eccentric rings (156, 158). The fulcrum bearings keep the drilling shaft (24)
centered on the centerline of the housing (46) at their locations, but permit
the shaft to pivot at the bearing, resulting in the shaft (24) projecting from
the bottom end of the housing (46) at a particular angle when the middle of

the shaft is radially pulled to the side, out of alignment with the centerline of
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the housing (46). The degree to which the drilling shaft (24) is pulled out of
alignment from the centerline of the housing (46) dictates the severity of the
angle, relative to the centerline of the housing (46), by which the drilling
shaft (24) projects out of the bottom end of the housing (46).

10084 ] Once the desired deflection is obtained, indexing can be carried
out to set the direction of the drilling shaft (24). Most simply, both the outer
and inner eccentric rings (156, 158) can be rotated together, as a unit, In
order to "point" the projecting drilling shaft (24) in a particular direction,
while maintaining the angle of deflection. This can be accomplished by
fixing the Inner eccentric ring (158) relative to the outer eccentric
ring (156), and then rotating the outer eccentric ring (156). This causes the
now-deflected drilling shaft (24) at the inner eccentric ring (158) to "orbit"
on a circle having a radius equal to the distance of deflection of the drilling
shaft (24) off of the centerline of the housing (46). In practice, indexing IS
performed to set a desired azimuthal direction of the drill bit (22) at the
bottom end of the drilling shaft (24) which also sets the orientation of the
toolface of the bit (22).

[0085] In another aspect, though anchored to the wellbore, the rotary
steerable drilling device (2) will still experience some slippage relative to the
ground, causing the housing (46) to "roll” within the wellbore from its
original and known orientation. Accordingly, to counteract such housing roll
and maintain the intended azimuthal drilling direction, one or both of the
eccentric rings can be rotated together to maintain a desired amount of
deflection and the desired azimuthal drilling direction. With dual ECM
motors, the deflection and azimuthal direction can be obtained
simultaneously by independent rotation of the outer eccentric ring (156) and

Inner eccentric ring (158).
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Anti-rotation Device

0086 ] As explained above, during drilling, the rotary steerable drilling
device (20) is anchored against rotation in the wellbore which would
otherwise be imparted by the rotating drilling shaft (24). To affect such
anchoring, one or more anti-rotation devices (252) (FIGS. 2a, 2b, 6-9) are
associated with the rotary steerable drilling device (20) for resisting rotation
within the wellbore. Any type of anti-rotation device (252) or any
mechanism, structure, device or method capable of restraining or inhibiting
the tendency of the housing (46) to rotate upon rotary drilling may be used.
10087 ] Referring now to FIGS. 6 and 7, the anti-rotation device (252)
may be associated with any portion of the housing (46) including proximal,
central and distal housing sections. In other words, the anti-rotation
device (252) may be located at any location or position along the length of
the housing (46) between its proximal and distal ends. In the illustrated
embodiment, the device (252) is associated with the proximal housing
section, upward, toward the ground’s surface. Finally, the device (252) may
be associated with the housing (46) in any manner permitting the
functioning of the device (252) to inhibit or restrain rotation of the
housing (46). However, preferably, the anti-rotation device (252) is
positioned at an exterior surface of the housing (46), preferably the
exterior (52) of the proximal housing section. Specifically, the anti-rotation
device (252) is positioned on, connected to, otherwise affixed or recessed
into or mounted on the exterior or periphery (52) of the portion of the
housing (46) where the anti-rotation device (252) is located.

[0088] In some examples, the anti-rotation device (252) has at least
one, or a plurality of radially deployable drag members (254), extendable
with respect to the longitudinal centerline (44) of the housing. As shown In
FIG. 6, the drag members (254) can be wheels or rollers and resemble

round "“pizza cutters” that extend at least partially outside the rotary
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steerable drilling device (20) and project into the formation surrounding the
borehole when deployed. The drag members (254) are aligned for rotation
down the wellbore, allowing the rotary steerable drilling device (20) to
progress downhole during drilling. Each drag member (254) is oriented such
that it is capable of rotating about its axis of rotation in response to a force
exerted tangentially on the drag member (254) substantially in a direction
parallel to the longitudinal axis (44) of the housing (46). For instance, as a
longitudinal force is exerted through the drill string (25) to the drilling
shaft (24) in order to progress drilling, the drag member (254) rolls about its
axis to facilitate the drilling device’s (20) movement through the wellbore in
either a downhole or uphole direction.

0089 ] The drag members (254) contact the wall of the wellbore to slow
or inhibit turning of the housing (46) with the drilling shaft (24) while
drilling. The shaft (24) contained within the housing (46) rotates in the
clockwise direction, thus imposing a tendency in the housing (46) to also
rotate. Accordingly, drag members (254) can have any shape or
configuration permitting them to roll or move longitudinally through the
wellbore, while also restraining the housing (46) against rotation within the
wellbore. Therefore, each roller (254) has a peripheral surface (264) about
its circumference permitting it to roll or move longitudinally within the
wellbore and resist rotation. The shape of the drag members (254) can be
viewed better in FIG. 7. The periphery of each of the plurality of drag
members (254) can be shaped to penetrate borehole-surrounding formation
material. In particular, the peripheral surface (264) is differently shaped on
each side presenting a resistive side-face (266) and a slip side-face (267).
In particular, resistive side-face (310) is radiused with sufficient concavity
that during clockwise torque or rotation of the housing (46), the drag
member (254) penetrates into the formation and resists housing (46)

rotation. Slip side-face (26/) presents a beveled surface or ramp that
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permits rotation of the housing (46) in the counter-clockwise direction,
albeit, with a certain amount of drag associated with the slippage.
Therefore, rather than cutting into the formation during a counter-clockwise
rotation of housing (46), slip side-face (267) can scrape or slip along the
wellbore surface, permitting rotation.

10090 | Moreover, as shown In FIG. 7, three sets of drag members (254)
can be spaced peripherally (circumferentially) at equidistant points about the
housing (46), for example each at 120 degrees from each other, as shown.
There can be a greater number of drag member (254) sets, for example, 4,
5, 6, 7, 8 or more, but still, equally spaced about the exterior (52) of the
housing (46). Returning now to FIG. 6, recessed within the housing (46) are
three sets (257) of drag members (254); however, due to the perspective
view of FIG. 6, only two sets can be seen, spaced axially or longitudinally
along the housing (46). Each Is deployable In different configurations, and
may take on a plurality of different deployed configurations. Alternatively,
the drag members (254) can be similarly deployed, one to the others, in a
uniform configuration.

0091 ] Moreover, each set contains four coaxial drag members (254) that
are shown oriented side-by-side, in the circumferential direction of the anti-
rotation device (252) in FIG. 6. In other embodiments, such as in FIG. 7,
the sets can comprise individual drag members (254) that are singly
arranged about the anti-rotation device (252).

10092 ] As depicted in FIG. 6, the drag members (254) can be attached or
mounted to frames (258), that act as carriage assemblies that can be
mounted, connected or affixed at the outer surface of the housing (46) In
any suitable manner. In some examples, the plurality of frames (258) are
circumferentially and equidistantly spaced about the housing (46).

0093 ] An exploded view of the anti-rotation device (252) is shown In

FIG. 8. As illustrated, the exterior (52) of the proximal housing section can
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have defined therein a separate cavity (260) for fixedly or movably receiving
each of the frames (258) therein. The carriage assembly (258) may be
stationarily or movably received in the cavity (260) and mounted, connected
or otherwise affixed therewith in any manner and by any method,
mechanism, structure or device able to withdraw the carriage
assembly (258) into the cavity (260), as well as deploy the carriage
assembly (258) out of the cavity (260) during drilling operations.

10094 ] Further, in order to facilitate the rolling movement of the drag
members (254) longitudinally along the wellbore and to enhance the anti-
rotation qualities of the drag members (254), each is capable of movement
from a retracted position to an extended position(s) in which the drag
member (254) extends radially from the housing (46). Accordingly, a biasing
mechanism or device can be provided made up of, for example, a
spring (262) that acts directly or indirectly between the housing (46) and the
carriage assembly (258) or the rollers (254).

[0095] In an alternate embodiment, shown Iin FIG. 9, the anti-rotation
device (252) comprises at least one piston (268) on, or associated with the
housing (46), and specifically the exterior (52) of the housing (46). In this
instance, the piston (268) contacts the wall of the wellbore to impede
rotation of the housing (46), with the drilling shaft (24), while drilling. More
particularly, an outer surface or tip (270) of the piston (268) extends from

the housing (46) for engagement with the wall of the wellbore.

Directional Steering With The Anti-Rotation Device
10096 ] During drilling operations, there can be several lateral loads

exerted on the rotary steerable tool by the borehole (generally, represented
by points of contact between the tool and borehole in FIG. 12) that if not
properly proportioned can reduce build angle capability and thus the ability

to steer the drill bit (22). For example, a first distal lateral load will be
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exerted by the formation on the side of the drill bit (22) as a reaction force
on the toolface in opposition to the drilling activity. An intermediately
located, second lateral load is exerted at the near bit stabilizer (89), and
acts as a fulcrum or pivot point. A proximal third lateral load may be
exerted by the borehole on the anti-rotation device (252) as a result of
engagement between the anti-rotation device and the wellbore. The third
lateral load is typically acting in the same direction as the first lateral load;
that I1s, same as the direction of the force acting on the toolface of the drill
bit. Further, the third lateral load is being exerted from the same side of the
wellbore from which the toolface force is acting.

10097/ ] A drilled borehole typically has a larger interior diameter than the
exterior diameters of the rotary steerable device. As a result, the lateral
load acting on the toolface of the drill bit can cause the opposite end of the
rotary steerable drilling device to tilt laterally (rotate axially) toward the
wellbore wall (see FIG. 11).

0098 ] In the three-point loading system described above, the near-bit
stabilizer (89) provides a fulcrum or pivot point for the rotary steerable toal,
around which both the drill bit (22) and the anti-rotation device (252) will
tend to pivot axially (right and left sides go up and down about the pivot
point of the near-bit stabilizer (89). The up-down shift of the proximal end
(left end in FIG. 11) of the rotary steerable device about the fulcrum has the
undesirable effect of diminishing the load at the drill bit which reduces the
amount of deviation or build angle imposable at the toolface when drilling.
10099 ] To avoid this result, a counteracting force can be exerted by the
anti-rotation device (252) to push the tilted-up, proximal end (left end in
FIG. 12) of the rotary steerable device back in the opposite direction (down
in FIG. 12). With sufficient force exerted by the anti-rotation device (252),
the proximal (left) end of the rotary steerable device can be moved away

from the wellbore, straightening the housing (46) within the wellbore. By
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applying pressure against the wellbore using the anti-rotation device (252),
the housing (46) is pushed away from the wellbore thereby forcing the drill
bit (22) on the opposite end into the formation and thereby exerting a
greater toolface biasing load. This has the effect of increasing force at the
drill bit (22), enhancing the distal lateral load that can be applied at the bit
and potentially increasing the build angle of the rotary steerable tool.
|00100] The fulcrumed behavior described above, and the corrective
action that can be taken using the anti-rotation device (252) iIs best
appreciated if FIGS. 10-13 are viewed as a progression. A simple deflection
of the shaft in a point-the bit system is represented in FIG. 10. As the drill
bit (22) is deflected with respect to the housing (46), a side force is created
on the toolface of the drill bit (22). As a result, the stabilizer (89) mounted
near the drill bit (22) acts as a fulcrum and the rotary steerable drilling
device (20) pivots in the wellbore W about the stabilizer (89) contact point,
shifting toward the wellbore W as illustrated in FIG. 11.

[00101] In order to oppose the pivoting lateral shift of the housing (46),
drag members (see FIGS. 12 and 13 for the pizza-cutter styled wheels) can
be manipulated to provide a counteracting force sufficient to counteract the
force experienced at the drill bit (22) from the wellbore W. Accordingly, the
drag members can be deployed radially with respect to the longitudinal
centerline of the housing (46) in different configurations, and extend to push
the housing (46) away from the wellbore. In the example depicted by
moving from the configuration of FIG. 12 to the configuration of FIG. 13, the
drag members extend from a retracted configuration (FIG. 12) to a deployed
configuration (FIG. 13), pressing against the wellbore W to push the
housing (46) down, in the direction opposite the toolface direction of the
rotary steerable drilling device. This effectively enhances the distal lateral
load and potentially increases the build angle of the rotary steerable drilling

device (20). In particular, FIG. 13 shows the drag members of the anti-
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rotation device (252) extended against the wellbore, pushing the
housing (46) laterally down such that the longitudinal axis of the
housing (46) i1s pushed from being oblique to the longitudinal axis of the
wellbore W into alignment with the longitudinal axis of the wellbore W. In
some cases, the longitudinal axis of the housing (46) can be pushed further
beyond the longitudinal axis of the wellbore W to exert even greater force on
the drill bit (22).

100102] Delivering the force at the anti-rotation device (252) to
counteract the wellbore force at the bit (22) can be accomplished in multiple
ways. Using the simplified schematic in FIG. 14 of an anti-rotation
device (252) as an example, the drag members (254) can be deployed to
extend greater or lesser extents to counteract the formation force
experienced at the toolface of the drill bit (22). In particular, different drag
members (254) or sets of drag members (254) can have a minimum or
standard force, and then be selectively deployed or activated to push the
housing (46) away from the wellbore W when formation force is experienced
at the drill bit (22).

100103] In the example of FIG. 14, the anti-rotation device (252) is spring
actuated, and includes a biasing mechanism (276) for extending the base of
the springs (262) radially with respect to the longitudinal centerline of the
housing (46), thereby increasing the pressure that the springs (262) can
exert. As illustrated in FIG. 14, anti-rotation device (252) can include
complementary ramp surfaces (277) for extending the drag members (254 ).
For example, anti-rotation device (252) can include top ramp (2/5) and base
ramp (276) that together constitute a base for the biasing springs (262). In
order to reposition the springs (262) radially, the base ramp (276) moves
distally (to the right in FIG. 14). As the peak (thick) portions of each ramp
oppose one another, the top ramp (275) is moved upward (radially

outward). As a result, the drag members (252) are extended outward from
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the housing (46). Alternatively, the complementary ramps (275, 276)
reposition (raise) a restraining carriage assembly (259) relative to the
housing (46). Accordingly, the drag members (252) are raised along with
the restraining carriage assembly (259). In other examples, the top
ramp (275) can be the one that moves, or both ramps (275, 276) can move
relative to one another to extend the drag members (252).

[00104] Moving the drag members (254) further outside the anti-rotation
device (252), and in turn moving the springs (262) closer to the wellbore
wall (W) as depicted in FIG. 14, has the effect of increasing the springs’
spring force if in the process, the drag members (254) are compressed
against the wellbore. This is a consequence of the fact that a spring exerts
greater force the more it is compressed. Accordingly, by moving the base of
the springs (262) radially outward from the housing (46), toward the
wellbore wall (W), the springs (262) compress against the wall, thereby
delivering greater force. As outward movement of the drag
member(s) (252) continues, the reaction force pushing back shifts the
housing (46) away from the wellbore, in the direction opposite the toolface.
[00105] This type of variable extension is exemplarily shown in FIG. 6cC.
For example, the top frame (258) is extended to a distance “a,” whereas the
lower (side) frame (258) I1s extended a distance "c.” Therefore, the
frames (257) are In differently deployed configurations and the anti-rotation
device (252) is said to be in a differently deployed configuration. The side
frame (258) is extended further out and therefore its springs (262) will
compress against the wellbore with greater force. It is therefore this lower,
more extended drag member that counteracts the formation force at the
toolface of the drill bit (22).

|00106] Correspondingly, FIG. /b also shows one of its frames (259) (the

top one, as shown) extending from a first position "e” to a second position

't thus extending closer to the wellbore wall than the other frames (259).
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This has the effect of applying a greater magnitude force against the
wellbore, and acts to push the housing (46) laterally in the opposite
direction. The second, deployed configuration aids in counteracting the
reaction force applied at the toolface of the drill bit (22).

100107] One or more force sensors can be employed to detect the toolface
direction of the drill bit (22), as well as the magnitude of the formation force
acting on or experienced by the toolface of the drill bit (22). Additionally, or
alternatively, one or more force sensors can be employed to detect the force
delivered or received by drag members (254) and springs (262). The
detected information from these force sensors can be delivered to a
controller which is communicatively coupled to deployment actuators.
Accordingly, the sensor or sensors send output data representative of the
detected toolface direction of the drill bit (22), as well as the detected
magnitude of the formation force acting on the drill bit (22) to the controller.
The controller which is communicatively coupled to the actuators for
deploying the drag members (254) can then send an instruction to establish
the different configurations of the drag members (254) to the degree
necessary to counteract the force of the wellbore W acting on the toolface,
and thus straighten the housing (46) in the wellbore W.

[00108] Extension of the drag members (254) can be powered with
hydraulics. As illustrated in FIG. 15, hydraulic actuators or members (290)
are provided that actuate to provide pressure and deploy to extend the drag
members (254). The hydraulic actuators (290) can include a hydraulic
pump, a cylinder and a piston that under pressure deploy the drag
members (254) or the carriage assembly (259). Similarly to the actuation of
the ramped surfaces (277) in FIG. 14, sensors can be employed to detect
the toolface direction of the drill bit (22) as well as the magnitude of the
formation force acting on or experienced by the toolface of the drill bit (22).

The detected information from these sensors can be delivered to a controller
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which i1s communicatively coupled to the hydraulic actuators (290). The
controller, which is communicatively coupled to drag members (254) can
then send an instruction to increase or decrease pressure of hydraulic
members (290) to extend the drag members (254) in different deployed
configurations to push the housing away from the wellbore.

|00109] FIG. 15b illustrates different deployed configurations of the
frames (259). In particular, one of the hydraulic actuators (290) (the top
actuator in the figure) iIs actuated to deploy one of the drag members (264)
to extend from a first position “"e” to a second, deployed position “f” thus
extending closer to the wellbore wall than the other frames (259). In
practice, the frame (259) at position “f” would be extended toward the
nearby side of the wellbore. This has the effect of applying a greater
magnitude of force against the wellbore, and acts to push the housing
laterally in the opposite direction.

00110] Accordingly, the force sensors detect the [1] toolface direction of
the drill bit (22), as well as the [2] magnitude of the force which the
formation exerts on the toolface of the drill bit (22). This information is then
sent or received by a controller.

|00111] The controller then not only determines the [a] force with which
to extend drag members (264), but also [b] the configuration in which to
deploy two or more drag members (264). In particular, given that the drill
bit (22) deflects toward the wellbore, and the housing (46) and anti-rotation
device (252) responsively tilt in the same lateral direction toward the
wellbore, it i1s the drag members on this same side of the wellbore that are
radially deployed and extended.

00112] In dependence on this information from the force sensors, the
controller determines and then actuates the appropriate sets of drag
members needed to counteract or at least partially counteract the force of

the wellbore and move the housing away from the wellbore. For example,
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as noted above, in the illustrated embodiment of FIGS. 6-7, there are three
sets (257) of drag members (254) spaced equally about the periphery of the
housing (46). Accordingly, In response to the controller determined
formation force experienced at the drill bit (22), the controller instructs the
different deployable configurations of the sets (257) of drag members (254)
which can appropriately counteract the force at the toolface. Moreover, the
drag members (254) and different sets of drag members (257) can be
deployed In different configurations to exert force at different magnitudes
and different radial extension lengths with respect to the longitudinal
centerline of the housing, independently one from another. For example,
drag members (254) closer to the wellbore can be deployed at greater radial
extension lengths and magnitudes of force whereas those on the opposite
side are provided with lesser lengths and magnitudes. Accordingly, in some
examples, such as where there are three sets (257) of drag members (254),
or in other embodiments a plurality of drag members (254), the drag
members (254) are deployed in a non-uniform deployment configuration
wherein at least two of the drag members (254) have different radial
extension lengths or exert different magnitude forces against the
wellbore W.

00113] In other embodiments, where there is a greater number of drag
members (254) or sets (257) of drag members (254), there can be two or
more, three or more, four or more and the like drag members (254) having
different radial extension lengths or magnitudes, or a combination where
some have the same extension lengths or magnitude and some differing. In
other examples, the drag member or members (254) located on the same
side of the drill bit (22) on which the formation acts are extended the
greatest radial length. In other examples, the drag member (254) which
has a radial extension direction generally parallel to the detected toolface

direction of the drill bit (22) has the greatest deployment force and/or radial
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length. However, each set (257), even those on the side opposite the force
acting on the drill bit, can be deployed sufficient to extend to the wellbore to
assist the prevention of rotation of the housing (46).

[00114] Moreover, due to “roll” of the housing (46) during drilling, the
sets (257) of deployed drag members (254) must be reconfigured over time.
For example, drag members (254) on the side of the housing near to the
wellbore may eventually “roll” to the side distanced from the wellbore, and
vice-versa. As anyone of the drag members (254) rotates toward the near
wellbore side, the magnitude of force exerted should increase, while the
magnitude of force of drag members (254) rotating toward the side
distanced from the wellbore should decrease. Accordingly, the controller
receives information regarding the orientation of the housing and
correspondingly configures the deployment of the drag members (254)
accordingly. Advantageously, these adjustments can be made continuously,
and in real time.

00115] Therefore, a controller is provided to carry out the process
described herein. In particular, a controller is provided to receive data from
sensors representative of the toolface direction and magnitude of the force
on the toolface, determine the appropriate configuration for deployment of
the drag members (254), then send instructions to deploy the drag
members (254) in different configurations of at least two of the drag
members (254) or sets of draft members (254). Accordingly, the controller
IS communicatively coupled to force sensors that detect the toolface
direction and magnitude of formation force acting at the toolface of the drill
bit (22) of the rotary steerable drilling device (20). The controller is also
communicatively coupled to a housing orientation apparatus (364) which has
sensors (for example magnetometers and accelerometers) for sensing the
orientation of the housing (46) within the wellbore. Based on the sensed

iInformation about the formation force on the tool face or the anti-rotation
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device, and/or the housing orientation of the housing, the controller
determines which drag members (254) to deploy to counteract the formation
force at the toolface of the drill bit (22), and push the housing (46) back
toward center. The controller then sends instructions to the powering
mechanism, whether complementary ramps (275, 276), hydraulicC
members (290) or others, which deploy the drag members (254) or
sets (257) of drag members (254) according to the determination of
the controller.

[00116] The controller or controllers implementing the processes
according to the present disclosure can comprise hardware, firmware and/or
software, and can take any of a variety of form factors. In particular, the
controllers described herein can include at least one processor optionally
coupled directly or indirectly to memory elements through a system bus, as
well as program code for executing and carrying out processes described
herein. A "processor" as used herein is an electronic circuit that can make
determinations based upon inputs. A processor can Include a
microprocessor, a microcontroller, and a central processing unit, among
others. While a single processor can be used, the present disclosure can be
implemented over a plurality of processors. For example, the plurality of
processors can include local controllers of the rotary steerable drilling device,
a global controller and/or the surface operator controller, or a single
controller can be employed. Accordingly, for purposes of this disclosure,
when referring to a controller, it can include a local controller or any other
controller or plurality of controllers on the surface, in the drill string or rotary
steerable drilling device.

0001] The memory elements can be a computer-usable or computer-
readable medium for storing program code for use by or in connection with
one or more computers or processors. The medium can be an electronic,

magnetic, optical, electromagnetic, infrared, or semiconductor system (or
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apparatus or device) or a propagation medium (though propagation
mediums in and of themselves as signal carriers are not included in the
definition of physical computer-readable medium). Examples of a physical
computer-readable medium include a semiconductor or solid state memory,
magnetic tape, a removable computer diskette, a random access memory
(RAM), a read-only memory (ROM), a rigid magnetic disk and an optical
disk. The program code can be software, which includes but is not limited to
firmware, resident software, microcode, a Field Programmable Gate Array
(FPGA) or Application-Specific Integrated Circuit (ASIC) and the like.
Implementation can take the forms of hardware, software or both hardware
and software elements. Moreover, the controllers can be communicatively
connected, including for example input and output devices coupled either
directly or through intervening I/O controllers, or otherwise including
connections to the sensors, force sensors, toolface direction sensors,
orientation sensors, sensors Iin the housing orientation apparatus,
communication devices, or other components of the rotary steerable unit or
drilling shaft deflection device to receive signals, and/or data regarding such
components. Moreover, the controllers can also include circuits configured
for performing the processes disclosed herein.

[00117] An exemplary diagram of the controller, its process and
communication is illustrated in FIG. 16. The controller is shown at block 800
that iIs communicatively coupled to force sensors at block 820 which sense
the direction of the toolface, as well as the magnitude of the force on the
toolface of the drill bit, and/or the force at the anti-rotation device.
Additionally, the controller is communicatively coupled to Housing
Orientation Apparatus at block 810, which senses the orientation of the
housing. Information on the force at the toolface and/or the anti-rotation
device is provide to the controller at block 800 which then determines the

configuration at which to deploy the drag members of the anti-rotation
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device. The controller 800 then sends instructions to the anti-rotation
device and drag members at 830 to deploy the drag members in the
determined configuration to counteract the force of the drill bit (22) which
causes pivotation and lateral movement of the housing against the wellbore.
The force can be sufficient to move the longitudinal axis of the housing of
the rotary steerable drill towards alignment with the longitudinal axis of the
wellbore, to coincide with the longitudinal axis or move past it. Accordingly,

by this process the load at the toolface of the drill bit is enhanced.

Accommodating Different Wellbore Sizes and Formation Types
|100118] In drilling operations, the resulting wellbores can have different
diameters depending on where and how they were drilled, peculiarities of
the site and other drilling factors and requirements. For example, wellbores
can have a diameter anywhere from 8 Iinches to 10 inches, as well as other
diameters. Common wellbore sizes range from 8.25 inches to 9 inches.
Additionally, different wellbore sites can have differences in the hardness of
the formation, some being drilled in hard formations and others being in soft
formations. Accordingly, conventional anti-rotational devices cannot adjust
for different wellbore sizes or different types of formations.

100119] The anti-rotation device (252) disclosed herein is configurable to
provide different deployed lengths for drag members (254). By having
different lengths, different wellbores and formation types can be
accommodated. In particular, the drag members (254) are deployable in a
plurality of operator settable configurations across a borehole engaging
range of motion spanning from a start position to a maximally extended,
borehole engaging position. Moreover, for at least two of the plurality of
settable operational configurations, the start position of the borehole

engaging range of motion is different. These configurations can be carried
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out by an operator manually or automatically using a controller
discussed above.

|00120] Accordingly, as disclosed herein, the drag members (254) are
operator configurable to extend to various set radial extension lengths
depending on the [1] size or diameter of the wellbore, and [2] the desired
magnitude of force. The operator can choose amongst a plurality of settable
operational configurations where each configuration sets different extension
lengths of drag members (254) depending on the size of the wellbore.
Further, depending on whether the formation is hard or soft, the radial
extension length can be adjusted to have the desired magnitude of force.
Therefore, the deployed radial length of drag members (254) can be
increased such that the springs are compressed to provide a large
magnitude of force, or decreased such that springs are expanded to provide
a smaller force magnitude of the springs (262). As a result, In soft
formations the smaller force can be employed so that the drag
members (254) do not penetrate too far into the formation, and in hard
formations, the drag members (254) are employed with a larger force to
assure less slippage over the wellbore wall.

100121] Accordingly, in larger sized wellbores with hard formations, the
operator can configure the drag members (254) to be deployed with a longer
extension in order to accommodate the large sized wellbore while also
compressing the springs (262) a greater amount. This permits the rotary
steerable drill to be used in a larger wellbore while also allowing a greater
magnitude of force and penetration by the drag members (254). If the
larger wellbore has a soft formation, the drag members (254) are configured
to extend a lesser amount than in the hard formation so that the
springs (262) are expanded more and less compressed, thus reducing the
magnitude of force provided by the springs (262). Further, in smaller

wellbores, with soft formations, the operator can configure the drag
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members (254) to be deployed with a shorter extension so as to
accommodate the smaller wellbore while also avoiding compressing the
springs (262) to a large degree. On the other hand, if the smaller wellbore
has a hard formation, the drag members (254) can be radially extended a
longer length in order to more highly compress the springs (262).
Accordingly, In this way, the anti-rotation device (252) can accommodate
larger and smaller wellbores as well as formation types.

100122] This can be seen with reference to FIGS. 6a and 6b, which show
frames (258) extended to two different settable operational configurations.
In particular, the frames (258) and drag members (254) are uniformly
extendable between one starting operational configuration “a,” and a second
starting operational configuration “b,” wherein in configuration “b,” the drag

{4

members are extended further than in configuration “a.” Accordingly, the
deployed configuration "a” of FIG. 6a can be used for example In smaller
wellbores and/or softer formations, whereas the deployed configuration “b”
can be used in larger wellbores or with harder formations.

[00123] Accordingly, in practice, if for example in position “a” the drag
members (254) form an 8 inch diameter circumference, they could be
extended and placed in an 8.25 inch wellbore. Accordingly, this 8 inch
diameter can be considered a start position. They can then be further
extended until they engage the wall of the borehole. Once the borehole wall
IS engaged, the drag members (254) can be further extended to compress
springs (262) and increase the magnitude of force. Alternatively, the drag
members (254) can be set to the start configuration "a” and then placed in
an 8.25 inch wellbore, which immediately compresses the springs (262) to
provide an increased magnitude of force on the formation wellbore.
Correspondingly, If In start configuration "b" the drag members together
formed a circumference of 8.5 inches, they could be placed in a 9 inch

wellbore, and further extended until they start to contact or engage the wall
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of the borehole. They can be further deployed from the borehole wall
engaging position to increase spring pressure. Alternatively, the drag
members (254) in configuration "b” can be placed in an 8.5 inch wellbore,
wherein the springs (262) compress and provide greater force.

[00124] The same is also illustrated in a cross-sectional perspective in
FIGS. 7a and 15a. For example, the frames (259) and drag members (254)

!

are extendable between one starting operational configuration “e,” and a

second starting operational configuration f,” wherein in configuration “f” the

W r7

drag members are extended further than that in configuration “e.
Accordingly, the deployed configuration “"e” of FIGS. 7a and 15a can be used
for example in smaller wellbores and/or softer formations, whereas the
deployed configuration “f” can be used in larger wellbores or with harder
formations.

|00125] In additional embodiments, the movable platforms or risers (72)
{also referred to simply as frames in this portion of the description, In
contrast to carriage frames (258) upon which the drag members (254) are
mounted for rotation} can be deployed to a settable starting configuration
"a” shown in FIG. 6d, or a settable starting configuration "b” shown in
FIG. 6e, where the movable risers (/72) are extended out a further distance

7

in configuration "b” than in configuration “a.” From these configurations, the

carriage frames (258) and drag members (254) thereon can be deployed to
engage the wellbore wall. For example, configuration “a” can be used for a
smaller wellbore. In configuration "a” that forms an 8 inch diameter anti-
rotation device (252) using a plurality of movable platforms or risers (72),
the anti-rotation device (252) can be placed in a 8.25 inch wellbore. The
drag members (254) can then be deployed to contact or engage the
borehole. The example In FIG. 6f Iillustrates the deployment of drag
members (254) to configuration “g,” which can be for example, 8.25 inches,

thus engaging the wellbore. In the example of FIG. 6g, configuration "b”
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can be used for larger wellbores. If configuration "b” forms an 8.5 inch
diameter anti-rotation device (252) by elevating the plurality of platforms or
risers (/72), it can be suitable for placement in a 9 inch wellbore. The drag
members (254) can then be deployed to contact or engage the borehole.
FIG. 6g illustrates the deployment of drag members (254) to
configuration “h,” which can be for example 9 Iinches thus engaging the
wellbore. In either case, the movable platforms or risers (72) could be
extended further out to compress the springs (262) and create greater force
against the wellbore.

[00126] In view of the above, the drag members (254) can have a
plurality of different operational configurations to accommodate differently
sized boreholes. Accordingly, for at least two of the plurality of settable
operational configurations, the start position of the borehole engaging range
of motion Is different. For example, for a borehole that i1s 8.25 inches, the
drag members (254) can be set at a distance or length that establishes an
anti-rotation device (252) having an 8 inch circumference, and can then
further increase or decrease to change the magnitude of force of the
springs (262). However, the same rotary steerable drilling device (20) and
anti-rotation device (252) can be placed in another borehole that is 9 inches
in diameter if the drag members (254) are set to establish an 8.5 inch
diameter anti-rotation device (252). Additionally, the lengths can be further
increased or decreased to change the magnitude of force of the
springs (262). This same rotary steerable drilling device (20) and anti-
rotation device (252) can then be used in different sized diameter wellbore
and be employed at a different set configuration.

[00127] The drag members can be extended the same radial distance from
the centerline of the housing (46) In order to form an approximate
circumference having a particular diameter for the anti-rotation

device (252). In some examples, the drag members (254) are configurable
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to accommodate wellbores across a range of sizes; for example, from 5
to 15 inches, alternatively from 6 to 13 inches, alternatively from 7 to 12
inches, alternatively from 8 to 9 inches, alternatively from 8.125 to 8.8/5
inches, alternatively from 8.25 to 8.75 inches, alternatively from 8.33
to 8.66 inches, alternatively from 8.4 inches to 8.6 inches, alternatively
from 8.4 to 8.5 inches, or any combination of the aforementioned diameters,
or infinite positions therebetween, as measured in diameter formed by the
extending drag members (254) from the longitudinal centerline (44)
housing (46).

[00128] As discussed previously, the different degrees or lengths of
compression of springs (262) provide different magnitudes of force exerted
by the springs (262). For example, at maximum expansion (i.e. minimum
compression), the springs (262) may only exert 800 Ibs/sqg inch, whereas at
minimum expansion (l.e. maximum compression), the springs (262) can
exert 2000 Ibs/sg inch. The magnitude of force exerted by the springs is not
limiting, and can have any maximum or minimum force, including for
example, 200 to 4000 Ibs/sq inch, 400 to 3500 Ibs/sqg inch, 600 to 3000
Ibs/sq inch, 700 to 2500 Ibs/sqg inch, 900 to 1800 Ibs/sg inch, 1000 to 1500
Ibs/sq inch, or any combination of the aforementioned. The magnitude range
of force which the springs (262) exert can be such that they will be
appropriate for a broad range of wellbore diameters and formation types.
[00129] The drag members (254) can be extended by use of
complementary surfaces (275, 276) or hydraulic members (290), or any
other powering mechanism. Further, a controller can be communicatively
coupled to the drag members (254) or a moveable frame such as carriage
assembly (258) to deploy and extend drag members (254). The drag
members (254) can be extended directly or by the movement of a moveable
frame, such as carriage frames (258) upon which they are mounted.

Accordingly, the carriage frames (258) have a plurality of different settable
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positions, each different settable position of the movable frame
corresponding to one of the plurality of settable operational configurations of
the drag members (254).

[00130] Accordingly, the frames (258), can be extended, retracted, or
moved to accommodate the various start positions, and deployable
configurations of the drag members (254) for different sized wellbores and
formation types. Therefore, the frames (258) can be moved to a plurality of
settable positions, where at |least two different settable positions move the
frames (258) a different radial distance from the longitudinal centerline of
the housing (46). Moreover, in order to maintain an equal diameter formed
by the extending drag members (254), each carriage assembly (258) can be
spaced the same radial distance from the longitudinal centerline of the
housing (46).

|00131] The embodiments shown and described above are only examples.
Many details are often found in the art such as the other features of a rotary
steerable drilling systems, and particularly anti-rotation devices used in such
systems. Therefore, many such details are neither shown nor described.
Even though numerous characteristics and advantages of the present
technology have been set forth in the foregoing description, together with
details of the structure and function of the present disclosure, the disclosure
1S illustrative only, and changes may be made in the detail, especially In
matters of shape, size and arrangement of the parts within the principles of
the present disclosure to the full extent indicated by the broad general
meaning of the terms used In the attached claims. It will therefore be
appreciated that the embodiments described above may be modified within

the scope of the appended claims.
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CLAIMS

1. A rotary steerable subterranean drill for establishing a deflection angle and
azimuthal toolface direction of a drill bit, the rotary steerable subterranean drill,
comprising:

a housing
an anti-rotation device positioned at an exterior of the housing and comprising a
radially deployable drag member;
the drag member having a plurality of settable operational configurations
wherein, within each settable operational configuration, the drag member is deployable

across a borehole engaging range of motion spanning from a start position to a

maximally extended, borehole engaging position; and
wherein for at least two of the plurality of settable operational configurations, the

start position of the borehole engaging range of motion is different.

2. The rotary steerable subterranean drill of claim 1, further comprising:
a drilling shaft that is rotatably supported in the housing , and wherein the drilling
shaft and the housing are each substantially cylindrical shaped and have a longitudinal

centerline.

3. The rotary steerable subterranean drip of claim 2, wherein each of the plurality of
settable operational configurations correspond to different diameter drillable

boreholes.

4. The rotary steerabie subterranean drill of claim 2, wherein at least two of the
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plurality of settable operational configurations correspond to different diameter

drillable boreholes.

5 The rotary steerable subterranean drill of claim 4, wherein at least one of the at
least two settable operational configurations corresponds to a nine inch (22.86

cm) diameter drillable borehole.

6. The rotary steerable subterranean drill of claim 4, wherein at least one of the at
least two settable operational configurations corresponds to an eight and one-

quarter inch (20.955 cm) diameter drillable borehole.

7. The rotary steerable subterranean drill of claim 2, further comprising:
the anti-rotation device further comprising a movable frame upon which the

drag member is mounted; and
the movable frame having a plurality of different settable positions, each
different settable position of the movable frame corresponding to one of the-plurality of

settable operational configurations of the drag member .

8. The rotary steerable subterranean drill of claim 7, wherein each of the plurality of
different settable positions of the .movable frame establishes a corresponding
start position of the drag member in a corresponding settable operational

configuration of the drag member .

9. The rotary steerable subterranean drill of claim 7, wherein at least two of the
plurality of different settable positions of the movable frame position the movable

frame at respective, different radial distances from the longitudinal centerline of
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10.

1.

12.

13.

14.

10.

the housing.

The rotary steerable subterranean drill of claim 7, wherein at least two of the
plurality of different settable positions of the movable frame position
corresponding start positions of the drag member at respective, different radial

distances from the longitudinal centerline of the housing.

The rotary steerable subterranean drill of claim 10, wherein the movable frame Is
one of a plurality of movable frames, each movable frame having a plurality of

drag members mounted thereupon.

The rotary steerable subterranean drill of claim 11, wherein the plurality of
movable frames are circumferentially and equidistantly spaced about the

housing.

The rotary steerable subterranean drill of claim 11, in each of the plurality of drag
members has a wheel-shape and is rotatably mounted to a respective movable

frame.

The rotary steerable subterranean drill of claim 13, wherein each of the plurality
of wheel-shaped drag members is oriented to roll parallel to the longitudinal

centerline of the housing.

The rotary steerable subterranean drill of claim 13, wherein a circumferential
periphery of each of the plurality of wheel shaped drag members Is shaped to

penetrate borehole-surrounding formation material.
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16.  The rotary steerable subterranean drill of claim 7, wherein the movable frame Is
one of a plurality of movable frames and each movable frame is always spaced

the same radial distance from the longitudinal centerline of the housing.

17.  The rotary steerable subterranean drill of claim 2, further comprising:

a drilling shaft deflection assembly contained within the housing and
comprising an outer eccentric ring and an inner eccentric ring that engages the drilling
shaft; and

a pair of bi-directional drive motors anchored relative to the housing and
respectively coupled, one each, to the inner and outer eccentric rings for rotating each

eccentric ring in two directions.

18. The rotary steerable subterranean drill of claim 17, wherein the drilling shatft
deflection device further comprises:

the drilling shaft being generally cylindrical shaped and having a longitudinal
centerline, the longitudinal centerlines of the drilling shaft and housing being
substantially coincident when the drilling shaft is undeflected within the housing;

the drilling shaft deflection assembly configured to transition the drilling shaft
between deflected and undefiected configurations;

the outer eccentric ring being rotatably supported at an inner peripheral
surface of the housing and having a circular inner peripheral surface that is eccentric
with respect Ukase housing;

the inner eccentric ring being rotatably supported at the circular inner

peripheral surface of the outer eccentric ring and having a circular inner peripheral
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surface that engages the drilling shaft and which is eccentric with respect to the circular
inner peripheral surface of the outer eccentric ring ; and

one of the pair of motors drivingly coupled by a first transmission to the outer
eccentric ring and which rotates the outer eccentric ring in a first direction and an
opposite, second direction relative to the housing and the other of the pair of motors
drivingly coupled by a second transmission to the inner eccentric ring and which rotates
the inner eccentric ring in a first direction and an opposite, second direction relative to

the outer eccentric ring .

19. The rotary steerable subterranean drill of claim 18, wherein each of the pair of

drive motors is an electronically commutated motor.

20. The rotary steerable subterranean drill of claim 19, wherein each of the

electronically commutated motors Is a brushless direct current motor.
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