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(57) Abréegée/Abstract:

A rotary steerable tool has an inner mandrel having a longitudinal axis and an outer housing positioned along the inner mandrel.
The outer housing rotates independently of the inner mandrel. The outer housing has an engagement member that moves axially
relative to the outer housing and the inner mandrel between an extended position and a retracted position, and a transition surface
having a slope relative to an outer surface of the outer housing. The engagement member moves along the transition surface
between the extended position and the retracted position. In the engaged position, the engagement member extends outward from
the outer housing to engage an inner surface of a well being drilled. An actuator selectively moves the engagement member along
the transition surface from the retracted position to the extended position.
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(87) Abstract: A rotary steerable tool has an mner mandrel having a longitudinal axis and an outer housing positioned along the n -
ner mandrel. The outer housing rotates independently of the mner mandrel. The outer housing has an engagement member that
moves axially relative to the outer housing and the mner mandrel between an extended position and a retracted position, and a trans -
ition surface having a slope relative to an outer surface of the outer housing. The engagement member moves along the transition
surface between the extended position and the retracted position. In the engaged position, the engagement member extends outward
from the outer housing to engage an mner surface of a well bemng drilled. An actuator selectively moves the engagement member
along the transition surface from the retracted position to the extended position.
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TITLE
[0001] Rotary steerable tool

FIELD
[0002] This relates to a rotary steerable tool that 1s designed for use m drilling
applications to help steer the drilling string.

BACKGROUND
[0003] In directional drilling, 1t 1s necessary to steer the drill bit in order to obtamn the
horizontal portion of the well, or to correct the drilling angle. When the drill bit 1s driven by

a rotating body, this mvolves steering the tool m a constant direction despite the rotating tool.

SUMMARY

[0004] According to an aspect, there 1s provided a rotary steerable tool, comprising an
inner mandrel having a longitudinal axis and an outer housing positioned along the inner
mandrel. The outer housing comprises an engagement member that moves axially relative to
the outer housing between an extended position and a retracted position and a transition
surface having a slope relative to an outer surface of the outer housing. The engagement
member moves along the transition surface between the extended position and the retracted
position. In the engaged position, the engagement member extends outward from the outer
housing to engage an inner surface of a wellbore. The outer housing rotates independently of
the mner mandrel when the engagement member 1s 1n the engaged position. There 1s an
actuator that selectively moves the engagement member along the transition surface from the

retracted position to the extended position.

[0005] According to another aspect, the engagement member may comprise a friction
surface that engages the inner surface of the well being drilled 1n the extended position. The
friction surface may be connected to an mternal portion by a pivoting connection. The

friction surface may comprise a plurality of sharp pomts.

[0006] According to another aspect, the actuator may comprise an electric or mechanical

motor and a threaded rod, a hydraulic power source and a piston, or a hydraulically actuated
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rng.
[0007] According to another aspect, the outer housing may be a split case.
[0008] According to another aspect, the inner mandrel may be connected to a drill string.

[0009] According to another aspect, the drill string may comprise stabilizer members

mounted at least one of above and below the outer housing.

[0010]  According to another aspect, the outer housing may comprise a plurality of

engagement members having a different height.

[0011]  According to another aspect, the outer housing may comprise a pressure

equalization valve.

[0012] According to another aspect, there 1s provided a drill string for directional drilling,
comprising a rotary drill string body carrying a drill bit at a lower end of the rotary drill string
body, and a rotary steerable tool spaced from the drill bit as described above.

[0013] According to another aspect, there 1s provided a method of directional drilling,
comprising the steps of: securing an outer housing on a drll string, the outer housing
comprising an engagement member that moves axially relative to the outer housing between
an extended position and a retracted position and a transition surface having a slope relative
to an outer surface of the outer housing; actuating the engagement member to move along the
transition surface from the retracted position to the extended position such that the
engagement member extends outward from the outer housing and engages an iner surface of
a wellbore, the engagement member inducing a bend 1 the drill string; and rotating the drill
string mdependently of the outer housing when the engagement member 1s 1n the engaged

position agamst the mner surface of the wellbore.

[0014] According to another aspect, the method may further comprise the step of
applymg downward pressure to the drill string, the downward pressure further inducing a

bending force on the drill string.
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[0015] According to another aspect, the engagement member may comprises a friction
surface, the friction surface engaging the mner surface of the wellbore to prevent rotation of
the outer housing as the drill string rotates. The friction surface may comprise a plurality of

sharp points.

[0016] Other aspects will be apparent from the specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] These and other features will become more apparent from the following
10 description 1 which reference 1s made to the appended drawings, the drawings are for the
purpose of illustration only and are not intended to be 1n any way limiting, wherein:
FIG. 1 1s a perspective view of the tool installed 1 a drill string.
FIG. 2 1s a side elevation view 1n section of the tool installed 1n a drill string 1n a
disengaged position.
15 FIG. 3 1s a side elevation view 1n section of the tool installed 1n a drill string 1 an
engaged position.
FIG. 4 1s a dctailed side elevation view 1n section of the tool 1n a disengaged
position.
FIG. 5 1s a side elevation view 1n section of an alternative tool 1n a disengaged
20 position.
FIG. 6 1s a side eclevation view 1n section of an alternative tool 1n an engaged
position.
FIG. 7 1s a side clevation view 1 section of a mechanically actuated tool in a
disengaged position.
25 FIG. 8 1s a side clevation view 1m section of a mechanically actuated tool 1n an
engaged position.
FIG. 9 1s a side clevation view 1n section of a hydraulically actuated tool 1n an
engaged position.
FIG. 10 1s a sicmplified end elevation view 1n section of the tool with multiple

30 engagement members.
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DETAILED DESCRIPTION
[0018] A rotary steerable tool will now be described with reference to FIG. 1 through
10.

[0019] Referring to FIG. 1, the tool, generally indicated by reference numeral 10, 1s
designed to be installed in a rotary drill string 12, and 1s primarily designed for use in
directional drilling. The tool may be used in other situations where a rotary stecrable tool
may be required. Rotary drill string 12 includes a rotating mandrel 14, a drill bit 16, upper
stabilizers 18 and lower stabilizers 20. While upper and lower stabilizers 18 and 20 are
indicated, 1t will be understood that a bend may also be achieved with only one set of
stabilizers 18 or 20. The degree and direction of the bend may be controlled by the position
and distance of stabilizers 18 or 20 from tool 10. Preferably, rotary drill string 12 1s non-

magnetic or otherwise designed for use with measurement-while drilling (MWD) equipment.

[0020] Referring to FIG. 2 and 3, tool 10 1s located on a smaller diameter section 22 of
mandrel 14 and includes an outer housing 24. As depicted, outer housing 24 1s split along its
axis mnto two sections to allow 1t to be 1nstalled over section 22 of mandrel 14. Outer housing
24 may be divided into more than two sections, however this may affect the strength of outer
housing 24. The sections may be divided unequally to make one section larger than the
other, for example, 5/9 and 4/9. This provides more room or strength for components
installed 1n that section. The two sections are preferably connected by pins, but may also be
attached m other ways known to those 1n the art. For example, all or a portion of the outer
surface of outer housing 24 may be threaded, such that one or more threaded collars may be
installed over outer housing 24 to keep the sections together. This may be done 1n addition
to, or 1n place of, the pin or other type of connection. Alternatively, rather than splitting
housing 24, mandrel 14 may be split in two parts along its length, such that the two parts may
be attached together, such as by being threaded together, once outer housing 24 1s placed over
inner mandrel 22. Outer housing 24 rotates independently of mandrel 14. This 1s necessary
when engaged, although it may be optionally locked to mandrel 14 when not engaged to
create a bend. Outer housing 24 1s preferably the same diameter as drill string 12, but may

also be slightly larger or smaller.
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[0021]  Outer housing 24 houses an engagement member 26 that moves axially relative to
outer housing 24 and inner mandrel 14 between a retracted position as shown 1 FIG. 2 and
an extended position shown in FIG. 3. Housing 24 also has a transition surface 27 with a
slope, such that engagement member 26 moves along transition surface 27 between the
retracted and extended positions. Referring to FIG. 4, engagement member 26 1s controlled
by an actuator 30 that sclectively moves engagement member 26 along transition surface 27
from the retracted position to the extended position. Referring to FIG. 3, in the engaged
position, engagement member 26 extends outward from outer housing 24 to engage an inner
surface of a wellbore 28 that 1s being drilled. Preferably, engagement member 26 has a
friction surface 32 m order to grip wellbore 28 1n the extended position.  In a preferred
embodiment, the friction surface 1s made up of several sharp triangular edged pomts that,
when engaged, will carve grooves into the side of the wellbore 28. While engagement
member 26 1s engaged the pressure on the wellbore 28 will not be strong enough to prevent
the movement of tool 10 along wellbore 28. Referring to FIG. 10, 1t will be understood that
there may be more than one engagement member 26. For example, there may be different
sizes of engagement member 26, which would allow different angles to be applied while
directional drilling without pulling out the drilling string. Engagement members 26 may be
spaced 1 different ways about outer housing 24. In this embodiment, outer housmg 24
would be positioned such that the preferred engagement member 26 1s properly oriented, and

that member would be actuated, while the others remain retracted.

[0022]  Referring to FIG. 4, there may be other components within housing 24 that may
be useful n the operation of tool 10. For example, housing 24 may include bearings 34 and
35 between housing 24 and inner mandrel 22. As an increased load 1s applied to housing 24
and mandrel 22 when engagement member 26 1s extended, one set of bearings 34 1s
preferably set below the extended position of engagement member 26 to support this load.
There 1s also preferably a MWD sensor 36 that moves with housing 24. This allows the
operator at surface to know the orientation of housing 24, such that the bend can be applied 1n
the proper direction to drill string 12. There may also be components of actuator 30, such as
a power supply, or battery 38. Outer housing 24 also preferably has a pressure balancing

valve 39 to balance and control the hydrostatic pressure. Pressure balancing valve 39 may
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take various forms as will be recognized by those skilled 1n the art.

[0023] There will now be described the various ways 1n which tool 10 may be actuated.
Referring to FIG. 2 through 4, a first embodiment 1s shown. In this embodiment, an electric
motor 40 1s used to drive a threaded rod 42. Motor 40 could also be mechanical. Threaded
rod 42 1s placed against engagement member 26. As electric motor 40 1s actuated, threaded
rod 42 causes engagement member 26 to move up transition surface 27. As engagement
member 26 moves outward, friction surface 32 engages wellbore 28. Drill string 12 1s moved
downward during this process such that, as friction surface 32 engages wellbore 28, the
friction created helps continue the upward movement of engagement member 26 and mduce
a bend 1n drill string 12. In other words, the downward movement and weight of drill string
12 helps create the necessary bend when a friction surface 32 1s used. In addition, the slope
of transition surface 27 provides a mechanical advantage to push actuator 14 outward and
induce a bend 1 drill string 12. By properly designing the angle of transition surface 27,
actuator 14 does not need to be strong enough to bend drill string 12 as 1t moves along

transition surface 27, which reduces the power requirements 1n tool 10.

[0024] In the process of regular rotary drilling, tool 10 does not need to be engaged and
can be permitted to spins together with drill string 12. When the need to correct the drilling
angle arises, tool 10 1s engaged to the position shown 1n FIG. 3 by the operator at surface.
For this to occur, the rotary drilling process 1s stopped and all of the tools are picked up a
certain distance, preferably several meters, from the last location. Tool 10 1s then properly
oriented, such as by using a signal from MWD sensor 36 that 1s sent to the surface, where a
decision 1s made by the directional driller to rotate tool 10 to face to the desired direction.
Once properly oriented, the signal 1s then sent to engage tool 10 by causing actuator 14 to

move engagement member 26 as described herein.

[0025]  Due to the fact that the MWD tools are located much closer to the drilling bat, all
the measurements and locations recetved at the rig tfloor are much more accurate and current.
Engagement member 26 preferably has several sharp triangular edged points acting as a
friction surface 32. When engaged, 1t presses against the side of wellbore 28, causing a slight

deviation from the longitudinal axis of the drill string 12. When the weight on drill string 12
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1s applied, 1t causes friction surface 32 to dig into the side of wellbore 28 even more. As drill
string 12 starts to rotate and drill, even more pressure 1s applied, causing friction surface 32 to
scrape or create grooves 1n the side of wellbore 28, preventing outer housmg 24 from rotating
around mner mandrel 14, hence creating a greater deviation from the longitudinal axis and

thereby accomplishing directional drilling.

[0026] Another embodiment 1s shown 1 FIG. § through 8. When tool 10 receives the
signal from the MWD tool, a power ring 44 1s engaged and moves to push the non-rotating
ring 46. The power ring 44 may be engaged 1n various ways as will be recognized by those
skilled m the art. As depicted in FIG. § and 6, power ring 44 1s engaged by an clectric motor
48 located mside the Non-Magnetic Drilling Pipe, which then drives an actuator 30.
Alternatively, 1t may be driven mechanically, magnetically with an electric switch located
inside the housing 24 below power ring 44. Referring to FIG. 6, another method includes the
use of a hydraulic power source, where power ring 44 acts as a piston and forms a piston
chamber. Engagement member 26 may be directly attached to power ring 44, although this 1s
not preferred. Alternatively, there may be a hydraulic piston independent of the outer case
and the power ring. A hydraulic fluid source 50 supphlies fluid to drive the power ring 44 up.
While not shown, there may also be another fluid line that forces the power ring 44 down to
retract 1it. Alternatively, the hydraulic fluid source may be located on surface. Other ways of
as will be recognized by those skilled 1in the art, with the necessary modifications being
within the ordmary skill of those m the art. The selected method may depend on the outer

diameter size and the preferences of the user.

[0027] As power ring 44 moves 1t causes the engaging member to move out of housing
24 and engage wellbore 28. As depicted, power ring 44 pushes the non-rotational ring 46.
The force i1s transferred through connecting joint 52 to engagement member 26 until 1t
presses up against the wall of wellbore 28. After this, the entire drilling column 1s moved
down a small distance as friction surface 32, which 1s made up of hardened steel as depicted,
digs mto the side of wellbore 28. The engagement member 26 then shides nto 1ts working
position. When the engagement member 26 slides mnto 1ts working position, MWD sensor 36

sends a signal to the ground, indicating that directional rotary drilling may commence.
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[0028] While drill string 12 1s rotating, the outer housing 24 does not. This 1s due to
engagement member 26 pressing up against the mside of wellbore 28. Engagement member
26, through bearings 34 then presses onto drill string 12. Because of stabilizers 18, the
pressure generated will cause an axial depression 1n the wellbore and causes drill string 12 to
bend and thereby create an angle at which the drill bit 16 enters the earth. When the weight

of the drill string 1s increased, a further axial depression against the wellbore will be created.

[0029] During directional rotary drilling, engagement member 26 1s pressed up against
wellbore 28, causing the hardened steel points on friction surface 32 to dig . This stops

outer housing 24 from moving and holds the correct angle.

[0030] To change the angle or to stop directional rotary drilling, the operation of drill
string 12 1s ceased and 1t 1s raised up from the bottom of wellbore 12. Because engagement
member 26 1s pressed up against wellbore 12, the friction will cause 1t to slide down and back
into 1ts retracted position. It may be necessary to reverse the electric motor or hydraulic

power source while this occurs.

[0031] In this patent document, the word "comprising" 1s used 1n 1ts non-limiting sense to
mean that items following the word are included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinmite article "a" does not exclude the
possibility that more than one of the element 1s present, unless the context clearly requires

that there be one and only one of the elements.

[0032]  The following claims are to be understood to include what 1s specifically
illustrated and described above, what 1s conceptually equivalent, and what can be obviously
substituted. The scope of the claims should not be limited by the preferred embodiments set
forth in the examples, but should be given the broadest interpretation consistent with the

description as a whole.



What 1s Claimed 1s:

. A rotary steerable tool, comprising:

an inner mandrel having a longitudinal axis;
5 an outer housing posttioned along the iner mandrel, the outer housing comprising:
a spiit case;
an engagement member that moves axially relative to the sphit case between
an extended position and a refracted position, the engagement member comprising a friction
surface that engages an inner surface of a wellbore being drilled 1 the extended position; and
10 a transition surface having a slope relative to an outer surface of the split case,
the engagement member moving along the transition surface between the extended position
and the retracted postiton, in the engaged positton, the engagement member extending
outward from the outer housing to engage the inner surface of the wellbore, the outer housing
rotating independently of the inner mandrel when the engagement member 1s in the engaged
15  position; and
an actuator that selectively moves the engagement member along the transition
surface from the retracted position to the extended position, the actuator being powered by a

POWCT SOUICC.

20 2. The rotary steerable tool of claim I, wherem the engagement member 1s connected to the

actuator by a ptvoting connection.

3. The rotary steerable tool of clatm 1, wherem the friction surface comprises a plurality of

sharp points.
25

4. The rotary steerabie tool of claim 1, wherem the actuator comprises a threaded rod and

the power source comprises an electric motor or a mechanical motor.

5. The rotary steerable tool of claim 1, wherem the actuator comprises a piston and the

30  power source comprises a hydraulic power source.

6. The rotary steerable tool of claim 1, wheremn the actuator comprises a hydraulically

CA 2835249 2018-10-10
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actuated rmg.

7. The rotary steerable tool of claim 1, wheremn the mner mandrel 1s connected to a dnil

string.

8. The rotary steerable tool of claim 7, further comprising stabilizer members mounted at

least one of above and below the outer housing.

9. The rotary stecrabic tool of claum 1, wheremn the outer housing comprises a plurality of

engagement members having a ditferent height.

10. The rotary steerable tool of claim I, wherein the outer housing comprises a pressure

equalization valve.

11. A dnll string for directional drilling, comprising:

a rotary dnil string body carrving a drill bit at a lower end of the rotary drill string

body;

a rotary steerable tool spaced from the drtil bit, the rotary steerable tool comprismng:
an mner mandrel having a longitudinal axis;
an outer housmg positioned along the mner mandrel, the outer housing
COMPIISINg:
a split case;
an engagement member that moves axially relative to the split case
between an extended posttion and a retracted position, the engagement member compristng a
friction surface that engages an inner surface ol a wellbore being drilled in the extended
posifton; and
a transition surtace having a slope relative to an outer surface of the
split case, the engagement member moving along the transition surface between the extended
position and the refracted position, in the engaged position, the engagement member
extending outward from the outer housing to engage the inner surface of the wellbore, and
the outer housing rotating independently of the mner mandrel when the engagement member
1s tn the engaged position; and

an actuator that selectively moves the engagement member along the

CA 2835249 2018-10-10
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transition surface from the retracted position to the extended position, the actuator bemng

powered by a power source; and

at lcast one set of stabilizers spaced along the rotary dril string body from the rotary

steerable tool.

12. The dnll string of claim 11, wherein the engagement member 1s connected to the actuator

by a prvoting connection.

13. The dnll string of claim 11, wherein the friction surface comprises a pluraiity of sharp

points.

14. The dnll string of claim 1!, wherein the actuator compnses a threaded rod and the

POWET Source comprises an electric motor or a mechanical motor.

15. The dill string of claim 11, wheremn the actuator comprises a piston and the power source

comprises a hydraulic power source.
16. The dnill string of claim 11, wherein the actuator comprises a hydraulically actuated ring.

17. The dnll string of claim 11, further comprising a set of stabilizers above and below the

rotary steerable fool.

18. The drill string of claim 11, wheremn the outer housing comprises a plurality of

engagement members having a different height.

19. The dnll string of claim 11, wherein the outer housing comprises a pressure equalization

vaive.

CA 2835249 2018-10-10
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