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(57) Abstract: Systems and methods for performing a radial drilling operation using a shaft are disclosed. The shaft can be flexible
and can be made of a series of links, each of which can have a hexagonal or other suitable shape to impart a torque along the linkage. A
cable system can be run through the middle of'the links and can be resiliently tensioned to permit a different degree of flexure according
to the amount of tension in the cable and resilient member. Accordingly, the shaft can be rigid, selectively permitted to tlex, or can be

brought back to a straight or at least a less-bent position.
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RADIAL DRILLING LINK TRANSMISSION AND FLEX SHAFT PROTECTIVE COVER
BACKGROUND

[0001] Radial drilling is used to drill small-diameter horizontal wellbores. With this coiled tubing
conveyed drilling technique, new wellbores are drilled perpendicular from the mother bore and
into the reservoir formation. In a cased wellbore, a special cutting bottom hole assembly (BHA)
is used to drill a hole in casing. This BHA is run through a workstring equipped with a deflector
shoe that points sideways into casing when lowered downhole. The cutter BHA consists of a
downhole positive displacement motor, a flexible driveshaft and a drill bit. The flexible
driveshaft is designed to bend inside a short-radius curvature channel in the deflector shoe,
transmit the force and torque from the PDM to the drill bit. Due to the nature of its design, the
flexible shaft will bend by its own weight when placed at an angle that is different from straight
down vertical position. This flexibility makes it difficult to convey the shaft and to stab it into
the deflector shoe in deviated wellbores. Also, excessive compressive load applied to the shaft
that is bent or buckled while being run in the hole or is hung up on an obstruction (or internal
upset inside the wellbore) may severely damage or destroy the shaft.

[0002] Therefore, a solution is needed to ensure the shaft is prevented from bending and is
protected from accidental compressive force at all times during run in hole (RIH), until it

reaches the deflector shoe and the drill bit is inserted into the channel.

SUMMARY

[0003] Embodiments of the present disclosure are directed to systems for deploying a shaft in a
safe, protected manner. The systems include a shaft configured to be operatively coupled to a
motor to rotate the shaft, and a motor nose coupled to the shaft, the motor nose having a first
coupling and a second coupling, with the first coupling being radially inward of the second
coupling. The system also includes a tool shaft coupled to the first coupling and rotatable with
the shaft and the motor nose. The system also includes a protective sleeve coupled to the
second coupling on the motor nose, wherein the protective sleeve is rigid and has an interior
diameter slightly larger than the outer diameter of the tool shaft. The tool shaft rests within the

protective sleeve such that the protective sleeve prevents the tool shaft from flexing. The
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protective sleeve is configured to selectively retract into the motor nose to reveal the tool
shaft.

[0004] In further embodiments the system includes a flex shaft collar having a torque-
transmitting radial surface, and a cable coupled to the flex shaft collar, the cable having a
proximal end coupled to the first coupling and a distal end. The system also includes a ball
shank at the distal end of the cable, and a plurality of links nested into one another, each link
having an interior bore configured to receive the cable. The links have a torque-transmitting
radial surface, and the torque-transmitting radial surface of the flex shaft collar and of the links
are configured to couple together such that imparting a torque to the links imparts the torque
to the next successive link. The system can also include a bit adapter coupled to the distal end
of the cable and configured to contact one of the links such that tension in the cable causes the
bit adapter and the flex shaft collar to move toward one another.

[0005] Still further embodiments of the present disclosure are directed to a method of
deploying a shaft into a wellbore. The method includes coupling a shaft to a motor shaft such
that the motor shaft can rotate the shaft to perform a drilling operation, coupling a protective
sleeve to the motor shaft with the protective sleeve covering substantially all the shaft, and
running the shaft and protective sleeve into a wellbore. The method also includes retracting the
protective sleeve from the shaft such that the shaft is permitted to flex, and rotating the motor
shaft and the shaft to perform the drilling operation.

[0006] Yet further embodiments of the present disclosure are directed to a tool shaft including
a flex shaft collar having a torque-transmitting radial surface, a cable coupled to the flex shaft
collar, the cable having a proximal end and a distal end, wherein the proximal end is coupled to
the flex shaft collar, and a plurality of links nested into one another, each link having an interior
bore configured to receive the cable. The cable passes through the interior bore of the links.
The links have a torque-transmitting radial surface. The torque-transmitting radial surface of
the flex shaft collar and of the links are operably coupled together such that imparting a torque
to the flex shaft collar imparts the torque through the links. The tool shaft further includes a bit

adapter coupled to the distal end of the cable and configured to abut one of the links such that
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tension in the cable causes the bit adapter and the flex shaft collar to move toward one
another.

[0007] Further embodiments of the tool shaft include a shaft coupled to the flex shaft collar,
and a protective sleeve configured to move along the shaft between a retracted position and an
extended position. The sleeve is at least slightly larger than the links in a radial direction such
that the cable and links fit within the sleeve in the retracted position. The sleeve is sufficiently

rigid to substantially prevent the cable from flexing when in the extended position.

BRIEF DESCRIPTION OF THE FIGURES

[0008] Figure 1 is a side cross-sectional view of three configurations A, B, and C, of a tool shaft
with supporting sleeve according to embodiments of the present disclosure.

[0009] Figure 2 is a side cross-sectional view of three configurations A, B, and C, of a tool shaft
and protective sleeve including a threaded connection between the protective sleeve and the
tool shaft according to embodiments of the present disclosure.

[0010] Figure 3 is a side cross-sectional view of a tool shaft and protective sleeve and a
deflector shoe according to embodiments of the present disclosure.

[0011] Figure 4 is a side cross-sectional view of a tool shaft according to embodiments of the
present disclosure.

[0012] Figure 4a is an isometric view of the tool shaft of Figure 4 according to embodiments of
the present disclosure.

[0013] Figure 5 is a side cross-sectional view of a modified motor nose for use with a protective
sleeve according to embodiments of the present disclosure.

[0014] Figure 5a is an isometric view of the modified motor nose for use with a protective
sleeve according to embodiments of the present disclosure.

[0015] Figure 6 is a side cross-sectional view of a motor shaft extension for use with a
protective sleeve according to embodiments of the present disclosure.

[0016] Figure 6a is an isometric view of the motor shaft extension for use with a protective
sleeve according to embodiments of the present disclosure.

[0017] Figure 7 is a side cross-sectional view of a motor nose adapter according to

embodiments of the present disclosure.
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[0018] Figure 7a is an isometric view of the motor nose adapter according to embodiments of
the present disclosure.

[0019] Figure 8 is a cross-sectional view of a hex link tool shaft according to embodiments of
the present disclosure.

[0020] Figure 9 is an exploded view of the components of Figure 8 according to embodiments
of the present disclosure.

[0021] Figure 10 is a four-part illustration of a method of constructing the hex link tool shaft
according to embodiments of the present disclosure.

[0022] Figure 11 is an isometric illustration of a single hex link according to embodiments of the
present disclosure.

[0023] Figure 12 is an isometric illustration of three hex links nested inside one another and in a
flexed position according to embodiments of the present disclosure.

[0024] Figure 13 is a cross-sectional view of a single link according to embodiments of the

present disclosure.

DETAILED DESCRIPTION

[0025] Figure 1 is a side cross-sectional view of three configurations A, B, and C, of an assembly
10 including a tool shaft 12 with a supporting sleeve 14 according to embodiments of the
present disclosure. Referring to configuration A and beginning with a distal end and working
toward a proximal end, the assembly 10 includes a bit 11, a tool shaft 12, a coupling 16, a
motor nose 18, and a shaft 20. The protective sleeve is not shown in Configuration A. The tool
shaft 12 can be rigid or flexible. The shaft 20 rotates to turn the tool shaft 12 and the bit to drill.
The flexibility of the tool shaft 12 allows radial drilling to be performed. In some embodiments
the tool shaft 12 is made up of a series of universal joints (a.k.a. U-joints) which allow torque to
be transmitted along the shaft 12 even while the tool shaft 12 is bent away from straight. Other
flexible components are possible as well. In some embodiments, the tool shaft 12 can be bent
to greater than 90 degrees from the axis of the shaft 20.

[0026] Configuration B shows a protective sleeve 14 (a.k.a. sleeve 14), a motor shaft extension
24, and a modified motor nose 26. The sleeve 14 is shown extended over the tool shaft 12 and
is rigid to prevent the tool shaft 12 from bending during run in hole (“RIH”) or at any other time

4
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where bending is undesired. The sleeve 14 includes friction points 22 that are configured to
engage a deflector shoe in a manner that will be shown and described below. The friction
points 22 can be wider than the sleeve. In some embodiments the friction points 22 are made
of a material designed to withstand contact with the well or objects in the well.

[0027] The modified motor nose 26 includes an annular space on an interior that is configured
to receive the sleeve 14 within it. The sleeve 14 can be selectively retracted into the modified
motor nose 26. Configuration B also includes a motor shaft extension 24 and a motor nose
adapter to enable these components to fit together and operate as desired. Configuration Cis
the same as configuration B except the sleeve 14 has been retracted into the modified motor
nose 26. Configurations A, B, and C can be variants of the same embodiment of the present
disclosure at different stages of extension of the sleeve 14.

[0028] Figure 2 is a side cross-sectional view of three configurations A, B, and C, of an assembly
30 including a tool shaft 12 and protective sleeve 14 including a threaded connection between
the protective sleeve 14 and the tool shaft 12 according to embodiments of the present
disclosure. Configuration A shows a threaded connection 32 between the sleeve 14 and the
motor shaft extension 24. The threaded connection 32 can be formed between the sleeve 14
and a different rotating component of the shaft. In some embodiments the shaft extension 24
is not used and the sleeve 14 is threadably connected to another rotating component of the
shaft. Configurations B and C show the same components as Configuration A except the sleeve
14 is partially retracted into the modified motor nose 26 in Configuration B, and fully retracted
in Configuration C.

[0029] Figure 3 is a side cross-sectional view of an assembly 40 including a tool shaft 12, a
protective sleeve 14, and a deflector shoe 42 according to embodiments of the present
disclosure. The assembly 40 includes components generally analogous to what is shown in
Figures 1 and 2, including a bit 11, a shaft 12, a modified motor nose 26, motor shaft extension
24, motor nose adapter 28, and shaft 20. The assembly 40 is operable to ensure successful
radial bore holes are created at the exit of the deflector shoe 42 into a casing 44. In some
embodiments the protective sleeve 14 can be pre-assembled at surface to contain the tool

shaft 12 inside the retractable protective sleeve 14. The sleeve 14 is prevented from axial



WO 2019/014160 PCT/US2018/041357

movement and accidental exposure of the flexible driveshaft by a thread 32 that connects it to
the modified motor nose 26, as shown to advantage in Figure 2. Rotation in a direction that is
opposite to motor rotation can be used to disengage the sleeve 14 from the thread 32 so the
sleeve 14 can retract inside the modified motor nose 26 as soon as an axial load is applied.
[0030] The sleeve 14 includes friction points 22 which can be machined to match the profile of
deflector shoe 42 entry and to have a large contact surface area. When the BHA lands on top of
the deflector shoe 42, the friction points 22 contact a receptacle 46 on the deflector shoe 42.
The contact force between the sleeve 14 and the deflector shoe receptacle 46 generates
friction force. When the shaft 20 of the motor starts turning, the friction force between the
friction points 22 of the sleeve 14 and the deflector shoe 42 prevents the sleeve 14 from
rotating while the shaft 20 with threads that mate to the sleeve 14 spins inside the sleeve 14.
The rotation of the shaft 20 under the sleeve 14 unthreads the sleeve 14 from the shaft 20 and
allows it to retract into the modified motor nose 26. After the thread 32 disengages, the sleeve
14 is free to move and will slide inside the motor extension nose 26 if compressive force
between the motor and deflector shoe 42 is applied. This action will expose the tool shaft 12.
The sleeve 14 has an outer diameter and length smaller than the modified motor nose 26 so it
will fit inside. A set-down force applied to the BHA will push the tool shaft 12 inside deflector
shoe 42 as soon as the sleeve 14 is free to move.

[0031] Figure 4 is a side cross-sectional view of a protective sleeve 14 including friction points
22 according to embodiments of the present disclosure. Figure 4a is an isometric view of the
protective sleeve 14 of Figure 4 according to embodiments of the present disclosure. In some
embodiments the friction points 22 are triangular, lateral projections on a distal end of the
protective sleeve 14. In other embodiments the friction points 22 can have a different profile.
In some embodiments the friction points 22 can be shaped to complement a corresponding
component on the deflector shoe or another component against which the sleeve 14 is urged
to deliberately release the sleeve 14 and to allow it to retract into the shaft to permit the tool
shaft to extend and to flex.

[0032] Figure 5 is a side cross-sectional view of a modified motor nose 26 for use with a

protective sleeve 14 according to embodiments of the present disclosure. Figure 5a is an
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isometric view of the modified motor nose 26 of Figure 5 for use with a protective sleeve 14
according to embodiments of the present disclosure. The motor nose 26 can have a different
shape and configuration as needed to allow coupling with the tool shaft and protective sleeve.
The motor nose 26 can have diamond-shaped projections at a distal end which permit coupling
with the tool shaft and/or protective sleeve.

[0033] Figure 6 is a side cross-sectional view of a motor shaft extension 24 for use with a
protective sleeve 14 according to embodiments of the present disclosure. Figure 6a is an
isometric view of the motor shaft extension 24 for use with a protective sleeve 14 according to
embodiments of the present disclosure. These components can work together to permit the
protective sleeve 14 to protect the tool shaft 12 as it is run in hole and also operate to release
the sleeve 14 from the tool shaft at the appropriate time and place.

[0034] Figure 7 is a side cross-sectional view of a motor nose adapter 28 according to
embodiments of the present disclosure. Figure 7a is an isometric view of the motor nose
adapter 28 according to embodiments of the present disclosure. These components can have
varying dimensions and features and are described herein in terms of their functional aspects in
addition to their physical characteristics. A person of ordinary skill in the art will appreciate
there are multiple mechanical layouts that are possible to achieve the purposes of the defined
system that fall within the scope of the present disclosure.

[0035] Embodiments of the present disclosure are directed to a drive shaft support sleeve
including a motor nose adapter having a threaded connection with a positive displacement
motor. A motor nose extension configured to contain the motor shaft adapter, and to provide
connection and a release mechanism for the retractable support sleeve, and to contain the
retractable sleeve after its retraction. A motor shaft adapter configured to provide a motor
shaft extension between the motor shaft and the flexible drive shaft in order to accommodate
for the additional length due to retractable support sleeve. A retractable support sleeve
configured to encase and support flexible drive shaft and the drill bit during RIH, to interface
with the deflector shoe, and to provide a mechanism for controlled retraction inside the motor
extension once latched onto the deflector shoe receptacle. The sleeve retraction exposes the

flexible driveshaft and enables its insertion inside the 90-degree deflector channel.
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[0036] Embodiments of the present disclosure are directed to a hex-style linkage that allows
bending or curvature away from the primary straight axis of the linkage but retains the ability to
transmit torque through the linkage. In other embodiments the tool shaft transmits torque and
includes a mechanical system that returns the tool shaft to a preferred orientation. Yet other
embodiments of the present disclosure are directed to a mechanical system to return a series
of hex links to a straight axial position or any other preferred position.

[0037] Figure 8 is a cross-sectional view of a hex link tool shaft 50 according to embodiments of
the present disclosure. Figure 9 is an exploded view of the components of Figure 8. Referring to
both Figures 8 and 9, the hex link tool shaft 50 includes a cable assembly 52, a nut 60, a spring
70, and a flex shaft collar 72. The cable assembly includes a cable 54, a ball shank 56 at a distal
end of the assembly, and a threaded portion 58 at a proximal end of the assembly. The terms
proximal and distal are used herein to denote proximity to the surface and are not limiting in
any way. The ball shank 56 fits within a bit adapter 62 which also holds the bit 11 at the distal
end. The cable 54 extends through the center of the hex link tool shaft 50. The nut 60 is
threadably connected to the threaded portion 58 within the flex shaft collar 72. The spring 70 is
positioned between the nut 60 and a shoulder 74 of a hex adapter 78 which is coupled to the
flex shaft collar 72. Turning the nut 60 allows for tension to be applied to the cable 54 which
pulls on the ball shank 56 creating tension through the shaft. The tension in the cable system 52
applies a compressive force of substantially equal magnitude to the hex link assembly. When a
bending load is applied to the entire assembly 50, the spring 70 will be compressed further and
when the bending load is released the spring 70 will restore the hex link to the original axial
orientation. The spring 70 can be a wave spring or a helical spring or another biasing member
that creates a resistive force in the assembly as described herein. The hex link tool shaft 50 also
includes hexagonal links 76 which are nested within one another. They have a hexagonal shape
that allows them to carry a torque through the shaft, while still permitting the shaft to flex. In
other embodiments the links have a different shape that is also capable of transmitting torque,
such as an octagonal or other shape. These shapes are capable of transmitting torque and as

such they are referred to as “torque-transmitting.” It will be understood that there are other
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methods of transmitting torque that are not necessarily pictured here but the present
disclosure includes these shapes and configurations.

[0038] Figure 10 is a four-part illustration of a method of constructing the hex link tool shaft 50
according to embodiments of the present disclosure. As shown, starting with the bottom-most
figure and working upwards, in some embodiments the first step is to string the cable 54
through the bit adapter 62, then through the hex links 76, however many there may be in a
given installation. Then the cable 54 is threaded through the hex link adapter 72. Next, the
spring 170, which can be a wave spring or a helical spring or any other suitable biasing member,
is slid onto the portion of the cable 54 protruding from the hex link adapter 72, followed by a
nut 60. A set screw (not shown) can be used in a hole 80 in the hex link adapter 72 to hold the
cable 54 temporarily or permanently. The tension in the assembly determines how much flex is
needed in the assembly. Too much tension and the assembly is more resilient but flexes less;
too little tension and the hex links 76 may flex too much. A person of ordinary skill in the art will
appreciate the tension can be varied easily by adjusting the nut 60. The cable 54 can be cut to
length if needed, and last the bit 11 and flex shaft collar 72 can be installed on the distal and
proximal ends, respectively. Each can be held in place with set screws (not shown).

[0039] Figure 11 is an isometric illustration of a single hex link 76 according to embodiments of
the present disclosure. The links 76 and cable system shown in previous figures are used to
create pretension, achieved by passing the cable 54 through the links 76 (collectively, the
linkage) that are anchored in a different way on both sides of the linkage. In the embodiment
shown above, the cable 54 is anchored without any axial flexibility on the right hand side of the
drawing where on the opposite side on the cable is wedged against the end of the linkage such
that it cannot move axially into the linkage any further. On the left hand side of the drawing the
cable 54 is tightened into a nut 60 that shoulders on a flexible element 70 (a spring in this case).
The left hand anchor point of the cable 54 is free to move if force greater than the force applied
by the nut 60 against the spring 70 is achieved. The force to compress the spring 70 is achieved
by bending the flexible shaft 50. However, once the bending load is removed the shaft 50 will

return to the original, straight position.
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[0040] Figure 12 is an isometric illustration of three hex links 76 nested inside one another and
in a flexed position according to embodiments of the present disclosure. The portion of hex
linkage shown in figure 12 retains the ability to transmit torque while flexing away from the
straight axis of the linkage. The curved axis thru the linkage is longer than the straight axis of
the linkage, and the increased distance will cause a pretensioned cable that passes through the
linkage to either grow in length or compress the flexible element at the termination point of
the cable.

[0041] Figure 13 is a cross-sectional view of a single link 76 according to embodiments of the
present disclosure. The links 76 can have a small end 82 and a large end 84, where the small
end of one link is nested into the large end of the next link, and so on and so forth to create the
linkage. The links 76 can have a radius on the outer surface 80 of the small end 82, also called
the external hex. The radius allows a series of hex links 76 to bend away from the primary axis
of the linkage while still transmitting torque in the circumferential direction. The radius is
shown by the arrows and the arc 90 in Figure 13. In other embodiments, an interior surface 94
of the large end 84 can have a similar radius. In still other embodiments, both the small end 82
and the large end 84 can have the radius, in which case the radius can be less for each piece.
When such a linkage is bent, the distance along the axis of the linkage increases compared to
the straight distance of an unbent linkage. The interior surface 86 in this embodiment is
hexagonal; however, other embodiments can have a square, pentagonal, or any other suitable
shape that permits the links to carry torque through the linkage.

[0042] The preceding description has been presented with reference to presently preferred
embodiments. Persons skilled in the art and technology to which these embodiments pertain
will appreciate that alterations and changes in the described structures and methods of
operation may be practiced without meaningfully departing from the principle, and scope of
these embodiments. Furthermore, the foregoing description should not be read as pertaining
only to the precise structures described and shown in the accompanying drawings, but rather
should be read as consistent with and as support for the following claims, which are to have

their fullest and fairest scope.
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CLAIMS

1. A system for deploying a shaft, comprising:

a support shaft configured to be operatively coupled to a motor to rotate the support shaft;

a motor nose coupled to the support shaft, the motor nose having a first coupling and a second
coupling, wherein the first coupling is radially inward of the second coupling;

a tool shaft coupled to the first coupling and being configured to rotate with the support shaft
and the motor nose, the tool shaft having an outer diameter; and

a protective sleeve coupled to the second coupling on the motor nose, wherein the protective
sleeve is rigid and has an interior diameter slightly larger than the outer diameter of the
tool shaft, wherein the tool shaft is configured to rest within the protective sleeve such
that the protective sleeve prevents the tool shaft from flexing, and wherein the
protective sleeve is configured to selectively retract into the motor nose to reveal the

tool shaft.

2. The system of claim 1 wherein the support shaft defines an axial direction, and wherein

the first coupling is movable relative to the second coupling along the axial direction.

3. The system of claim 1, further comprising a drill bit coupled to the tool shaft and being

configured to rotate under power of the motor.

4. The system of claim 1 wherein the protective sleeve is threadably coupled to the motor
nose.
5. The system of claim 4 wherein the protective sleeve is threadably releasable from the

motor nose by operating the motor in a predetermined patter, and wherein after releasing

from the motor nose the protective sleeve is permitted to slide axially into the motor nose.

6. The system of claim 1 wherein the tool shaft comprises a plurality of universal joints.

B. The system of claim 1 wherein the tool shaft is flexible, wherein the protective sleeve

prevents the tool shaft from bending and when retracted permits the tool shaft to bend.

11
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7. The system of claim 1, further comprising a deflector shoe configured to divert the tool
shaft away from an axis of the shaft to perform a deviated drilling operation, wherein the

deflector shoe is positioned in the well.

8. The system of claim 7 wherein the protective sleeve has friction points configured to
contact the deflector shoe to release the protective sleeve to permit the protective sleeve to

slide into the motor nose.

9. The system of claim 1 wherein the tool shaft comprises:

a flex shaft collar having a torque-transmitting radial surface;

a cable coupled to the flex shaft collar, the cable having a proximal end coupled to the first
coupling and a distal end;

a ball shank at the distal end of the cable;

a plurality of links nested into one another, each link having an interior bore configured to
receive the cable, wherein the links have a torque-transmitting radial surface, and
wherein the torque-transmitting radial surface of the flex shaft collar and of the links are
configured to couple together such that imparting a torque to the links imparts the
torque to the next successive link; and

a bit adapter coupled to the distal end of the cable and configured to contact one of the links
such that tension in the cable causes the bit adapter and the flex shaft collar to move

toward one another.

10. The system of claim 9 wherein when the bit adapter is in a contracted position the links
are brought into contact with one another such that the torque-transmitting surfaces are in

sufficient contact to transmit torque.

11. The system of claim 9 wherein when the bit adapter is in a contracted position the links

are brought into contact with one another such that the links prevent the cable from flexing.

12. The system of claim 9 wherein when the bit adapter is in a relaxed position the torque-

transmitting surfaces are not in contact and the cable is permitted to flex.

12



WO 2019/014160 PCT/US2018/041357

Ba. The system of claim 1 wherein the tool shaft comprises at least one of a tension hose, a

hollow cable, or a torque-transmitting cable.

13. A method of deploying a shaft into a wellbore, comprising:

coupling a shaft to a motor shaft such that the motor shaft can rotate the shaft to perform a
drilling operation;

coupling a protective sleeve to the motor shaft with the protective sleeve covering substantially
all the shaft;

running the shaft and protective sleeve into a wellbore;

retracting the protective sleeve from the shaft such that the shaft is permitted to flex;

rotating the motor shaft and the shaft to perform the drilling operation.

14. The method of claim 13, further comprising contacting a deflector shoe, wherein the

deflector shoe is configured to direct the shaft to deviate from an axis of the motor shaft.

15. The method of claim 14 wherein retracting the protective sleeve from the shaft
comprises contacting a deflector shoe and causing an axial force on the protective sleeve to

retract the protective sleeve.

16. The method of claim 16 wherein contacting the deflector shoe further comprises
rotating the motor shaft in a predetermined pattern to threadably release the protective sleeve

from the motor shaft to permit the protective sleeve to retract into the motor shaft.

17. A tool shaft, comprising:

a flex shaft collar having a torque-transmitting radial surface;

a cable coupled to the flex shaft collar, the cable having a proximal end and a distal end,
wherein the proximal end is coupled to the flex shaft collar;

a plurality of links nested into one another, each link having an interior bore configured to
receive the cable, wherein the cable passes through the interior bore of the links, and
wherein the links have a torque-transmitting radial surface, and wherein the torque-

transmitting radial surface of the flex shaft collar and of the links are operably coupled

13
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together such that imparting a torque to the flex shaft collar imparts the torque through
the links; and

a bit adapter coupled to the distal end of the cable and configured to abut one of the links such
that tension in the cable causes the bit adapter and the flex shaft collar to move toward

one another.

18. The tool shaft of claim17, further comprising:

a shaft coupled to the flex shaft collar;

a protective sleeve configured to move along the shaft between a retracted position and an
extended position, the sleeve being at least slightly larger than the links in a radial
direction such that the cable and links fit within the sleeve in the retracted position,
wherein the sleeve is sufficiently rigid to substantially prevent the cable from flexing

when in the extended position.

19. The tool shaft of claim 17, further comprising a ball shank at a distal end of the cable,
the ball shank being larger than the interior bore of at least a distal link such that the ball shank
cannot pass through the interior bore, the ball shank being configured to urge the links

together when the flex shaft is in tension.
20. The tool shaft of claim 17 wherein the cable comprises a plurality of universal joints.
21. The tool shaft of claim 17 wherein the shaft is a flexible shaft.

22. The tool shaft of claim 17, further comprising a deflector shoe configured to be coupled
to the tool shaft, the deflector shoe having an interior passage deviated from axial and

configured to direct the tool shaft in a lateral direction.

23. The flexible shaft of claim 17 wherein the torque-transmitting surfaces are configured to

transmit torque even when the links are deviated from one another.

14
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