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DOWNHOLE CUTTING TOOL AND METHOD

Andreas Peter

BACKGROUND OF THE INVENTION

[0001] For a variety of reasons there are occasions when tubular structures such as

casings and production tubing, for example, positioned downhole in wellbores need to

be cut.

[0002] Cutters have been developed that have rotating portions with knives that are
ptvoted radially outwardly to engage the inner surface of the tubular structure to

perform a cut. Such cutters are susceptible to heavy vibrations due to such things as
lack of control of cutting depth engagement of the knives with the surface being cut.
Additionally, sealing of motors and gears within such cutters is difficult due to the

size and configuration of each cutter’s rotating components.

[0003] Accordingly, the art is in need of a cutting tool that facilitates sealing of
motors and gears from a downhole environment. Additionally the art is in need of
cutting tools with improved cutting depth control while limiting vibrational

amplitudes during the cutting process.

BRIEF DESCRIPTION OF THE INVENTION

[0004] Disclosed herein is a downhole cutting tool. The downhole cutting tool
including, a cutting member mounted on a rotatable shaft, a shaft-deflecting device in

operable communication with the shaft, and a motor in operable communication with

the shaft.

[0005] Further disclosed herein is a method of cutting a downhole tubular structure.
The method including, inserting a cutting tool into a downhole tubular structure and
rotating a shaft of the cutting tool with a cutting member attached thereto. The
method further including, deflecting the shaft with a shaft-deflecting device to thereby
laterally deflect the cutting member to cuttingly engage a tubular structure, and

rotating the shaft-deflecting device at least one complete revolution.
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[0005a] Accordingly, in one aspect of the invention there is provided a downhole
cutting tool, comprising;:

a cutting member mounted on a rotatable shaft;

a motor in operable communication with the shatt; and

a shaft-deflecting device in operable communication with the shaft
configured to be actuated downhole to deflect the shaft with respect to the motor,
the shaft-deflecting device comprising:

a rotatable body with an axial through hole receptive of the shaft, the
through hole being transversely elongated such that a first portion ot the through
hole 1s concentric with the rotatable body and a second portion of the through hole
1s eccentric with the rotatable body; and

a piston located at the rotatable body and laterally extendable into the first

portion 1n a direction toward the second portion.

[0005b] According to another aspect of the invention there is provided a downhole
cutting tool, comprising:

a cutting member mounted on a rotatable shaft;

a motor in operable communication with the shaft;

a shaft-deflecting device in operable communication with the shaft
contfigured to be actuated downhole to deflect the shaft with respect to the motor;

and

a sealable housing receptive of the shaft-deflecting device and the motor

and sealable to the rotatable shaft.

[000Sc] According to yet another aspect of the invention there is provided a

method of cutting a downhole tubular structure, comprising:

inserting a cutting tool into a downhole tubular structure:

rotating a shaft of the cutting tool with a cutting member attached thereto;

deflecting the shaft with respect to a motor in operable communication
therewith, with a shaft-deflecting device to thereby laterally deflect the cutting
member to cuttingly engage a tubular structure:

rotating the shaft-deflecting device at least one complete revolution; and

sealing the shaft-deflecting device from downhole fluids.

la
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[0005d]) According to still yet another aspect of the invention there is provided a
method of cutting a downhole tubular structure, comprising:

inserting a cutting tool into a downhole tubular structure;

rotating a shaft of the cutting tool with a cutting member attached thereto;

deflecting the shaft with respect to a motor in operable communication
therewith, with a shaft-deflecting device to thereby laterally deflect the cutting
member to cuttingly engage a tubular structure;

rotating the shaft-deflecting device at least one complete revolution; and

pressurizing a piston to forcibly deflect the shatt.

1b
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BRIEF DESCRIPTION OF THE FIGURES

[0006] The following descriptions should not be considered limiting in any way.
With reference to the accompanying drawings, like elements are numbered alike:

FIG. 1 depicts a cross sectional view of a downhole cutting tool disclosed

herein;
FIG. 2 depicts a cross sectional view of a shaft-deflecting-device disclosed
herein;
FIG. 3 depicts a cross sectional view of a cutting member disclosed herein;

and

FIG. 4 depicts a cross sectional view of an alternate embodiment of a

downhole cutting tool disclosed herein.

DETAILED DESCRIPTION OF THE INVENTION

[0007] A detailed description of several embodiments of the disclosed apparatus and

method are presented herein by way of exemplification and not limitation with

reterence to the Figures.

[0008] Referring to FIG. 1 an embodiment of the downhole cutting tool 10 is
tllustrated. The downhole cutting tool 10 includes a housing 14, a cutting member 18,
a rotatable shaft 22, a shaft-deflecting device 26 and a motor 30. The motor 30 can be
an electric motor, hydraulic motor, or any other rotational drive device to suit the
application. The motor 30 has an output-rod 31 that is coupled to a first end 32 of the
shaft 22 through a clutch 34 that transmits the rotation of the motor 30 to the shaft 22.
The cutting member 18 comprises a cutting or abrasive implement such as a disc mill,
a grinding disc or a cutting disc, for example that is fixed to a second end 36 of the
shaft 22 and therefore rotates with the rotation of the shaft 22. The shaft 22 (shown in
FIG. 1 1n a non-deflected state) is deflectable, by the shaft-deflecting device 26, such
that a portion 38 of the shaft 22 located between a first bearing 42 and a second
bearing 46 is deflected laterally compared to a centerline through the bearings 42, 46.
Such a lateral deflection causes the ends 32 and 36 to deflect laterally in a direction
opposite to a direction in which the portion 38 is deflected. It is this lateral deflection

of the second end 36, to which the cutting member 18 is attached, that results in the
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cutting member 18 contacting an inner dimenston of a tubular structure S0 and to

thereby cut into the tubular structure 50.

[0009] Since, as mentioned above, the first end 32 of the shaft 22 deflects laterally the
clutch 34 needs to be constructed to accommodate this lateral deflection of the first
end 32 while still transmitting the rotation of the motor 30 to the shaft 22.
Additionally, the bearings 42 and 46 must be able to accommodate the shafi 22
passing therethrough at angles that result from the deflection of the shaft 22.
Spherical ball or spherical roller bearings, for example, could be used for the bearings
42 and 46 since they allow for the shaft 22 to pass through the bearings 42, 46 at

various angles. The need to accommodate the shaft at various angles, as opposed to

just a single angle, will become apparent below.

[0010] The lateral deflection as described above is in a single direction and, as such,
causes the cutting member 18 to cut into the tubular structure 50 on only one side. In
order to cut all the way around the tubular structure 50 the shaft-deflecting device
must rotate a full 360 degrees. The shafi-deflecting device 26, as described in detail
with reference to FIG. 2, therefore is mounted to a sleeve 54 that is rotatable with
respect to the housing 14. The sleeve 54 is rotatably mounted to the housing 14 by
bearings 58 and 62. A sleeve-driver 66 rotates the sleeve 54 relative to the housing
14. The sleeve-driver 66 1s depicted in the embodiment of FIG. 1 as a planetary gear
system or harmonic drive that is coupled to the output-rod 31 of the motor 30. The
sleeve-driver 66 in alternate embodiments could be a second motor, such as an
electric motor or a hydraulic motor, for example. A hydraulic pump (not shown) may
be provided in the cutting tool 10 to supply pressurized fluid to drive the sleeve-driver
66 in an embodiment wherein the sleeve-driver 66 is a hydraulic motor. Such a
hydraulic pump could also provide pressurized fluid to actuate the shaft-defecting
device 26 if the shaft-deflecting device 26 is actuatable by hydraulic pressure. Many
of the components described above, such as the motor 30, the bearings 42, 46, 58, 62,
the sleeve-driver 66 and the shaft-deflecting device 26 have tight tolerances that could
be negatively affected by exposure to fluids and contaminants found in a downhole

environment and thus could benefit from being sealed from such downhole fluids and

contaminants.
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[0011] The downhole cutting tool 10 is well suited for sealing the tight toleranced
components from the downhole environment since the components can be sealed
inside the housing 14 with a single rotating seal 70 sealing against the shaft 22. The
shaft 22 at this location is laterally deflected, rotated and angled relative to the shaft
22 1n an undeflected state and, as such, the rotational seal 70 must be able to
accommodate these deflections and rotations. A bellows 74 can flexibly attach the
rotational seal 70 to the housing 14 to thereby provide the required flexibility. The
bellows 74 could be made of a polymer or a metal, for example, as long as the
flexibility is accommodated. A metal bellows 74 may have an advantage in resisting
degradation due to exposure to downhole temperatures and caustic fluids as compared
to a polymeric bellows 74. Additionally the bellows 74 could balance the pressure
from outside the housing 14 with the pressure inside of the housing 14. Optionally, a
second bellows (not shown) or a pressure-compensating piston (also not shown) could

be employed to balance the pressure inside of the housing 14 with the pressure outside

of the housing 14.

0012] The bellows 74 encounters stress that is proportional to the amount of
deflection that the shaft 22 undergoes relative to the housing 14. As such, minimizing
the amount of deflection can minimize the stress in the bellows 74. Since, movement
of the housing 14 within the tubular structure 50 can cause additional deflection of the
shaft 22, movement of the housing 14 within the tubular structure 50 should be
minimized. A clamping device 78 mounted at the housing 14 that expands radially
outwardly to engage with the tubular structure 50 can releasably attach the housing 14
to the tubular structure 50 and thereby minimize movement of the housing 14 relative
to the tubular structure 5S0. This releasable attachment can also prevent rotational and
axial motion of the cutting tool 10 with respect to the housing 14 to thereby maintain
alignment of the cutting tool 10 to the tubular structure 50 during each successive

revolution of the shaft-defecting device 26 during the cutting process. Additionally,

the clamping device 78 can center the cutting tool 10 within the tubular structure 50 to

aid in creating an evenly distributed cut.

[0013] Referring to FIG. 2, an embodiment of the shaft-deflecting device 26 is

llustrated. The shaft-deflecting device 26 includes a body 80 and a hydraulic piston
32. The body 80 has an elongated axial hole 86 with a concentric portion 90 and an

4
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eccentric portion 94. The hole 86 is receptive to the portion 38 of the shaft 22 that is
flexible. The shaft 22 is not deflected (as shown in FIG. 2) in response to the shaft 22
passing through the concentric portion 90 and the shaft 22 is deflected in response to
the shaft 22 passing through the eccentric portion 94. The piston 82 sealably engages
via an o-ring 98 with a laterally oriented first cylindrical port 102 in the body 80. A
second cylindrical port 106, smaller in diameter than the first cylindrical port 102 and
in axial alignment with the first cylindrical port 102, is receptive of a stem 110
protruding from the piston 82. The stem 110 slidably engages with the shaft 22 and
can urge the shaft 22 from the concentric portion 90 to the eccentric portion 94 in
response to the piston 82 moving radially inwardly of the body 80. The piston 82 is
forced radially inwardly by hydraulic pressure applied to a surface 114 of the piston
82 on a side of the piston 82 opposite a side to which the stem 110 is protruding. By
varying the pressure supplied to the piston 82 the shaft 22 can be deflected a variable
amount between the concentric portion 90 and the eccentric portion 94 of the hole 86.
A hydraulic pump, piping and porting, which is not shown, can supply the hydraulic

pressure.

[0014] Referring to FIG. 3, an embodiment of the cutting member 18 is illustrated.
The cutting member 18 includes a milling disc 120 with cutting elements 124 and
cutting-depth-limiters 128 inserted therein. Optionally, the cutting-depth-limiters 128
and the cutting elements 124 could be integrated into the cutting member 18. To aid
In cutting, and minimize tool wear, the milling disc 120 cutting elements 124 and
cutting-depth-limiters 128 may be made of a variety of hard materials such as
tungsten carbide, ceramic and diamond, for example. Similarly, the milling disc 120,
cutting elements 124 and cutting-depth-limiters 128 may be coated to increase their
durability with such coatings as a ceramic coating, a diamond like carbon coating and
a cobalt alloy coating such as Stellite that is a registered trademark of Deloro-Stellite
Corp., for example. Each cutting element 124 has a cutting edge 132 that is
positioned radially outwardly of the cutting-depth-limiter 128 that rotationally
precedes the edge 132. The radial offset 136 of the cutting edge 132 to the cutting-
depth-limiter 128 defines a depth of cut that can be performed with each passing of
the cutting edge 132 through the material being cut. This configuration controls the

cutting rate, which alleviates the need for tight control over the force with which the
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cutting member 18 is urged against the tubular structure 50 being cut. This controlled
cutting depth also limits vibration amplitudes during cutting that can vary widely

based on materials being cut, the rotational speed of the cutter and the like.

[0015] Referring to FIG. 4 an alternate embodiment of the cutting tool 210 is
tllustrated. The cutting tool 210 includes a housing 214, a cutting member 218, a
rotatable shaft 222, a shaft-deflecting device 226 and a deflectable-driver 230. Unlike
the flexible shaft 22 of the cutting tool 10, which can bend over its length, the shaft
222 1s rigid and as such remains straight during usage of the cutting tool 210. A first
end 234 of the shaft 222 to which the cutting member 218 is attached is deflected to
make contact with a tubular structure 238 to be cut by pivoting the rigid shaft 222
about a bearing 242 such as a spherical bearing that can accommodate the shaft 222
passing therethrough at various angles. The shaft 222 is urged to various angles by
the shaft-deflecting device 226 that is located on a side of the bearing 242 opposite a
side on which the cutting member 218 is located. By locating the shaft-deflecting
device 226 closer to the bearing 242 than the cutting member 218, the cutting member

218 is made to deflect further from the cutting tool 210 axes than the deflection of the
shaft-deflecting device 226.

[0016] A second end 246 of the shaft 222 is coupled to a first end 250 of the
deflectable driver 230. The second end 254 of the deflectable driver 230 is coupled to
a motor, not shown. The motor drives the deflectable driver 230, the shaft 222 and
the cutting member 218. The deflectable driver 230 is configured to rotationally drive
the shaft 222 even while the second end 254 is coupled to the motor’s output at
substantially an undeflected position relative to the cutting tool 210 while the first end
250 1s deflected from the central axis of the cutting tool 210 by the shaft-deflecting
device 226. The motor, deflectable driver 230, shaft-deflecting device 226 and the
bearing 242 can all be sealed within the housing 214 by a bellows 258 that is
connected to the housing 214 and to a rotating seal 262 that seals against the shaft
222. The bellows 258 allows the shaft 222 at the location of the seal 262 to be

detlected from a nondeflected position while still maintaining seal of the housing to
214 to the shaft 222.
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[0017] The housing 214 of the cutting tool 210 may include a shield portion 266 that
protects the cutting member 218. If such a shield portion 266 is incorporated the
shield portion 266 will rotate with the rotation of the shaft-deflecting device 226 such
that the shield portion 266 does not interfere with the cutting member 218 during a

cutting operation.

[0018] While the invention has been described with reference to an exemplary
embodiment or embodiments, it will be understood by those skilled in the art that
vartous changes may be made and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addition, many modifications
may be made to adapt a particular situation or material to the teachings of the
invention without departing from the essential scope thereof. Therefore, it is intended
that the invention not be limited to the particular embodiment disclosed as the best
mode contemplated for carrying out this invention, but that the invention will include

all embodiments falling within the scope of the claims.
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What is claimed is:

1. A downhole cutting tool, comprising:

a cutting member mounted on a rotatable shaft;

a motor in operable communication with the shaft; and

a shaft-deflecting device in operable communication with the shatt
configured to be actuated downhole to deflect the shaft with respect to the motor,
the shaft-deflecting device comprising;:

a rotatable body with an axial through hole receptive of the shaft,
the through hole being transversely elongated such that a first portion of the
through hole 1s concentric with the rotatable body and a second portion of the
through hole is eccentric with the rotatable body; and

a piston located at the rotatable body and laterally extendable into

the first portion in a direction toward the second portion.

2. The downhole cutting tool of claim 1, wherein the cutting member is a disc

mill, a grinding disc or a cutting disc.

3. The downhole cutting tool of claim 1, wherein the piston is hydraulically
actuable.
4. The downhole cutting tool of claim 1, wherein the piston is variably

movable within the rotatable body to thereby variably deflect the shaft.

S. The downhole cutting tool of claim 1, further comprising a second motor to

rotate the rotatable body that is separate from the motor in operable

communication with the shaft.

6. The downhole cutting tool of claim 5, wherein the second motor is an

electric motor.

7. The downhole cutting tool of claim 5, wherein the second motor is coupled

to the rotatable body through a gear system.
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8. The downhole cutting tool of claim 5, wherein the second motor 1s a

hydraulic motor.

9. The downhole cutting tool of claim 8, wherein the second motor i1s driven

by a hydraulic pump.

10.  The downhole cutting tool of claim 9, wherein the first motor drives the

hydraulic pump.

11.  The downhole cutting tool of claim 1, wherein the motor drives the

rotatable body with a planetary gear.

12.  The downhole cutting tool of claim 1, wherein the motor drives the

rotatable body with a harmonic-drive.

13. A downhole cutting tool, comprising:
a cutting member mounted on a rotatable shaft;

a motor 1n operable communication with the shaft;

a shaft-deflecting device in operable communication with the shaft

configured to be actuated downhole to deflect the shaft with respect to the motor;

and

a sealable housing receptive of the shaft-deflecting device and the motor

and sealable to the rotatable shaft.

14.  The downhole cutting tool of claim 13, further comprising a first bellows to

permit movement between the sealable housing and a seal that is sealable to the

rotatable shaft.

15.  The downhole cutting tool of claim 13, wherein the housing is filled with a

nonconductive fluid.

16.  The downhole cutting tool of claim 13, wherein the housing is filled with

o1l.
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17.  The downhole cutting tool of claim 13, further comprising a pressure
compensation device that equalizes the pressure inside of the housing with the

pressure outside of the housing.

18.  The downhole cutting tool of claim 17, wherein the pressure compensation

device comprises a second hydraulic piston.

19.  The downhole cutting tool of claim 17, wherein the pressure compensation

device comprises a bellows.

20.  The downhole cutting tool of claim 13, wherein the cutting member further
COMpPrises:

at least one cutting element attached to the cutting member; and

at least one cutting-depth-limiter attached to the cutting member near each

cutting element radially inwardly of the cutting element to limit a depth-of-cut of

the cutting element.

21, The downhole cutting tool of claim 20, wherein the at least one cutting

element 15 selected from the group consisting of a tungsten carbide insert, a

ceramic insert and a diamond insert.

22.  The downhole cutting tool of claim 20, wherein the at least one cutting
element has a coating, the coating being selected from the group consisting of a

ceramic coating, a diamond like carbon coating and a cobalt alloy coating.

23.  The downhole cuiting tool of claim 20, wherein the at least one cutting-

depth-limiter is selected from the group consisting of a tungsten carbide insert, a

ceramic insert and a diamond insert.

24.  The downhole cutting tool of claim 20, wherein the at least one cutting-

depth-limiter is an integral part of the cutting member.

25.  The downhole cutting tool of claim 24, wherein the at least one cutting-

depth-limiter has a coating, the coating being selected from the group consisting of

a ceramic coating, a diamond like carbon coating and a cobalt alloy coating.

10
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26.  The downhole cutting tool of claim 13, further comprising a clamping

device that releasably attaches the cutting tool to a downhole tubular structure.

27. A method of cutting a downhole tubular structure, comprising:

inserting a cutting tool into a downhole tubular structure;

rotating a shaft of the cutting tool with a cutting member attached thereto;

deflecting the shaft with respect to a motor in operable communication
therewith, with a shaft-deflecting device to thereby laterally deflect the cutting
member to cuttingly engage a tubular structure;

rotating the shaft-deflecting device at least one complete revolution; and

sealing the shaft-deflecting device from downhole fluids.

28. A method of cutting a downhole tubular structure, comprising:

inserting a cutting tool into a downhole tubular structure;

rotating a shaft of the cutting tool with a cutting member attached thereto;

deflecting the shaft with respect to a motor in operable communication
therewith, with a shaft-deflecting device to thereby laterally deflect the cutting
member to cuttingly engage a tubular structure;

rotating the shaft-deflecting device at least one complete revolution; and

pressurizing a piston to forcibly deflect the shaft.

29.  The method of cutting a downhole tubular structure of claim 27, further

comprising coupling rotation of the shaft-deflecting device to the rotation of the
shaft.

30.  The method of cutting a downhole tubular structure of claim 27, further

comprising balancing pressure across the seal.

31.  The method of cutting a downhole tubular structure of claim 27, further

comprising limiting a depth-of-cut per rotation of the cutting tool.

11
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