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Fig.

(57) Abregée/Abstract:

A method (50) and an assembly (10) for milling an obstruction disposed within a wellbore (W) includes a miling module (12) having
a motor (22) rotating a milling bit (14), a first electronics cartridge (26) for controlling the motor based upon a motor torque value, a
tractor module (16, 18) for engaging with the wellbore and providing a push force against the wellbore to urge the milling assembly
In a direction of the milling bit, and a second electronics cartridge (28) for controlling a push force value of tractor module. The
method involves rotating the milling bit (54) and engaging the tractor module with the wellbore (56), and adjusting, iteratively, the
operation (58) based on a calculated torque value and a calculated push force value to maintain the calculated values at around a
target torqgue value and below a push force limit value (66, 70).
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module (12) having a motor (22) rotating a milling bit (14), a first electronics cartridge (26) for controlling the motor based upon a
motor torque value, a tractor module (16, 18) for engaging with the wellbore and providing a push force against the wellbore to urge
the milling assembly in a direction of the milling bit, and a second electronics cartridge (28) for controlling a push force value of
tractor module. The method involves rotating the milling bit (54) and engaging the tractor module with the wellbore (56), and ad -
justing, iteratively, the operation (58) based on a calculated torque value and a calculated push force value to maintain the calculated
values at around a target torque value and below a push force limit value (66, 70).
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METHOD AND SYSTEM FOR AN AUTOMATIC MILLING
OPERATION

BACKGROUND
[0001] The present disclosure is related in general to wellsite equipment such as

oilfield surface equipment, downhole assemblies, and the like.

[0002] Milling systems are utilized to mill scale deposits that have formed on
interior portions of a wellbore or other wellbore obstructions. A benefit of using a
wireline milling system is the ability to provide precision milling without mobilizing
coiled tubing or heavy surface equipment for circulating and handling fluids. Without
controlling the torque on bit, however, the rotary movement may cause to damage
weak points Iin the tool-string or wellbore completion when producing too much
torque on bit. Also, when the push force is not strong enough, the user may not
realize that the rotary module is not cutting the scale, spinning freely. It Is desirable
to be able to conduct a milling operation automatically because even with real-time
measurement of torque on bit, it may be difficult to operate the tool if the user has to
change tractor push force manually. The operation may be time-consuming and

cumbersome.

[0003] It is desirable to provide a convenient and intuitive tool control that
provides tool protection at the same time. It remains desirable to provide

improvements In olilfield surface equipment and/or downhole assemblies.

SUMMARY
[0004] The method according to the disclosure involves an algorithm to perform
an efficient and intuitive milling operation in a wellbore, such as a cased-hole
environment. The automatic milling algorithm achieves controlled material removal

operation while minimizing unnecessary human interactions.
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[0005] The automatic milling algorithm controls a milling assembly that utilizes at
least one wheeled tractor module to push the bit of a milling module against the
scale to generate weight on the bit. The automatic milling algorithm monitors a
torque measurement from the motor in the miling module as a feedback to
generate an appropriate push force from the tractor module. The algorithm tries to
achieve a target torque value on the bit set by the user by automatically agjusting
the tractor push force within predetermined limits also set by the user. The
algorithm achieves efficient scale removal by minimizing stalling of the bit due to
high reactive torque and allows the user to take appropriate actions (or make

automatic adjustments) in cases of bit stall.

[0006] The milling assembly includes a first electronics cartridge that drives the
motor rotating the bit and senses the motor torque to generate the real-time
feedback signal. The milling assembly may include a second electronics cartridge
that drives the tractor module to control the push force in response to the torque
feedback signal. The milling assembly is connected to a suitable well access line
such as a wireline cable, a length of coiled tubing or the like. The well access line
extends from a surface of the wellbore and is In communication with surface
equipment, control equipment, and the like. The automatic milling algorithm can be
implemented as firmware and/or software located in one or more of the first
electronics cartridge, the second electronics cartridge and the control equipment on

the surface.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] These and other features and advantages will be better understood by
reference to the following detailed description when considered Iin conjunction with

the accompanying drawings.

[0008] Fig. 1 is a cross-sectional view through a wellbore showing a milling or

bottom hole assembly according to the disclosure.

[0009] Fig. 2 is a perspective view of the milling or bottom hole assembly shown

in Fig. 1.

[0010] Fig. 3 is a flow diagram of the method for performing an automatic milling

procedure according to the disclosure.

[0011] Fig. 4 is a log of a test of the milling assembly and procedure according to

the disclosure.

DETAILED DESCRIPTION OF SOME ILLUSTRATIVE EMBODIMENTS
[0012] Referring now to Figs. 1 and 2, there is disclosed a milling assembly or
bottom hole assembly, indicated generally at 10. The assembly 10 comprises a
rotary or milling module 12 for driving a mill bit 14 and a pair of tractor modules 16
and 18 for advancing the assembly 10 in a wellbore W and for providing force to the

mill bit 14 during operation of the assembly 10, discussed in more detail below.

[0013] The rotary or milling module 12 comprises a compensator 20, a motor 22
and a gearbox 24, which is coupled to or in communication with the mill bit 14. An
electronics cartridge 26 provides power and telemetry to and acquires or receives
telemetry from the various components 14, 20, 22, 24 of the rotary module 12, and
controls the operation of the rotary module. The motor 22 may comprise a three-
phase permanent magnetic synchronous motor which Is driven by the electronics

cartridge 26. The cartridge 26 may implement field-oriented control in its firmware.
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[0014] An electronics cartridge 28 provides power and telemetry to and acquires
or receives telemetry from the tractor modules 16 and 18. The tractor modules 16
and 18 may each comprise pivotally extending arms 30 and 32 having wheels 34
and 36 on free ends thereof for rotating and engaging with the walls of the wellbore,
such as an open hole or the cased wellbore W shown in Fig. 1, as will be
appreciated by those skilled in the art. The tractor modules 16 and 18 may
comprise a motor (not shown) such as an electric motor, a hydraulic motor or the
like, for extending and retracting the arms 30 and 32 and for rotating and driving the
wheels 34 and 36. The assembly 10 may also comprise a compensator module 27
as a hydraulic olil reservoir used for opening the tractor arms 30 and 32. When the
wheels 34 and 36 are engaged with the wellbore, the tractor modules 16 and 18
provide a push force for the assembly 10 in the direction of the bit 14. The
electronic cartridges 26 and 28 are in communication with one another, which aids
In the operation of the assembly 10, discussed In more detail below. While the
embodiments illustrated show a plurality of electronic cartridges 26 and 28, those
skilled in the art will appreciate that the electronics of the cartridges 26 and 28 may
be combined into a single cartridge with the same functionality of each of the
cartridges 26 and 28. The assembly 10 may further comprise an additional push
module or modules for providing a push force for the assembly 10 in the direction of
the bit 14, such as a linear actuator and anchor assembly for engaging with the
wellbore in addition to or in lieu of the tractor modules 16 and 18 during operation of

the assembly 10 discussed in more detall below.

[0015] The assembly 10 further comprises a logging head 38 on an end thereof
opposite the end of the mill bit 14 and a telemetry cartridge 40 connected to the
logging head 38. The logging head 38 may be attached to a suitable well access
line 42 such as a wireline cable, a length of coiled tubing or the like. The well
access line 42 extends from a surface of the wellbore and is in communication with
surface equipment, control equipment, and the like identified as a surface unit 44 for
communication of power, telemetry and control signals. A user can direct operation

of the assembly 10 from the surface unit 44 including setting a target torque value,
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setting a push force limit value, starting rotation of the bit 14 and starting an

automatic milling algorithm.

[0016] In operation, the assembly 10 is deployed into the wellbore on the well
access line and maneuvered into a desired location within the wellbore. In those
wellbores, such as horizontal or deviated wellbores or the like, the tractor modules
16 and 18 may be utilized to propel the assembly 10 to the desired location by
engaging with the walls of the wellbore. At the desired location, an obstruction,
such as a scale deposit or the like Is disposed within the wellbore and the assembly

10 is utilized to remove the scale deposit, as outlined further hereinbelow.

[0017] The milling module 12 is engaged to rotate the bit 14, and the arms 30
and 32 and the wheels 34 and 36 of the tractor modules 16 and 18 are engaged
with the wellbore to move the assembly 10 such that the bit 14 engages with the
obstruction or scale deposit. During operation of the milling module, the electronics
cartridge 26 controls the speed of the motor 22, and phase current samples from
the motor 22 are used to control the torque output of the motor 22. Based on the
phase current samples, firmware in the electronics cartridge 26 calculates a torque
value experienced on the shaft of the motor 22. The calculated torque value iIs
used to report real-time torque measurements to the surface via the telemetry
cartridge 40 or the like. This calculated torque value Is also used to request push
force adjustment from the electronics cartridge 28 and the tractor modules 16 and
18. The real-time torque measurement is available from the electronics cartridge 26
as It I1s driving the motor 22 in the rotary module 12, and the torque information Is
communicated to the cartridge 28 at a fast enough rate to adjust a push force from

the tractor modules 16 and 18, as detailed further below.

[0018] There is shown in Fig. 3 a method for performing the automatic milling
algorithm, or auto-mill algorithm, indicated generally at 50. At a step 52, a target
torque on the bit and push force limit is set by the user, such as at a graphical user
iInterface (not shown) or the like at the surface unit 44. At a step 54, the milling bit

14 is rotated at a desired speed. At a step 56, the auto-mill algorithm Is started. At

_5-
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a decision point 58, the auto-mill algorithm is evaluated to continue. If the algorithm
IS to stop (branch "No"), such as from a command from the user entered at the
graphical user interface or the like, the algorithm Is stopped at a step 60. If the
algorithm is to continue (branch “Yes”), at a decision point 62 the torque (calculated
from the milling module 12) is evaluated to determine if the target torque has been
reached. If the target torque has been reached (branch “Yes"), then at a decision
point 64, the torque is evaluated to determine if it is greater than the target torque.
If the calculated torque is not more than the target torque (branch "No”), the method
50 returns to the decision point 58 to evaluate iIf the auto-mill algorithm is to
continue. If the target torque is greater than the target torque (branch “Yes”), the
push force (on the tractor modules 16 and 18, and/or on the linear actuator and
anchor assembly or the like) Is decreased at a step 66, and the method 50 returns
to the decision point 58 to evaluate if the auto-mill algorithm is to continue. If at the
decision point 62 the target torque has not been reached (branch "No”), then, at a
decision point 68, the push force (on the tractor modules 16 and 18) is evaluated to
determine if the push force limit has been reached. If the push force limit has been
reached (branch “Yes"), then the method 50 returns to the decision point 58 to
evaluate If the auto-mill algorithm is to continue. If the push force limit has not been
reached (branch "No”), then the push force (on the tractor modules 16 and 18) is
iIncreased at a step 70, after which the method 50 returns to the decision point 58 to

evaluate If the auto-mill algorithm Is to continue.

[0019] The electronics module 28 (such as with firmware or the like) adjusts the
push force from the tractors 16 and 18 utilizing, for example, proportional-derivative
control to regulate push force from the tractors 16 and 18 in response to rapidly
varying torque values provided from the electronics module 26 of the rotary module
12.

[0020] There is shown Iin Fig. 4 a log archived from testing of the milling
operation In a flow-loop test fixture. The log demonstrates the automatic milling
algorithm In action when the tool is cutting a rock located inside a test pipe. The

line 80 in the middle column shows the tractor modules 16 and 18 automatically

_6-
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adjusting the push force (e.g. point 82) to achieve milling at around the target torque
on the bit 14 set by the user (point 81). However, as the tractor push force limit is
also set by the user (as noted at step 52 in Fig. 3) the tractor push force is at the
limit (maximum set by user shown at point 84) when the torque on the bit is less
than its target (point 83). In such a case, the user may choose to increase the push

force limit to try to increase the cutting speed of the bit 14 again.

[0021] If the bit 14 stalls during an operation (see point 85), the automatic milling
algorithm senses the stall condition and may take a few actions to free up the bit 14
again and thereby counteract the stall condition. For example, the automatic milling
algorithm may pull the tractor modules 16 and 18 backward (such as by rotating the
wheels 34 and 36 in an opposite direction to provide a push force for the assembly
10 in a direction away from the bit 14) to reduce or reverse the push force (see
point 86) while the bit 14 is still locked into the scale. If reversing or pulling of the
tractor modules 16 and 18 alone does not free up the bit 14, the bit 14 may be
rotated in the opposite direction to unlock the bit 14. In some cases, pulling the
tractor modules 16 and 18 backward and turning the bit 14 in the opposite direction
may be applied simultaneously to unlock the bit. Some of these actions may be

automated Iin firmware as part of the algorithm upon the detection of a stalled bit 14.

[0022] The present disclosure describes an algorithm to perform an efficient and
Intuitive milling operation in a wellbore, such as a cased-hole environment. The
automatic milling algorithm achieves controlled material removal operation while

minimizing unnecessary human interactions.

[0023] The automatic milling algorithm utilizes a wheeled tractor to push the bit
of the rotary module against the scale to generate weight on bit. The automatic
milling algorithm monitors torque measurement from the rotary module as a
feedback to generate an appropriate push force from the tractor tool. The algorithm
tries to achieve a target torque on the bit set by the user by automatically adjusting
the tractor push force within predetermined limits also set by the user. The

algorithm achieves efficient material removal by minimizing stalling of the bit due to

_7-
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high reactive torque and allows the user to take appropriate actions (or make
automatic adjustments) in cases of bit stall. The automatic milling algorithm can be
implemented as firmware and/or software located in one or more of the first

electronics cartridge 26, the second electronics cartridge 28 and the surface unit 44.

[0024] The preceding description has been presented with reference to present
embodiments. Persons skilled in the art and technology to which this disclosure
pertains will appreciate that alterations and changes in the described structures and
methods of operation can be practiced without meaningfully departing from the
principle, and scope of this invention. Accordingly, 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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We claim:

1.

A method (50) for milling an obstruction disposed within a wellbore

(W), comprising:

providing a milling assembly (10) for use In the wellbore (W), the milling

assembly including a milling module (12) having a motor (22) rotating
a milling bit (14), an electronics cartridge (26, 28) for controlling the
motor and calculating a torque value based on data received from the
motor, at least one push module (10, 18) for engaging with the
wellbore and providing a push force against the wellbore to urge the
milling assembly In a direction of the milling bit, the electronics
cartridge further configured for controlling the at least one module and

calculating a push force value for the at least one module;

setting a target torque value for the milling module and setting a push force

limit value for the at least one module (52);

disposing the milling assembly into the wellbore;

disposing the milling bit adjacent the obstruction in the wellbore;

operating the milling assembly by rotating the milling bit and engaging the at

least one module with the wellbore (54); and

adjusting, iteratively, operation (560, 58) of the milling module and the at least

2.

one push module based on the calculated torque value and the
calculated push force value to maintain the calculated values at about

the target torque value and at or below the push force limit value (60,
70).

The method according to Claim 1 wherein the milling module motor

(22) Is an electric motor.

3.

The method according to Claim 1 wherein the at least one push

module comprises at least two push modules (16, 18).
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4 The method according to Claim 1 wherein the at least one module
comprises a tractor module (16, 18) comprising a wheeled tractor assembly having
wheels (34, 360) disposed on arms (30, 32) pivotally extending from the at least one
tractor module, and including operating the at least one tractor module to engage

the wheels with the wellbore (W).

5. The method according to Claim 1 including determining a stall
condition (64) of the milling bit (14) and adjusting the operation (006) of at least one
of the milling module (12) and the at least one module (16, 18) to counteract the

stall.

0. The method according to Claim 5 wherein the step of adjusting the
operation to counteract the stall includes moving the at least one module (16, 18)

backward to provide a push force (60) in a direction away from the milling bit (14).

/. The method according to Claim 5 wherein the step of adjusting the
operation to counteract the stall includes reversing a direction of rotation of the
milling bit (14).

3. The method according to Claim 5 wherein the step of adjusting the
operation includes moving the at least one module (16, 18) backward to provide a
push force (66) in a direction away from the milling bit (14) and simultaneously

reversing a direction of rotation of the milling bit (14).

-10-
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9. The method according to Claim 1 wherein the step of adjusting the
operation includes the following steps:
comparing the calculated torque value with the target torque value (62);
if the target torque value has been reached, determining whether the
calculated torque value is greater than the target torque value (64);
and
if the calculated torque value Is greater than the target torque value,

decreasing the push force (66).

10. The method according to Claim 1 wherein the step of adjusting the
operation includes the following steps:
comparing the calculated torque value with the target torque value (62);
if the target torque value has not been reached, determining whether the
push force limit value has been reached (68); and
If the push force limit value has not been reached, increasing the push force
(70).

11.  An assembly (10) for milling an obstruction disposed within a wellbore
(W), comprising:

a milling module (12) having a motor (22) rotating a milling bit (14) mounted
at one end of the assembly (10);

a first electronics cartridge (20) for calculating a torque value based on data
received from the motor (22) and operating the motor (22) in response
to a comparison of the calculated torque value with a target torque
value;

at least one push module (16, 18) for engaging with the wellbore (W) and
providing a push force against the wellbore to urge the milling
assembly in a direction of the milling bit (14); and

a second electronics cartridge (28) for calculating a push force value based
on data received from the at least one module (16, 18) and operating
the at least one push module In response to a comparison of the

calculated push force with a push force limit value, the first and

-11 -
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second electronics cartridges communicating for performing the
comparisons iteratively to maintain the calculated torque value and
the calculated push force value at about the target torque value and

below the push force limit value respectively.

12. The assembly according to Claim 11 wherein the motor (22) Is an

electric motor.

13. The assembly according to Claim 11 including a gearbox (24)

connected between the motor (22) and the milling bit (14).

14.  The assembly according to Claim 11 wherein the at least one push

module comprises at least two push modules (16, 18).

15. The assembly according to Claim 11 wherein the at least one push
module (16, 18) comprises a wheeled tractor assembly having wheels (34, 36)

disposed on arms (30, 32) pivotally extending from the at least one tractor module.

16.  The assembly according to Claim 11 including a compensator module
(27) connected between the at least one push module (16, 18) and the first

electronics cartridge (20).

17. The assembly according to Claim 16 wherein the compensator
module (27) i1s a hydraulic oil reservoir for use with a hydraulic motor to pivot arms
(30, 32) of the at least one tractor module (16, 138).

18. The assembly according to Claim 11 including a logging head (38)
mounted at an opposite end of the assembly (10) from the one end at which the

milling bit (14) is mounted.

19. The assembly according to Claim 18 including a telemetry cartridge

(40) connected to the logging head (38).

-12-
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20. The assembly according to Claim 19 including an access line (42)
connecting the logging head (38) with a surface unit (44) for communication of

power, telemetry and control signals.
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