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(57) Abstract: A well intervention tool for shifting a door structure within a well casing. The well intervention tool has independ -
ently shiftable keys which releasably engage with portions of the door structure. When the keys are engaged with the door structure,
the well intervention tool can be used to move the door structure uphole and downhole. The well intervention tool can include a vi -
bration motor to cause the keys to vibrate in order to displace debris within the door structure. The well intervention tool can include
a rotational motor to cause the keys to rotate in order to displace debris within the door structure. The keys can have teeth which are
shaped and spaced to shift debris while minimizing damage to the well casing.
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ELECTROMECHANICAL DEVICE FOR ENGAGING SHIFTABLE KEYS OF
DOWNHOLE TOOL

FIELD
[0001] The present disclosure relates generally to well bore completion
operations. In particular, the subject matter herein generally relates to

aperture control devices within a well bore.

BACKGROUND

[0002] During various phases of oil and gas operations it becomes
necessary to control fluid communication between the inside of a well casing
and the exterior of the well casing. A well casing and/or well liner will
generally have one or more access points or holes positioned along its side.
A movable door apparatus will have one or more complimentary openings.
When an opening or “door” of such a movable door apparatus is moved into
alignment with an access point of the well casing, inflow of materials, such
as hydrocarbons exterior to the casing, into the interior or inside of the well
casing is enabled. By moving the slidable doors out of alignment with
openings in the well casing, inflow of materials is controlled. A shifting
device, such as a well intervention tool, located within the well casing and
acting under a force imposed by a tractor or under the force of an actuator,
is used to shift the position of the slidable doors. The shifting device
comprises shifter keys which are configured to engage the profile of the
slidable doors. The keys may be independently movable. Once the profile
of the slidable door is successfully engaged, the door can be moved uphole

or downhole, as needed.



WO 2016/209204 PCT/US2015/036975

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Implementations of the present technology will now be described,
by way of example only, with reference to the attached figures, wherein:
[0004] FIG. 1 is a schematic diagram of an embodiment of a wellbore
operating environment in which a downhole tool, such as a well intervention
tool as described herein, may be deployed;

[0005] FIG. 2 illustrates an example embodiment of a well intervention
tool as described herein;

[0006] FIG. 3 illustrates a side view of a well intervention tool as
described herein;

[0007] FIG. 4 illustrates an example of a well intervention tool having
rotational functionality;

[0008] FIG. 5 illustrates a simplified version of component parts of an
example of an actuable rotational motor;

[0009] FIG. 6 illustrates another example rotational motor;

[0010] FIG. 7 illustrates an example embodiment of a well intervention
tool having vibrational functionality;

[0011] FIG. 8 illustrates a cut away view of the interior of an example
embodiment of a well intervention tool;

[0012] FIG. 9A illustrates an example vibration motor connected to an
eccentric mass;

[0013] FIG. 9B illustrates an exploded view of an example vibration
motor;

[0014] FIG. 10A illustrates an example of radial vibration being induced
by a vibration motor;

[0015] FIG. 10B illustrates an example of linear vibration being induced
by a vibration motor; and

[0016] FIG. 11 illustrates and example profile of a shifting key.
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DETAILED DESCRIPTION

[0017] It will be appreciated that for simplicity and clarity of illustration,
where appropriate, reference numerals have been repeated among the
different figures to indicate corresponding or analogous elements. In
addition, numerous specific details are set forth in order to provide a
thorough understanding of the embodiments described herein. However, it
will be understood by those of ordinary skill in the art that the embodiments
described herein can be practiced without these specific details. In other
instances, methods, procedures and components have not been described in
detail so as not to obscure the related relevant feature being described.
Also, the description is not to be considered as limiting the scope of the
embodiments described herein. The drawings are not necessarily to scale
and the proportions of certain parts have been exaggerated to better
illustrate details and features of the present disclosure.

[0018] In the following description, terms such as "upper," "upward,"

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

[0019] Several definitions that apply throughout this disclosure will now
be presented. The term "coupled" is defined as connected, whether directly

or indirectly through intervening components, and is not necessarily limited
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to physical connections. The term "outside" refers to a region that is beyond
the outermost confines of a physical object. The terms "comprising,"
"including" and "having" are used interchangeably in this disclosure. The
terms "comprising,” "including" and "having" mean to include, but not
necessarily be limited to the things so described.

[0020] Disclosed herein is a well intervention tool which can be used to
move or shift a slidable door apparatus within a casing interior to a well
bore. The well intervention tool can have a longitudinal body, appropriately
sized and configured to be moved along a length of the interior of the
casing. The longitudinal body can have an inner cavity which houses various
components such as those described herein. The longitudinal body can have
one or more apertures or gaps running along its length. The aperture can
be a slot sized to receive a key assembly which can be used to releasably
couple the well intervention tool with a portion of the slidable door
apparatus. The door apparatus can include one or more gaps or apertures,
which when substantially aligned with a corresponding gap or aperture in a
well casing, enable materials such as hydrocarbons to enter the well
intervention tool from outside the casing for extraction. When the door
apparatus is shifted out of alignment with such apertures, the flow of
materials into the casing can be controlled or prevented, or both.

[0021] The well intervention tool as disclosed herein can help remove or
prevent the collection of debris in the area of the door apparatus. Debris can
interfere with coupling the keys to the door structure, either by preventing
the well intervention tool from locating the door structure, or by preventing
a good fit, or both. Various solutions to this problem involving the key
assembly are disclosed herein.

[0022] The well intervention tool can also include a rotation assembly
which is at least partially housed within the inner cavity. The rotation

assembly can be actuated to cause the longitudinal body as well as the key
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assembly to rotate. Rotating the key assembly, and hence the key portion,
can better seat the key portion within a receiving area of the slidable door
apparatus because the rotation action thereof can have the effect of
removing, shifting, or compensating for debris between the key portion and
a key-receiving area of the slidable door apparatus within the casing. Thus
engagement and interaction between the key assembly and the slidable door
apparatus are encouraged.

[0023] The well intervention tool can also include a vibration assembly
which is at least partially housed within the inner cavity. The vibration
assembly can be actuated to cause the vibration assembly to vibrate the key
portion. Vibrating the key assembly, and hence the key portion, can better
seat the key portion within a receiving area of the slidable door apparatus
because the vibrating action thereof can have the effect of removing,
shifting, or compensating for debris between the key portion and a key-
receiving area of the slidable door apparatus within the casing. Thus
engagement and interaction between the key assembly and the slidable door
apparatus are enhanced.

[0024] The keys of the well intervention tool can include various teeth or
patterns which can improve displacement of the debris, thus improving
engagement between the keys and the door structure.

[0025] FIG. 1 illustrates a schematic view of an embodiment of a
wellbore operating environment in which a downhole tool, such as a packer,
may be deployed. As depicted, an offshore oil or gas well 10 may include a
semi-submersible platform 12 centered over a submerged oil and gas
formation 14 located below the sea floor 16. A subsea conduit 18 extends
from the deck 20 of the platform 12 to a wellhead installation 22, including
blowout preventers 24. The platform 12 has a hoisting apparatus 26 and a
derrick 28 for raising and lowering pipe strings, such as substantially

tubular, longitudinally extending inner work string 30. The wellbore 32
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extends through the various earth strata including formation 14. An upper
casing 34 is cemented within a vertical section of wellbore 32 by cement 36.
A liner 56 is secured to the lower end of the upper casing 34 by any means
known in the art, such as expandable liner hangers, and the like. The liner
56 can be a casing, tubing or other tubular conveyance for fluids such as
hydrocarbon or other fluidic materials. A further outer casing (not shown)
may additionally be provided between the liner 56 and walls of the wellbore
32 and which may or may not be cemented.

[0026] The liner 56 may include one or more gaps or apertures 42, 44
through which materials such as hydrocarbons from within the formation 14
may pass into the liner 56 for extraction. FIG. 1 also depicts a well
intervention tool 100 which can be used to move a slidable door apparatus
50 with the liner 56 to control the inflow of the materials to be collected by
the well 10.

[0027] Although FIG. 1 depicts a horizontal well, it should be understood
by one skilled in the art that the present disclosure describing a well
intervention tool can also be well-suited for use in vertical wells, slanted
wells, multilateral wells, and the like. Also, although FIG. 1 depicts an
offshore operation, it should be understood by one skilled in the art that the
present disclosure is equally well-suited for use in onshore operations.
[0028] FIG. 2 illustrates an example embodiment of the well intervention
tool 100 described herein. During a search mode, the well intervention tool
100 will move uphole and downhole within the well casing or liner 56, driven
by a tractor or under gravity. The well intervention tool 100 can be provided
via a conveyance 51 which can include wireline, slickline, e-line, tubing,
coiled tubing or other conveyance or tubular conveyance. The tool 100 has
one or more shifter keys (see FIG. 3) which search for a slidable door
structure 50 when in search mode. The door structure 50 contains at least

one opening 52 which, when aligned with an opening 42 in the liner, will
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allow materials to enter the casing. The keys are shaped and configured
such that they will engage the structure 50 once the sliding door profile is
found. Once engaged by the keys, the door structure 50 can be shifted
uphole or down hole. As discussed above, in horizontal completions the
sliding door structure 50 can have debris inside it which can interfere or
prevent a successful engagement by the keys. Vibrating the shifting keys,
enables the shifting keys to be pushed into a greater depth with respect to
an engagement region of the door structure 50, thus increasing the
likelihood of engagement, and hence the success of a shifting job. As
discussed herein, the functionality of the shifting tool 100 can be enhanced
when the shifting keys have a toothed profile because a toothed profile can
be used to displace debris, allowing for deeper penetration by the keys.

[0029] FIG. 3 illustrates a side view of a well intervention tool 100. As
shown, the well intervention tool has a longitudinal body 102 which houses
keys 110. The keys 110 are urged outward, away from the interior of the
longitudinal body 102, by translating actuators 112, which in this example
are rods connected to a driving mechanism 87, which can be a linear drive
motor or any suitable driving mechanism known in the art. The keys can be
connected to translatable sleeves 130, 132. The translatable sleeves 130,
132 can be partially nested, one within the other. The translating actuators
112 are connected to an underside 135, 139 of the keys 110. The keys 110
are urged by the translating mechanisms 112 from a first position 137, 141
in which they are substantially in alignment with longitudinal body 102 to an
extended position away from the longitudinal body 102 as shown, when they
are engaged with a slidable door structure. The keys 110 can also be
connected by actuators 124 to a rotation device 114 or a vibration device
214. 1In the case of a rotation device 114, rotary motion is used to rotate
the shifting keys 110 to a position to avoid the debris at the bottom of the

casing/sleeve. This can be accomplished once the tool 100 has engaged into
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the sliding door or after some failed trials to engage the door. As discussed
herein, the keys 110 will engage with a slidable door structure once the
sliding door profile is found. If the search fails, the keys 110, 219 can be
rotated by a preset angle, (for example, twenty degrees) and the tool
movement can be repeated to search again. Searching and change of
rotation can be done multiple times until the correct angle of rotation is
found to engage the sliding door structure properly. In the case of a
vibration device, a mechanical vibration can be introduced by a motor with
an off-balanced wheel attached to a shaft. Once the keys 110 are in position
the motor is actuated and a pulse is transmitted thru the linkages 124 into
the keys 110. The motor can be hydraulic or electromechanical in nature.
The vibration can be introduced in a radial pattern or a linear depending on
the application and position of the motor and unbalanced load.

[0030] FIG. 4 illustrates an example of a well intervention tool 100
having rotational functionality. The tool 100 has a longitudinal body 102
housing various components within an inner cavity 104. The components
include translatable keys 110 which are urged outwardly from within the
longitudinal body 102, through apertures 106 in the longitudinal body 102
by translating actuators 112 connected to an actuation mechanism 87, such
as a motor or engine or any suitable device known in the art. The actuation
mechanism 87 pushes the actuators 112, in this case pushrods, which in
turn push the keys 110 away from the longitudinal body 102 in order to
cause the keys 110 to engage with engagement portions 109 of a slidable
door structure 50. The pushrods 112 can be pivotably connected to the
actuation mechanism 87 and the keys 110, or pivotably connected to
sleeves 130, 132 which are connected to the keys 110. The slidable door
structure 50 has an aperture or door 52 which when moved into alignment
with an aperture 42 in the well casing 56 allows materials such as

hydrocarbons to enter the casing 56 from within a formation 14. The



WO 2016/209204 PCT/US2015/036975

components also include a rotation assembly 114 which can be used to
rotate the longitudinal body 102 and the keys 110 in order to improve the
seating of the keys 110 to the door structure 50. As indicated, rotating the
keys 110 can dislodge debris from within the door structure 50, leading to a
better fit and thus improved shifting of the door structure 50 within the
casing 56. As illustrated, the rotation assembly can include a casing 116
containing an actuable motor 118 such as a linear drive motor. The motor
118 can rotate 117 the casing 116 (and hence the keys 110) about an axis
119 of a rod 120 connected to an interior portion 122 of the casing 116. The
rotation assembly 114 can be coupled to rotation actuators 124, which are
rods in this example. The actuators 124 can be coupled to an inner side of a
key 110 or to a sleeve 130, 132 connected to a key 110. Thus, by rotating
the casing 116 about the rod 120, the longitudinal body 102 and the key
assembly 108 are also rotated within the casing 56. As discussed, rotating
the keys 110 can enable the outer portion 115 of the keys 110 to remove
debris from the door structure 50, thus leading to improved shifting of the
door structure. The actuable motor 118 can be a stepper motor with a linear
drive or a brushless DC motor or other suitable motor or device known in the
art.

[0031] FIG. 5 illustrates a simplified version of component parts of an
example of an actuable motor 118, which may be an electronically
commutated motor (ECM). Illustrated therein is a rotor 910 made up of a
magnet and a stator 912 made up of a series of coiled stator pieces 914
surrounding the rotor 910. The relative position of the rotor 910 is used by
a motor controller (not shown) for electric commutation of the rotor 910
about rod 120. A resolver 921 may be used to determine this rotor position,
and in particular the degrees of rotation. Alternatively, or in addition to the
resolver 921, Hall effect sensors 922 can be employed to detect the position

of the rotor 910. In still other examples, sensors can be omitted altogether,
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for instance by employing sensorless commutation techniques used in ECM
applications.

[0032] FIG. 6 illustrates an example brushless DC motor 950 as an
electromechanical motor 118 having a housing 406 and a lead screw 402
connected to or comprising threaded rod 120, (see FIG. 4). The motor 950
can have a stator 408 and magnets 410, for rotation of rotor 412 about the
axis 119 formed by rod 120. With rotation of the rotor 412, the lead screw
402 extending from protective sleeve 414 can be rotated and transfer
rotational motion to the actuators 124, which in turn cause the keys 110 to
rotate within the casing 56.

[0033] FIG. 7 illustrates an example well intervention tool 100 having a
vibration function. As can be seen in the figure, the well intervention tool
100 has a longitudinal body 102 which operates within a well casing 56. The
longitudinal body 102 has an inner cavity 104 containing various
components. The longitudinal body 102 has apertures or slots 106 in its
sides. A key assembly 108 is partially housed within the inner cavity 104.
The key assembly 108 has key portions 110 which protrude through the
apertures 106 from inside the inner cavity 104. As in the case of a well
intervention tool having a rotational function (see FIG. 4), the well
intervention tool 100 shown in FIG. 7 has translating actuators 112 coupled
to an inner side 113 of the key portions 110. The translating actuators 112
(pivotable rods in this example) resiliently urge the key portions 110
outward from within the inner cavity 104, toward the wall of the lining or
casing. The well intervention tool 100 illustrated also has a vibration
assembly 214 housed within the inner cavity 104 which is used to cause the
keys 110 vibrate, either linearly or rotationally, or both. As discussed
above, vibrating the keys 110 can cause the outer portion 115 of the keys to
shift or displace debris within the door structure 50, thus leading to better

engagement between the key assembly 108 and engagement portions 109

10
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of the the door structure 50. The vibration assembly 214 has a casing 116
which contains an actuable vibration motor 218. The casing 116 of the
vibration assembly 214 is coupled to one or more vibration actuators 224
(pivotable rods in this example). The vibration actuators are also coupled to
the inner sides 113 of the keys 110. Thus, when the casing 116 and
vibration motor 218 vibrate, (linearly or radially), the vibration is transferred
to the keys 110 by the vibration actuators 124. As will be explained in
greater detail below, the vibration motor 218 is connected to an eccentric
mass 217, which in this example is exterior to the motor 218, although it will
be understood that other configurations of the motor 218 and mass 217 are
possible.

[0034] FIG. 8 illustrates a cut away view of the inner cavity of the
longitudinal body (see FIG. 7). As illustrated, translating actuators 112
connect a driving apparatus 87 to undersides 113 of the key portions 110.
As explained above, the translating actuators 112 push the outside of the
keys 115 away from the inner cavity and toward the inside of a well casing
56. The translating actuators 112 can be pivotably coupled to the vibration
actuators 224. The vibration actuators can be pivotably coupled to an
actuator receiver such as disc 225. Disc 225 can be connected to vibration
assembly 214. Alternatively, the vibration actuators 224 can be directly
connected to the vibration assembly 214. As illustrated, the vibration
assembly includes an actuable vibration motor 218 connected to an eccentric
weight 217.

[0035] FIG. 9A illustrates an example vibration motor 218 connected to
an eccentric mass 217. FIG. 9B illustrates an exploded view of an example
vibration motor 218. As illustrated, a motor case 301 surrounds coreless
windings 303 which in turn surround magnet 305. Magnet 305 abuts rear
bearing 307 which abuts bearing washer inside the windings 303. Case 301

and magnet 305 surround shaft 311 which passes through a front bearing

11
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313 and washers 315 and. Shaft 311 is connected to eccentric mass 217 at
one end and to a commutator 317 at the other end. Electric current passes
through leads 219 via metal bushings 319 into the windings. The current
induces the windings 303 and shaft 311 to rotate with respect to magnet
305. Because the shaft is connected to an eccentric mass, the rotation
causes the entire motor structure 218 to vibrate. As explained above, the
vibration of the motor is ultimately transferred to the keys (see FIGS. 7-8),
which will shift or displace debris proximate to the outer portion of the keys
215.

[0036] FIG. 10A illustrates an example of radial vibration 1100 being
induced by the vibration motor 218 connected to an eccentric mass or
unbalanced load 217. When the vibration has a radial pattern 1100, the
motion of the motor 218 has an x-component 1103 and a z-component
1101, but not a y-component (parallel to shaft 311). FIG. 10B illustrates an
example of linear vibration 1110 being induced by the vibration motor 218
connected to an eccentric mass or unbalanced load 217. In the linear
vibration pattern 1110, vibration in the y-direction 1102 is induced, but not
in the x-direction 1103 or the z-direction 1101.

[0037] FIG. 11 illustrates and example profile of the outside of a key
110. As shown, the exterior of the key 110 can have ridges 800 separated
by substantially flat regions 802. Each ridge 800 can be composed of a
series of teeth 804. Some of the teeth 804 can have rounded tips 805 to
reduce damage to the well casing 56. Some of the teeth 804 can have
pointed tips 810 to better penetrate debris within the casing 56. The teeth
804 can be separated by gaps 812 which allow debris to pass between the
teeth 804, thus enabling displacement of the debris by the keys 110.

Statements of the disclosure include:
[0038] Statement 1: A well intervention tool having a rotation assembly,

the rotation assembly including a casement containing at least one actuable

12
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motor configured to rotate the casement and a key assembly about an axis
of a rod coupled to an interior portion of a longitudinal body housing the
casement.

[0039] Statement 2: The well intervention tool of Statement 1, wherein
the key assembly includes at least one key portion, the rotation assembly
further including at least one rotation actuator coupled to the casement and
to an inner side of key portion.

[0040] Statement 3: The well intervention tool of Statement 1 or
Statement 2, wherein the actuable motor is a stepper motor with a linear
drive.

[0041] Statement 4: The well intervention tool of Statement 1 or
Statement 2, wherein the actuable motor is a brushless DC electrical motor
[0042] Statement 5: The well intervention tool of any of the preceding
Statements, wherein the actuable motor is configured to cause the casement
and the longitudinal body of the completion tool to rotate about a
longitudinal axis of the well casing and the longitudinal axis of the
longitudinal body.

[0043] Statement 6: The well intervention tool of any of the preceding
Statements, further including a translating actuator, the translating actuator
including a translating rod which is pivotably coupled to a translatable first
sleeve located between the inner side of the key portion and the translating
rod.

[0044] Statement 7: The well intervention tool of Statement 6, wherein a
portion of the translating actuator is uphole of the key portion.

[0045] Statement 8: The well intervention tool of Statement 6 or
Statement 7, wherein the translating rod urges the sleeve and the key
portion towards the wall of the casing to cause the key portion to interact

with the key-receiving region of the slidable door assembly, enabling the

13
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position of the door assembly to be shifted within the well casing by
movement of the completion tool.

[0046] Statement 9: The well intervention tool of any of the preceding
Statements, wherein the key assembly is partially housed within the inner
cavity of the completion tool.

[0047] Statement 10: The well intervention tool of any one of
Statements 2-9, wherein the key portion protrudes through an aperture
from within the inner cavity towards an interior wall of a casing.

[0048] Statement 11: The well intervention tool of any one of
Statements 2-10, wherein the rotation actuator includes a first rod
connected to first sleeve, the first sleeve interposed between an inner side of
a key portion and the rotation actuator.

[0049] Statement 12: The well intervention tool of any one of
Statements 2-10, wherein the rotation actuator further includes a second
rod connected to a translatable second sleeve interposed between the inner
side of a key portion and the rotation actuator.

[0050] Statement 13: The well intervention tool of Statement 12,
wherein the translatable first sleeve is at least partially nested within the
translatable second sleeve.

[0051] Statement 14: The well intervention tool of Statement 12,
wherein the second sleeve is at least partially nested within the first sleeve.
[0052] Statement 15: The well intervention tool of any one of the
preceding Statements, wherein the at least one key portion of the key
assembly has an outer side located opposite the inner side, which
cooperates with a slidable door apparatus interior to a well bore.

[0053] Statement 16: A well intervention tool having a vibration
assembly, the vibration assembly including a casement containing at least
one actuable motor configured to vibrate the casement and a key assembly

via a vibration actuator.

14
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[0054] Statement 17: The well intervention tool of Statement 16,
wherein the actuable motor is configured to impart a linear vibration to the
vibration actuator.

[0055] Statement 18: The well intervention tool of Statement 16 or
Statement 17, wherein the actuable motor is configured to impart a radial
vibration to the vibration actuator.

[0056] Statement 19: The well intervention tool of any one of
Statements 6-18, wherein the translating actuator includes a first translating
rod pivotably coupled to a first translatable sleeve interposed between the
inner side of the key portion and the translating rod.

[0057] Statement 20: The well intervention tool of Statement 19,
wherein the translating actuator further includes a second translating rod
pivotably coupled to a translatable second sleeve interposed between an
inner side of a key portion and the second translating rod.

[0058] Statement 21: The well intervention tool of any one of
Statements 2-20 wherein the at least one key portion of the key assembly
has an outer side located opposite the inner side, the outer side configured
to cooperate with a slidable door apparatus interior to a well bore.

[0059] Statement 22: The well intervention tool of Statement 21,
wherein the outer side of the key portion comprises at least three ridges
separated by substantially flat regions.

[0060] Statement 23: The well intervention tool of Statement 22,
wherein at least one of the three ridges comprises a series of teeth.

[0061] Statement 24: The well intervention tool of Statement 23,
wherein at least one tooth of the series of teeth has a rounded tip to prevent
damage to a casing which interior to the well bore and the sliding door
apparatus.

[0062] Statement 25: The well intervention tool of Statement 23 or

Statement 24, wherein at least one tooth of the series of teeth has a pointed
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tip to penetrate debris interior to the well bore and the sliding door
apparatus.
[0063] Statement 26: The well intervention tool of any one of
Statements 23-25, wherein at least two teeth of the series of teeth are
separated by gaps.
[0064] Statement 27: The well intervention tool of Statement 26,
wherein the gaps are of sufficient dimensions to allow debris interior to the
well bore to flow between the teeth.
[0065] Statement 28:A well intervention tool having a rotation-vibration
assembly, the rotation-vibration assembly including a casement containing
at least one actuable motor configured to:

rotate the casement and a key assembly about an axis of a rod
coupled to an interior portion of a longitudinal body housing the casement;
and

vibrate the casement and the key assembly via a vibration actuator.
[0066] The embodiments shown and described above are only examples.
Even though numerous characteristics and advantages of the present
technology have been set forth in the foregoing description, together with
details of the structure and function of the present disclosure, the disclosure
is illustrative only, and changes may be made in the detail, especially in
matters of shape, size and arrangement of the parts within the principles of
the present disclosure to the full extent indicated by the broad general
meaning of the terms used in the attached claims. It will therefore be
appreciated that the embodiments described above may be modified within

the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A well intervention tool comprising:
a longitudinal body having an inner cavity, the longitudinal body
having at least one aperture along a length thereof;
a key assembly partially housed within the inner cavity, the key
assembly comprising:
at least one key portion which protrudes through the aperture
from within the inner cavity; and
at least one translating actuator coupled to an inner side of the
key portion, the translating actuator configured to resiliently urge the key
portion outward from within the inner cavity; and
a rotation assembly housed within the inner cavity, the rotation

assembly actuable to rotate the longitudinal body about a longitudinal axis.

2. The well intervention tool of claim 1, wherein the rotation assembly
comprises:

a casing containing at least one actuable motor configured to rotate
the casing about a rod coupled to an interior portion of the longitudinal
body;

at least one rotation actuator coupled to the casing and to the inner

side of the key portion.

3. The well intervention tool of claim 2, wherein the actuable motor is a

stepper motor with a linear drive.

4. The well intervention tool of claim 2, wherein the actuable motor is a

brushless DC electrical motor.
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5. The well intervention tool of claim 2, wherein the translating actuator
comprises a translating rod pivotably coupled to a translatable first sleeve
interposed between the inner side of the key portion and the translating rod,
and the rotation actuator comprises a second rod connected to a second
sleeve interposed between the inner side of the key portion and rotation

actuator.

6. The well intervention tool of claim 5, wherein the first sleeve is at least

partially nested within the second sleeve.

7. The well intervention tool of claim 5, wherein the second sleeve is at

least partially nested within the first sleeve.
8. The well intervention tool of claim 1, wherein the key portion has an

outer side opposite the inner side, the outer side configured to cooperate

with a slidable door apparatus interior to a well bore.

18
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9. A well intervention tool comprising:
a longitudinal body having an inner cavity, the longitudinal body
having at least one aperture along a length thereof;
a key assembly partially housed within the inner cavity, the key
assembly comprising:
at least one key portion which protrudes through the aperture
from within the inner cavity; and
at least one translating actuator coupled to an inner side of the
key portion, the translating actuator configured to resiliently urge the key
portion outward from within the inner cavity; and
a vibration assembly housed within the inner cavity, the vibration

assembly actuable to vibrate the key portion.

10. The well intervention tool of claim 9, wherein the vibration assembly
comprises:
a casing containing at least one actuable motor configured to vibrate
the casing;
at least one vibration actuator coupled to the casing and to the inner
side of the key portion, the vibration actuator configured to impart a

vibration of the casing to the key portion.

11. The well intervention tool of claim 10, wherein the actuable motor is

configured to impart a linear vibration to the vibration actuator.

12. The well intervention tool of claim 10, wherein the actuable motor is

configured to impart a radial vibration to the vibration actuator.
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13. The well intervention tool of claim 10, wherein the translating
actuator comprises a first translating rod pivotably coupled to a first
translatable sleeve interposed between the inner side of the key portion and
the translating rod, and the vibration actuator comprises a first vibration rod

pivotably coupled to the first translating rod and the first sleeve.

14. The well intervention tool of claim 10, wherein the translating
actuator comprises a second translating rod pivotably coupled to a
translatable second sleeve interposed between an inner side of a key portion
and the second translating rod, and the vibration actuator comprises a
second vibration rod pivotably coupled to the second translating rod and the

second sleeve.

15. The well intervention tool of claim 14, wherein the first sleeve is at

least partially nested within the second sleeve.

16. The well intervention tool of claim 14, wherein the second sleeve is at

least partially nested within the first sleeve.

17. The well intervention tool of claim 9, wherein the key portion has an
outer side opposite the inner side, the outer side configured to cooperate

with a slidable door apparatus interior to a well bore.

18. A key portion of a well intervention tool, the key portion configured to
releasably engage with a sliding door apparatus interior to a well bore, the
key portion having an outer side comprising at least three ridges separated
by substantially flat regions, wherein at least one of the three ridges

comprises a series of teeth.

20



WO 2016/209204 PCT/US2015/036975

19. The key portion of claim 18, wherein at least one tooth comprised by
the series of teeth has a rounded tip to prevent damage to a casing interior

to the well bore and the sliding door apparatus.

20. The key portion of claim 18, wherein at least one tooth comprised by
the series of teeth has a pointed tip to penetrate debris interior to the well

bore and the sliding door apparatus.
21. The key portion of claim 18, wherein at least two teeth comprised by

the series of teeth are separated by gaps to allow debris interior to the well

bore to flow between the teeth.

21



WO 2016/209204 PCT/US2015/036975

—_— e e — — - — XN y-—--——

_________________

AN
\|

N Ml




WO 2016/209204 PCT/US2015/036975

2/ 11

56 100 52

FIG. 2



PCT/US2015/036975

WO 2016/209204

3/11

1422

ooy By ooy ey e
[ 0 i i i
r__r.:__TL”__f..n ._._L_,“__f._._
T R TIL
boody it TR
IR L
RN
AR -
[ I oy i iy i
T
ey by
atinialwin
11 - 4
Aatatvstoriy
Yyt Lty
Veobg bandgaty
Vit byt
ir e v b b
HrWII_r _rw_ v\
||||| P




PCT/US2015/036975

WO 2016/209204

4/ 11

=

N\

7 )

8Ll olL ¥l 20

A (D
90 ,\o\
ol f F Auvmv\ 081 gy T

/7
C\NASAANANARAANANNNNNRRN LA

w\\\\\\\\\\\\\\\\\% A%

og 90 mﬁr

142

—77

‘)7 S ,%,57,%,
2°0,%,°0,%,°2,%,°¢

\ 0000,00]0,0000,00)0,

¢S




PCT/US2015/036975

WO 2016/209204

5/11




6/11

N
N

)

.

N
%
g
g
Y

(7

3

NN N ]

DANN

\ \
N
N

cly

001"

,_
A\

AN

AN
AN

SIS \\AN\N M ////
mmmmmmmwmmmmmmmwm ARl I  MhhHNnNInimeeessy
N\

L

A0}

NN N

Yo% | ’ N
( N
"§/////




PCT/US2015/036975

7/11

WO 2016/209204

. 'Old

91¢ 0Ll 60 901 601
81c J \ / I / \ \ \ \wm

f//////////4////.(////_.nwun.uzun.n/._7///ﬁ/////r///////~////////////4
27 AA 7 777 7777 7Y 7 TOORNNN W\\\\\\\\\\\\\\\\\\\g

\ €Ll
|

[N

)\l

R
o
e ——

\/_ <~
(7777757777 777777777 o
ANAND MANANAY ANANVAVAVAY ANANAYANAY AVANANA H VONKNAK AN D A NA A AN

\ V-
AN\

NN N N NN NN NN NN N N N N )

I A N N TR A v

YATARE W4 ¥0l yez 601 GLl 2G 0S col




PCT/US2015/036975

WO 2016/209204

8/11

8 Old




PCT/US2015/036975

WO 2016/209204

9/11

w_‘N\

174

V6 Old

8l¢c

Lle



PCT/US2015/036975

WO 2016/209204

10/ 11

d0l ©I4
0Ll
lle
LOLL
o\ ) >
€oLL

VOl Old

LOLL

YATA

coll

I/oorr



WO 2016/209204 PCT/US2015/036975

11/ 11

FIG. 11




International application No.

A A AR
INTERNATIONAL SEARCH REPORT PCT/US2015/036975

A. CLASSIFICATION OF SUBJECT MATTER
E21B 34/06(2006.01)i, E21B 17/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 34/06; BO8B 9/02; E21B 23/06; E21B 17/07;, E21B 33/12; E21B 37/00; E21B 33/13; E21B 43/08;, E21B 17/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: wellbore, intervention tool, key assembly, translating assembly, actuator, movable door,
rotation assembly, vibration assembly and ridge

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2013-0319658 A1 (SCHLUMBERGER TECHNOLOGY CORPORATION) 05 December 2013 1,8-9,17-21
See paragraphs [0031]-[0032] and figure 3.

A 2-7,10-16

Y US 2011-0253376 A1 (KRPEC, MARK WAYNE) 20 October 2011 1,8
See paragraphs [0018]-[0024] and figures 1-4.

Y US 6474349 Bl (LAKER, KEITH TREVOR) 05 November 2002 9,17
See column 2, lines 56-62 and figures 1-4.

Y WO 2010-084353 A2 (PETROWELL LIMITED) 29 July 2010 18-21
See page 25, lines 20-23 and figure 5(c).

A WO 2015-065335 A1 (HALLIBURTON ENERGY SERVICES, INC.) 07 May 2015 1-21
See paragraphs [0023]-[0030] and figures 2A-2C.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
18 March 2016 (18.03.2016)

Date of mailing of the international search report

21 March 2016 (21.03.2016)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-10, Seo-gu, Daejeon Metropolitan City, 35208,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer s

LEE, Hun Gil

Telephone No. +82-42-481-8525

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/036975

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
L. Claims 1-8 directed to a well intervention tool including a rotation assembly.

II. Claims 9-17 directed to a well intervention tool including a vibration assembly.

III. Claims 18-21 directed to a key portion.

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/036975
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013-0319658 Al 05/12/2013 WO 2013-184302 Al 12/12/2013
US 2011-0253376 Al 20/10/2011 CA 2796734 Al 20/10/2011
EP 2558679 A2 20/02/2013
US 8727008 B2 20/05/2014
WO 2011-130523 A2 20/10/2011
WO 2011-130523 A3 15/12/2011
US 6474349 Bl 05/11/2002 GB 2343930 A 24/05/2000
GB 2343930 B 11/12/2002
WO 2010-084353 A2 29/07/2010 AU 2010-207594 Al 14/07/2011
AU 2010-207594 B2 16/07/2015
CA 2748672 Al 29/07/2010
EP 2389495 A2 30/11/2011
US 2011-0284208 Al 24/11/2011
WO 2010-084353 A3 06/01/2011
WO 2015-065335 Al 07/05/2015 US 2015-0218916 Al 06/08/2015
US 9115565 Bl 25/08/2015

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

