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BOWHOLE TRACTOR WITH BI-DIRECTIONAL WHEFEL ASSEMBLY

TECHMNICAL FIELD OF THE DISCLOSURE

[0001] The present disclosure relates, in general, to downhole tractors used in wellbores

and, in particular, to downhole tractors and traclor wheels.
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BACKGROUND

{0002] in wellbores that include horizontal sections and horizontal landing sections, logging
tools, perforating devices, bridge plugs, and other well interventions tools need to be connected
to a downhole tractor so that the tool or device can be transported to where 1t is needed on the
landing section. The range of a tractor 15 determined by its ability to provide sufficient traction
between the wheels and casing/tubing within the wellbore. The higher the {raction, the longer

the range will be.
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BRIEF BESCRIPTION OF THE DRAWINGS

{0003] For a more complete understanding of the features and advantages of the present
disclosure, reference is now made to the detailed description along with the accompanying
figures in which corresponding numerals in the different figures refer {o corresponding parts and
in which:

{0004] FIG. 11s an llustration of g wellsite and control system utilizing a downhole tractor

for well site intervention, in accordance with certain example embodiments;

{0005] FIG. 2A and 2B are illustrations of tractor wheels and actuator assemblies of the

downhole fractor, in accordance with certain example embodiments;

{0006] FIG. 3 1is an illustration of a tractor wheel and wheel tread geometry, in accordance

with certain example embodiments; and

{0007] FIG. 4A and 4B is an illustration of the wheel tread geometry of the tractor wheel,

in accordance with certain example embodiments.
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DETAILED DESCRIPTION

[OH008] While the making and using of various embodiments of the present disclosure are
discussed in detail below, it should be appreciated that the present disclosure provides many
applicable inventive concepts, which can be embodied in a wide variety of specific contexts.
The specific embodiments discussed herein are merely tllustrative and do not delimit the scope
of the present disclosure. In the interest of clanity, not all features of an actual implementation
may be described in the present disclosure. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must
be made to achieve the developer’s specific goals, such as compliance with system-related and
business-related constraints, which will vary from one implementation to another. Moreover, it
will be appreciated that such a development effort might be complex and time-consuming but
would be a routine undertaking for those of ordinary skill in the art having the benefit of this

disclosure.

{0009] Traditional tractor wheels used in downhole tractors are fixed o the frame of the
tractor and are unidirectional. The tread of the tractor wheels can become overly wormn with this
static configuration causing the tractor to lose traction. This can significantly limit the range of
the downhole tractor. Typically, the wheels are fresh and sharp at the beginning of the
convevance and provide ample traction. As the tractor moves further downhole, the wheels

experience more wear and the available traction drops.

{0010] The systems, devices, and methods presented hersin maintain traction of downhole
tractors so as to achieve a longer tractoring distance when used for running tools or devices
downhole into a weltbore. These systems, devices, and methods describe a tractor wheel having
a wheel tooth geometry which enhances traction with casing wall in both rotational directions

{0 propel the tractor forward. The directionality of the tractor wheels is complemented by the
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actuation direction of an actuator or actuators that control the position of the iractors wheels.
The tractor wheels can firsi rotate in one direction uniil the iraction 18 low. After which, the
rotation of the wheels is changed so that traction can be improved. By hamessing the {raction of
the wheel in both directions, the range of the tractor 1s greaily enhanced. The range of the
downhole tractor can be doubled, which doubles the tractoning distance of any existing {raciors.
Double acting hvdraulic actuator or actuators are used in the tractor allowing actuator arros to
extend in both directions of the tractor. The reciprocating motion of the actuator can also be

achieved by other means such as a ballscrew, leadscrew and rack and pmion.

{0011] Referning to Fig 1, iHlustrated 1s a well site utilizing a downhole tractor for well site
mitervention, in accordance with certain ernbodirents, denoted generally as 10. The well site 10
mcludes well casing 12 within a wellbore within a formation, a runner and control umt 14,
runner string 16, a rumner tool 18 for well intervention, and adjustable tractor wheels 22A and
22B. The downhole tractor 20 includes a first and second set of adjustable tractor wheels 22A
and 228. The tractor wheels 22A and 22B engage with the casing 12 and have a tread that
mproves 30 that the tractor 20 can more effectivelv traverse the casing 12 when tractoring non-
vertically. Over time, the tread of the tractor wheels 22A and 228 wears down enough that the
tractor 20 either stalls completely or slows significantly. The tractor wheels 22A, 22B can be
switched at this point so that the wheels {rack in different directions. The runner and control unit

14 can trigger the wheels to track in different directions.

{0012] Referring now to Fig. 2, illustrated are tractor wheel 22A and 22B and actuator
assemblies 304, 30B, in accordance with certain example embodiments. Assemblies 30A, 30B
can include actuators and actuator arms coupled to the tractor wheels 22A and 22B. Although,
it should be understood that the actuators can be coupled directed to the tractor wheels 38, 40.

it should also be understood that each actuator assembly 30A, 30B can be coupled to multiple
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tractor wheels. So, attached to assembly 30A, 30B can be multiple tractors wheels 22A, 22B
aligned in sentes along an axle 32, 34 of the assembly 304, 30B. The reciprocation of the tractor
wheels can be responsive (o any {ype of actuator, e.g hyvdraulic, pneumatic, or electric. The
actuators 30, 32 can be activated by the runner control unit 14 either through power and control
lines ran with the running string 16 or wirelessly. It should also be understood that the wheels
can be coupled directly to the actuators. In addition, the actual number of tractor wheels 22A,
228 per downhole tractor 20 can vary depending on requirements. It should also be understood
that one actuator can be used to move multiple wheels.

»

{0013] Referrning now to Fig. 3, llustrated is tractor wheel 22, in accordance with certain
example embodiments. Tractor wheel 22 includes a geometry that improves the traction of the
downhole tractor 20. The geometry includes a tread 40 that has a saw like or bifurcated tracks.
The tread 40 includes sharp edges that can either be the leading or traling edge depending on
the wheel’s position in the downhole tractor 20. After enough wear, the wheel 22 will begin to
stip and the actuator 30 can be actuated so that the leading edge becomes the trailing edge and
the trailing edge becomes the leading edge. As illustrated in Fig. 4A, the tread 40 includes a
sharp leading edge that over time can become dull, see Fig. 4B, and, therefore, less effective in
getting the traction needed to effectivelv move the tractor 20. Once the iractor 20 begins to slip,
the aciuators 30 can be actuated {o change the position of the wheels 22 and, therafore, the
rotation of the wheels 22. The wheels are typically made owt of metals with high yield strength
and high toughness. The teeth or thread on the wheels can be surface hardened to improve wear

resistant and prolong the life of the wheel.

{001 4] The example systems, methods, and acts desciibed in the embodiments presented
previously are illustrative, and, in alternative embodiments, certain acts can be performed in a

different order, in paraliel with one another, omitted entirely, and/or combined between different
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example embodiments, and/or certain additional acts can be performed, withowt departing from
the scope and spirit of various embodiments. Accordingly, such alternative embodiments are

included in the description herein

[B015] As used herein, the singular forms “a”, “an” and “the” are intended to include the
plural forms as well, anless the context clearly indicates otherwise. Tt will be further understood
that the termos “comprises”™ and/or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other feahures, integers, steps, operations,
elements, components, and/or groups thereof. As used herem, the term “and/or” includes any
and all combinations of one or more of the associated listed items. As used herein, phrases such
as “between X and Y and “between about X and Y™ should be interpreted to include X and Y.
As used herein, phrases such as “between about X and Y™ mean “between about X and about

Y. As used herein, phrases such as “from about X to ¥ mean “from about X 10 about ¥.”

[0016] The above-disclosed embodiments have been presented for purposes of lustration
and to enable one of ordinary skill in the art to practice the disclosure, but the disclosure is not
intended to be exhaustive or imited to the forms disclosed. Many insubstantial modifications
and variations will be apparent to those of ordinary skill in the art without departing from the
scope and spirit of the disclosure. The scope of the claims is intended fo broadly cover the
disclosed embodiments and any such modification. Further, the following clauses represent
additional embodiments of the disclosure and should be considered within the scope of the

disclosure:

[0017] Clause 1, a downhole tracior for operational use in well casing of a wellbore, the

{ractor comprising: a tractor body for tracking the well casing comprising: at feast one actuator
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assembly actionable coupled to the tractor body; and at least one tracior wheel coupled to the at
least one actuaior assembly; wherein the acluator assembly is actionable to shifi the axis of

rotation of the tracior wheel;

[8018] Clause 2, the downhole tractor of claim | wherein there ts at least one tractor wheel

per actuator assembly;

[08019] Clause 3, the downhole tractor of clause 1 wherein the at least one tracior wheel

includes at least one serrated track for engaging the well casing;

{8020] Clause 4, the downhole tractor of clause 1 wherein the at least one tracior wheel
includes at least one bifurcated tract having a leading and {rathng edge for engaging the well

casing;

[0021] Clause 5, the downhgole tractor of clause 1 wherein the at least one actuator assembly
causes the at least one tractor wheel to switch from fraversing a first vertical plane of the well

casing 1o a second vertical plane of the well casing when actuated.

{0022] Clause 6, the downhole tractor of clause | wherein the at least one actuator assembly
in response to a first action causes the at least one tractor wheel to switch from traversing a first
vertical plan of the well casing to a second vertical plane of the well casing and in response to a
second action causes the at least one tractor wheel to switch from traversing the secound vertical
plane of the well casing to the first vertical plane;

[023] Clause 7, the downhole tractor of clause | further comprising: a plurality of tractor
wheels with at least one tractor wheel of the plurality 15 associated with a first group and at least
one other tractor wheel is associated with a second group; wherein the at least one actuator

assembly causes the first group to switch from fraversing a first vertical plane of the well casing
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1o a second vertical plane of the well casing when actuated and the second group from traversing

the second vertical plane of the well casing when actuated;

[0024] Clause 8, the downhole tractor of clause 7 wherein the actuator assembly causes the

switch simultanecusly.

[0025] Clause 9, the downhole tractor of clause 1 further comprising: a plurality of tractor
wheels; wherein the at least one actuator assembly causes the plurality of tractor wheels to
switch from traversing a {irst vertical plane of the well casing to a second vertical plane of the

well casing when actuated;

[026] Clause 10, a method of operating a downhole iractor in a well casing of g wellbore,
the method comprising: placing the tractor in the well casing: and driving the tractor down the
well casing; wherein the tractor comprises: a tractor body for tracking the well casing
comprising: at least one actuator assembly actionable coupled {o the tractor body, and at least
one tractor wheel coupled to the at least one actuator assembly; wherein the actuator assembly

is actionable 1o shift the axis of rotation of the {ractor wheel;
{0027] Clause 11, the method of clause 10 wherein there is at least one tractor wheel per
actuator assembly;
{0028] Clause 12, the method of clause 10 wherein the at least one tractor wheel includes at
least one serrated track for engaging the well casing;
[0029] Clause 13, the method of clause 10 wherein the at least one tractor wheel includes at
least one bifurcated tract having a leading and trailing edge for engaging the well casing;

g = O td bed g pad =
[030] Clause 14, the method of clause 10 wherein the at least one actuator assembly causes
the at least one tractor wheel to switch from traversing a first vertical plane of the well casing to

a second vertical plane of the well casing when actuated;
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{0031} Clause 15, the method of clause 106 wherein the at least one actuator assembly in
response to a first action causes the at least one tracior wheel to switch from traversing a first
vertical plan of the well casing to a second vertical plane of the well casing and in response o a
second action causes the at least one tractor wheel to switch from traversing the second vertical

plane of the well casing to the first vertical plane;

[8032] Clause 16, the method of clause 10 further comprising: a plurality of tractor wheels
with at least one tractor wheel of the plorality is associated with a first group and at least one
other tractor wheel 15 associated with a second group; wherein the at least one actuator assembly
causes the first group to swilch from traversing a first vertical plane of the well casing to a
second vertical plane of the well casing when actuated and the second group from traversing the

second vertical plane of the well casing;

{0033] Clause 17, the method of clause 16 wherein the actuator assembly causes the switch

simultaneously;

{0034] Clause 18, the method of clause 10 further comprising: a plurality of tractor wheels;
wherein the at least one actuator assembly causes the plurality of tractor wheels to switch from
traversing a first vertical plane of the well casing to a second vertical plane of the well casing

when actuated; and

{0035] Clause 19, a tractor wheel assembly for operational use in well casing of a wellbore,
the tractor wheel assernbly comprising: at least one actuator assembly actionable coupleable to
a tracior body; and at least one tractor wheel coupled to the at least one actuator assembly;

wherein the actuator assembly is actionable to shift the axis of rotation of the tractor wheel;

[0036] Clause 20, the tractor wheel assembly of clause 19 wherein the at least one tractor

wheel includes treads for engaging the well casing.
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[B037] The foregoing description of embodiments of the disclosure has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to limit the
disclosure (o the precise form disclosed, and modifications and variations are possible in light
of the above teachings or may be acquired from practice of the disclosure. The embodiments

were chosen and described in order to explain the principals of the disclosure and its practical

application to enable one skilled in the art to utilize the disclosure in various embodiments and
with various modifications as are suited to the particular use contemplated. Other substitutions,
modifications, changes and onussions may be made in the design, operating conditions and
arrangement of the embodiments without departing from the scope of the present disclosure.
Such modifications and combinations of the iHustrative ernbodiments as well as other
embodiments will be apparent to persons skilled in the art upon reference to the description. it

15, therefore, intended that the appended claims encompass any such modifications or

embodiments.
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What is claimed is:
I A downhole tractor for operational use in well casing of a wellbore, the tractor

CoMprising:
a tractor body for tracking the well casing coraprising;
at least one actuator assernbly actionable coupled to the tractor body; and
at least one tractor wheel coupled to the at least one actuator assembly;
wherein the actuator assembly 1s actionable to shift the axis of rotation of the tractor

wheel.

2. The downhole tractor of claim 1 wherein there is at least one tractor wheel per

actuator assemblv.

3. The downhole iractor of claim 1 wherein the at least one tractor wheel includes

at 1east one serrated track for engaging the well casing,

4. The downhole tractor of claim 1 wherein the at least one tractor wheel includes
at least one bifurcated tract having a leading and trailing edge for engaging the well casing.
5. The downhole tractor of claim 1 wherein the at Jeast one actuator assembly
causes the at least one tractor wheel to switch from traversing a first vertical plane of the well

casing 1o a second vertical plane of the well casing when actuated.

6. The downhole tractor of claim 1 wherein the at least one actuator assembly in

response to a first action causes the at least one tractor wheel to switch from fraversing a first
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vertical plan of the well casing to a second vertical plane of the well casing and in response to
a second action causes the at Jeast one tractor wheel to switch from traversing the second

vertical plane of the well casing to the first vertical plane.

-~

The downhole tractor of claim 1 further comprising:
a plurality of tractor wheels with at least one tractor wheel of the plurality 1s
associated with a first group and at least one other {ractor wheel 15 associated with a second
Sroup;

wherein the at least one actuator assembly causes the first group to swiich from
traversing a first vertical plane of the well casing to a second vertical plane of the well casing
when actuated and the second group from traversing the second vertical plane of the well

casing when actuated.

8. The downhole tractor of claim 7 wherein the actuator assembly causes the

switch simultaneously.

9. The downhole tractor of claim 1 further comprising:

a plurality of tractor wheels:

wherein the at least one actuator assembly causes the plurality of tractor wheels to
switch from traversing a first vertical plane of the well casing to a second vertical plane of the

well casing when actuated.

10. A method of operating a downhole tractor in a well casing of a wellbore, the

method comprising:
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placing the tractor in the well casing; and

driving the tractor down the well casing;

wherein the tractor comprises:
a tractor body for tracking the well casing comprising:
at least one actuator assembly actionable coupled to the tractor body, and
at least one tractor wheel coupled fo the at least one actuator assembly;

wherein the actuator assernbly is actionable to shift the axis of rotation of the tractor

wheel.

1t The method of claim 10 wherein there is at least one tractor wheel per actuator
assembly.

12. The method of claim 10 wherein the at least one tractor wheel includes at least

one serrated track for engaging the well casing.

13. The method of claim 10 wherein the at least one tractor wheel includes at least
one bifurcated tract having a leading and trailing edge for engaging the well casing.

14 The method of claim 10 wherein the at least one actuator assembly causes the
at least one tractor wheel (o switch from traversing a first vertical plane of the well casing o a

second vertical plane of the well casing when actualed.

1S, The method of claim 10 wherein the at least one actuator assembly in response

o a first acthion causes the at least one tractor wheel to switch from traversing a first vertical
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plan of the well casing to a second vertical plane of the well casing and in response {¢ a second
action causes the at least one tracior wheel to switch from traversing the second vertical plane

of the well casing to the first vertical plane.

i6. The method of claim 10 further comprising:

a plurality of tractor wheels with at least one tractor wheel of the plurality 1s associated
with a first group and at least one other tractor wheel 1s associated with a second group;

wherein the at least one actuator assembly causes the first group to switch from
traversing a first vertical plane of the well casing to a second vertical plane of the well casing

when actuated and the second group from traversing the second vertical plane of the well

casing.

17. The method of claim 16 wherein the actuator assembly causes the switch
simultaneously.

& The method of claim 10 further comprising:

a plurality of tractor wheels;
wherein the at least one actuator assembly causes the plurality of tractor wheels o
switch from traversing a first vertical plane of the well casing to a second vertical plane of the

well casing when actuated.

19, A tractor wheel assemibly for operational use in well casing of a wellbore, the
tractor wheel assembly comprising:

at least one actuator assembly actionable coupleable to a tractor body; and
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at least one tractor wheel coupled to the at least one actuator assembly;
wherein the actuator assembly s actionable to shift the axis of rotation of the tractor

whesl.

20, The tractor wheel assembly of claim 19 wherein the at least one tractor wheel

meludes treads for engaging the well casing,
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