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(57) Abstract: An unmanned aerial vehicle mountable to an aerial conductor of
an electricity transmission line to monitor a component. The unmanned aerial
vehicle has a body having a propulsion system to lift, lower, and navigate the
vehicle. A component monitoring tool is mounted to the body and is vertically
displaceable between a first position and a second position. The tool in the first
position is vertically spaced from the component. The tool in the second position
is engaged with the component. A displacement assembly is mounted to at least
one of the body and the tool and includes at least one displacement member to
displace the body and the tool along the conductor.
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UNMANNED AERIAL VEHICLE FOR MONITORING AN ELECTRICAL LINE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. provisional patent application No.
62/425,235 filed November 22, 2016, the entire contents of which are incorporated
by reference herein.

TECHNICAL FIELD

[0002] The application relates generally to electrical power lines and, more
particularly, to a vehicle and method for monitoring components of same.

BACKGROUND

[0003] It is sometimes necessary to inspect or monitor the components of aerial
electric power lines. For some power lines, these components are often disposed
very high above the ground, making them difficult to access. One technique for
accessing the remote component involves sending a robot along the power line.
Mounting the robot to the power line, particularly one that is disposed high above the
ground, is time-consuming and cumbersome. Another technique involves raising a
human technician from the ground or having the technician scale a neighbouring
structure in proximity to the component. This presents inherent hazards for the
technician, and often requires that the power line be shut off.

SUMMARY

[0004] In one aspect, there is provided an unmanned aerial vehicle mountable to an
aerial conductor of an electricity transmission line to monitor a component thereof,
the unmanned aerial vehicle comprising: a body having a propulsion system to lift,
lower, and navigate the vehicle; a component monitoring tool mounted to the body
and vertically displaceable between a first position and a second position, the tool in
the first position being vertically spaced from the component, the tool in the second
position being engaged with the component; and a displacement assembly mounted
to at least one of the body and the tool and comprising at least one displacement
member to displace the body and the tool along the conductor.
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[0005] In an embodiment, the component monitoring tool is vertically displaceable
with the body between the first and second positions.

[0006] In an embodiment, the displacement assembly is mounted to the body, the at
least one displacement member being suspended from the body and being vertically
displaceable relative thereto.

[0007] In an embodiment, the at least one displacement member is spaced from the
body in the first position, and the at least one displacement member is in proximity
to the body in the second position.

[0008] In an embodiment, the body has a motor coupled to the at least one
displacement member, the motor being operable to drive the at least one

displacement member between the first and second positions.

[0009] In an embodiment, the at least one displacement member in the second
position is disengaged from the conductor upon the tool being in the second position

and engaged with the component.

[0010] In an embodiment, the component monitoring tool is vertically displaceable
with respect to the body between the first and second positions.

[0011] In an embodiment, the displacement assembly is mounted to the tool and the
at least one displacement member is fixedly mounted to the tool to be vertically
displaced therewith.

[0012] In an embodiment, the at least one displacement member mounted to the
tool is operable to displace the body and the tool along the conductor upon the tool

being in the second position and engaged to the component.

[0013] In an embodiment, the at least one displacement member includes two
wheels mounted to the body and spaced apart from one another along a length of

the body, each wheel being independently vertically displaceable.

[0014] In another aspect, there is provided a method of positioning an unmanned
aerial vehicle relative to a component of an aerial conductor of an electricity
transmission line, the method comprising: positioning an unmanned aerial vehicle on
the conductor, the unmanned aerial vehicle having a component monitoring tool

2
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mounted thereto; displacing the unmanned aerial vehicle along the conductor until
the tool is disposed in proximity to the component; and lowering the tool toward the
component to engage the component with the tool.

[0015] In an embodiment, the method further includes raising the tool above the
component after engaging the component with the tool, and displacing the

unmanned aerial vehicle along the conductor.

[0016] In an embodiment, lowering the tool includes simultaneously lowering the
unmanned aerial vehicle and the tool toward the component.

[0017] In an embodiment, lowering the tool includes lowering the tool with respect to

a remainder of the unmanned aerial vehicle.

[0018] In an embodiment, lowering the tool includes lowering only the tool and

maintaining a remainder of the unmanned aerial vehicle stationary.

[0019] In an embodiment, lowering the tool includes supporting the unmanned
aerial vehicle with the tool engaged with the component.

[0020] In another aspect, there is provided an unmanned aerial vehicle mountable
to an aerial conductor of an electricity transmission line to monitor a component
thereof, the unmanned aerial vehicle comprising: a body having a propulsion system
to navigate the vehicle; and a component monitoring tool mounted to the body and
vertically displaceable between a first position and a second position, the tool in the
first position being vertically spaced from the component, the tool in the second
position being engaged with the component.

[0021] In an embodiment, the component monitoring tool is vertically displaceable
with the body between the first and second positions.

[0022] In an embodiment, the unmanned aerial vehicle further includes a
displacement assembly mounted to at least one of the body and the tool and
comprising at least one displacement member to displace the body and the tool

along the conductor.
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[0023] In an embodiment, the displacement assembly is mounted to the body, the at
least one displacement member being suspended from the body and being vertically

displaceable relative thereto.

[0024] In an embodiment, the at least one displacement member is spaced from the
body in the first position, and the at least one displacement member is in proximity

to the body in the second position.

[0025] In an embodiment, the body has a motor coupled to the at least one
displacement member, the motor being operable to drive the at least one

displacement member between the first and second positions.

[0026] In an embodiment, the at least one displacement member in the second
position is disengaged from the conductor upon the tool being in the second position

and engaged with the component.

[0027] In an embodiment, the component monitoring tool is vertically displaceable
with respect to the body between the first and second positions.

[0028] In an embodiment, the displacement assembly is mounted to the tool and the
at least one displacement member is fixedly mounted to the tool to be vertically

displaced therewith.

[0029] In an embodiment, the at least one displacement member mounted to the
tool is operable to displace the body and the tool along the conductor upon the tool

being in the second position and engaged to the component.

[0030] In an embodiment, the at least one displacement member includes two
wheels mounted to the body and spaced apart from one another along a length of
the body, each wheel being independently vertically displaceable.

DESCRIPTION OF THE DRAWINGS
[0031] Reference is now made to the accompanying figures in which:

[0032] Fig. 1A is a perspective view of an unmanned aerial vehicle mounted to a
component of an aerial conductor of an electricity transmission line, according to an
embodiment of the present disclosure;
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[0033] Fig. 1B is a side cross-sectional view of the conductor and the component of

the electricity transmission line of Fig. 1A,
[0034] Fig. 2A is side view of the unmanned aerial vehicle of Fig. 1A,

[0035] Fig. 2B is an enlarged view of a displacement assembly of the unmanned

aerial vehicle of Fig. 1A,

[0036] Fig. 3A is a perspective of the displacement assembly of the unmanned

aerial vehicle of Fig. 1A, being shown in a first position;

[0037] Fig. 3B is a perspective of the displacement assembly of the unmanned
aerial vehicle of Fig. 1A, being shown in a second position;

[0038] Fig. 4A is a perspective view of an unmanned aerial vehicle, according to

another embodiment of the present disclosure; and
[0039] Fig. 4B is side view of the unmanned aerial vehicle of Fig. 4A.
DETAILED DESCRIPTION

[0040] Figs. 1A and 1B illustrate an unmanned aerial vehicle 10 for monitoring a
component 11 of an aerial conductor 11B of an aerial electricity transmission line 12.
When landed thereon, the unmanned aerial vehicle 10 (sometimes referred to
herein as “UAV 10”) is supported by the aerial conductor 11B (sometimes referred to
herein simply as “conductor 11B”). As will be explained in greater detail below, the
UAV 10 helps a technician, positioned remotely from the component 11, to inspect
or monitor the component 11. The UAV 10 therefore contributes to the inspection,

monitoring, and/or maintenance of components 11 of transmission lines 12.

[0041] In Fig. 1B, the component 11 to be monitored by the UAV 10 is a sleeve or
connector 11A. The component 11 to be monitored can also be the current-carrying
or non-energised conductor 11B itself. The connector 11A is mounted about the
conductor 11B, and helps to connect together two different conductors 11B, as
shown in Fig. 1B. In alternate embodiments, the UAV 10 is used to monitor other
energized and non-energized components 11 of the transmission line 12, including,
but not limited to, connectors, splices, switching devices, mid-span or dead-end
sleeves joining two segments of the transmission line 12, spacers that maintain the
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right distances between adjacent transmission lines 12, or parts of the cable or
strands making up the transmission line 12 itself. The UAV 10 can therefore be
mounted on various configurations of the transmission line 12, including but not
limited to, a single conductor, an overhead ground wire, or bundles of two, three,
four, or more conductors. The UAV 10 can also be mounted on other types of power
lines, such as distribution lines, and is not restricted to being used on a transmission
line 12.

[0042] The aerial conductor 11B of the aerial transmission line 12 is elevated from a
ground surface. Conventional line monitoring requires line technicians to be raised
from the ground surface, or to climb upward, to position themselves in proximity to
the component 11. With very high aerial conductors 11B, such as those of high-
voltage aerial transmission lines 12, it is difficult to lift the technician to the
appropriate height, and there are risks associated with doing so. In contrast to this
conventional technique, the UAV 10 monitors the component 11 without having to
raise a human technician to the level of the transmission line 12, and without having
to deactivate an energised transmission line 12. The UAV 10 has flight capability. It
can therefore be piloted by the technician, who is positioned safely away from the
transmission line 12, to be brought to rest on the component 11 requiring
monitoring. Alternatively, the UAV 10 can be piloted by the technician to rest on the
conductor 11B in proximity to the component 11, and then displaced along the
conductor 11B in the direction of the component 11. The UAV 10 in Fig. 1A has a
body 20, a component monitoring tool 30 mounted to the body 20 to monitor the
component 11, and a displacement assembly 40 for displacing the UAV 10 along
the conductor 11B and positioning the component monitoring tool 30.

[0043] Referring to Fig. 1A, the body 20 forms the corpus of the UAV 10 and
provides structure thereto. The body 20 has a propulsion system 21 for providing lift
to the UAV 10 and directional control during flight. The body 20 can take any
suitable form to achieve such functionality. In the depicted embodiment, the body 20
has a housing 22 which contains the control unit of the UAV 10. The control unit
wirelessly transmits data to the technician or to a remote server, and receives
instructions therefrom. In alternate embodiments, the control unit provides
autonomous flight control to the UAV 10. The control unit has a processor that
processes the data communicated to and from the control unit, and runs algorithms

to help the UAV 10 function. Arms 23 extend outwardly from the housing 22 to rotor
6
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assemblies 24 of the propulsion system 21. A landing gear 25 is mounted on the
arms 23, and has lower opposed feet 27 for supporting the UAV 10 and maintaining
it upright when it is on a level surface. Weights/batteries 28 are provided on the
landing gear 25 adjacent to the feet 27 to lower the center of gravity of the UAV 10.
The lowered center of gravity of the UAV 10 provides it with improved stability and
balance when it is unsupported by a level surface, such as when it is resting on the
transmission line 12. Each of the rotor assemblies 24 includes one or more rotor
blades 24A and an electric motor 24B for driving the rotor blades 24A. The control
unit communicates with and coordinates the rotor assemblies 24 to generate lift for
the UAV 10 and to manoeuvre it during flight in response to the remote control
instructions provided by the technician. In the depicted embodiment, the propulsion
system 21 has a camera 29 to provide live visual feedback of the conductor 11B and
its components 11. This visual feedback is communicated by the control unit to the
technician, and helps the technician to navigate the UAV 10 relative to the conductor
11B and component 11. It will be appreciated that the body 20 is not limited to the
above-described configuration, and that other configurations for the body 20 are
within the scope of the present disclosure.

[0044] Referring to Fig. 2A, the component monitoring tool 30 (sometimes referred
to herein simply as “tool 30%) is used by for monitoring the state of the conductor
11B and/or the component 11, or taking measurements therefrom. Although shown
and described herein as being used primarily for diagnostic purposes, the tool 30 in
alternate embodiments is used for interventions on the conductor 11B and/or
component 11. These interventions include, but are not limited to, inspection, repair,
or other maintenance tasks. In the depicted embodiment, the tool 30 includes an
ohmmeter, and is used to measure the electrical resistance of the component 11
and/or conductor 11B. The electrical resistance of the component 11 is determined
by knowing or measuring the amperage in the conductor 11B and then measuring
the voltage drop due to the resistance of the component 11 being tested. It will be
appreciated that the electrical resistance of the component 11, typically expressed in
ohm (Q), is a measure of the difficulty of passing an electric current through the
component 11. If the component 11 generates greater electrical resistance, it may
be indicative that the component 11 is physically damaged, and thus requires further
inspection, repair, or replacement. The electrical resistance of the component 11

can also be used as a proxy for the state of physical degradation of the component

7
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11. In an alternate embodiment, the tool 30 includes a device for determining the
extent of galvanic protection on the conductor 11B and/or the component 11. In
another alternate embodiment, the tool 30 includes a X-ray device for capturing
images of the interior of the component 11. In yet another alternative environment,
the tool 30 includes an abrasive member for rubbing against an outer surface of the
component 11 to clean it. It can thus be appreciated that the tool 30 is not limited to
the depicted embodiment, and that other types of tools 30 for monitoring the
component 11 are within the scope of the present disclosure.

[0045] The tool 30 is mounted to, and removable from, the body 20. In the depicted
embodiment, the tool 30 is mounted to the underside portion 26 of the body 20, and
thus is disposed below the body 20. The tool 30 is mounted in a fixed relationship
with the body 20 such that there is no relative displacement between the tool 30 and
the body 20. This positioning of the tool 30 helps the technician to navigate the tool
30 toward the conductor 11B by simply lowering the UAV 10 onto the transmission
line 12. In alternate embodiments, the tool 30 is mounted elsewhere on the body 20,
and is not in a fixed relationship with the body 20.

[0046] The tool 30 engages with, and is disengaged from, the component 11. The
term “engage” refers to the ability to the tool 30 to directly abut against the
component 11, or to be in close proximity thereto, in order to effect the monitoring
operation. As will be described in greater detail below, the tool 30 is vertically
displaceable between a raised first position and a lowered second position. In the
depicted embodiment, the displacement assembly 40 mounted to the body 20
causes the vertical displacement of the tool 30. In alternate embodiments, and as
described in greater detail below, the tool 30 itself vertically displaces between the
first and the second positions. In the first position, the tool 30 is spaced from the
component 11 to be monitored. The tool 30 is in the first position during flight, and
when the UAV 10 is being displaced along the conductor 11B, for example. In the
second position, the tool 30 is engaged with the component 11 to effect the
monitoring operation. When the tool 30 is engaged with the component 11 in the

second position, the UAV 10 is resting or stationary on the conductor 11B.

[0047] Referring to Figs. 2A and 2B, in the depicted embodiment, the displacement
assembly 40 of the UAV 10 displaces the body 20 and the tool 30 along the

conductor 11B when the UAV 10 is resting thereon, and also helps the tool 30 to
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engage the component 11. The movement of the UAV 10 along the conductor 11B
is independent of the vertical movement of the tool 30 to and away from the
component 11. The displacement assembly 40 is mounted to one or both of the
body 20 and the tool 30. In the embodiment of Figs. 2A and 2B, the displacement
assembly 40 is mounted to only the body 20. The displacement assembly 40
includes one or more displacement members 41 to displace the body 20 and the
tool 30 along the conductor 11B toward and away from the component 11. In the
depicted embodiment, the displacement members 41 are wheels, and the
displacement assembly 40 is therefore sometimes referred to herein as a “wheel
assembly”. Other configurations of the displacement assembly 40 are also within the
scope of the present disclosure. For example, in an alternate embodiment, the
displacement assembly 40 includes displacement members 41 that are skids or
skates for displacing along the conductor 11B. It will therefore be appreciated that
references to “wheels” or “wheel assemblies” herein does not limit the displacement
assembly 40 to only having wheels. In yet another alternate embodiment, the UAV
10 does not have a displacement assembly 40, and is able to position itself on the
conductor 11B using only the propulsion system 21.

[0048] The displacement of the body 20 and the tool 30 is effected by electric
motors 42, each being engaged with a corresponding wheel 41, to drive the wheels
41 along the conductor 11B. In an alternate embodiment, the displacement of the
body 20 and the tool 30 along the conductor 11B is effected by the propulsive forces
generated by the rotor blades 24A of the propulsion system 21. The rotor blades
24A are coordinated by the control unit to propel the UAV 10 along the conductor
11B.

[0049] In addition to being displaceable along the conductor 11B, the wheels 41 are
independently vertically displaceable or adjustable relative to the body 20 of the
UAV 10. More particularly, the wheels 41 are moveable towards the body 20, and
away therefrom. This relative movement of the wheels 41 helps to displace the tool
30 to engage the component 11, and to be displaced between the first and the
second positions described above. The independent displacement of the wheels 41
is more clearly shown in Fig. 2A where one wheel 41 is positioned on the
component 11 higher than the other wheel 41 positioned on the conductor 11B.
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[0050] Each wheel assembly 40 can have any configuration to achieve such
functionality. For example, the wheel assembly 40 shown in Fig. 2B is mounted to
the body 20. More particularly, the wheel assembly 40 includes a frame 43 mounted
in fixed relationship to a cross-beam 20A of the body 20. The frame 43 includes one
or more vertical displacement arms 44 which guide the vertical displacement of the
wheel 41. A bracket 45 attaches the wheel 41 to the displacement arm 44 and
facilitates vertical displacement of the wheel 41 with respect to the displacement
arm 44. The bracket 45 has guide rollers 46 which engage an outer surface of the
displacement arm 44 to guide vertical displacement of the wheel 41. The electric
motor 42 is shown housed within a hollow transverse axle 47 of the wheel 41 and is
mounted therein with suitable bearings. The electric motor 42 propels the wheel 41

for displacement along the conductor 11B.

[0051] The wheel 41 is suspended from the body 20. In the depicted embodiment,
the wheel 41 is connected to a suspension arm 48 having a spring device 49 used
to cushion the body 20 by compression, thereby absorbing the landing impact of the
UAV 10 on the conductor 11B. The suspension arm 48 is linked to an actuation arm
50 connected to a servomotor 51 that is fixed to the cross-beam 20A. To displace
the wheel 41 in downward direction D1 away from the body 20, the servomotor 51
rotates the actuation arm 50 downward in order to push the suspension arm 48 and
the wheel 41 downward. To displace the wheel 41 in upward direction D2 toward the
body 20, the servomotor 51 rotates the actuation arm 50 upward in order to pull the
suspension arm 48 and the wheel 41 upward. The displacement of the wheel 41 in
the upward direction D2 toward the body 20 is constrained to prevent the wheel 41
from impacting the body 20. In the depicted embodiment, the wheel 41 has upper
and lower V-shaped sections 41A that define a central groove 41B to receive and
mate with the conductor 11B and/or the component 11, and to more stably guide the
displacement of the wheel 41 along the conductor 11B. Other configurations of the
displacement or wheel assembly 40 are within the scope of present disclosure, at
least one of which is described in greater detail below.

[0052] The vertical displacement of the wheels 41 relative to the body 20 of the
UAV 10 is more clearly shown in Figs. 3A and 3B. Fig. 3A shows the wheels 41 and
the tool 30 in the first position. In the first position, the wheels 41 are spaced furthest
away from the underside portion 26 of the body 20, and the tool 30 is spaced apart

from the component 11. The first position is the default position for the wheels 41
10
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and the tool 30. Some examples of operating modes in which the wheels 41 and the
tool 30 are in the first position include flight, in which the wheels 41 are suspended
below the body 20, and the tool 30 is not in proximity to the conductor 11B or the
component 11. Another operating mode includes displacement of the UAV 10 along
the conductor 11B where the wheels are in contact with the conductor 11B, by using
the motors 42 of the wheels, or by using the propulsion energy from the propulsion

system 21.

[0053] Fig. 3B shows the wheels 41 and the tool 30 in the second position. In the
second position, the wheels 41 are spaced closest to the underside portion 26 of the
body 20, and the tool 30 is engaged with the conductor 11B or component 11. In the
depicted embodiment, the tool 30 includes an ohmmeter that abuts against an
external surface of the component 11 (which is the conductor 11B, in the depicted
embodiment). The second position is adopted when the technician wishes to lower
the tool 30 to engage the component 11 to effect the monitoring operation. During
flight, the technician commands the UAV 10 to generate less lift, which causes the
wheels 41 to descend toward the conductor 11B. The UAV 10 continues descending
until the wheels 41 abut against the conductor 11B, thereby supporting the weight of
the UAV 10. The technician can then command the UAV 10 to shut off the rotor
blades 24A so that the UAV 10 rests on the conductor 11B. To engage the tool 30
on the conductor 11B or component 11, the technician commands the servomotors
51 to rotate the actuation arms 50 upward in order to bring the wheels 41 closer to
the body 20, so that the distance between the underside portion 26 of the body 20
and the wheels 41 becomes smaller. This has the effect of lowering the body 20 and
the tool 30 closer to the component 11 to engage same. The tool 30 is then
engaged with the component 11, and can perform the monitoring operation. The
wheels 41 are disengaged from the outer surface of the conductor 11B when the
tool 30 is engaged with the component 11 in the second position. The weight of the
UAV 10 is therefore being supported entirely by the tool 30. The disengagement of
the wheels 41 from the conductor 11B also prevents the UAV 10 from being
displaced along the conductor 11B while the tool 30 is performing the monitoring

operation. This contributes to the safe operation of the UAV 10.

[0054] The wheels 41 and the tool 30 can be displaced multiple times between the
first and the second positions. For example, in an embodiment, when the UAV 10 is

inspecting the component 11, it must take multiple measurements on and about the
11
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component 11. In the embodiment where the component 11 is a sleeve, the UAV 10
is displaced and then lowered over the conductor 11B to take a control
measurement thereof. The UAV 10 is then raised, and displaced along the
conductor 11B to one end of the sleeve 11, and lowered to take a second
measurement. Finally, the UAV 10 is again raised and displaced along the
conductor 11B to take a final measurement at the other end of the sleeve 11.

[0055] Figs. 4A and 4B show another embodiment of the UAV 110. The UAV 110 is
identical to the UAV 10 described above except for the component monitoring tool
130 mounted to the body 20. Therefore, similar components to the UAV 10 will not
be described again, and similar reference numbers will be used in Figs. 4A and 4B.
The component monitoring tool 130 is mounted to be vertically displaceable relative
to the body 20. The tool 130 in the depicted embodiment is used to inspect or
monitor the conductor 11B. The tool 130 helps to determine the condition of the
galvanic protection on the conductor 11B, and can be used when the conductor 11B
is energized or not. The tool 130 helps to accurately measure the thickness of the
layer of zinc across an entire span, detecting anomalies caused by corrosion with a
minimum of sampling. The data collected by the tool 130 can be used to calculate
line degradation and help evaluate its remaining service life.

[0056] As shown in Fig. 4A, the tool 130 has closure members 132 which are
mechanized to close about the external surface of the conductor 11B without
abutting directly against the external surface of the conductor 11B. The closure
members 132 are thus able to center the conductor 11B between them. In the
depicted embodiment, the closure members 132 are doors which are pivotable
about a hinge. The tool 130 has a mounting body 134 which is mountable to the
underside portion 26 of the body 20, and displaceable with respect thereto. Stated
differently, the tool 130 in the depicted embodiment is itself vertically displaceable
relative to the body 20 of the UAV 110.

[0057] The tool 130 has its own displacement assembly 140, which is mounted
thereto. The displacement assembly 140 is used in addition to the displacement
assembly 40 described above. In an alternate embodiment, the UAV 110 only has
one displacement assembly 140, which is mounted to the tool 130, and does not
have the displacement assembly 40. The displacement assembly 140 is fixedly

mounted to the mounting body 134 and displaceable therewith. In the first position,

12



WO 2018/094514 PCT/CA2017/051385

where the tool 130 is suspended freely above the conductor 11B, the wheels 141 of
the displacement assembly 140, as well as the tool 130, are spaced furthest away
from the underside portion 26 of the body 20.

[0058] In the second position, the wheels 141 are spaced closest to the underside
portion 26 of the body 20, and the tool 130 is engaged with the conductor 11B. The
second position is adopted when the technician engages the tool 130 on the
conductor 11B to effect the monitoring operation. In order positon the tool 130 about
the conductor 11B, the UAV 110 is lowered until the wheels 141 of the tool 130
engage the conductor 11B. The wheels 141 of the displacement assembly 140 enter
into contact with the conductor 11B. As the UAV 110 is further lowered, the wheels
141 are displaced upwardly by the conductor 11B because the tension in the
conductor 11B pushes upwardly against the wheels 141. The wheels 141 are
therefore brought closer to the underside portion 26 of the body 20. The wheels 141
are fixedly attached to the tool 130, and thus the upward movement of the wheels
141 causes the tool 130 to also be displaced vertically upward relative to the body
20. Stated differently, the distance between the underside portion 26 of the body 20
and the mounting body 134 of the tool 130 becomes smaller. The closure members
132 are now positioned to be closed about the conductor 11B.

[0059] In the second position, the wheels 141 of the displacement assembly 140
remain engaged with the conductor 11B. It is therefore possible to displace the UAV
110 along the conductor 11B with the wheels 141 while the closure members 132 of
the tool 130 are engaged around the conductor 11B to monitor it. In the depicted
embodiment, therefore, the displacement of the vehicle 110 along the conductor
11B is performed by the tool 130 and its displacement assembly 140.

[0060] There is also disclosed a method of positioning the unmanned aerial vehicle
10,110 relative to the component 11. The method includes positioning the UAV
10,110 on the conductor 11B and displacing the UAV 10,110 along the conductor
11B until the component monitoring tool 30,130 is disposed in proximity to the
component 11. The method also includes lowering the tool 30,130 toward the

component 11 to engage the component 11 with the tool 30,130.

[0061] It can be appreciated that the UAV 10,110 disclosed herein allows for the
relatively easy, safe, and reproducible monitoring of a component 11 of an

13
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energised high or low voltage aerial electricity conductor 11B of a transmission line
12. The UAV 10,110 eliminates the need for a human technician to be raised to the
level of the component 11, thereby improving the safety of the monitoring operation

and reducing its complexity.

[0062] The displacement assembly 140 disclosed herein allows for the passive
adjustment of the tool 130 relative to the conductor 11B. Indeed, the displacement
assembly 140 allows the UAV 110 to be lowered so as to position the tool 130 to
engage the component 11, and the wheel assemblies 140 return automatically to a
default position when the tool 130 is no longer engaged with the conductor 11B.

[0063] The above description is meant to be exemplary only, and one skilled in the
art will recognize that changes may be made to the embodiments described without
departing from the scope of the invention disclosed. For example, although the
expression “unmanned aerial vehicle” is used herein, the UAV 10,110 may also be
referred to as a “drone”, a “remotely piloted aircraft”, an “unmanned aerial system”,
and other like terms. Still other modifications which fall within the scope of the
present invention will be apparent to those skilled in the art, in light of a review of
this disclosure, and such modifications are intended to fall within the appended

claims.

14
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CLAIMS

1.  An unmanned aerial vehicle mountable to an aerial conductor of an electricity
transmission line to monitor a component thereof, the unmanned aerial vehicle

comprising:
a body having a propulsion system to lift, lower, and navigate the vehicle;

a component monitoring tool mounted to the body and vertically
displaceable between a first position and a second position, the tool
in the first position being vertically spaced from the component, the
tool in the second position being engaged with the component; and

a displacement assembly mounted to at least one of the body and the tool
and comprising at least one displacement member to displace the

body and the tool along the conductor.

2. The unmanned aerial vehicle as defined in claim 1, wherein the component
monitoring tool is vertically displaceable with the body between the first and

second positions.

3. The unmanned aerial vehicle as defined in claim 1 or 2, wherein the
displacement assembly is mounted to the body, the at least one displacement
member being suspended from the body and being vertically displaceable

relative thereto.

4. The unmanned aerial vehicle as defined in claim 3, wherein the at least one
displacement member is spaced from the body in the first position, and the at
least one displacement member is in proximity to the body in the second

position.

5. The unmanned aerial vehicle as defined in claim 4, wherein the body has a
motor coupled to the at least one displacement member, the motor being
operable to drive the at least one displacement member between the first and

second positions.

6. The unmanned aerial vehicle as defined in any one of claims 1 to 5, wherein the
at least one displacement member in the second position is disengaged from

15
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10.

11.

12.

13.

the conductor upon the tool being in the second position and engaged with the
component.

The unmanned aerial vehicle as defined in claim 1, wherein the component
monitoring tool is vertically displaceable with respect to the body between the
first and second positions.

The unmanned aerial vehicle as defined in claim 7, wherein the displacement
assembly is mounted to the tool and the at least one displacement member is
fixedly mounted to the tool to be vertically displaced therewith.

The unmanned aerial vehicle as defined in claim 8, wherein the at least one
displacement member mounted to the tool is operable to displace the body and
the tool along the conductor upon the tool being in the second position and

engaged to the component.

The unmanned aerial vehicle as defined in any one of claims 1 to 9, wherein the
at least one displacement member includes two wheels mounted to the body
and spaced apart from one another along a length of the body, each wheel
being independently vertically displaceable.

A method of positioning an unmanned aerial vehicle relative to a component of
an aerial conductor of an electricity transmission line, the method comprising:

positioning an unmanned aerial vehicle on the conductor, the unmanned
aerial vehicle having a component monitoring tool mounted thereto;

displacing the unmanned aerial vehicle along the conductor until the tool is

disposed in proximity to the component; and

lowering the tool toward the component to engage the component with the

tool.

The method as defined in claim 11, further comprising raising the tool above the
component after engaging the component with the tool, and displacing the
unmanned aerial vehicle along the conductor.

The method as defined in claim 11 or 12, wherein lowering the tool includes
simultaneously lowering the unmanned aerial vehicle and the tool toward the

component.
16
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14.

15.

16.

17.

18.

19.

20.

21.

The method as defined in claim 11 or 12, wherein lowering the tool includes
lowering the tool with respect to a remainder of the unmanned aerial vehicle.

The method as defined in claim 11 or 12, wherein lowering the tool includes
lowering only the tool and maintaining a remainder of the unmanned aerial
vehicle stationary.

The method as defined in any one of claims 11 to 15, wherein lowering the tool
includes supporting the unmanned aerial vehicle with the tool engaged with the
component.

An unmanned aerial vehicle mountable to an aerial conductor of an electricity
transmission line to monitor a component thereof, the unmanned aerial vehicle

comprising:
a body having a propulsion system to navigate the vehicle; and

a component monitoring tool mounted to the body and vertically
displaceable between a first position and a second position, the tool
in the first position being vertically spaced from the component, the
tool in the second position being engaged with the component.

The unmanned aerial vehicle as defined in claim 17, wherein the component
monitoring tool is vertically displaceable with the body between the first and
second positions.

The unmanned aerial vehicle as defined in claim 17, further comprising a
displacement assembly mounted to at least one of the body and the tool and
comprising at least one displacement member to displace the body and the tool
along the conductor.

The unmanned aerial vehicle as defined in claim 19, wherein the displacement
assembly is mounted to the body, the at least one displacement member being
suspended from the body and being vertically displaceable relative thereto.

The unmanned aerial vehicle as defined in claim 20, wherein the at least one
displacement member is spaced from the body in the first position, and the at
least one displacement member is in proximity to the body in the second
position.

17
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22.

23.

24.

25.

26.

27.

The unmanned aerial vehicle as defined in claim 21, wherein the body has a
motor coupled to the at least one displacement member, the motor being
operable to drive the at least one displacement member between the first and

second positions.

The unmanned aerial vehicle as defined in any one of claims 19 to 22, wherein
the at least one displacement member in the second position is disengaged
from the conductor upon the tool being in the second position and engaged with

the component.

The unmanned aerial vehicle as defined in claim 19, wherein the component
monitoring tool is vertically displaceable with respect to the body between the

first and second positions.

The unmanned aerial vehicle as defined in claim 24, wherein the displacement
assembly is mounted to the tool and the at least one displacement member is
fixedly mounted to the tool to be vertically displaced therewith.

The unmanned aerial vehicle as defined in claim 25, wherein the at least one
displacement member mounted to the tool is operable to displace the body and
the tool along the conductor upon the tool being in the second position and

engaged to the component.

The unmanned aerial vehicle as defined in any one of claims 19 to 26, wherein
the at least one displacement member includes two wheels mounted to the
body and spaced apart from one another along a length of the body, each

wheel being independently vertically displaceable.

18
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