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Abstract. The question of application of unmanned aerial vehicles (quadrocopters or multicopters) with electric drive for long-term
monitoring operations in territories with operating power system or electrified railroad transportation is considered. The disadvantage of
drones of this type is the limited capacity of the on-board battery, which implies the need to recharge it, i.e. to stop the flight and return the
aircraft to the base. The authors propose a constructive solution to this problem, which is based on a non-contact (induction) method of
charging during the flight of an aircraft due to the energy of the electromagnetic field arising from the flow of electric current in the high-
voltage wires of the power system or the contact network of railroads. For this purpose, an additional circular electric winding is installed
on board the aircraft, in which an electromotive force (EMF) is induced in the electromagnetic field during flight. This EMF is used to
charge the battery of the unmanned aerial vehicle. Also, in the proposed design of the unmanned aerial vehicle, solar panels are provided

for recharging the batteries during the flight during daylight hours.
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1. Introduction

The modern strategy of conducting military and
intelligence operations has shown high efficiency in the use of
unmanned aircraft systems. The use of unmanned aerial vehicles
(UAVs) is also actively being implemented for civilian purposes,
for example, in agriculture, environmental management, road and
rail transport, etc. [1-4].

This paper considers the issue of using a multi-rotor UAV
with an electric drive for long-term monitoring of infrastructure
facilities in territories with an operating power grid or electrified
railway transport.

Despite the rapid development of technologies in the
battery field, one of the disadvantages of multirotor-type UAVS is
the limited capacity of the battery, which implies the need for
frequent battery charging, which means that the UAV will stop
flying and landing at the base.

Various methods are used to increase the flight duration
of the UAV, such as installing additional batteries on board the
device, additional charging stations [5, 6], installing solar panels on
board [7], and wireless charging methods are actively being
developed [8-10].

2. Solution of the problem under consideration

We propose a constructive solution to this problem, which
is based on the wireless (induction) method of charging the UAV
battery during flight at the expense of the electromagnetic field
energy arising from the flow of electric current in the high-voltage
wires of the power system or railway contact network [11-14].

In the center of the UAV there is a supporting frame, and
to the side surface of which booms are attached. At the other ends
of the booms, electric motors are attached with fasteners. A power
battery is installed on the chassis, which is connected to the electric
motors via a speed controller. To the central part of the lower
surface of the supporting frame with the help of a hinge attached
swivel-tilt gyro- stabilised suspension with a video surveillance
device, Fig. 1.

To the bodies (Fig. 1) electric motors of the inner surface
of the inner surface is attached to a dimensional ring, on which is
located circular electric winding (REW). It is possible to locate the
REW both under the air screws and below them.

The electromagnetic field caused by the flow of
alternating electric current in the contact wire of the railway contact
network (high-voltage wires of the power system), according to the
law of electromagnetic induction, induces an electromotive force
(EMF) in the REW located on board the UAV (energy receiver), the
terminals of which are connected to the battery charging circuit.
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1 - framework; 2 - boom; 3 - fasteners; 4 - electric motors; 5 - air
propellers; 6 - chassis; 7 - battery; 8 - video surveillance device; 9 -
rotation sensor; 10 - pivot; 11 - gyrostabilised suspension; 12 - circular
electric winding (REW); 13 - electromagnetic field strength sensor.

Fig. 1. Design of a UAV with a charging winding side
view and top view

In case of battery charge decrease, the UAV approaches
the wires of the high-voltage line of the power system or railway
contact network, the location of which is determined by the operator
visually or their coordinates are included in the flight programme.
The approach occurs before the electromagnetic field strength
sensor is triggered at the moment of time when the electromagnetic
field strength in the sensor zone approaches 1 kV/cm, which is the
breakdown strength of moist air. The UAV "hovers" near the high-
voltage wire or continues to fly along it along a certain trajectory.
The latter condition is mandatory if the external magnetic field is
generated by a direct current. The battery charge control device
connects the charging REW through the battery charge control unit
to the terminals of the power batteries. Under the action of the
induced EMF in the UAV REW, and therefore in the battery, begin
to flow currents. In this way, the battery pack is recharged. When
the required charge level is reached, the control device disconnects
the REW from the battery pack - the charge stops. The UAV
continues with its mission
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3. Results and Discussion

To verify this method of wireless recharging of the
UAV Dbattery pack, experimental studies of the induced
electromotive force in the UAV REW were performed, Fig. 2. In
this case, the parameters of the REW were changed such as:
diameter (160mm and 320mm), the number of turns (300 and 600
turns), shape, cross-section of the wire. The external magnetic field
was created by an alternating electric current of 15 A, frequency
50Hz.It can be seen that this EMF has a shape approaching
sinusoidal (period 0.02s, which corresponds to the frequency of
50 Hz).

Fig.2. Induced EMF from an electromagnetic field source on a
REW model

Experimental studies have shown that for the specified
task it is more rational to use the REW of a larger diameter, and in
the induced EMF there are high-frequency components, which are
eliminated by LC-filters.

In the process of working on this project and confirming
the possibility of this method of charging the battery, both
analytical and numerical calculations were performed.

COMSOL Multiphysics 6.2 package was chosen as the
main tool for mathematical modelling. The calculation was carried
out by the finite element method, the geometry of the model is
shown in Fig. 3. The number of turns of the REW was determined
from the condition of providing the required value of the charging
voltage at the output at fixed values of the distance between the
high-voltage/contact wire of the contact network and the REW (h)
and longitudinal speed of the UAV flight (v). During the
calculations, h and v were varied. The flight speed was varied in the
range from 2 to 10 km/h.

During calculations it was assumed that sinusoidal current
with an amplitude value of 300 A and frequency of 50 Hz flows
along the contact wire. The results of calculations confirmed the
possibility of on-board battery charging by induction method.

The dependences of the magnitude of the induced EMF
on the number of turns of the REW at its different number of turns
were also obtained, Fig. 4. The dependence between these values
has a linear character. A full description of these studies is given in
[15, 16].

Modelling of the charge of UAV with REW from the
source of electromagnetic field, which is the contact network of
alternating current of electrified railways, has been performed.
When modelling took into account the presence in the contact
network supporting cable, which can flow a current of up to 50% of
the contact wire current, Fig. 5.

The obtained results show that the required value of the
induced EMF can be achieved both by selecting the diameter of the
REW and by changing the distance from the contact wire to the
REW of the UAV.
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1 —design area; 2 — contact/high-voltage wire; 3 — ring electrical
winding (REW)

Fig.3. Geometry of the mathematical model
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Fig. 4. Dependence of the magnitude of the induced EMF on the
number of turns of the REW

1 - design area; 2 - contact/high-voltage wire; 3— REW; 4 -
supporting cable

Fig.5. Geometry of the mathematical model

Studies show that the value of the induced EMF varies
depending on the position of the UAV relative to the contact
suspension of the catenary network. Energy transfer will be most
efficient if the UAV is positioned at the side of the contact wire, in
which case the value of the induced EMF will be~ 80 V. If the
UAV s located at the level of the supporting cable, the induced
EMF decreases to~ 73 V, Fig. 6.
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nduced EMF,V

Distance from the axis of the current-carrying conductors, m

1 - REW at the level of the contact wire; 2 - REW equidistant from
the contact wire and the supporting cable; 3 - REW at the level of the
supporting cable

Fig. 6. Dependence of the induced EMF in the REW on the
value of its distance from the conductor of the contact
network

Conclusion

1. The results of research and calculations confirm the
possibility of using this method of wireless recharging of the
UAV battery in the presence of a source of external
electromagnetic field.

2. The estimation of the magnitude of the induced
electromotive force in the UAV REW depending on its
parameters and geometric dimensions and location relative to
the source of the external electromagnetic field is performed.
3. This method can be recommended for increasing the time
of continuous UAV flight when monitoring long
infrastructural electrified objects.
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