E3S Web of Conferences 549, 04014 (2024) https://doi.org/10.1051/e3sconf/202454904014
TransSiberia 2024

Technical and economic justification of the
of multirotors for monitoring rai
infrastructure

Natalia Drivolskaya'” and Alexsander Rogov'
1 Emperor Alexander I St. Petersburg State Transport University, 19003

Abstract. Objective: To research the economic
experimental model of an electric-powered

method, system approach, comparative
the technical and economic justiﬁcati

improve the quality of mo
infrastructure. The methodolo
undeniable advantages, drawb
advantages of UAV

ovided, along with the
to eliminate them. The
eir application areas are
he obtained results can be used for
d for further developments in the
athering in the transport sector.

ing need for technical specialists to develop and implement UAVs with
time for continuous observation and maximum task execution at minimal
mg with innovation imperatives and opening new economic opportunities [3, 4].
Modern UAVs trace their roots back to the development of aerial torpedoes nearly 95
ears ago. Efforts continued during the Korean War, with military services experimenting
missions, sensors, and munitions to provide combat and reconnaissance support. In the
modern era, the development of UAVs can be traced back to World War 1. The interwar
period, World War II, and subsequent years ultimately led to the development of cruise
missiles, such as the Harpoon and Tomahawk, aerial targets, and the current family of UAVs.
UAVs have the capability to provide real-time information to the operator.
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2 Methods and materials

To address this issue, it is proposed to create and test an experimental model of an innovative
multirotor UAV with electric propulsion characterized by unlimited flight time under
laboratory conditions.

The innovative UAV is proposed to be used for continuous monitoring of the technical
condition of railway infrastructure, including the timely detection of faults in the cg

transportation [5, 6].

The high cost and capital intensity of railway infrastructure requir
specific mechanisms to ensure its quality and timely maintenance, re
development with the involvement of the state and private invest

attached to the UAV, which allows for the generation o
flight in an electromagnetic field created by the tracti i contact wire of the

appearance of an induced electromotive force (

ring winding, allowing the charging of the batter 's flight [9].

3 Results ‘

The use of UAVs for continug i ows for the timely detection of faults [10] or
intruders with minimal g@5ts, ¢ i ae prompt rectification of defects or the
implementation of other i Sgfe movement.

several factors:
maneuverabilit
high-quality j

d reliability of the design; compactness and high
gver the monitoring object for obtaining more detailed and

undeniable advantages, multirotor UAV complexes have certain
ich is the limited flight radius (flight time) due to the small capacity of

city, but this is not always applicable, as it leads to an increase in the UAV's
weight. Another solution is to use propellers with variable pitch angles, which requires
ecial equipment for controlling the propeller position and a unique propeller design,
Iting in more complex construction, reduced reliability, and worsened dimensional
specifications. Another idea for enhancing flight duration is the installation of photovoltaic
converters on the UAV, which convert photon energy into electrical energy to charge the
battery, but this method is only effective during daylight hours.

In addition, to increase the overall flight duration, the idea of creating intermediate
recharging or battery replacement bases - drone ports, has been proposed. However, this
method requires the design, production, and placement of separate facilities for
recharging/replacing batteries, which increases the cost of monitoring, establishment of a
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security zone around the drone port and regular technical maintenance. Is this method
necessary?

For the continuous monitoring of infrastructure objects in railway transportation and other
listed issues using multirotor UAVs, the following solutions are proposed by the authors:

1) Application of a contactless battery charging method to increase the duration of
continuous operation without returning to the base;

2) Development of technical solutions and installation of additional charging statign
UAYV battery charging at traction substations and other power facilities.

To achieve the set goal, the following tasks are addressed:

air power lines (AC or DC);
2) Providing on-board battery charging during UAV flights throu,
charging stations [11] installed at secured railway infrastructure
time appearing in the train schedule.
To address these tasks, the authors propose equipping t
winding (coil) for contactless battery charging using the
energy of the electromagnetic field of the contact netw:

flight near the source of the electromagnetic
continuous flight.
charging/l12] of UAV batteries, as
explained above, a method for charging i eci d charging stations without

in the contact network i ipient, as well as the potential for monitoring
railway infrastructure i g sessible conditions, law enforcement and protection

ental protection, through the organization of monitoring of landfills,
subsoil, forests, river basins [14], control of protected resources, and fishing

activities;
* Border control, with the organization of continuous monitoring of border areas for
uthorized crossings, protection of objects, and reconnaissance activities.

4 Discussion

The economic feasibility of implementing the developed UAV implies a reduction in the
magnitude of losses from train delays on the section due to the rupture of the contact wire,
particularly from icing. The data studied by the authors from the Oktyabrskaya Railway,
taking into account the average annual refinancing rates of the Central Bank of Russia,
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indicated estimated losses as of the end of 2023 in terms of downtime per hour, as presented
in Table 1.

The sustainability of the growth of productive forces and the provision of economic
security to the country depend on the implementation of competitive innovative technologies
in transportation systems. [15]

Table 1. Losses due to downtime of the Oktyabrskaya railway, rubles per 1 hour

Type of rolling stock Amount of loss
Electric train "Sapsan" 26455
Electric train "Lastochka" 7737
Commuter electric trains 5524
Long-distance trains 4451
Freight trains 4648
Total 48815
Considering that the minimum passing interval for electri trains
per 1 hour, and the average time required to eliminate the 2 hours

P=s- )

Where, s - the cost of an hour delay of a particul
t - the delay time, in 1 hour;

n - the number of trains following the sta,

The approximate amount of losses f

P=26455-2-147737-2-1+5524-2-4+4

According to the Oktyabrskaya Ra11

of responsibility — 240 k

Applying formula \
(167564*4) rubles ; ated cost of the proposed UAV for 2023 is 150
thousand rubles. e calculation of the expected annual economic effect Or and
Economic effi e introduction of a UAV of a new design, produced

3F=ZC-XQi—EHXK V)

Dy = ®

dard payback factor, for railway transport E, = 13.8;
st of the “i” component of the economy, thousand rubles;
e volume of the “i” component of the economy, thousand rubles.

3=167.564-4-0.138-150=649.556 thousand rubles.
649.556

5, =220 100% = 204.549
% = 167564 + 150 < 100% %

5 Conclusion

Thus, the introduction of unmanned technologies in monitoring railway transport
infrastructure allows to obtain an annual economic effect in the amount of 650,006 thousand
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rubles with high economic efficiency and a payback period of less than six months (0.49
years).
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