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UDC 629.73.064.5
A.G. Kapustin, O.G. Karachun 

Belarusian State Academy of Aviation
INCREASING FUNCTIONALITY OF PROTECTION ALGORITHMS FOR ELECTRIC 

SUPPLY SYSTEM OF AIRCRAFT WITH FULLY ELECTRIFIED EQUIPMENT

Based on a comparative assessment of the performance and features of the protection 
algorithms of the aviation electric supply system (ESS) of aircraft with fully electrified equipment 
(AFEE), methods are proposed for expanding the functionality of the algorithms of protection 
systems for AC ESS of alternating current and its elements, taking into account the requirements for 
AFEE and their onboard equipment. 

It is proposed to introduce an additional measurement cycle of controlled parameters [1] 
in order to ensure high noise immunity and eliminate false alarms in the algorithm for protecting the 
generation channel (GC) and the ESS from breaks and short circuits [1]. At the same time, 
the analysis of the technical condition of the generation channel will be:

A (1)

where T = 3 + 3 – the duration of the cycle for measuring controlled parameters; 
, – phase voltage and current measurement time, respectively [2, 3].

Improving the speed of protection against short circuits and breaks in the feeder of the 
generator is achieved by implementing the following conditions:

u V 1iY X X GC is working; (2)

u V 0iY X X CG failure, (3)

where: u

1, U 90V;
X

0, U 90V;

i

1, i 0;
X

0, i =0.
When solving equation Y (after measuring the voltage and current of each phase of the 

generator), the detection time for these types of failures is: 

A = (0,4 – 1,0)T.                                                               (4)

Similarly, when using information about changes in the controlled coordinate and 
disturbances operating in the ESS, an algorithm is developed for protecting the GC from 
unacceptable deviations of the current frequency [2, 3, 4]. In this case, the determining diagnostic 
feature is: Z = X X X , (5)

where: X = 1,     f f f ;0,     f f < f ;
X = 1,      didt ;0,      didt > ;
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  X = 1,    ddt ;0,    ddt > ;
fj, fN – current and rated value of frequency of alternating current;

– rotation frequency of constant drive shaft;
i A + iB + iC) – average value of the load current of the generator phase.

i, – maximum perturbations at which the current frequency does not exceed permissible limits [5].
When using the defining diagnostic feature (5) to build the protection of the generation 

channel from unacceptable deviations of the current frequency, the working conditions of the GC 
are presented in the following form:

Zf=1 – GC is working,                                                       (6)

Zf=0 – CG failure.                                                            (7)

The effectiveness of these solutions is confirmed by simulation modeling of ESS operation 
modes in the MatLab environment. 

An analysis of the simulation results allows us to conclude that the use of these algorithms 
opens up the possibility of constructing a practically inertia-free protection of the electrical energy 
of aviation ESS; increase noise immunity and speed of the GC protection system; virtually 
eliminate false positives; carry out operations to change the structure of the ESS and power 
distribution systems depending on the technical condition of the ESS, as well as conduct 
maintenance and operation of the ESS “as-is”.
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4. Vorobev V.G., Konstantinov V.D. Reliability and technical diagnostics of aviation 
equipment / Textbook. - Moscow: MSTU A, 2010. – 448 p.
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UDC 004.514
A.G. Kapustin, O.G. Karachun, V.V. Maruga 

Belarusian State Academy of Aviation
EDUCATIONAL RESOURCES WITH USING 
TECHNOLOGY OF AUGMENTED REALITY 

It is known that at present, one of the ways to effectively educate cadets is to use augmented 
reality technology [1]. Augmented reality technology is the result of introducing sensory data into 
the learner’s perception field in order to supplement information about the environment and 
improve the perception of information.
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The authors considered the possibility of using augmented reality technology as a tool to 
complement the learning process by introducing additional interactive objects into the learner’s 
perception field in order to increase the efficiency of learning information learning.

The main elements of augmented reality technology are special markers that are read using a 
camera and, based on the data received, special software displays interactive information to the 
learner on the information output device intended for this purpose.

One of the simplest methods to increase the effectiveness of training using augmented 
reality technology is teaching aids, on the pages of which there are markers, which are interactive 
tips that can be read both using specialized software and hardware systems (for example, Google 
Glass glasses), and with using a conventional smartphone equipped with a camera and necessarily 
specialized software.

The advantage of using this teaching method is that the manual remains the same, but it 
allows the student to transmit much more information, including volume dynamic models and 
sound in the information stream. There is no need to retype manuals - the marker can be an 
independent object (for example, simply printed on paper and embedded on the desired page). This 
allows you to distribute it mobile and operational. The effectiveness of this kind of training is 
confirmed in various studies [2].

Another method that can be used in combination with augmented reality technology 
involves the use of model – based automated training systems [3]. Software-mathematical models 
integrated with an automated training system allow us to calculate and visualize the data of practical 
skills, which allows us to present the educational process as an imitation of a real production task. 
This method has several advantages. Firstly, the implementation of the activity-based approach to 
learning increases the reliability of the learner's answers, which makes it possible to objectively 
evaluate it competence. Secondly, the method is suitable for any active forms of conducting control 
and measuring materials. Augmented reality technology can act here as a learner’s controller, 
collecting data from markers in real time for subsequent analysis and training of the system, and as 
an online help or visual step-by-step instruction, allowing, for example, to monitor an employee’s 
ability to strictly and consistently perform instructions.

The advantages of an educational resource using augmented reality technology can be 
described as follows:

the attractiveness of the educational process for modern youth, accustomed to the constant 
use of electronic devices;

the functions of traditional teaching aids are significantly expanded by transmitting 
information to the learner, not via the “text – still image” channel, but via the wider channel 
“volumetric animation – sound”;

the function of interactivity is introduced (preparation for interaction with real objects and 
with objects that are inaccessible in real life);

a radical change in the teaching methodology is not required (paper textbooks, to which 
both teachers and students are used, are not eliminated, but the possibilities of these manuals are 
expanding, and significantly;

augmented reality textbooks eliminate the “digital gap between generations” – the manual 
has its usual appearance, but its regular pages are markers recognized by the application for 
augmented reality;

in conditions of limited funding for education, the introduction of augmented reality 
technology in the educational process will not require significant costs – the students use their 
personal electronic devices, and the manuals do not need to be published again.

In conclusion, it should be noted that augmented reality technology is an evolutionary rather 
than revolutionary way of development, since it effectively affects the process of education and 
training of specialists, taking into account modern conditions. The created effect of superimposing 
interactive data on real objects allows students to penetrate as much as possible into the subject of 
instruction and perceive it more fully and deeper due to a more complete “immersion” in the 
educational situation.
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S. Boiko, PhD, A. H bda., Yu. Gavrilyuk PhD

Kremenchug Flight College at the Kharkov National University of Internal Affairs
DEVELOPMENT OF ENERGY SUPPLY SYSTEM FOR UNMANNED AERIAL 

VEHICLES USING ALTERNATIVE ENERGY SOURCES

Taking into account the features of modern aircraft, the authors recommend the structure of the 
power supply system of the aircraft, which contains: RES1 and RES2 – renewable energy sources, BP –
battery pack, BMU – battery monitoring unit, CS – control system, EMC1 and EMC2 –
electromechanical complexes of the power system of electric motors based on asynchronous motors 
with short-circuited rotor (AMSCR), G1 and G2 – generators, E1 and E2 – aviation engines of 
internal combustion.

RES1

BP

RES2

CS

E1 E2

EMC1
(AMSCR_1)

EMC2
(AMSCR_2)

G1 G2BMU

Figure 1 – Recommended structure of the aircraft power supply system

In modern aircraft, the structure of the power supply is built in such a way that the main sources 
of electric energy (EE) are generators, whose work is directly connected with the operation of the 
internal combustion engines (aircraft engines). In case of failure of internal combustion engines, 
aircraft in-flight power system is powered solely from the batteries, which is the emergency source EE 
onboard. Meanwhile, the emergency power supply system on the basis of batteries designed to supply 
electro starter and equipment ignition when starting the aircraft engines, it is vitally important to 
consumers during the flight. The lifetime is an important characteristic for battery and depends on 
many internal and external factors [1]. Complicated specific operating conditions dictate the necessity 
of monitoring the status of aircraft on-board batteries. The authors propose to implement condition 
monitoring on-board batteries in the BMU unit (see Figure 1). Meanwhile, the unit BMU battery will
perform the functions of the charger. It is also proposed in addition to aircraft engines, is standard on 
the aircraft, in parallel to set the motors and as an additional source of the primary side of the power 
supply system, renewable energy sources. Given the basic tendencies of development of aircraft in the 
world today, among the major indicators of the Autonomous aircraft power systems is their energy 
efficiency, reliability and manageability. 

Although in the generator mode, the short-circuit induction motor (AMSCR) is rarely used due 
to the presence of an external cool-down characteristic and imperfect condenser excitation, but such 
application has a number of undeniable advantages over synchronous generators [2] such as: simplicity
and reliability of the design; small weight and dimensions; low cost; easy installation and maintenance.

Taking into account the possibility of EE, including AMSCR, to work both in power and in 
generator mode, and optimum weight and weight indices, AMSCR is the optimal option for the 
implementation of additional power sources of low power on board the aircraft.
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The energy efficiency of the on-board power supply system can be expressed as the ratio of 
the difference between the energy produced Wps and the energy losses in the converters pW and 

rechargeable batteries bW :

_ max.( ) /e ps p b psk W W W W (1)

From the analysis of formula (1) it can be seen that the energy efficiency of the airborne 
power supply complex-electric power consumption of the aircraft depends on its structure and the 
coefficients of the usefulness of the transforming devices. An integrated approach to building a 
power supply system-power consumption of the aircraft will reduce losses in the distribution board
network [2].

Next we will consider the reliability index, which is closely related to the reservation. Since in 
case of general reservation, the failure of the on-board electrical equipment of the aircraft will come 
with the refusal of all backup and one main, then with a separate reservation and in the presence of 
backup chains probability of failure of aircraft on-board electrical equipment will be equal to the 
product of the probability of failure of the main Q and backup iQ chains:

1

1 1

( ).
m m

i
i i

Q t Q t Q t Q t (2)

In the case of a separate reservation, if each main element has m backup elements, the 
probability of failure of the on-board electrical equipment of the aircraft due to the failure of 
elements of the i-th type is equal to the product of the probabilities of failures of the i-th element q1

and all its reserving elements, i.e.:
1 1

1
1 1

1 .
m m

i
i i

Q t q p t (3)

Where pi(t) is the probability of failure-free operation of the i-th element and all its reserve ones:
1

'

1

1 1
m

i
i

p t p t . (4)

As can be seen from formulas (2-4), when connecting additional power sources to the on-
board power supply system of the aircraft using backup chains, the probability of the failure of on-
board electrical equipment will decrease, which will increase the reliability of the electrical supply 
system of the onboard assembly. Moreover, the probability of failure-free operation of the power 
supply system of the airborne complex in the general reservation was 0.98, and in the scheme of the 
previous connection 0.85.

The modern concept of aircraft development sets forth the requirements related to the 
miniaturization of on-board power and electronics systems, as well as requirements for the use of 
advanced technologies for manufacturing aircraft designs.  Given the application of nanotechnology 
in the production of SB, there is a prospect of increasing the efficiency of their functioning and at 
the same time, a significant reduction in their cost.  The implementation, if possible, of such 
implementation (depending on the design of the aircraft) as additional sources of the main electrical 
power supply system, the retractable wind power installations and the use as power systems of 
electric motors to install asynchronous motors with a short-circuited rotor, with the possibility of
their use in generator mode, is also relevant.
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S. Boiko PhD, Yu. Shmelev PhD, Ponomapenko

Kremenchug Flight College at the Kharkov National University of Internal Affairs
THE CURRENT STATE OF DEVELOPMENT OF POWER SYSTEMS FOR UNMANNED 

AERIAL VEHICLES

Ukraine possesses a full cycle of aviation engineering and occupies a significant place in the 
global aviation market in the transport and regional passenger aircraft sector, which allows the 
development and production of aviation technology in areas such as aircraft engineering, on-board 
radio equipment, focused on the use of satellite communication systems, navigation and 
observation, ultralight and light aircraft, helicopter construction, unmanned aerial vehicles. 
Unmanned aerial vehicles (UAVs) are no exception. Today, this technology is applied in many 
areas of activity and has extremely high prospects for other areas. Unmanned aerial vehicles 
(UAVs) are currently used to address a wide range of tasks, such as border patrols, reconnaissance, 
transportation and armed attacks.  This diversity is due to the fact that UAVs are very technological, 
which explains their widespread use.  Modern technologies of UAV energy supply have not yet 
reached the proper level, due to the dynamic development of this technology. Therefore, 
the purpose of the work is to develop a variant of the power supply system of the UAV using, 
in addition, alternative power sources and control system of the proposed grid.

The main components of the UAV are: an airplane with a special landing system, a power 
plant, a power supply for it, a power supply system, on-board radio electronic equipment (on-board 
control equipment and electronic elements of the target load).  The UAV scheme in NATO 
countries is presented in Figure 1.

Figure 1 – Energy supply system for unmanned aerial vehicles

The UAV should consist of three main elements: air vehicle element, payload element and 
control system (UAV air component). To analyze the possibility of external influence it is expedient 
to consider elements that can interact with other components using a wireless communication line 
(radio, optical, acoustic).  In this case it may be a control system and a target load.

g
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UAVs are characterized by the following advantages over manned aeronautics, such as: the
lack of a need for crew and systems for its life support, in aerodromes; relatively low cost and low 
costs for their creation, production and operation; relatively small weight and dimensions in 
combination with high reliability, significant length and range of flight, maneuverability and a list 
of target equipment that can be placed on board, etc.

The height of the flight significantly affects the work of the whole complex of electrical 
equipment and other airborne equipment of the aircraft.

External influences on electrical installations can lead to various types of damage, for 
example, to breakage of wires and windings, especially in the places where they are soldered, until 
cracks and damage to electrical insulating materials, accelerated wear of the axes and bearings in 
actuators, deviations from  normal operation of spring and moving elements of mechanical systems.

The tactical and technical requirements for aircraft equipment, developed taking into 
account the conditions of operation of the electrical equipment and its purpose, include the 
following indicators: reliability and faultiness, requirements for mass and dimensions, strength of 
electrical equipment, chemical resistance of electrical equipment, ease of operation and repair of 
electrical equipment, economic requirements.

From the onboard generators all the electronics are emitted on board the aircraft, so the 
failure of generators will lead to the discharging of all on-board equipment.  In this case, in some 
types of aircraft, manufacturers install retractable wind power units (RWPUs) that produce current 
due to the fact that the wind wheel is spinning under the influence of the counterflow of air on the 
blade, which makes it possible at least to keep track of critical technical indicators of the state of 
airborne equipment and aircraft systems.

MPPT

battery
charge
control
device

recharg
eable

batterie
s

transfor
mer

electric
motor

Efficiency = 95%

Electricity grid 
Efficiency= 99,5 %

Efficiency
=98,5 % Efficiency

=93%

Other
consumers

Efficiency=
96,5 %

Efficiency= 99,5%

Solar battery
Efficiency

=20% Air propeller
Efficiency

= 77%

Figure 2 – Principle diagram of power plant for unmanned aerial vehicles using solar energy

At present, solar batteries (SBs) are one of the most promising alternative sources of electric 
energy in aircraft. Taking into account the fact that the SBs have been used in cosmonautics, which 
occupy a dominant position among other sources of autonomous power supply, we can talk about 
the further active their implementation in the system of primary emergency power supply aircraft 
systems, as additional sources of electrical energy.

Therefore, in view of the urgency of the problem of increasing the reliability of the 
operation of the entire complex of aircraft equipment, in order to increase the safety of operation, 
it is expedient to consider the issues of modernization of the airborne power supply aircraft, 
including renewable energy sources.
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