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THE CREATION OF EFFECTIVE POWER SUPPLIES
FOR UNMANNED VEHICLES

Unmanned aerial, ground and marine vehicles are widely used around the
world. The movement of these vehicles is provided by engines: internal
combustion, electric and their combination. The use of electric engines for
unmanned vehicles allows to reduce their cost, eliminate heat signature,
reduce sound trace, eliminate exhaust gases, etc. For unmanned aerial
vehicles (UAV) like multicopters there is practically no alternative to
electric propulsion because of the ease of their control. Ease of operation,
high reliability and low cost have become a decisive factor for
manufacturers of electrically powered UAVs [1, p. 13]. Today, the
bottleneck for all types of unmanned vehicles is their poor power capability
[2, p. 677]. This problem is most acute for unmanned aerial vehicles, where
the mass of the structure is one of the main indicators [3, p. 67]. This trend
directs specialists to search for efficient UAV power supplies. In UAV
design, batteries and secondary power supplies (SPUSs) are the most massive.
However, the power source, as well as the type of propulsion system that
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provides flight performance, is in direct dependence on the entire power
system of the unmanned vehicle. Consequently, adding batteries to the
system does not increase flight time or payload. The only way to increase
time is to increase the quality of energy conversion, in other words, to
increase the specific mass (W/kg) and volumetric specific energy (W/dm?)
of the unmanned vehicle. One of the solutions to this problem can be the use
of parametric generators, which will allow to provide efficient energy
conversion of the primary power source and create a small-sized and
powerful SPUs, which will allow to use a battery of lower power and lower
weight, which will increase the range of the UAV.

The first studies of parametric resonance in electric circuits were carried
out almost one hundred and fifty years ago in the USSR under the direction
of Academicians Maldeshtam and Papaleksi (Mandelstam, L.I. and N.D.
Papaleksi. On the parametric excitation of electric oscillations. Zhurnal
Tekniche skoy Fiziki. 4(1). 1934. p. 5-29). Even at that time the basics of
the theory of parametric oscillations in electrical systems began to be
developed and the first samples of such generators were produced. Later, the
first publications on the use of parametric voltage regulation in SPUs
appeared: US patent 3654546 (1972), French patent 2X34457 (1973), USSR
patent 656040 (1979). At present [4, p.18] a parametric converter is
understood as a device that converts energy from one form to another by
changing parameters, which is actively used in many fields, ranging from
electronics and mechanical engineering to aerospace and energy industry.

Thus, based on the above, the following conclusions can be drawn:

— there already exists a whole class of fuel-free electromechanical
generating units, the principles of operation of which are not suitable for use
for powering unmanned aviation due to the presence of only air as a medium
of motion and due to the bulky nature of electromechanical systems;

— parametric resonance in an electric oscillating circuit, where there are
no moving mechanical systems and no dependence on the medium of
motion, should be considered as promising for power supply of unmanned
aviation.

It is known, that in addition to the traditional method of generation and
transformation of electrical energy there is a method in which electrical
oscillations of significant power are generated in an oscillating circuit
without supplying electrical energy to the circuit. This method consists of
the following.

One of the most economical ways of excitation of parametric resonance
is the switching method. The switching method of excitation of electrical
oscillations makes it possible to obtain a jump-like character of change in the
inductance or capacitance of the oscillating circuit, a high depth of
modulation of the parameters and to provide conditionally constant energy
consumption for changing the parameters, which do not depend on the
amplitude values of current and voltage in the circuit. Switching consists in

226



the fact that an additional inductive coil or capacitor with a certain nominal
value of inductance or capacitance in relation to similar elements of the main
circuit is connected in parallel to the oscillating circuit at certain moments of
time in a predetermined mode using, for example, thyristors. This makes it
possible to change the circuit parameters (inductance, capacitance,
oscillation frequency, wave impedance) during each oscillation in
accordance with the algorithm of changing the control voltage supplied to
the thyristors from a separate pulse generator and thereby achieve parametric
resonance without functional connection of current and voltage amplitudes
in the circuit with the value of the control voltage. Such switching is able to
provide the possibility of oscillation of the circuit in two frequency modes:
at the main resonant frequency w, and parametric frequencies 2w, or
0,5w,. These frequencies are the resonant frequencies for both modes of the
circuit at which the equality of wave, inductive and capacitive resistances is
ensured. Thus, the first condition of parametric resonance is provided —
multiplicity of the parametric frequency with respect to the basic frequency
of the circuit. An additional capacitor or inductive coil is connected at the
moment when the maximum current value is reached in the circuit, and it is
disconnected at zero current value. The voltage in the circuit at these
moments has respectively zero or maximum value. By varying the
parameters, part of the oscillation period of the loop operates at the
fundamental frequency and part at the parametric frequency. The resulting
oscillation is the addition of the above two oscillations. Thus, the essence of
the switching method of obtaining parametric resonance is reduced to the
fact, that by periodic changes of parameters the contour and the field are
constantly removed from the position of energy and force equilibrium with
subsequent restoration of this equilibrium, which is accompanied by changes
in perturbations and redistribution of associated energies between the
contour and the field. The stationary amplitude of parametric oscillations is
provided by stabilitrons with shunt resistors connected in parallel to the
circuit, which, passing through themselves a part of the charge involved in
the process of oscillation and dissipating excessive reactive power, thus
limiting the amplitudes of voltage and current within the limits necessary for
the performance of the circuit. Functioning of the pulse generator is carried
out at the expense of a part of the output power of the device, which is able
to ensure full autonomy of the device as a power source.

The proposed energy conversion technology for unmanned vehicles can
be extended for more energy-intensive devices, but other conversion
methods and other circuitry solutions may need to be applied in another
application area.
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KaHouoam Qisuko-mamemamuyHux HayK, OOyeHm,
ooyenm Kapeopu mamemamuxu, Qi3uKu ma acmpoHoMmii
00ecbK020 HAYIOHAILHO20 MOPCLKO20 YHIGepCUumemy
m. Odeca, Yrpaina

JIO MIUTAHHS ONTUMI3AIIIL BUTPAT
Y MOPCBKOMY TPAHCHOPTI

BaximuBHM acnieKTOM PO3BHTKY MOPCHKOI raimy3i YKpaiHu i 9ac BiiiHH
€ HAYKOBI JIOCJI/DKEHHS, METOI0 SIKUX € MiHIMi3alis BHTPaT Ha MOPCHKI
MepeBe3eHHsT Ta onTuMmizamis MapmpyTiB. [loOymoBa Ta mocHiKEHHS
MaTeMaTU4HUX MOJIeJell CIHPAaeThCcs HAa METOIM MaTeMaTHYHOIO aHali3y
Ta ONTHUMAIBHOTO yIpaBiiHHA. Jleski 3 Takux Monened s 3amad BOJHOI
IHKeHepii JoCTiHKYIOTECS B poOoTi [2].

PosrisiHemo 3a1auy peryoBaHHS MIBUAKICTIO CyZHA y 3MIHHUX yMOBax
wiaBaHHA. BBaxkaemo chporuB Bogu F pyxXy cymHa mnponopuifHHM
(y BIJHOCHUX OJMHUIISIX) KBaApaTy WIBUAKOCTI PyXy, & MOTYXKHICTb CHIIOBOT
ycranoBku N — kyOy mBuakocti. Hexait S nusix, a V — mBuakicts. Toui

ds \? ds )
F=pV?=pn|—| i N=pNV =y, —
71 71(dtj 72 7Z(dtj
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