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INACTIVE POWER COMPONENTS IN UAV POWER SYSTEM
BASED ON DC-DC BOOST CONVERTER

This article analyzes the issue of inactive power components in DC power systems, with a particular focus on unmanned
aerial vehicle (UAV) power networks. Analytical expressions were derived to determine the exchange power under various
states of the power switch. A model based on the equivalent circuit of the converter—motor system was developed in MATLAB/
Simulink. The simulation results demonstrate the presence of exchange power in a system utilizing a DC-DC boost converter,
and the maximum values of this exchange power were determined. Finally, the study concludes that compensatory measures

are necessary to minimize inactive power components.
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The utilization of unmanned aerial vehicles (UAVs)
offers several distinct advantages. Compared to
traditional aircraft, they are low-cost and highly cost-
effective. More importantly, UAVs eliminate the risk of
flight personnel casualties, providing a significant edge
when executing missions characterized by high risk,
intensive labor costs, or operational complexity. Recent
breakthroughs in UAV development have substantially
enhanced their performance, continuously expanding
their scope of application.

Publications [1]—[3] present classifications of UAVs
and examples of their power systems. Generally, small
UAUVs use batteries as a power source, and less frequently
fuel cells [4], [S]. An unmanned aerial system, illustrated
in Fig. 1, is generally composed of three parts:

— the unmanned aerial vehicle;

—the ground control station, which can be autonomous
or human-operated;

—the command and control system, which establishes
communication and data links between the aircraft and
the ground station.

In UAVs, the propulsion system is the component
with the largest mass and dimensions. It enables aircraft
motion through the mechanical power generated by
the electric energy—propeller system, converting the
stored energy into thrust. The onboard power source
supplies energy to the DC bus through unidirectional and
bidirectional converters to enable battery charging and
discharging. These converters regulate the power flow
and receive control signals from the power management
system, which continuously collects data from onboard
Sensors.

Publications [6], [7] discuss the phenomenon of
exchange power flow in DC networks, particularly in
UAV power supply systems [8]. This phenomenon leads
to additional energy losses in the parasitic resistances of
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Fig. 1. Block diagram of
a typical aircraft [3]
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power system components. Based on previous research
[8], such losses amount to several percent of total power
consumption, which consequently reduces UAV flight
time. Since this topic contains significant gaps and has not
been studied in depth, it is reasonable to investigate the
flow of exchange power in UAV power supply systems
based on a DC-DC boost converter.

The purpose of this study is to derive analytical
expressions for analyzing exchange power in UAV
power systems and to validate these expressions through
simulation.

Circuit Analysis

When analyzing the phenomenon of exchange power
in a UAV power system, it is first necessary to perform
mathematical modeling of the system while accounting
for parasitic parameters. To this end, let us consider the
equivalent circuits of a converter loaded with a DC motor
under various states of the power switch. Specifically,
when the switch is closed, the equivalent circuit shown
in Fig. 2, a is obtained.

Consequently, the expression describing this circuit is
E, =R, (t)+ Ldl"—(t)+ Ry, (1) + Ry (¢)+ L, dlS—(t), (M

dr de
where i () and i (?) are the currents of the accumulator
and the motor stator, respectively.
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Fig. 2. Equivalent circuits when the switch is off (a)
and when is on (b)

Following mathematical transformations, the
exchange power is determined as follows:
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where 7 and £ are the constant values of the battery current
and voltage, respectively;
i(0) and i (0) are the initial current values after the corre-
sponding change in the switch state.
When the switch is in the open position, the equivalent
circuit shown in Fig. 2, b is obtained.
In this case, the exchange power is determined by the
following expression:
. R, +R,
(O E

=FE !
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exp[— Rt Ry, —EJ,. (3)
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Thus, from the above expressions, given the known
circuit parameters and initial conditions, it is possible
to determine the exchange energy in the system over
specified time intervals.

Simulation Results

The electrical circuit shown in Fig. 3 was modeled in
MATLAB/Simulink based on the equivalent circuits in
Figs. 2 and 3. The battery voltage is 12 V, the DC motor
voltage is set to 24 V, the converter operating frequency
is 1 kHz, and the motor power is approximately 170 W.
The power consumption time-domain diagrams are
presented in Fig. 4.

As can be seen, even at the stage of analyzing
the power consumed from the battery, there are time
intervals during which the power takes negative values,
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Fig. 3. Simulation model
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Fig. 4. Simulation results:

a — power consumed from the battery (/) and power consumed
by the motor (2); b — difference between the power consumed
from the battery and that consumed by the motor

indicating the presence of inactive power components.
The maximum value of this power is 9.1 W. This results
in a portion of the power being dissipated in the internal
resistance of the battery. However, when considering
the difference between the power consumed from the
battery and that consumed by the motor (Fig. 4, b), it
becomes evident that a significant portion of the power
does not flow directly from the source to the load but
instead circulates between the reactive components of
the circuit. In this case, the maximum value of this power
is 189.1 W. Thus, the simulation confirms the presence
of exchange processes in the power system. It should
be noted that increasing the parameters of the reactive
components in the circuit leads to a higher value of the
inactive power component.

Conclusions

Thus, the phenomenon of exchange power flow in the
UAV power supply system based on a DC boost converter
has been analyzed. The presented analysis results clearly

demonstrate the presence of exchange power in the
system. As a result of the simulation, maximum exchange
power values of 9.1 W and 189.1 W were obtained in
accordance with the evaluation methodology. Such
energy exchange processes inevitably lead to additional
energy losses and, consequently, to a reduction in
the UAV’s flight time. To mitigate the impact of this
phenomenon, it is necessary to develop compensatory
links or control strategies.
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HEAKTHUBHI KOMITIOHEHTH IIOTY>XHOCTI B CUCTEMI >)KUBJIEHHA BITJIA
HA OCHOBI ITIIJIBULLIYBAJILHOT'O ITEPETBOPIOBAYA IIOCTIMHOI'O CTPYMY

Pobomy npucesiueno ananizy 0OMiHHOL NOMYACHOCMI 8 CUCTIEMI HCUBTLEHHS OE3NIOMH020 NimaibHo20 anapamy. [pucymuicmo
yiei KoMnonenmu ROBHOI NOMYAHCHOCI came No codi 8ace NPU3BOOUNL 00 30LTbUIEHHS 6MPam 6 KOl nepemeopiogaua Haginms
npu pobomi 8 yCmaienomy pexcumi, a 'y unaoky 0e3niiomnoeo IimaibHo20 anapamy yet pakmop mac uje Oinbuull nius,
OCKINbKY NIO 4ac Noibomy NPUCYmHi pi3HOMAHIMHI 308HIWHI YUHHUKU, MAKi AK eimep, 00w mowo. Y pasi 6UKOpUCmanus
WUPOKO BICUBAHOT MYNbMUKONIMEPHOI cXeMu cucmema Kepy8aHHs HANAWMOSYEMbCA MAaK, wod NOCMIUHO UPIeHIO8amM
anapam 8i0OHOCHO 2opu3onmy. Takooic nid uac norbony 4acmo HeobXiOHO MaHespysamu, i moodi yacmoma 06epmis O8uUSYHa
medic sMiHOeEmMbCs. Bee ye npuzgooums 00 moeo, wjo 30e0i1bulo20 Cui08a cucmema GakmuiHo nepebysae y nepexioHomy
PedCUMI, WO HEOOMIHHO 30IIbULYE YACMK)Y OOMIHHOL NOMYAICHOCI.

Ipoananizogano npobremy HasAHOCII HEAKMUSHUX KOMNOHEHMIE NOMYICHOCTNI 8 CUCTEMAX JCUBLEHHS NOCMILIHO20 CIMPYMY,
30Kpema, Oe3niiomuux J1imansHux anapamis. Buseoeno ananimuyni cniggiOHOULEHHS, WO GUIHAYAIOMb OOMIHHY HOMYNHCHICMb
npu BIONOBIOHUX CMAHAX cunosoeo kioua. Y cepedosuwi MATLAB/Simulink nobyoosano modens, sxa eionosioac cxemi
3amiuenHs cucmemu «nepemeopiosay — 08u2yn». Pesynemamu mooentoeanhs HAOUHO OeMOHCIMPYIOMb HAABHICMb OOMIHHOT
NOMYACHOCI 6 CUCHEMI JICUBTICHHS HA OCHOBI NIOBUILYBANILHO20 NEPEemEopIosaya NOCMIluH020 CMpymy. 3pooieHo GUCHOBOK
npo HeOOXIOHICMb 3aCMOCY8AHHI KOMNEHCAYTIHUX 3aX00i8 OJisk MIHIMI3ayii HeaKmueHUx KOMHOHEHMI8 NOMYHCHOCI.

Kurouosi cnosa: BIIJIA, niosuwysanvhuil nepemsoprosay nOCMitiHo20 CMpyMy, 0OMIHHA NOMYHCHICMb, HEeAKMUBHT KOMNOHEHMU
orcusnenns, Simulink, empamu enepeii, 08ueyn nocmitHo2o cmpymy.
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