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Abstract—The purpose of this work is the analysis of the power supply system of unmanned aerial
vehicle. One of the most important tasks of this system is to ensure the smallest possible losses in order to
achieve greater endurance of the aircrafi, which means — the ability to complete the mission. The
presence of an inactive component of consumed power obviously reduces the efficiency of the entire
unmanned aerial vehicle. Considering also that due to the influence of wind, speed changes and other
factors, the power system spends a significant amount of time in the transition mode, the impact of this
phenomenon becomes even more significant. Thus, the phenomenon of the occurrence of exchange power
in the power supply system of an unmanned aerial vehicle is analyzed. One of the most common solutions
for unmanned aerial vehicles is the use of a BLDC motor, which is a further development of DC motors
and was created with the aim of improving their basic characteristics. This type of engine has gained its
popularity due to numerous advantages: high reliability, efficiency, speed and others. The principles of
control of the BLDC engine are given. The unmanned aerial vehicle power supply system, built on the
basis of a buck converter and a bridge inverter, was analyzed. An equivalent circuit of the converter is
built, taking into account the losses in the electric circuit. On its basis the relations for determining the
value of exchange power in the power supply system are derived. With the help of these expressions, it is
possible to determine the value of the exchange energy at an arbitrary time interval in the real power
supply system of the aircraft. A model of the power supply system of an unmanned aerial vehicle with a
BLDC engine was built in the Matlab Simulink software environment. A time diagram is obtained, on the
basis of which it is possible to draw a conclusion about the content of exchange power in the converter
circuit. To minimize this phenomenon, it is necessary to develop a compensation system or an intelligent
control system.

Index Terms—Exchange power; unmanned aerial vehicle; BLDC motor; power supply system;

DC circuits.
I. INTRODUCTION

Unmanned aerial vehicles (UAVs) endurance has
always been a bottleneck restricting the development
of UAV technology. Insufficient endurance is one of
the main defects of all current UAVs, which greatly
limits the overall development potential of the UAV
industry. During the flight, the speed of rotation of
the engines is not constant, and its change depends
not only on a change in flight speed or direction, but
also on weather conditions, such as wind, since the
stabilization system constantly aligns the drone. This
leads to the fact that the power supply system of
such a device is actually in transient mode for a
significant part of the time. This, in turn, leads to the
appearance of a significant content of the exchange
energy component in the energy consumed from the
battery, which, in turn, will increase losses, which
means that it will reduce the range of the unmanned
aerial vehicle.

The publications [1] — [4] presents the
classification of UAVs and describes the structure of
its typical power system. As a power source of such
a system, a battery is usually used [4], [5], which is
connected to a DC-DC converter, which in turn
provides a constant value of the voltage at the input
of the inverter.

Brushless DC motors [6], [7] are often used as
the driving force for drones, and to power such
motor, the system includes an inverter that controls
the speed of rotation based on sensor data.

In publications [1], [8] — [10] it is described that
there is a problem of exchange processes between the
source and the load in electric vehicles powered by
direct current. This phenomenon causes additional
losses in power circuits of power supply systems.

Thus, the task of this paper is the analysis of the
exchange power in the power system of a UAV with
a BLDC engine.

© National Aviation University, 2023
http://jrnl.nau.edu.va/index.php/ESU, http://ecs.in.ua



74 ISSN 1990-5548 Electronics and Control Systems 2023. N 1(75): 73-77

II. CIRCUIT ANALYSIS AND CALCULATION

BLDC motor is similar to conventional DC
motor in performance. Figure 1 shows a simplified
circuit of power system with BLDC motor, it
consists of a buck DC-DC converter, built on
transistor VT7, choke L, diode D, capacitor C and a
three-phase inverter, on VT1-VT6 transistors. The
battery is modeled as a source of constant voltage Ejp
and its internal resistance 7.
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Fig. 1. Simplified circuit of power system and BLDC
motor

The simplest control scheme of the BLDC motor
is 120-degree commutation, in which the voltage is
applied to the two corresponding phases, while
pulse-width modulation is used to control the speed.

The flow of current through the power system of
the inverter is presented in Figs 2 — 7 respectively.
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Fig. 4. VT3 and VT6 are turned on
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Fig. 7. VTS5 and VT4 are turned on

Since the motor as a load is symmetrical, a
single-phase equivalent scheme is chosen for further
analysis, which will be similar for other phase
combinations. In this case we consider VT1 and
VT4 is turn on, other switches of inverter is off. In
this scheme, phases 4 and B are replaced by resistors
r, and r,;, chokes L, and L, reverse voltage sources
E,, and E., respectively. The specified scheme is
shown in Fig. 8.
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Fig. 8. Simplified equivalent circuit of power system

Since, as mentioned above, the load is
symmetrical, it is assumed that L,; = L, and r,; = .
To determine the exchange power that will affect the
battery, the corresponding equation is made:
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Hence the value of exchange power in this system:
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where / is the average value of the battery current.

where ig(¢) is the battery current; i(f) is the
choke current; i,(¢) is the phase A4 current.

After performing the appropriate
mathematical transformations, the current
consumed from the battery is determined:
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Thus, from expression (3) it is possible to
determine the amount of exchange energy for the
required time interval.

III. SIMULATION

The Matlab Simulink toolkit was selected for
modeling processes in the converter, the model
scheme is presented in Fig. 9. The system is
powered by a 50V DC power supply, consist
transistor VT7, inductor L, the capacitor C and diode
D1 as the buck converter, three phase inverter is
building on MOSFET transistor VT1-VT6, the
BLDC motor is built on the L,, Lai, La, Ep1, Epo, Egs,
Tal, T'a2, T3, Three-Phase V-1 Measurement is used to
measure voltages, currents and power of the inverter.
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Fig. 9. Simulation of power system

From the time diagram of consumed power,
presented in Fig. 10, it can be seen that its direction
changes at the corresponding time intervals. In this
way, the presence of the content of exchange power
in the power system, which works on the BLDC
engine, is confirmed.

Accordingly, the value of the inactive component
of the consumed power may vary and depends on
the power system parameters.
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d. A. Muxojaeub. AHai3 00MiHHOI MOTYKHOCTI B CHCTeMi KHMBJIEHHsI 0€3MiJIOTHOr0 JiTAJBLHOr0 amapary 3
BLDC aBurynom

Meroto nmaHoi poOOTHM € aHalli3 CUCTEMH EJIEKTPOXKMBIICHHS OE3MiJIOTHOro JitampHOro amapaty. OmHe 3
HAMBaXXITUBIIIKX 3aBJaHb Ii€] CHCTEMH — 3a0€3MEYNTH SIKOMOT'a MEHII BTPATH, JJIS TOCSATHEHHS OLIbIIOT BUTPUBAJIOCTI
JiTaka, a 3HAYUTh — 3JIATHOCTI BUKOHATH Micito. HasBHICTP HEaKTHBHOI CKJIaIOBOI CITOXXHBAHOI IOTYXKHOCTI SIBHO
3HMWKYE e(PEeKTHBHICTh BCHOTO OE3ITIIIOTHOTO JITAJIBHOTO anapaTy. BpaxoByloun Takox, IO Yepe3 BIUIMB BITPY, 3MiHU
IIBHIKOCTI Ta iHMIMX ()aKTOPIB €HEpProcUcTeMa MPOBOJAWTH 3HAYHY KIJIBbKICTh Yacy B NEPEXiJHOMY PEKHMi, BIUIUB
L[LOTO SIBUINA CTAE I OUTBIN 3HAYHUM. TaKUM YHHOM, NPOAHATI30BAHO SBUILE BUHUKHEHHS OOMIHHOI MOTY)XHOCTI B
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CHCTEMI JKHMBJIEHHS OE3IMUIOTHOrO JiTajpHOro amapary. OJHUM i3 HAWIOMIMPEHIIWX pilleHb A1 Oe3IIOTHOTrO
JITaIBHOTO anapaTy € Bukopuctanus apuryHa BLDC, sikuii € moJanbiiiM po3BUTKOM JIBUTYHIB IOCTIHHOTO CTPyMY i
CTBOPEHHMH 3 METOI0 MOKpAIIEHHsS iX OCHOBHHMX XapakTepucTHK. Llell TWm ABHIyHa OTpHUMAaB CBOIO IOMYJISPHICTH
3aBJIISIKM YHCIICHHUM IlepeBaraM: BUCOKMM HaJiHHOCTI, Koe(illieHTa KOPHCHOI Iii, MIBUAKOCTI Ta iHIMM. HaBeneHo
npuHounu KepyBaHHs nsuryHomM BLDC. TlpoaHasi3oBaHO cHCTeMY >KMBJIEHHS O€3MUJIOTHOTO JIITAJLHOTO arapary,
NoOy/I0OBaHy Ha OCHOBI HOHIKYBAJIFHOTO NIEPETBOPIOBaYa Ta MOCTOBOro iHBepTopa. [1o0yaoBaHa eKBiBaJeHTHA cXeMa
MepeTBOPIOBaYa 3 ypaxyBaHHSIM BTPAT B €JIEKTPUYHOMY Koui. Ha ii OCHOBI BUBEJICHO CITIBBIAHOIICHHS Ul BU3HAYECHHS
BEIMYMHA OOMIHHOI MOTY)KHOCTI B CHUCTEMI E€JIEKTPOINOCTadyaHHs. 3a JOIMOMOrOI0 IMX BUpAa3iB MOXKHA BHU3HAYUTH
BEIMYMHY OOMIHHOI €Heprii Ha IOBUIBHOMY IHTEpBali 4Yacy B peajibHIi CHCTEMi >KUBIICHHS JiTaka. Y MPOrpaMHOMY
cepenosuini Matlab Simulink moGynoBaHo Monens cHCTEMHU €IEKTPOXHUBIIEHHS OE3IIIOTHOTO JIITANBHOTIO arnapary 3
BLDC napurynom. OTpuMaHO 4YacoBY jiarpaMmy, Ha IMifCTaBi SIKOi MO)XHA 3pOOMTH BHCHOBOK IIPO BMICT OOMIHHOI
MOTY)KHOCTI B cXeMi meperBoproBada. 1100 MiHIMI3yBaTH Ii¢ sIBHIIE, HCOOXITHOK € pOo3po0Ka CHCTEMH KOMIICHCAITT
200 1HTEJIEKTyaJIbHOI CHCTEMHU KEPYBaHHSI.

KirouoBi ciioBa: oOMiHHA TOTY)XHICTh, O€3mMiIOTHUH JiTanpHuM amapaT, BLDC aBuryH; cucteMa >KHMBIICHHS; KoOJa
MTOCTIHHOTO CTPYMY.
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