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QUASI-RESONANT CONVERTERS IN UNMANNED AERIAL VEHICLE
POWER SUPPLY SYSTEMS

Nowadays unmanned aerial vehicles (UAV), e.g. quadcopters, are widely used in different
areas of public live: cargo transportation; filming of public and sport events; the wildlife
observation; peoples’search and rescue; disaster assistance; the assistance to farmers and builders;
the protection of state borders; fighting crime. One of the main problems of such devices is the
limited flight time. Solving this problem is an actual task.

There are various ways to increase UAV flight time. The simplest method is to use a larger
battery. But this will raise the cost and may increase the weight of the device, which will negatively
affect other characteristics. The largest consumers of electricity on UAV board are electric motors,
and the installation of lower power motors will also increase the flight time. However, this will
reduce the load capacity of the vehicle and the maximum speed, which is unacceptable for some
tasks performed by the UAVs.

Therefore, the best way is to improve the performance efficiency of the UAV power supply
system. In modern UAVs, brushless DC (BLDC) motors are most commonly used due to their
efficiency and longevity. Fig. 1 shows the structural diagram of the typical BLDC power supply
system for the UAV [1], where: B — battery; DC-DC — a direct voltage converter/stabilizer (is often
absent or replaced with bidirectional ones); DC-AC — an autonomous voltage inverter.
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Figure 1 — Typical BLDC power supply system of the UAV

There are different ways to improve the performance of the power stage of a power supply
system: the improvement of the components quality; optimization of control and energy circulation
process [2]; the usage of much advanced topologies for switch-mode power supply (SMPS) units
(DC-DC and DC-AC), such as quasi-resonant converters (QRC) [3] instead of the conventional
hard-switched SMPS driven by a pulse-width modulation (PWM). In such converters, an additional
resonant circuit is introduced, and, depending on its topology, makes possible zero-current (ZCS)
or zero-voltage switching (ZVS) of the transistor.

In a ZCS-QRC, the resonant coil is connected in series with the transistor switch, and the
resonant capacitor is connected in parallel to the coil and the transistor. Due to this, the transistor
switching-on always occurs at zero-current, because the resonant inductance doesn’t allow the
current to rise sharply. Then, sinusoidal current oscillations are formed in the resonant circuit. And
at the moment, when the first half-wave crosses zero, we have the opportunity to switch-off the
transistor also at zero current.
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QRCs in comparison with the conventional buck driven by a pulse-width modulation
(PWM), have lower dynamic losses in transistor switches, a higher operation frequency, better
weight-and-size parameters, lower level of electromagnetic interference (EMI) emitted into the
supply grid and the environment.

In BLDC power supply system of the UAV, boost ZCS QRC (fig. 2a) can be applied as DC-
DC link, and ZCS QR autonomous voltage inverter (fig. 2b) can be applied as DC-AC link.
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Figure 2 — Electrical diagrams of the: a) boost ZCS QRC;
0) ZCS QR autonomous voltage inverter

But QRCs also have their disadvantages and pitfalls. The main difficulty of the QRC
controlling - determination the moment of a current crossing zero value. It is possible to use a
control system with a fixed pulse duration set to a pre-measured current half-wave duration, but in
most cases it is not enough [4]. This time can vary greatly when the load changes, so it is necessary
to use more sophisticated and advanced control methods [5].

The regulation of the output voltage in the QRC is carried out by means of pulse-frequency
modulation (PFM), i.e. the frequency can change during the operation that can also strongly
influence operating modes of the converter.

Given all the above, the research of parameters characteristics of QRC is an important and
actual task.
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I'OJIOCOBASA KYJIBTYPA YCTHOI'O IEPEBOJYHUKA

BaxxHoli ~ KOMIlETEHIMEW  MEepeBOAYMKA,  OOYCJIOBICHHOHW  KBAIM()UKALMOHHBIMH
TpeOOBaHMUSAMHU, TMPEABSBISEMBIMUA K IPEACTABUTENSAM 3TOM Hpodeccuu, SBISIETCS KyIbTypa
rojioca, MOCKOJBbKY YCTHBIA NMEPeBOJYMK NMPUPABHUBACTCA K OpPaTOPy, MacTepy KpacHOpEUus.
lNomoc — 3T0 OCHOBHOE CPEACTBO YCTHOM peUeBOM KOMMYHUKAIINH, TTO3BOJISIONIEE YCTAHABINBATD
U TOJJIepXKHUBaThb KOHTAaKT C ayAMTOpUEH, pacmojlarath ciyuiareiae k cebe, a 3HA4uT,
ONTHMHU3HUPOBATH B3aUMOCHCTBHE U B3aMMOIIOHUMaHNE, OCOOEHHO B YCIOBUSIX MEXKKYJIbTYPHOU
KOMMYHUKaIu. [1]

VYcTHBIN nepeBo/ - 3TO BUJI IEPEBOJIA, IPU KOTOPOM OPUTHHAII U €TI0 TIEPEBO/] BBICTYIAIOT B
mpoliecce MepeBoja B He(PUKCUpPOBAaHHOM QopMe, YTO MpeaonpenesieT OAHOKPATHOCTh
BOCIIPUATHS  MEPEBOAYUKOM OTPE3KOB OpUTHMHANA M  HEBO3MOXHOCTh IOCJEIYIOIIETr0o
COMNOCTAaBJICHUSI WJIM MCIPABIEHUS MEpeBoAa Mociie ero BeimojaHeHus. [Ipu ycTHOM mepeBojae
CO3/IaHHE TEKCTa MEPeBOAa MOXKET MPOMCXOJUTH JIMOO MapajuieIbHO BOCIPHUATHIO OpUTHHANA,
100 MOCIIe TOTO, KaK 3aBEPIIMTCS BOCTIPUSITHE OPUTHHAJIA.

Y CcTHBIN epeBo/I CBSI3aH C HEKOTOPBIMU OCOOCHHOCTSAMHU:

A) neicTBUS TEPEeBOTYMKA CTPOTO OTPAaHUYCHBI IO BPEMEHH TEMIIOM OPAaTOPCKON pedw,
HEOOXOAMMOCTBIO BBIJIaBAaTh IEPEBO/I OHOBPEMEHHO CO 3BYYaHHEM OPATOPCKOM Peur WIIH cpa3y
e 10CJIe IPOU3HECEHUsI COOTBETCTBYIOLIETO TEKCTa (UM €r0 YacTH) OpaToOpoM;

b) nepeBouMK BOCIIPUHUMAET U MEPEBOAUT TEKCT HEOOJIBIIUMHU CETMEHTAMU MO MEpe UX
MIPOM3HECEHHs OPATOPOM U HE MOKET 00pallaThCs B poliecce NepeBoa K JPyTrUM CerMeHTaM WiH
aHAJIM3UPOBATh COJECPIKAHUE TEKCTA B LEJIOM;

B) B ycTHOM mepeBojie IEPEBOIYMK HAXOJIUTCS B HEMOCPEICTBEHHOM KOHTaKTE CO BCEMHU
YYaCTHUKAMHU MEXKbS3BIKOBOIO OOLIEHUS, YTO MO3BOJISIET €My YCTaHaBJIMBaTh OOPAaTHYIO CBS3b C
y4acTHMKaMU KOMMYHHUKaluu. HemocpeacTBeHHoe oOlIeHHE B MPOIECCE YCTHOrO IEepeBoja
MO3BOJISIET MEPEBOJYHUKY AHATU3UPOBATh M OLIEHUBATh OCOOECHHOCTH CaMUX KOMMYHHKAHTOB,
KOTOpbIE MOTYT BIJIMATH Ha XOJ KOMMYHHUKAlIlMM, OLICHMBAThb WX PEAKLUHI0O Ha MEPEeBOA M
KOPPEKTHUPOBATH CBOIO CTPATETUIO B 3aBUCUMOCTH OT 3TOW PEaKLUU;
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