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Abstract

The energy complex of Ukraine still remains a rather powerful complex among the countries of the Eurozone. Ukrainian
electrical networks, which are part of the energy complex, have significant branches. The length of high and ultra-high
voltage power lines (750, 330, 220, 110 kV) is thousands of kilometers. Deterioration of equipment in the power supply
system of Ukraine affects the reliability of power supply and quality indicators. In such conditions, maintenance of the
operating condition of the equipment is provided by routine maintenance. Considerable attention is paid to the timely
detection of damage, accurate determination of the accident site and its nature. High voltage in the network leads to the
appearance of such a side factor as corona discharge, which not only consumes significant amounts of electrical energy,
but also distorts it. The appearance of a corona discharge may indicate an electrical malfunction of the current
transmission system. Therefore, the authors chose the direction of developing galvanically independent systems for
diagnosing the state of power equipment through diagnosing the presence of a corona discharge. For determining the
presence of a corona discharge, it is necessary to use either a significant number of diagnostic systems, or the location
of such systems on mobile platforms. It is proposed to use unmanned aerial vehicles as a platform. The methods of acoustic
control proposed by the authors can be blocked by the intrinsic noises of aircraft. Therefore, an acoustic analysis of
various operating modes of aircraft was carried out and compared with the acoustic spectrum of a corona discharge.
The obtained results made it possible to visualize the possibility of using acoustic systems on board unmanned aerial
vehicles to diagnose corona discharge by acoustic parameters.

Keywords: power supply system; reliability; quality of electrical energy; unmanned aerial vehicles; UAVS;
monitoring; Fourier transforms; acoustic signals

1. Introduction monitoring. Therefore, in order to meet the
requirements for diagnostics and monitoring the state
of equipment, it is proposed to use unmanned aerial
vehicles (UAVs) with monitoring and diagnostics
systems on them [3,4].

Electrical systems are designed to carry high and
ultra-high  voltage currents, which represent
significant barriers to the use of diagnostic
equipment. High voltage leads to the appearance of
such a side factor as corona discharge, which not only
consumes significant amounts of electrical energy,
but also distorts it [5,6]. The appearance of a corona
discharge can also mean an electrical malfunction of
the current transmission system. Therefore, the

The energy complex of Ukraine still remains a rather
powerful complex among the countries of the
Eurozone. Ukrainian electrical networks that are part
of the structure of the energy complex have
significant branching. In addition, the energy system
of Ukraine has significant equipment wear.
Therefore, in order to maintain it in operation, it is
necessary to pay worthy attention not only to
developed circuit connections, but also to pay
attention to maintaining the reliability of the system,
taking into account the wear of the equipment [1,2].
There is a list of energy objects that need constant
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authors chose the direction of developing
galvanically independent systems for diagnosing the
state of power equipment, through diagnosing the
presence of a corona discharge. The authors have
developed acoustic methods for diagnosing the
parameters of electrical systems, which makes it
possible to carry out control actions without
connecting to the network [7,8]. The article shows the
possibility of using UAVs for acoustic
measurements.

The purpose of the work is to develop approaches
for electrical networks and energy systems servicing
by acoustic methods and to demonstrate the
possibility of using UAVs to achieve this goal with
acoustic control systems installed on it.

2. Methods and means

Automation of the process of quality control of
electrical energy requires the use of systems for
automatic recognition of the presence of a corona
discharge and determination of its coordinates. The
length of high and ultra-high voltage power lines
(750, 330, 220, 110 kV) is thousands of kilometers.
Corona monitoring requires the use of either a
significant number of diagnostic systems, or the
location of such systems on mobile platforms [9].

The team of authors considers UAVs to be the
most promising platform. Because in most cases,
power lines are located in private territory or pass
through territories that do not have roads for the
movement of motor vehicles. UAVs can quickly
move on the area and close to energy objects at
distances sufficient for carrying out diagnostic
actions.

Therefore, UAV that was chosen as a mobile
platform for placing the diagnostic system.

At this moment there are two main UAV designs:
aircraft and helicopter (quadrocopter) types. Each design
has its own disadvantages and advantages [10, 11].

Thus, helicopter-type UAVs (quadcopters) are
designed to inspect electrical elements near the
operator. The distance can be up to 5 km. And this
type of UAV can provide an accurate survey of
structures and electrically conductive elements.

Aircraft-type UAVs have a longer range and high
travel speeds, therefore, such drones are planned to be
used for operational inspection and finding locations
of damage to electrical equipment or lines.

Let's consider quadcopters on the possibility of
using them to accommodate acoustic control
equipment.

During operation, UAV engines and propellers
generate acoustic vibrations that can interfere with
acoustic measurements. For this, a drone (Fig.1) DJI
Mavic Pro (Da-Jiang Innovations Science and
Technology Co., China) was considered.

Fig. 1. DJI Mavic Pro: (a) — front view; (b) — top view

(b)

The operating time of this quadcopter is 30
minutes, action radius — to 7000 m. The UAV uses
electric motors for movement, which rotate four
rotors and provide vertical take-off and landing. The
flight speed is up to 65 km/h. Dimensions (rolled up):
198 x 82 x 83 mm; weight — 0.74 kg; flight altitude —
up to 5 km (programmatically limited to 120 m from
the start point).

Takeoff weight is about 1 kg, payload is not more
than 0.4 kg. Among the features of the device are its
low price and an automatic return (landing) system.
It’s also equipped by video camera.

3. Results

For this quadcopter, sound files were recorded with
different operating modes: takeoff, hang mode and
flight. These basic modes of piloting a quadrocopter
are needed during carrying out diagnostics of
electrical systems [12].

Fragments of acoustic files of the drone piloting
modes are shown in Fig. 2.
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Fig. 2. Fragments of the acoustic file of the DJI Mavic Pro drone in different modes: (a) — takeoff, (b) — hang mode,
(c) —flight
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Each of the specified audio files was analyzed for » g
components of the acoustic spectrum (Fig. 3). =
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The enlarged spectral analysis (Fig. 4) shows that
the spectral lines of the operating modes of the
quadcopter engines overlap the spectral lines of the
corona discharge.

Lowd, B

""‘\ Let’s consider the spectral functions in the range
\ in which the spectral feature of the corona discharge

— is best appeared, and which obtained in practical
(b) measurements and chosen as a model for recognizing

the corona discharge. This range is from 0 to 500 Hz.
On this range, it can be seen the following (Fig. 5).
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Obviously, during a quadcopter flight, the
presence of a corona discharge can only be
determined by some peaks, which are shown in
Fig. 8.
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Fig. 8. Spectral peaks of corona discharge and acoustic
spectrum of quadcopter engines during flight

But, during changing the piloting mode from flight
to hang mode, the spectrum of the quadcopter
changes, and in this case, more spectral peaks of the
corona discharge can be determined (Fig. 9).
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Fig. 9. Spectral peaks of corona discharge and acoustic
spectrum quadcopter engines during hang mode

Thus, the possibility of installing the acoustic
control system on a quadcopter is confirmed. But the
procedure for determining the presence of a corona
discharge will be as follows. Thus, during flight, the
corona discharge can be determined only by two

spectral components: 150 Hz and 250 Hz. Such
detection of the corona discharge has a low accuracy,
therefore, when such marker signals appear at certain
frequencies, the quadcopter must switch to hang
mode and check for peaks at frequencies of 100, 150,
200, 250, 300 Hz and, for example, 450 Hz. If the
peaks at these frequencies with a width of no more
than 2 Hz are present, it is possible to ascertain the
localization of a corona discharge.

The results of spectral analysis confirmed the
possibility of using the UAV as a platform for placing
an acoustic control system.

4. Conclusions

To meet the requirements for maintaining the
reliability of the energy system and ensuring the level
of standardized indicators of the quality of electrical
energy, it is necessary to increase the number of
reviews of the energy system and introduce additional
diagnostic equipment. It is proposed to use unmanned
aerial vehicles as means of surface inspections. It is
shown that it is possible to install acoustic contro and
diagnostic equipment on the UAV, because the
spectral characteristics of the diagnosed corona
discharge do not overlap with the acoustic frequency
spectrum of the UAV engine operation. In general,
the use of UAVs will not only maintain the level of
reliability, but also reduce the cost of maintaining the
system. The authors consider the direction of research
to be promising and will continue to work on the
development of such systems.
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Eneprernunnii KoMIuiekc YKpaiHu JOCI 3aIMIIA€THCS JTOCUTD MOTYKHUM KOMIUIEKCOM cepe] KpaiH €BPO30OHH.
VYKpaiHChKi €JIeKTPHYHI MEPEeXi, MO BXOJATh J0 EHEPreTUIHOTO KOMIUIEKCY MArOTh 3HAYHE PO3Taiy KeHHSI.
[porsxHICTh JIIHINA elieKTpornepeaad BUCOKOT 1 HaaBucokol Hanpyru (750, 330, 220, 110 kB) HaniuyroTh
TUCSYl KiNOMETpiB. 3HOLICHICTH OONQJAHAHHA B CHUCTEMi EJEKTpONocTadyaHHs YKpaiHi MO3HA4YaeTbcs Ha
HAJIMHOCT] eNeKTPONOCTadYaHHs 1 Ha SKICHUX MMOKa3HWKax. B Takux ymMoBax MiATPUMAaHHS POOOYOrO CTaHy
oOyafgHaHHs 3a0e3neuyeTbcss MOTOYHMM OOCITYrOBYBaHHSM. 3HAYHA yBara NPHIUIAETHCS CBOEYACHOMY
BUSIBJICHHIO MOLIKO/KEHHS, TOYHOMY BH3HAU€HHI Miclsl aBapii i ii xapaktepy. Bucoka Hanpyra B Mepexi
MPU3BOIMTH JIO TOSBH TaKOTO MOOIYHOrO (hakTopy, sIK KOPOHHUI pO3psiN, KU HE TUIBKY CIIOKHBAE 3HAYHI
o0caru eleKTpuyHOi eHeprii, ane W cmorBoproe ii. IlosBa KOPOHHOTO pPO3PAIY MOXE OYTH O3HAKOIO
€JIEKTPUYHOI HECTIPABHOCTI CHCTEMH Tiepenadi ctpyMy. Tomy aBTopamu Oynio o0paHO HampsiM 1O po3pooii
raJbBaHIYHO-HE3AJNCKHUX CHCTEM JIarHOCTHKU CTaHy EHEePreTHYHOro OOJNagHAaHHS Yepe3 iarHOCTUKY
HassBHOCTI KOPOHHOTO PO3psmy. sl BU3HAUCHHS HASBHOCTI KOPOHHOTO PO3PSIAYy HEOOXiTHO BUKOPHUCTAHHS
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a00 3HaYHOT KIIBKOCTI CUCTEM JIiarHOCTUKH, a00 PO3TalllyBaHHS TaKUX CUCTEM Ha MEPEeCyBHUX IUIATPOpPMaXx.
[IponioHy€eTbCST BUKOPHCTOBYBAaTH OE3MIJIOTHI JiTajbHI amapath B SKOCTI miatdopMmu. 3amponoHOBaHi
aBTOpPaMH METOAM AKyCTUYHOTO KOHTPOJIO MOXYTh OyTH 3a0JOKOBaHI BIACHUMH LIyMaMy JITaJbHUX
amapariB. Tomy OyJI0 NMPOBEACHO aKyCTHYHHUH aHAJI3 PI3HUX PEKUMIB POOOTH JNTATBHUX amapariB i ix
MOPIBHSHHS 13 aKyCTUYHUM CIIEKTPOM KOPOHHOTO po3psiny. OTpuUMaHi pe3ynbTaTh AO3BOJIWIN Bi3yali3yBaTi
MO>KJIUBICTh BUKOPUCTAHHSI aKyCTUYHUX CUCTEM Ha OOPTy O€3MiJIOTHUX JITAaIbHUX alapariB AJs MPOBEICHHS
JiIarHOCTHKH KOPOHHOTO PO3PALY 32 aKyCTHYHHMH ITapaMeTPaMH.

Kuro4uoBi ci1oBa: cuctema eleKTpoIioCcTadaHHs, HaliHHICTb, IKiCTh €JIEKTPUIHOT eHeprii, 0e3MIOTHI JTiTaabHi
amapaTH, MOHITOPHHT, repeTBopeHHs Dyp’e, aKyCTHUHI CUTHAIIN

O.I'.I'pud’, U.T. Kapnamox?, C.B. llsen?, A.A. 3anopoxen*

Pacno3HaBaHue HAJIW4YMsl KOPOHHOIO pa3psiga aKyCTHYECKHMM KOMILJIEKCOM YCTAHOBJEHHBIM Ha
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OHepreTHuecKruit KOMIUIEKC YKpauHbI 10 CUX IOP OCTAeTCs JOCTATOYHO MOIIHBIM KOMITJIEKCOM CpeJlu CTpaH
EBpo30HBI. VYKpamHCKHE DIIEKTPHUUECKHE CETH, BXOJSIIME B DJHEPreTUYECKUH KOMIUIEKC, HMMEIOT
3HAYUTENbHBIE BETBICHUS. I[IpOTSIKEHHOCTh JHMHHUK 3JIEKTporepenad BBICOKOTO U CBEPXBBICOKOTO
Hanpspkenus (750, 330, 220, 110 kB) HacuuThIBaeT THICSYH KWIOMETPOB. VI3HOMEHHOCTh 000PYIOBaHUS B
CHCTEME IEKTPOCHAOKEHHU YKpanHe CKa3bIBaeTCs Ha HAJIe)KHOCTH 3JIEKTPOCHA0KEHHUS M Ha KaueCTBEHHBIX
[oKa3zarensix. B Takux ycioBHsX moanep:kka padbodyero cocTossHUs 000py10BaHuUs 00€CIEYNBAETCS TEKY LM
oOcimy)kxuBaHHEM. 3HAUYWTEIbHOE BHHMAHHE YJENAETCS CBOCBPEMEHHOMY BBISBICHHIO ITOBPEXICHUH,
TOYHOMY OIIPEJIENICHUIO MECTA aBapHUH U €€ XapakTepa. Bbicokoe HanpsKeHHE B CETH MPUBOIUT K IOSBICHUIO
TaKoro N0004HOro (akTopa, KaK KOPOHHBIH pa3psiz, KOTOPbI HE TOJBKO NOTPEOSeT 3HAaUNTEIbHbIE 00BEMBI
JEKTPUYECKON JHEPru, HO W HMCKaxaeT ee. [losBiIeHHe KOPOHHOTO paspsiia MOXET OBITh TPHU3HAKOM
3JIEKTPUYECKON HEMCIPABHOCTH CHCTEMBI Nepenaun Toka. [loaTomy aBTOpamu ObUI0 M30paHO HalpaBiIeHHE
0 pa3pabOTKE TraJbBaHWYECKU-HE3aBHCUMBIX CHCTEM JWArHOCTHKH COCTOSHHS —JHEPreTH4ecKOro
o0opymoBaHUs Yepe3 AUArHOCTHKY HAIWYHS KOPOHHOTO paspsana. s ompeneneHus HaTUdus KOPOHHOTO
paspsga HEoOXOTUMO HCIOJIb30BAaHUE WM 3HAYUTEIBHOTO KOJMYECTBA CHUCTEM JUArHOCTHKH, WU
pacroyioKeHne TaKuX CUCTEM Ha IMepeABXKHBIX miuardopmax. [Ipeanmaraercs ncnonbp3oBaTh OECHMIOTHBIE
JeraTeNbHbIE ammapatsl B KadecTBe IUiaTdopmel. IIpemiokeHHble aBTOpaMH METOIBI aKyCTHYECKOI'O
KOHTPOJII MOTYT OBITh 3a0JIOKMPOBAaHBI COOCTBEHHBIMU IIyMaMH JIETAaTENbHBIX ammaparoB. [losToMy ObIT
MPOBEIEH aKyCTUYECKUH aHAIN3 Pa3IMuHBIX PEKUMOB pabOTHI JeTaTeIbHBIX anmapaToB U X CPaBHEHHE C
aKyCTHUECKUM CIIEKTPOM KOPOHHOTO paspsiaa. [lomydyeHHbIe pe3ynbTaThl MO3BOJIMIM BHU3YaJM3UPOBATh
BO3MOXKHOCTH MCIIOJIB30BaHMSI aKyCTHUECKHUX CHCTeM Ha O0PTY OECHHMIIOTHBIX JIETATENBHBIX allapaToB sl
MIPOBEJICHUS JUarHOCTUKH KOPOHHOTO pa3psja Mo aKyCTHUECKHUM HapaMeTpam.

KuarodeBble cJjioBa: cucTteMa 3JI€KTPOCHAOXKEHHS, HaAeKHOCTb, KAayeCTBO JJIEKTPUUYECKONH JSHEPIHH,
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