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AHHoTauuA. B ctatbe paccMaTpyBaloTCA OCHOBHblE acreKTbl MOLENMPOBaHWUA NOABECHOM
NoJSIMMEPHON BbICOKOBOJIbTHOM M30MALMM BO3OYLWHbLIX NUHWUIA 3nexkTponepegaym (J1301)
B nporpaMMHoM Komnniekce COMSOL Multiphysics 5.6. MpyrBogaTca aHanUTUYECKME BblpareHus
MaTeMaTU4YecKon MoeNM 3NIeKTPOMAarHUMTHOro Mosis BOKPYr M30/1ATopa, Ha 6ase KoTopbIX
bopMUpyeTcA YMCIIEHHOE peLLieHWe B paMKax MporpaMMHOIro KOMIJIEKCa, MO3BOJIAIOLLIEE MOCTPOUTL
Mofesib 3NIEeKTPUYECKOro MosiA B OBYMEPHOM M TpEXMEepPHOM MpocTpaHcTee. BuigenawTca Tpu
OCHOBHbIX 3Tana paboTbl ¢ UHTepdelrcoM nporpaMMbl. Ha nepBoM 3Tane paccMaTpuBaeTcs
3ajaHne reoMeTpUYECKUX NapaMeTPOB MOAENW U30ATOPA M OKpYrKaloLLen obnacTu, yaenserca
BHUMaHWe HOpPMUPOBaHMIO KOHCTPYKTUBHBLIX 0COBEHHOCTEN NOSMMEPHBIX M301ATOPoB. Ha BTopoM
3Tane onucbiBaloTcA GU3NYECKMe CBOMCTBA KOHCTPYKLIMOHHBIX MaTEpPUanoB U30/IATOPA, @ TaKHKe
OKpYKaloLLLero ero NpoCcTpaHcTBa. TpeTuit 3Tan cBOAUTCA K OeTepMUHALMM MPAHUYHBIX YCITOBUN
anA pelenna gnddepeHumansHoro ypaBHeHuaA MNyaccoHa. [aioTcAa pekoMeHOauum no nioTHOCTU
MOCTPOEHWA CETKMU KOHEYHbIX 351eMeHToB. [IpMBOAMTCA rpaMeHTHaA KapTWHa pacnpeeneHua
3/IEKTPUYECKOrO NoTeHLUMana B6AM3M NOBEPXHOCTU U30NATOPA. TaKMKe MOCTPOeHbl rpaduKu
pacnpegenieHns HopMasibHOM COCTaBAIOLLEN HANPAKEHHOCTU 3NEKTPUYECKOro nons BAOJb
noBepxHOCTU M3onaTopa. Ha 6a3e Mosy4YeHHbIX pe3ynbTaToB NPOM3BOAMTCA UCCefoBaHWe
BSIMAIHWA BHELUHWMX GaKTOPOB Ha CBOMCTBA MOSIMMEPHOro n3osAaTopa. OnucbiBaeTcA BO3MOMKHbI
BapuvaHT MOAEeNMPOBaHUA BAMAIOLMX (AKTOPOB, TaKUX KaK 3arpA3HeHWE W yBIarKHeHMe,
NoCpeacTBOM BHECEHUA U3MEHEHUI B ornMcaHue GU3NYeCcKMX CBOMCTB MOBEPXHOCTU U30MIATOPA,
a UMEHHO BKJIOYEHMEM PaBHOMEPHOI0 M HeMpepbIBHOMO C0A C 334aHHON MPOBOAMMOCTbLIO.
MonyyeHo pacnpeneneHne HOpMasibHOM COCTaBNAOLLEN HANPAKEHHOCTU 3/1EKTPUYECKOro NosiA
BLO/b MOBEPXHOCTU U30MATOPA C 3arpA3HeHneM. Pe3ynbTaTbl MOOeIMPOBaHNA pacnpeaeneHna
3/1EKTPUYECKOrO MOJIA C HANTMYMEM 3arpA3HEHUA Ha MOBEPXHOCTU U30/1ATOPA 1 €ro OTCYTCTBUEM
cBOOATCA B Tabnuuy, roe yKasaHa HanpsaHeHHOCTb 3NIeKTPUYECKOro Nosisa B 3aBUCUMOCTU OT
paccToaHnA o Tpasepcbl. Ha ocHoBaHWMKM aHanM3a nosny4YeHHbIX pe3yNbTaToB BblABUIAETCA
NPEeAnosIorKeHME 0 3aBbILLEHHOM YPOBHE MaKCUMAJIbHOMO 3S1IEKTPUYECKOIO MOJIA Ha U30/IATOPaX,
PEKOMEHyeMOM MPOU3BOAUTENAMM.

KnioueBble cnoBa: Mo[enmpoBaHue, aNIEKTpPUYECKoe none, n301auuAa BN, 3arpA3HeHue, I'IOBerHOCTHbII;l
YaCTUYHbIA pa3pAag, BbICOKOBOSIbTHbIN M30J1ATOP

[na umruposanms: Ardpeerros E. C., Cropyberud B. E., LLiyHaes C. A. K Bonpocy MOJenMpoBaHiA BbICOKOBO/LTHOM
M30M1ATOPa B NporpamMmHoM koMnnekce COMSOL Multiphysics 5.6 // MpuknagHaa nHdopMatuka. 2021. T. 16.
N2 5. C. 126-135. DOI: 10.37791/2687-0649-2021-16-5-126-135

126
[ ] Laboratory B> Processes and systems modeling



MPUKNAHAA UHOOPMATUKA / JOURNAL OF APPLIED INFORMATICS
[ Tom 16. N 5. 2021 ]

On the issue of modeling a high-voltage
insulator in the COMSOL Multiphysics 5.6
software package

E. Andreenkov'", V. Skorubskiy', S. Shunaev'
1 Branch of the National Research University "MPEI" in Smolensk, Smolensk, Russia
* Rooté7 @mail.ru

Abstract. The article discusses the main aspects of modeling suspended polymer high-voltage
insulation of overhead power lines (PTL) in the COMSOL Multiphysics 5.6 software package. Analytical
expressions of the mathematical model of the electromagnetic field around the insulator are given, on
the basis of which a numerical solution is formed within the software package that allows you to build
a model of the electric field in two-dimensional and three-dimensional space. There are three main
stages of working with the program interface. At the first stage, the task of the geometric dimensions
of the model and the surrounding area is considered, attention is paid to the formation of the design
features of polymer insulators. In the second stage, the physical properties of the structural materials
of the insulator, as well as the surrounding space, are described. The third stage is reduced to the
determination of boundary conditions for solving the Poisson differential equation. Recommendations
for finite element mesh density are given. A gradient picture of the distribution of the electric potential
near the surface of the insulator is presented. The graphs of the distribution of the normal component
of the electric field strength along the surface of the insulator are also plotted. On the basis of the
obtained results, the influence of external factors on the properties of the polymer insulator is studied.
A possible variant of modeling influencing factors, such as pollution and moisture, by making changes
in the description of the physical properties of the insulator surface, namely by including a uniform
and continuous layer with a given conductivity, is described. The distribution of the normal component
of the electric field strength along the surface of the insulator with contamination is obtained. The
results of modeling the electric field distribution with the presence of contamination on the surface of
the insulator and its absence are summarized in the table where the electric field strength is indicated
depending on the distance to the traverse. Based on the analysis of the results obtained, an assumption
is made about the overestimated level of the maximum electric field on the insulators recommended
by the manufacturers. The convergence of the considered models with the experimental data obtained
in the course of long-term observation of the dynamics of the degradation and aging processes of the
surface of polymer suspended insulators of overhead transmission lines is discussed.
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HBIX MIPEINPUATHH IO BCEMY MHUPY HCIIOIB30Ba-
HUE NOJIMMEPHON H30JIALIUY B ITOCIEIHEE BpeMs
|_| OJIUMEPHBIE U30JIATOPHI MONYYUIIH [IIH- CTAaHOBUTCA MPEANOYTUTEIbHEE B CUITy oOer-

BesepeHue

POKOE pacIpoCTpaHEHUE Ha BO3AYIIHBIX  YEHHUS MAacChl KOHCTPYKITUH, BEBICOKOH YCTONYH-
JUHHSIX DJIEKTPOIepenay, SKCIUTyaTupy-  BOCTH K BaHAAIN3MY, YITYUIIEHHBIX XapaKTepH-
€MBIX B pallOHaX C BBICOKOW CTETIEHBIO 3arpsi3-  CTHK 3arps3HEHUS ¥ 110 SKOHOMUYECKHIM ITPUYH-
HeHust atMocdephl. [ MHOTUX KOMMYHallb-  HaMm. [lepBoHaYaIbHO TPOU3BOAMTENH MOTHUMEP-
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