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Llenb cTpaterMyeckoro npoekrta

Pa3paboTKka COBpPEMEHHbIX
TEXHUYECKUX PELUEHUN U
WHHOBALMOHHOIO TEXHNYECKOTOo
obopynoBaHua ansa obecnevyeHms
3/1EKTPOCHAbXEeHNA yaaNneHHbIX
06bEKTOB, B TOM YUCNE C
npumeHeHMemM BO306HOBASSEMbIX
NCTOYHUKOB 3HEPTUN, U
CHUXKEHMA HebnaronpmuATHOro
BO3ENCTBUA Ha OKPYKAOLWYIO

Cpeny

NPUOPUTET2030"

AngepamMmm CTaHOBATCA



3apaum cTpaTermMyeckoro npoeKkTa

1. Pa3paboTKa YCTPOMCTB ans obecnevyeHue aBTOHOMHOTO
3NEKTPOCHAOXKEeHNA XO3SMCTBEHHbIX U KU/bIX OOBEKTOB B palioHax, He
MOAKNOYEHHbIX K CETAM LEHTPa/IM30BaHHOro 3HEProcHabxeHums.

2. Co3paHne TexHU4YecKux pELIJeHMl\;I, HanpasaeHHbIX Ha CHUXKEHUNE
3aBNCUMOCTU YAANEHHbIX obbeKToB oT LUEHTPATN3O0BAHHOIO
aﬂeKTpOCHa6)KEHMFI.

3. CospaaHue LeHTpa KomneTeHUuuMn Ha 6aze HUY «M3N» no
pacnpeaeneHHom n Bo3obHoBASEMOW aHepreTuke (B Tom ymncae no CHI).

4, Passutue MaTepUaNbHO-TEXHUYECKOM 6a3bl nabopaTtopHo-
3KCNepuMeHTa/ lbHbIX OObBEKTOB pacnpeaenéHHOM U BO30OHOBASEMOW
SHepreTuKu.
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Knio4yeBble pe3yibTaTbl
cTpaTeru4yeckoro npoeKkra T

1. O6pasubl ycTpoicTs ana obecneyeHnss aBBTOHOMHOIO 3/IeKTPOCHAbXKeHUA
XO3AUCTBEHHbIX U }KWUJIbIX OO BEKTOB.

2. JOnemeHTHaa 6as3a w©“  pgencTBywwMe  MNpPOTOTUNbI  CPeAacTB
NHTENNEKTYa/IbHOrO ynpaB/ieHuns aBTOHOMHbIMMU KOMMNAEKCHbIMMU
SHEepreTMY4eCKMMM cuctemamm BO30OHOBIAEMOM W pacnpenesieHHOMU
reHepaumu.

3. HoBble M30MSLUMOHHbIE N KOHCTPYKLMOHHbIE MaTepuasnbl ANA CUCTEM
nepeaavyu sHeprum B pacnpeaeneHHom u B0O306HOBNAEMOMN SIHEepPreTUKe.

4. O6HOBNEHHaAa  MaTepuanbHO-TexHM4Yeckaa  6a3a  nabopaTopHo-
3KCNepPMMEHTaNbHbIX OOBLEKTOB pacnpefenéHHoM un Bo3obHOBAAEMOM
SHEPreTUKMN.

5. Pa3paboTaHHble MU peann30BaHHble NPOrpPamMmmbl AONOAHUTENbHOTO
npodeccnoHanbHoro obpasoBaHMA NO HanpasaeHUo «PacnpeaeneHHan u
BO30OHOBAAEMan SHepreTuKa».
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Kno4yeBble 3aKa3uyMKH
CTpaTern4yeckoro nNpoeKTa
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Knio4yeBble napTHEPLI
CTpaTermMyecKkoro npoekKra Ak

KoHcopuuym
«PacnpepeneHHaa n B0306HOBAsseMaA SHepreTuKa»
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NoppasgeneHnUA-y4aCTHUKHU
CTpaTerM4ecKoro npoeKTa

MexayHapoaHbin HOLL CHI
No UCNOJIb30OBaHUIO
BO300OHOBsSIEMbIX
WCTOYHMKOB 3HEPIrmn u
3HeproachheKkTMBHOCTHU
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PesynbTaTbl - 2021
CTpaTernyeckoro nNpoeKkTa

Mopgenu tokonposoga 10 — 110
KB ¢ HOBbIM BUAOM MH30NALMOHHOM
KOHCTPYKLUUU
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PesynbTaTbl - 2021
CTpaTernyeckoro nNpoeKkTa

MakeTbl TOKonposogos 10 - 20
KB ¢ HOBbIM TUNOM U30NALUMN
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Abstract—The results of studics of | Ih: distribution of the :I:(mc ficld in a current-— mndumng line with a
ofthe

voltage of 20 kV are presented. The

nd the most computa-

tionally hard design arcas of the current line are determined. A malh:malln:al model is :In:]upc:l and a sim-

plified calculation of the distribution of the potential and the electric-field strength inside the in:
5 cam:d out. The nature of the rlr:m: ficld strength variation in the insulating layer of the cur-
are drawn about the appropriateness of the characteris-

a
ties of the tmn'pclmd for practical use.

lating layer

Keywords: current lines, solid insulation, electric-field distributis insulation
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Electrical equipment with a voltage of 20 kV and a
relatively small size has a complex design, which com-
plicates the configuration of the electric field (EF) in
the insulating gap. Current-conducting lines with
solid cast insulation are one type of such equipment

Conductors are used to connect power plants and
substations (transformers, generators, switchgears,
etc.). Complete current-conducting lines in compari-
son with other types of conductors, such as cables,
possess a higher reliability and overload capacity and,
some cases, allow the power-supply scheme to be
simplified and its cost to be reduced.

Structurally speaking, a current-conducting line is
a complete device consisting of rigid buses separated
by insulating gaps. The main ways in which they are
mproved are by means using of new materials and
insulating media, as well as design optimization. High
compactness is achievable through the use of high-
electric-strength gases and polymer dielectrics, aswe]] as
by i ing the of their

The ing mode of is

by the mode of operation of electn:al equipment to
is

ticularly important to determine the electric-field
strength and its distribution. It should be noted that, in
addition to determining the real values of EF intensity
inside a solid dielectric, the most imporntant accompa-
nying task is to determine the permissible values of the
field magnitude. The method for determining the per-

missible values of the strength used in this article has
been proposed in [1, 2].

Let us consider the calculation of an EF in the
COMSOL Multiphysics program complex for a model
of a 20-kV busduct with solid cast insulation. The pur-
pose of the calculations is to determine the distribu-
tion of electric currents in the conductor taking into
account iis geometry, as well as o estimate the stress
on its individual elements. Straight and corner sec-
tions of hard-insulated busducts have been studied, as
well as terminal sections intended for connection o
high-voliage equipment

Figure 1 shows models of the main sections and
elements of a 20-kV busduct generated based on the
dimensions and cross sections of busbars in accor-
dance with the requirements of the Electrical Installa-
tions Design Regulations for a long-term current load,
as wellas the design rules for busducts compatible with
terminal sections and compensating elements.

A quartz-filled compound was chosen as the insu-
lation layer.

For the analysis of the EF intensity distribution in
a strong nonuniform field inside a solid dielectric, the
important parameter is the average value of the inten-
sity and the detrimental parameter is the maximum
permissible long-term working voltage. To determine
the real values of intensity, we simulated the effect of
the highest long-term permissible working voltage on
the insulation according to GOST (State Standard)
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Abstract—In this paper, we show the effect of pa scharges in gas inclusions on the short- and long-term
clectric strength of cast epoxy insulation. The effect ofthe characteristics of the technological process of man-
ufacturing current lines on the development of these defects is revealed. The most effective ways to improve
the adhesion of cpoxy cast icd and identi-
fied. Regularitics of the influence of technological factors on the adhesion and autohesion of cast polymer
insulation containing imernal current-carmying clements o applied to the conditions of their opertion in
high-voltage current lincs are revealed. Specific technical solutions to improve the adh

of cpaxy compounds and to climinate gas inclusions in cast msu]snnn lcading to an increase in m: diclectric

strength and relial
solutions arc cmphas
of 20 kV and above.

y of high-voltage current lines with cast insulation, are substantiated. Such technical
to be necessary in the development of high-voltage current lines for a rated vohage

Keywards: current lines, cast polymer insulation, partial discharges, shickding. diclectric strength
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Partial discharges (PDs) usually do not lead to a
rapid breakdown of insulating gaps. The process of PD)
development is rather slow and depends on their
intensity. Therefore, the PD effect is especially pro-
nounced with prolonged exposure to voltage [1].

In weakly inhomogeneous electric fields with high
average breakdown voltages, a decrease in the dielec-
iric strength of cast insulation in the PD presence is
observed even at short-term voltage effects if the PD
intensity exceeds several pC (Fig. 1),

At an increase in the rated voltage (20 kV and
above), the reg menis for the PD level become
more rigorous. It is generally accepted that there must
be no PDs h an intensity of more than 10 pC in
these cases in cast insulation at operating voltage [3].

‘The main cause of PDs is gas inclusions in the form
«of pores, cracks, and delaminations. These inclusions
may appear in ihe insulaiion during the manu factur-
ing process due to disruptions in the technological
process during shrinkage of the casting masses and
compounds, as well as due to poor adhesion of the
electrodes to the dielectric. In addition, gas inclusions
during operation can occur due to cracking or delam-
inations of insulation because of high internal thermo-
mechanical loads.

Gas inclusions are the weakest points in insulation,
since gases have a lower electric strength than does a

solid dielectric. In addition, the tension in the inclu-
sions is higher than that in the rest of the insulation
due to the difference in the dielectric constanis of the
gas and the solid dielectric: therefore, PDs occur pri-
marily in gas inclusions.

The destruction of the solid insulation of current
lines under the effect of PDs occurs mainly due to the
release of discharge energy a gas inclusion. The
absolute value of the energy dissipated in the discharge
is usually small. However, it is transferred to a very
small area of the inclusion surface, where an instanta-
neous increase in the local temperature occurs. As a
consequence of this effect, a small volume of the
dielectric is destroyed with the formation of by-prod-
ucts, sometimes chemically active products. Al mulii-
ple repetition of PDs, the inclusion surface gradually
collapses and local depressions appear on it, which
grow over time, forming narrow branched channels in
the dielectric. Finally, the process ends with a com-
plete breakdown of the insulation.

Th ulation destruction rate depends on both
the PD intensity and the physicochemical properties
of the dielectrics that are incorpotated in the insula-
tion composition. This pattern of insulation destrue-
tion is in good agreement with the kinetic thermal
fluctuation theory of material destruction [4], accord-
ing to which destruction occurs due to the breaking of
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YTBEepKAeH nnaH paboTbl MO NOATOTOBKE MEXIoCyAapCTBEHHOM
nporpaMmmbl MO MOBbIWEHUID 3OGEKTUBHOCTU W  HALENKHOCTU pPaboThbl
OOBEKTOB  MPOMbBIWAEHHOCTM M pacnpefeneHHON  SHepreTuku B
rocygapcteax EBpPasMMCKOro 3SKOHOMMYECKOro COH3a, KOOPAMHATOPOM
KoTopown asnaetrca HAY M3WU.

B pesynbrate peanusaumMm MexKrocnporpammbl  ByayT co3gaHbl
TEXHONOTUM, MaTepuanbl WU YCTPOWMCTBA, CMNOCOOGCTBYHOLWME YCNELWHOMY
pPa3BUTUIO OTPACIN NPOMbILLIEHHOTO NPOU3BOACTBA COBPEMEHHbIX CPeacTs
MOHWUTOPUHIa 06BEKTOB pacnpesenieHHOM SHEPreTUKK, a TaKKe ynpasaeHuA
UMW,  WHTErPaLMOHHbIX  CUCTEM  3HepreTMyeckoro  obopyaoBaHuA,
obecneymBatowmx CBA3b PA3IMYHbBIX MCTOYHMKOB Masioil BO306HOBNAEMOWN U
pacnpefeneHHON reHepauuKn, CUCTEM HaKoneHua AanAa obecnevyeHuA
SHEepPreTMYEeCKOM W 3Ko/orMyecko 6e30nacHOCTM M HE3aBUCUMMOCTU

rocygapcts EASC.
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CobbiTna - 2022
CTpaTermMyecKkoro npoekKra

MpoBeaeH pAg 3acefaHuMit paboyeit rpynnbl BbiCLIEro
YPOBHA MO MOATOTOBKE M peanu3aunm MexKrocygapcTBeHHoOM
nporpammbl «lloBblweHne 3PPEeKTUBHOCTU M HALEKHOCTU
paboTbl OOBEKTOB MPOMBIWIEHHOCTM W pacnpeaeneHHom

SHepreTMKK B rocyaapcraax —uneHax EAIC».

3anyck nporpammbl 3anJiaHUpPOBaH Ha uwonb 2022

roaa.
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Peanusaumna crparermyeckoro npoekta - 2022

B 2022 roay peanusyeTcsa BbiNOJHEHUE Caeaylowmnx pabor:

PaspaboTka arnemeHTOB NpoTOTMNA aBTOMAaTU3NPOBAHHOW MMOPUOHON 3NEKTPOYCTaHOBKM
nHTerpnpyemon ¢ BU3

Pa3pa60TKa MHTEIJEKTyalIbHbIX MEeTO40B U TEXHOSIOrnmn ynpasneHna aBTOHOMHbIMWU KOMMJTEKCHbIMW
SHepreTn4ecKknmmn

CosgaHune yHMBepcaanoM Moaenu HﬂaByquI COSTHEYHOM ANEKTPOCTaHUNN MOLLHOCTbLIO 5kBT B
€CTeCTBEHHbIX N NCKYCCTBEHHbLIX BOAOEMaAX

Pa3paboTtka TokonpoBoda ¢ NONMMepPHO-razoBoun n3onauunen Ha HanpskeHme 35 kKB ans nepegayu
3M1eKTpo3Heprm odpPLLIOPHbLIX BETPOYCTAaHOBOK

CospgaHue LeHTpa KomneTeHuun «PacnpegenenHas n Bo3oGHOBNsAceMas aHepreTuka
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Peanusauma ctpatermyeckoro npoekra - 2022

PaspaboTaHa nporpamma npodeccuoHaNbHO NepenoaroToBKu:

PacnpeneneHHas reHepauus Ha 6ase BO306HOBAAEMbIX UICTOYHMKOB SHEPTUU

®I'OC 13.03.02 «IneKTposHepreTmKa u 3IEKTPOTEXHUKA»

Hauvasno 18 anpena 2022 r., okoH4yaHue 31 aBrycta 2022 .
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AO HMNO B3U dnekTponsonaumsa

HIMO 2/1EKTPO npuHumaet yyactme B

CTpaTerM4eCcKom npoeKTe No HanpaBAeHUIO peannsaynm H no 3/" E KTpO
HanpaBaAeHMA U30NALMOHHbIX MaTepmnanos AN PE— )/ A

pacnpe/eneHHomn sHepreTukm AO "HINMO B3WU Inektpounsonauma”

OCHOBHbIe HanpasieHunA B3aVIMO£I,EI\;ICTBMF|Z

MpeaocTtaBneHne cneymannctam MOU nponssBoacTBEHHOMN NIOLWAAKM AN OTPAOOTKM TEXHONOTUYECKUX
NPOLLECCOB NOJIy4eHUsi HOBOTO BMAA U30/IALMOHHOM KOHCTPYKLUMN

O6MeH onbITOM Hay4HbIX cneunanncTtos MU 1 Npon3BoOACTBEHHOrO M NPOYEro TEXHMYECKOro nepcoHana
HIMO 2/1EKTPO

Mpeactasutenb HIMO 3J/IEKTPO — leHepanbHbi anpekTop Kyapasues Uropb EBreHbeBuny
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