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AHOTALIIA

Tonmap FOnisa I pucopisna. MeToj KOHTPOJIIO CTPYMOBHUX IEPEBAHTAXKEHb B
CHJIOBUX Kabemsix cepennboi Hanpyru. Ha mpaBax pykomnucy.

Hucepraiiisi Ha 3100yTTS HAyKOBOTO CTYTICHSI KaHAWIAaTa TEXHIYHMX HAyK 3a
cremianpHicTIO 05.11.13 «IIpunagu 1 METOIM KOHTPOJIIO Ta BU3HAYEHHS CKIIATy
pedoBuH» — HalioHaJIbHUI TEXHIYHUN YHIBEPCUTET «XapKIBCBKHI MOJITEXHIYHHMA
IHCTUTYT».

Juceprariitna poboTa TpUCBSUYEHA PO3POOII METOIY KOHTPOJIO CTPYMOBUX
NepeBaHTaKEHb B CHJIOBUX KaOeNsIX CepelHbOl HAMpyTH 3 130JIAIIE€I0 13 3IIUTOTO
MOJTICTUIICHY.

BukoHaHO aHaNITUYHUN OS] TEXHIYHUX [epeBar CUJIOBUX KaOeliB 3
130JIAIIEI0 13 3IIUTOTO MOJIIETHICHY; BU3HAYEHO, 10 MPU MOJEPHI3aIlil ICHYIOUHUX Ta
IPOEKTYBaHHI HOBHMX PO3MNOJAUIBYMX MEPEX HAWBAXKIMUBILIOW € 1H(QOpMalis Mpo
BEJTMYMHY TPAHUYHO JOMYCTUMHX CTPYMIB HAaBAHTAKEHHS, 1110 BU3HAYAETHCS came 3a
TEMIIEPATYPOIO CTPYMONPOBIAHUX KM KabemiB. [Ipu 3HauHOMYy TIEpeBUILICHH] PIBHS
HarpiBaHHs NPOBIJHUKIB (BULIE TOMYCTUMOI0) CTPYM HAaBAHTAKEHHSI IOBUHEH OyTH
CKOPUTOBAaHMM, 10 BAXIMUBO i €hEeKTHBHOTO (DYHKIIIOHYBaHHS JIiHII B CKJIaji
CHEPrOCHUCTEMH.

BcranoBneno, mo TpuBaJO AOMYyCTUMHI CTPYM B HOPMOBAaHHUX YMOBax
eKCILTyaTallii € TOJIOBHOIO TEXHIYHOIO XapaKTEPUCTUKOIO MPOITYCKHOI CIIPOMOXKHOCTI
kabemo. BukopuctaHHS ~ CTaHJApPTHUX  METOAIB  BHU3HAYEHHS  MPOIMYCKHOI
CIIPOMOHOCTI BUMAra€ ypaxyBaHHS OCOOJMBOCTEM KOHCTPYKIi Kabemro, sKi
npuTamMaHHi came KaOensiM cepeAHbOi Hampyrd 31 3IIUTOI0 IOJIETHIEHOBOIO
130JISILIEXO.

B pe3ynbrari nmpoBeeHUX AOCHIIKEHb 3alPONIOHOBAHO MOJIENb, AKa JI03BOJISE
BU3HAYaTH TapaMeTpH TPUBAIOrO CTpyMoBoro HaBaHTaxeHHs 3IIE-kabGenro 3a

pPaxyHOK BBEJIEHHS B CHUCTEMY pIBHSHb AHAJITUYHOTO BHpa3y ISl BU3HAYCHHS
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Koe(ilieHTy po3cisHHs Teria. Lle 103Bonmio BpaxyBaTH OCOOJIMBOCTI KOHCTPYKIIII
Kabeo.

Busnadeni Ta oOrpyHTOBaHI HAMPSIMKH TUCEPTAIIHHOTO TOCTIHKEHHS.

TeopetnuHo 1 EKCIEPUMEHTAIbHO MIATBEPIKEHO METOJ  KOHTPOJIO
JOMYCTUMHUX CTPYMOBHUX NIEPEBAHTAKEHD IIJITXOM BU3HAYEHHS MTOCTIHHOT HArpiBaHHS
Kabemo CTpyMOM MepeBaHTaKeHHs. [IpoBeeHO TeopeTHdHi Ta eKCIepUMEHTaNbHI
JOCJIIJKEHHSI BU3HAUEHHS AUHaMiku HarpiBanHs kaOemB AIIBErally — 1x70 — 35 kB
ta AAIIB 1x 75 — 10 kB 3a pi3HUX TeMIeparyp OTOYYHHYOr0o CEpeOBHUIIIA.
[IpoBenennii po3paxyHOK AMHAMIKM HarpiBaHHs JaHUX KaOeniB 3a JOMOMOIOIO
IBOXIIAPaMETPUUYHOI €KCIIOHEHLIHOT MOJEN1 (apaMeTp MACIITAOY Tyax = Oy — Oy 1
napaMmerp (OpMU EKCIIOHEHTU f), BpPaXxOBaHO YMOBY 30€peKeHHS TEIJIOBOrO
OayiaHcy.

Jlns naHuX TUIIB KOHCTPYKIH KaOeaiB BHU3HAUEHA cTaja HarpiBa"Hs pf.
BcTranoBieHo, 10 3a MOXJIMBOCTI, CJiJi BIIJATH TEpeBary €KCIepUMEHTaIbHOMY
BU3HAYCHHIO JIMHAMIKUA HarpiBaHHS KOHKPETHOTO Ka0enro B BU3HAYCHHUX yMOBax. 3a
JOTIOMOT'OI0 CTATUCTUYHOT MOJIE1 BU3BHAUYEHO TOYHICTh €KCIIEPUMEHTAIBHOT OLIIHKH.
[IpoBeneHo aHaii3 pe3ysbTAaTIB PO3PAXYHKY CTajgOi HArpiBy >KWJIM, BU3HAYEHOI 3a
pizauMu Moensmu i kabemo ATIBErally—1x70 — 35 xB.

BusnaueHo, 1110 TMOpPIBHSAHHS OPIEHTOBHO pPO3PAaXOBAHUX OILIHOK CTajoi
HarpiBaHHsl JBOX THUIIB KaOeliB cepeAHbOi HANPYrd 3 pe3yJIbTaTaMH OLIIHIOBAHHS
BIIMOBIAHUX 3HA4YeHb SK MapaMeTpiB JiHIAHOI (QyHKIIT 3a pe3yjbTaTamu
BUMIPIOBaHHSI JWHAMIKM HarpiBaHHA >KWJI LHUX KaOemiB CBIAYUTH TPO T, IO
OpIEHTOBHUU pO3paxyHOK CTajoi HarpiBaHHs KaOemiB CepeaHbOi HAMpyTH
BiIoOpaXkae 0COOJMBOCTI iX KOHCTPYKIIli, HE BUMAara€e TPUBAJIOr0 €KCIEPUMEHTY 1
J03BOJISIE TUM CaMUM OTIEPATHBHO 1 aJIKBATHO OIIHUTH BIUIMB KOHCTPYKIII KaOeIro
Ha JMHAMIKy HOro HarpiBaHHs, BAKOPUCTOBYIOUHU JBOXIIAPAMETPUYHY €KCIIOHEHTY.

[IpoananizoBaHO BIUIMB TEXHOJIOTIYHUX oOcoOsuBocTeil BuroroBieHHs 3IIE-
kabeniB. [lpoBeneHo aHani3 BIUIMBY CTPYKTYpPH HAMIBIPOBIAHOTO €KpaHy Ha

o3IO eneKkTpruyHoro noJjs B 13oisiii 3I1E-kabento Ha Hanpyry 35 kB.



BceraHoBneHo, 1110 32 YMOBU 3aCTOCYBaHHsI B MaTepiayi eKpaHy IMIYHOI Caxi
3aMICTh alleTUJICHOBOI HA TpPaHUIIl EKPaH-130JIAIiSI MOXYTh BHUHHUKATH MICIIS
JIOKAJIbHOTO TMOCUJICHHS €JIeKTPUYHOIO TTOJISL.

Po3po6neno mporpamu oOYHCIEHb IS METOMY MOJBIMHOTO KOH(OPMHOIO
NEPETBOPEHHS 3 METOI0 BU3HAUYEHHS PO3MOJLTY HANPY>KEHOCT1 EJIEKTPUYHOIO MO 3
ypaxyBaHHSIM TOro, WO JIEJNEKTPUK CKJIAJae€TbCcd 3 IIapiB 3 PIZHUMH
eNIEKTPO(PI3NIHIUMHE ITapaMeTPaMHu.

OTpuMaHO aHaNITUYHE PIIIEHHS ISl 3HAXOJDKEHHS PO3MOJLTY MOTEHLIaNy B
3amkHeHi obmacti. [IpoananizoBano mpouec nerasaii 3I1E-kabento, Ha OCHOBI
MPOTOKOIIB TEPMOTPABUMETPUYHOTO aHAJI3y JlaHI MPAKTUYHI PEKOMEHJAIlli 11070
CTPOKIB Jeraszauii. BcraHoBieHo, 110 y pa3l BUKOPUCTaHHS B Marepiajly eKpaHy
alleTUJICHOBOI Caxy 1 3a0e3ledyeHo MMOBHY Jerasailito kabelto, TO MaKCHMallbHa
HaIPy>KEHICTh EJIEKTPUYHOIO TOJIsI B 130JAMii Kabenwo Ha Hamnpyry 35 kB He
nepesullye 4...4,5 kB/mMm. B iHImIOMYy pa3l JOKaJbHE 3HAYEHHS MaKCHUMalbHOI
HAIMPY>KEHOCT1 EJICKTPUYHOTO TOJIA B 130iiAmii kabemo Ha Hampyry 35 kB moxe
JOCSITaTh KUIBKOX JeCATKIB KB/MM, 10 € NPUYMHOI0 BUHUKHEHHS YacCTKOBUX
PO3psiiB B 13011

Po3pobieno MeToy OIiHKK Ta KOHTPOJIIO CTPYMOBHUX NepeBanTakeHb B 3I1E-
KabeJsax cepeIHbOi HAMpPyTH.

BcraHoBiieHo, 1m0 HEOOXiAHOK YMOBOK  BH3HAY€HHS  JOIyCTUMOIO
CTPYMOBOTO  HABAHTAKEHHS € BH3HAYEHHS  KPUBHX  IE€PEBAHTAXyBaJIbHOI
CIIPOMOXHOCT1 y BHUIVISI 3aJ€KHOCTEH KPATHOCTI CTpyMy NepeBaHTaXeHHsS [, 10
TPAaHUYHO JOIMYCTUMOTO CTPyMY [,,; B CTAI[lOHAPHOMY PEKUMI POOOTH Kalero Bij
yacy mnepeBaHTaxeHHs. Taki 3aJIeKHOCTI J03BOJIIOTH PO3POOJIATH HOPMATUBHU IS
KOHKPETHUX KaOEIIbHHX JIiHIM, OCKIJTLKH BiJIMTOBITHI KPATHOCTI 3aJIe’KaTh BiJ] IEBHUX
YMOB MPOKJIaJJaHHs Ta €KCILTyaTalii.

3a yMOBH, MI0 pPEXKHUM HABAaHTAXKEHHA € JOMYCTUMUM, TOOTO MOTOYHHI
HeperpiB He MEpPEeBUIIYe MaKCHUMaJbHO JOMYCTUMHUM, BHU3HAYEHO CTPyM Ta dac

AOIIYCTHUMOTI'O IICPCBAHTAKCHHA.
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[IpoBeneHoO po3paxyHOK KOEQILIEHTY JOMYCTUMOIO MEPEBAHTAXKEHHS BIJl 4acy
NepeBaHTAXCHHSA. BCTaHOBIEHO, IO BHU3HAYEHHA KOE(DIIIEHTY JOIYCTHMOTO
nepeBaHTaXEHHS k&  J03BOJIAE TMPEACTABUTH IE€PEBAaHTAXKYBAJIbHY  3/IaTHICTb
KOHKPETHOTO KaOeal0 KOMIIAKTHO y BHUIVIAJAlI CIMEWCTBA KPUBUX JIOIYCTUMHUX
nepeBaHTaXKEHb, TP 1bOMY HEOOX1THOIO € JuIle iH(OopMaIlis MPo CTalTy HarpiBaHHS
p.

3a pesyapTaTamM JOCHIXKEHHS 3HAWJIEHO ialla30H MOXIIMBUX PEXKUMIB
TPUBAJIOrO0 CTPYMOBOTO HAaBAaHTAXEHHS JUISI KOHKPETHOI KOHCTPYKIIi KaOenro,
BU3HAYEHO YacOBI Ta TEMIEpATypHI MexXi TMpu 33JaHOMy  Koe(illieHTi
NEpEeBAHTAXEHHS. 3allPOIIOHOBAHO MPEJICTABICHY CUCTEMY KOHTPOJIO JOIYyCTUMOTO
cTpyMoBoro nepeBaHtaxkeHHs 3IIE-kaOeniB 1HTErpyBaTH B ICHYIOUY CHCTEMY
KOHTPOJIbHUX BUIPOOYBaHb Ha MiANPHUEMCTBI.

Jlani mnpakTU4HI peKoMeHAAlll WI0J0 BIPOBAIKEHHS 3alPOINOHOBAHOTO
METOy B CHUCTEMY ICHYIOUMX KOHTPOJBHUX BHIPOOYBaHb Ha KaOeIbHUX
HiANpUEMCTBaX. Bin3HaueHo, IO JOUUIBHO BHUKOPHCTOBYBATH 3alpPOIIOHOBAHUI
METOJ KOHTPOJIIO SIK HEPYWHIBHY J1arHOCTUKY CUJIOBUX KaOElliB.

PesynbpTatu po3po0oK 3axuileHi MaTeHTOM Y KpaiHu Ha KOPUCHY MOJIEINb.

Po3poGniennii MeToJ KOHTPOJIIO CTPYMOBHUX I€PEBAHTaXEHb B CHJIOBHUX
KabelsaX cepelHbOi Hampyrd BIOPOBaXKEHO Ha KabenbHOMy 3aBoii TOB
«EBPOITAH» Ta B HaB4aJIbHOMY Ipolieci KapeapH eIeKTPOI130JIALIIHOL 1 KaOeIbHO1
texHiku HTY «XIII» npu miarorosii 6akagaBpiB Ta MaricTpis 3a cremianbHicTio 141
— «EnexTtpoenepreruka, eJIeKTpOTEXHIKa Ta EJIEKTpPOMEXaHiKa», a caMe B Kypcax
«OcHOBM KaOenbHOI TeXHIKH», «P03paxyHOK 1 KOHCTPYIOBAaHHS CHUJIOBHX KaOeliB i
npoBoAiB», «TexHika BUIPOOyBaHb  EJIEKTPOIZONALINHMX, KaOEIbHHX  Ta

OIITOBOJIOKOHHHUX CUCTEM».



Knrouosi cnosa: cunosi kabeni 3 130J5LI€10 13 3IIUTOTrO MOJIETUIIEHY, CTPYMOBI
NepPEeBAaHTAKEHHS, CTAIllOHAPHUN PEXHUM, JUHAMIKA HArpiBaHHA KaOero, PEeXUM
TPUBAJIIOTO  CTPYMOBOTO  HABaHTaXCHHs,  KabOell  cepeaHbhoi  HaIpyrH,

NepeBaHTaXyBalbHa 3/1aTHICTb.
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ABSTRACT

Gontar Yuliya Hryhorivna. Method of controlling the current overloads of
medium voltage power cables. On the rights of the manuscript.

Thesis on obtaining a scientific degree of Ph.D. in specialty 05.11.13
"Devices and methods of testing and determination of composition of substances"
— National Technical University "Kharkiv Polytechnic Institute".

The dissertation work is devoted to the development of the method of current
overload control in medium voltage power cables with cross-linked polyethylene
insulation.

An analytical review of the technical advantages of power cables with cross-
linked polyethylene insulation was performed; It is determined that when
modernizing existing and designing new distribution networks, the most important
1s the information about the value of the maximum allowable load currents, which
is determined by the temperature of the conductive cores of cables. If the heating
level of the conductors is significantly exceeded (above the allowable), the load
current must be adjusted, which i1s important for the efficient operation of the line
in the power system.

It is established that long-term allowable current in normalized operating
conditions i1s the main technical characteristic of cable capacity. The use of
standard methods for determining the bandwidth requires consideration of the
design features of the cable, which are specific to medium voltage cables with
cross-linked polyethylene insulation.

As a result of the conducted researches the model which allows to define
parameters of long current loading of XLPE-cable due to introduction in system of
equations of analytical expression for definition of coefficient of heat dissipation is
offered. This allowed to take into account the design features of the cable.

The directions of dissertation research are defined and substantiated.

The method of control of admissible current overloads by definition of a
constant heating of a cable by an overload current is theoretically and

experimentally confirmed. Theoretical and experimental researches of
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determination of dynamics of heating of cables of APvEgaPu - 1 x 70 - 35 kV and

AAShv 1x 75 - 10 kV at different ambient temperatures are carried out. The
calculation of the heating dynamics of these cables using the two-parameter
exponential model (scale parameter Tpax = Oy — O, and the shape parameter of the
exponent f), taking into account the condition of maintaining the heat balance.

For these types of cable designs, the constant heating f is determined. It is
established that, if possible, preference should be given to experimental
determination of the heating dynamics of a particular cable under certain
conditions. The accuracy of the experimental estimation was determined using a
statistical model. The analysis of the results of the calculation of the constant
heating of the core, determined by different models for the cable APvEgaPu-1 x
70 - 35 kV.

It is determined that the comparison of approximately calculated estimates of
the heating constant of two types of medium voltage cables with the results of
estimating the corresponding values as parameters of the linear function based on
the measurement of heating dynamics of these cables indicates that the
approximate calculation of the heating medium of medium voltage cables does not
long experiment and thus allows you to quickly and adequately assess the impact
of cable design on the dynamics of its heating, using a two-parameter exponent.

The influence of technological features of production of XLPE-cables is
analyzed. The influence of the structure of the semiconductor screen on the
distribution of the electric field in the insulation of the XLPE-cable at a voltage of
35 kV is carried out.

It 1s established that if a furnace soot is used in the screen material instead of
acetylene, places of local electric field amplification may occur at the screen-
insulation boundary.

Calculation programs have been developed for the method of double
conformal transformation in order to determine the distribution of the electric field
strength, taking into account the fact that the dielectric consists of layers with

different electrophysical parameters.
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An analytical solution for finding the potential distribution in a closed domain
is obtained. The process of degassing of XLPE-cable is analyzed, on the basis of
protocols of thermogravimetric analysis practical recommendations concerning
terms of degassing are given. It is established that in the case of using acetylene
carbon black in the screen material and complete degassing of the cable is
provided, the maximum electric field strength in the cable insulation at a voltage
of 35 kV does not exceed 4... 4.5 kV / mm. Otherwise, the local value of the
maximum electric field strength in the cable insulation at a voltage of 35 kV can
reach several tens of kV / mm, which is the cause of partial discharges in the
insulation.

A method for estimating and controlling current overloads in medium-voltage
XLPE-cables has been developed.

It is established that a necessary condition for determining the allowable
current load is to determine the curves of overload capacity in the form of
dependences of the multiplicity of the overload current 7, to the maximum
allowable current /4o, in stationary mode of cable operation from the time of
overload. Such dependencies allow the development of standards for specific cable
lines, as the corresponding multiplicities depend on certain conditions of laying
and operation.

Provided that the load mode is permissible, ie the current overheating does
not exceed the maximum permissible, the current and time of permissible overload
are determined.

The calculation of the allowable overload coefficient from the overload time
1s performed. It is established that the determination of the allowable overload
coefficient k allows to represent the overload capacity of a particular cable
compactly in the form of a family of curves

Keywords: power cables with cross-linked polyethylene insulation, current
overloads, stationary mode, cable heating dynamics, long-term current load mode,

medium voltage cables, overload capacity.
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