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In recent years, there has been a power consumption increase in large cities due to
the intensive development of new neighborhoods and the widespread introduction of
powerful electrical appliances. There is also a steady upward trend in non-linear load,
largely due to the transition to energy-efficient light sources. The presence of
nonlinear loads lead to voltage and current waveform distortion in distribution
systems, that is, to the appearance of current and voltage harmonics [1, 2]. In this
regard, urban cable networks operate at the limit of their capacity, which means
operating with the maximum allowable core temperature limit. The problems of
monitoring the temperature of cable insulation are an urgent problem in the electric
power industry. One of the most promising areas of research is the development of
methods for determining the residual lifetime of cable insulation, which can be
calculated from monitoring temperature of insulation and other factors that
significantly affect the insulation material.

Any rise of cable insulation temperature leads to boosting of stuff destruction,
determined by the Arrhenius law, and, as a consequence, to reduce the cable lifetime.
Therefore, monitoring the cable insulation temperature will allow to calculate its
residual lifetime.

The heat balance equation for a cable line in the general case:

PC'S =Tc—Ty

where P — cable core heat flux (power dissipation), W; S — the thermal resistance of
the cable construction elements and the environment, °C/W; T — core temperature,
°C; T4 — ambient temperature, °C.

In case the presence of harmonics, the heat balance equation takes the form:

(Pci+Pcp)S =Tey + ATy, — Ty,

where P¢; — cable core heat flux (power dissipation) producing by the main harmonic
current, W; P, — cable core heat flux (power dissipation) generating by high
harmonics currents, W; T, — cable core temperature generating by the main harmonic
current, °C; AT¢, — increment of cable core temperature due to the action of high
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harmonics currents, °C; S — the thermal resistance of the cable construction elements
and the environment, °C/W; T, — ambient temperature, °C.

After load turning on, the cable core temperature rises for a long time. The law of
variation of conductor temperature:

t
0=0,[l-e "),
where 0 — the current temperature difference of the cable core relative to the ambient
temperature, °C; ¢t — cable operating time under load, s; Ogs — the steady-state
temperature difference of the cable core at t = oo, °C; f — heating time constant: the
time during which the cable heats up to 2/3 of the maximum operating temperature, if
there is no heat removal to the environment (does not depend on time).

After some mathematical modifications the curve of the additional temperature
increment of the cable core generated by high harmonics currents is described by the
following expression:

_
AT, =P., §[{l-e ),
where #, — operating time of the cable at the influence of high harmonics currents, °C;
P¢y, — cable core heat flux (power dissipation) generating by high harmonics currents,
W; § — the thermal resistance of the cable construction elements and the environment,
°CIW.
Or through the energy of the harmonic components consumed by the cable:
_l
AT, =W, [F{l-e B)th—,
h
where We,=t,Pcy.

The increment of the cable line temperature caused the influence of harmonics is
a function of the consumed power of the harmonic components and the time the cable
line was under the influence of nonlinear loads:

AT,=f(We, th).

Since the value of the reporting period is invariable, the temperature increment of
the cable line is directly proportional to the energy of the harmonic components
consumed by the cable line:

AT, =(Wy).

With a known insulation lifetime t; at temperature 77, it is possible to determine
its lifetime 7, at temperature 75:

)

CONCLUSIONS
* cable line temperature increment is directly proportional to the harmonic
component energy consumed by the cable line;
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* the use of distributed measurements allows to control the additional heating of
the cable line and, at a minimum, to correct the life of the cable and plan scheduled
maintenance for its replacement.
Keywords: lifetime of cable insulation, insulation aging, predictive protection,
heat balance equation.
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JlocnimeMo AB1 KOMI FOTEpHI Mojieli cucteMu aBToMatiuaHoro kepyBanas (CAK)
BeHTWIbHUM JABuUryHOM (BJI), mo mnoOymoBaHi y mnporpaMHOMY 3acCTOCYHKY
MATLAB.

KepyBanus BJ| y mepmriii 3amporoHOBaHi Mojeni 3aCHOBaHE Ha TMPUHIIUII
nijersioro peryioBannsa. OnnokpatHo iHTerpytoua CAK B/l mae y cBoemy ckmai
KOHTYpH CTpyMy Ta mBHIKOCTI. KoxeH 13 3a3Ha4eHNX KOHTYpIB Ma€ CBif PErysaTop
(cTpyMy — TpONOPILIMHO-IHTETpalIbHUI 3aKOH pEryJloBaHHS, MIBUJIKOCTI —
IPOMOPIIAHUN) 1 HETraTUBHMUM 3B'SI30K 32 KOHTPOJIbOBAHOK 3MIHHOW. CurHan
MOCTYyTAa€ Ha BX1J CUCTEMH 13 3a/laTuuKa 1HTeHCUBHOCTI. Ha puc.1 HaBeneHo rpadiku
3MIHM 3aJ1aHO1 Ta MIMCHOI IBHIKOCTEH, MOMEHTY oOeptanus B/I: a) B = 0° nmpu Mc
=0, 0) B = 30° ipu Mc=0,5 My, B) 3 = 60° nipu Mc= My u Us=30%; 1) 3 = 60° ipu
Mc= My u Uz= 50%, oTprimaHi 3a pe3yJbTaTaMi KOMIT FOTEPHOTO0 MOJIEIIOBAHHS.

PesynbraTu cumynsiii poootu B/l y cepenouii MATLAB mnoka3zanu 1ocTaTHiO
TOYHICTh TOPIBHSHO 3 JaHUMH, OTPUMAHMMHM TiJ4ac EKCIEPUMEHTAIbHOTO
JTOCIIDKEHHsT Ha JjaboparopHoMy cTeHl. JlaHa Mojenb 3 BHCOKOK 30DKHICTIO
BIJITBOPIOE €JIEKTPOMEXAHIYHI IMEPETBOPEHHSI €HEPT1i Ta €JICKTPOMArHITHI IPOIIECH.

VY nppyrii koMm’roTepHid Mopeni 3actocoByeTbesa [ll-perynsitop 3 HewiTKORO
aorikoro (puc. 2). [Tapamerpu BipTryanbsHoi moaeni B/ HacTymnHi: Hanpyra *UBJICHHS
500 B, nmotyxsicts 1 kBT, gacrororo o6epranns 3000 06/xB. EnexTpudne >KUBJICHHS
JBUTYHA 31HCHIOETHCA 32 IOMTOMOTOIO IIECTHPIBHEBOTO NIEPETBOPIOBAYA HATIPYTH.

BigkpuBanHsa AioniB BimOyBa€ThCSA 3a KOMAaHOK0, SKAa HAIXOMWUTh y BHUIJISAIL
curHamB edekty XoJiia, 3 JaTYMKIB MOJIOKEHHS POTOPY €JIEKTPOIBUTYHA.
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