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A CHOICE OF CRITICAL SECTIONS OF ELECTRIC WIRES AND CABLES IN POWER
CIRCUITS OF ELECTRICAL EQUIPMENT OF POWER INDUSTRY

Purpose. Implementation of close calculation determination of critical sections of S¢; and critical amplitudes of density of alternating
current d¢; of frequency 50 Hz in wires and cables of power circuits of electrical equipment of power industry, characterized flowing
in it at malfunctions of operation current i\ (t) of short circuit (SC) with set amplitude-temporal parameters (ATP). Methodology.
Scientific and technical bases of power engineering, electrophysics bases of technique of high-voltage and large pulsed currents,
theoretical bases of the electrical engineering. Results. The results of the developed electrical engineering approach are resulted in a
calculation choice on the condition of electric explosion (EE) of current-carrying parts of cable and conductor products (CCP) of
critical sections of Sc; for the copper (aluminum) cores of the uninsulated wires, and also for the insulated wires and cables with a
polyvinilkhloride (PVC), rubber (R) and polyethylene (PET) insulation with copper (aluminum) cores (shells) on which in the power
circuits of electrical equipment of the general industrial equipment in malfunction the current of SC iy(t) flows with set ATP. On the
basis of determination of sizes of the real critical sections Sc; for the indicated wires and cables the calculation numeral estimation of
critical amplitudes of density d¢; of SC current ii(t) is executed with set ATP in current-carrying parts of investigated CCP of power
circuits of the examined electrical equipment. It is determined that in the power circuits of electric equipment of the general
industrial installations (for permanent time of slump of T,=50 ms of aperiodic to the constituent of current of SC) critical amplitudes
of density o¢; of SC current i(t) at time of his disconnecting t,=100 ms in copper (aluminum) cores for the uninsulated wires and
insulated wires (cables) with copper (aluminum) cores (shells), PVH, R and PET it is numeral made an insulation according to
approximately 1,57 (1,18) kA/mm’. At time of disconnecting t,=160 ms of SC current i\(¥) in the power circuits of the examined
electrical equipment (T,=50 ms) critical amplitudes of density d¢; of SC current i\(t) for the copper (aluminum) cores (shells) of
indicated CCP become accordingly numeral equal approximately 1,33 (0,99) kA/mm’. Originality. First by a calculation way taking
into account information for ATP of SC current ii(t) and quantitative values of time of his disconnecting t, in the power circuits of
electrical equipment of the general industrial installations the numerical values of critical sections S¢; and critical amplitudes of
density o¢; of AC SC current ii(t) are certain for the uninsulated wires, and also insulated wires and cables with copper (aluminum)
cores (shells), PVH, R and PET insulation. Practical value. Obtained results for the critical sections S¢; and amplitudes of density J¢;
of AC SC current i(t) of frequency 50 Hz (at the period of oscillations of T,=20 ms for of periodic constituent of emergency current
of SC) can be utilized in power industry in practice at a choice thermally by a bar to the action of large SC currents iy(t) of CCP with
copper (aluminum) bars (shells), intended for reliable operation in the power circuits of electrical equipment of industrial power
industry. References 8, tables 5.

Key words: power industrial, electrical equipment, electric wires and cables of circuits of electrical equipment, calculation
choice of critical sections of wires and cables in the circuits of electrical equipment.

Haoani pesynomamu po3poonenozo en1eKmpomexniunozo nioxooy 00 po3paxyHKo6020 uopy no ymoei eleKmpuutnozo euoyxy
(EB) cmpymonpogionux uacmun KadeabHO-RPOBIOHUKOGOI npoOyKuii KpumuuHnux nepepizie Sc; Heizonvoseanux opomie, a
makodc izonvoeanux opomie i kabdenie 3 nonigininxnopuonorw (IIBX), cymoeor (I') i noniemunenosoro (IIET) izonayicro 3
Mionumu (antominiceumu) yncunamu (00010HKAMU), RO AKUX 6 CUNOGUX KOJIAX €1eKMPOOOIAOHAHHA 3A2ATbHONPOMUCTI06020
RPU3HAYEHHA 8 ABApIHOMY pedcumi npomikae cmpym i(t) kopomkozo 3amukannsa (K3) i3 3a0anumu amniaimyono-vacoeumu
napamempamu (AHIl). Ha niocmaei 0anozo nioxody 30ilicHeHuil peanbHuil 6uodip KpumuuHux nepepizie Sc; 014 6Ka3aHUX
opomie (kabenie) cunosux Kin eneKmpoooOnadHanna, wo po3znadacmuyca. Buxonana pospaxynkoea uucenvna ouinka
Kpumuunux amniaimyo wjinonocmeii oc; cmpymy it) K3 i3 3a0anumu AYIl ¢ opomax i kabensax cunoeux Kin 6Ka3anozo
enekmpooonaonanna. Ompumani 0ani cnpuamumyms 3a0e3nevyeHnHio mepmiunoi cmiiikocmi eneKmpuyHux Hei301b08aAHUX
opomie, a maxoxc Opomie i kabenie¢ 3 IIBX, I' i IIET i3onayico, AKi WUpoKo 3acmocosylomscs 6 CUI08UX KOJIAX
eNeKmpoo0Ia0OHARHA 3A2aNbHORPOMUCTI06020 npu3HaueHHa. bion. 8, Tabm. 5.

Knrouosi cnosa: npoMuciioBa ejieKTpOeHEPreTHKA, eJ1eKTPO00JIaIHAHHSA, eJIEKTPUYHI IPOTH i Kadei Kijl e1ekTpood1aHAHHS,
po3paxyHKOBHii BUOip KPUTHYHHX Nepepi3iB APOTiB i kaldeliB B K0JIaX eJIEKTPO0OIaHAHHS.

Ilpugedenvt pesynromamovl  paspadpomannHo20 INEKMPOMEXHUUECKO20 NO0X004 K PpACYemHOMYy 6bl00py HNo  yClo6ur
aneKkmpuyeckozo e3pviea (3B) moxounecywpux uacmeii KadeabHO-NPOBOOHUKOBOU RNPOOYKUUU KpUmMUUecKux ceueHuil Sc;
HeUu301upPOBAHHBIX NPOBOO06, A MAKIICE U30IUPOSAHHBIX NPO60006 U Kabenell ¢ noausunuaxiopuonou (I1BX), pesunosoii (P) u
nonuymunenosoit (II3T) uzonayueit ¢ meonvimu (anOmMunuesviMu) sxeunamu (000104Kamu), RO KOMOPLIM 6 CUNLOGLIX UENAX
INEKMPOOOOPYO0BAHUA OOUIENPOMBLUUTIEHHO20 HAZHAYEHUSA 8 ABAPUIIHOM Pedcume npomeKaem mok iy(t) KOpomKozo 3amMvlKanuA
(K3) c¢ 3a0aunvimu amnaumyono-epemennvimu napamempamu (ABII). Ha ocnosanuu 0annozo nooxooa ocyuiecmeen
DeanvHblil 6b100p Kpumuyeckux ceueHuil Sc; 0714 YKA3AHHBLIX NPO60006 (Kabeneii) Cunosvlx ueneil paccmampugeaemozo
INeKmpoooopyoosanusn. Beinonnena pacuemnas wucieHHan oyeHKA KPUMUYECKUX AMRAUMYO naiomuocmeil dc; moka i(t) K3 ¢
3a0annvimu ABII ¢ nposodax u kabenax cunogvlx uyeneil yKazannozo rnexkmpoodopyoosanus. Ilonyuennvie dannvie 6yoym
cnocoécmeosams odecneueHu0 mepmMuiecKoll CmouKOCmuU 31eKMpUecKuxX Heu30aupoeanHbviX NPo6o00s, a MaKice nPoeooos u
kaobeneit ¢ IIBX, P u II3T u3onayueil, miupoko npUMeEHAEMbIX 8 CUI08bIX UENAX INEKMPOOOOPYO0CAHUA 0OULEnDOMBIUIEHHO20
naznavenus. buo6i. 8, tadi. 5.

Kniouesvie cnosa: npoMbllLIeHHAs] 3JIEKTPO3HEPreTHKA, 3J1eKTPO0OOpYy/I0BaHUE, dIeKTPUYEeCKHe NTPoBoAa U KalesM Lenei
3JIEKTPOOOOPY10BAHMSI, PACUETHDbIN BHIOOP KPUTHYECKUX CeYeHHi POBOAOB U KaleJieil B LensX 3IeKTPooOOpy/10BaHMSI.

Introduction. In [1] the results of a calculation and  (i=1) and shells (i=2) and used in discharge circuits of
experimental determination of critical sections S¢; and  high-voltage high-current pulse technology are presented.
critical amplitudes of current densities d; for non- and  The basis for this choice of S¢; cross-sectional values of
insulated electric wires (cables) containing metal cores © M.L Baranov
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conductive wires (shells) and current density amplitudes
o¢; for cable-conductor products (CCP) with pulsed axial
current varying in the nano-, micro-, and millisecond time
ranges was known in electrophysics the electric explosion
(EE) condition [2, 3] of metal cores (shells) of the indicated
wires and cables, leading to the sublimation of their
current-carrying parts and the CCP failure. In the field of
power industry in emergency operation of the power
circuits of its electrical equipment, accompanied by the
flow of short-circuit (SC) current ix(¢) through the current-
carrying parts of the CCP with frequency /' = 50 Hz and
amplitude of up to (40-125) kA [4], at unreasonable use in
the power circuits of the electric equipment of the CCP,
cases of the occurrence of the EE phenomenon of copper
(aluminum) cores and shells (reverse conductors) of their
wires and cables are also possible. Insufficient attention
was paid by electrical engineers and power engineers to
such emergency conditions in power circuits of electrical
equipment of general industrial use with similar dire
consequences for their CCP. In this regard, the calculation
determination of the critical cross-sections S¢; of electric
wires (cables) used in power circuits of electrical
equipment of general industrial use is an urgent applied
problem in the field of power engineering.

The goal of the paper is to perform an approximate
calculation determination of critical sections S and
critical amplitudes of densities dc; of AC current with
frequency f = 50 Hz in the wires and cables of power
circuits of electrical equipment of power industry,
characterized by flowing in them in emergency modes of
SC current i(f) with specified amplitude-temporal
parameters (ATPs).

1. Problem definition. Let us consider widely used
in power circuits of electrical equipment of general
industrial use uninsulated copper and aluminum wires, as
well as insulated wires and cables with copper
(aluminum) inner cores and outer shells-current
conductors with the initial specific conductivity y,; of
their non-magnetic material, having polyvinyl chloride
(PVCO), rubber (R) and polyethylene (PET) belt insulation
[4, 5]. We assume that along round continuous or split
copper (aluminum) cores (shells) of the indicated wires
and cables of power electric circuits of the considered
electrical equipment in emergency mode in their
longitudinal direction current ix(f) of the three-phase SC
with specified ATPs flows. We indicate that this
particular type of SC current is the calculated emergency
current for the electrical equipment under study [4]. We
believe that the wires and cables under consideration are
located in an ambient air environment, the temperature of
which corresponds to room temperature and is equal to
6,=20 °C [2, 4]. The above value of the specific
conductivity yo; of the core (shell) material of the CCP
corresponds to this temperature. We believe that the wires
(cables) under consideration, before exposure to their
current-carrying parts of the SC current i(f) with
specified ATPs, can be both de-energized and under
nominal current load. In this regard, the initial
temperature 6y of the material of the current-carrying
parts of the CCP, depending on the current mode of
operation of the power circuits of the electrical

equipment, can correspond to §,=20 °C or the value of the
long-term allowable heating temperature 6, of their
material. It is known that for non- and insulated wires and
cables with PVC, R and PET insulation, the temperature
6); does not numerically exceed the levels of 70 and 65 °C
regulated by current requirements, respectively [4, 6]. We
use the assumption that the axial SC current i(¢) is almost
uniformly distributed over the cross-section S; of the core
(shell) of the wire (cable) of the electrical equipment
considered. The justification for this assumption is that
the minimum penetration depth A; of the magnetic field
(skin layer thickness) from the SC current ,(¢) in the
quasi-stationary approximation into the considered non-
magnetic conductive materials, determined from the
calculated relation of the form A~[1/(wfieyo)]” [2],
where yy; is the electrical conductance of the core (shell)
material of the CCP at 6,=20 °C, and ,uo=47r-10’7 H/m is
the magnetic constant, numerically for copper is
approximately 9.3 mm, and for aluminum is 11.8 mm. It
can be seen that the presented numerical values of A; are
comparable with the real radii (thicknesses) of the
current-carrying conductors (shells) of wires and cables
used in electrical equipment circuits of general industrial
use. We use the condition of the adiabatic nature of the
occurring at times of action of the SC current i,(¢) in the
power circuits of the specified electrical equipment of no
more than 1000 ms in the materials of the conductors
(shells) of the investigated CCP of the electrothermal
processes under which heat transfer from surfaces of
current-carrying parts having the current temperature
0ci>0;, and the thermal conductivity of the layers of its
conductive materials of the core (shell) and insulation on
the Joule heating of the current-carrying parts of the
checkpoint are neglected. It is required by calculation to
determine in approximate form the critical sections S¢; of
current-carrying parts for uninsulated copper (aluminum)
wires, as well as for insulated wires and cables with
copper (aluminum) cores (shells), PVC, R and PET
insulation used in power circuits of electrical equipment
of general industrial applications and experiencing in
emergency operation mode the direct effect of the axial
SC current i ii(f) with specified ATPs. In addition, based
on the calculation of the values of the critical sections S¢;,
it is necessary to determine the values of the critical
amplitudes of the densities Jdc; of AC current with
frequency /= 50 Hz in the current-carrying parts of wires
and cables of power circuits of electrical equipment of
power industry, through which SC current i,(¢) can flow.

The electrical engineering approach to the
calculation of critical sections S¢; and current densities
dc; in wires and cables of circuits of electrical
equipment for general industrial purposes. To find
critical cross-sections S¢; of conductive cores (shells) of
considered non-insulated and insulated with PVC, R and
PET insulation electrical wires and cables in power
circuits of electrical equipment with axial SC current i(¢)
of specified ATPs, from the equation of their heat balance
in the adiabatic Joule mode heating of the current-
carrying parts of the CCP the following calculation
relation follows [3]:

Sci =)' ? 1 Deis (1
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I
where Jeiy= Iz,% (¢)dt —the Joule (action) integral for the
0
SC current iy(f) with duration #; of its flow through the
cores (shells) of the CCP, A*s; Do = (JeJi)'"
A-s 2/mz; Jy; is the critical value of the current integral for
the material of cores (shells) of wires and cables of
electrical equipment circuits [2], A*s/m*; J; is the value
of the current integral for the material of conductors
(shells) of wires and cables of electrical equipment
circuits, the long-term permissible heating temperature of
which with the rated current corresponds to the known
value 0 [4], A%s/m”.
In (1), the value of the current integral Jj; is
calculated from the following analytical expression [3]:

Jii = voiPoi IleoiBoi 0 = 00) 1], (@)
where c;, fo; are accordingly, the specific heat attributed
to the unit volume of the material of the core (shell) of the
wire (cable) and the thermal coefficient of the specific
conductivity of this CCP material before the SC current
i(f) flows through it at 6,=20 °C.

It can be seen from (2) that at 6,=0, (the power-off
mode of the CCP), the desired current integral is zeroed
(/u=0).

In Table 1 at ;=20 °C, numerical values are given
for such basic characteristics of copper and aluminum
conductors (shells) of wires (cables) of the studied power
circuits as yy;, co;, foi and J¢; [2].

Table 1
Thermophysical characteristics of copper (aluminum) cores
(shells) of considered wires and cables of power circuits of
electrical equipment before action on them of SC current
i(?) (at 6,=20 °C) [2]

Material of the Numerical value of the characteristic
core (shell) of | 107 | ¢, 100/ | 0,107 | U 10”7
the wire (cable) (Q_m)—l (ms,oc) /T Algm™

Copper 5.81 3.92 1.31 1.95

Aluminum 3.61 2.70 2.14 1.09

Table 2, taking into account the use of data of (1),

(2) and Table 1, shows the numerical values of the

coefficient D¢; necessary for calculating, according to (1),

the critical cross-section S of the conductive core

(sheath) of the considered wire (cable) in the power
circuit of electrical equipment used in power industry.

Table 2

Numerical values of the coefficient D; for non- and insulated
wires (cables) with copper (aluminum) cores (shells) in general-
purpose electrical equipment circuits

Numerical
Type of insulation in | Material of the core | yajue of D,
the wire (cable) of the| (shell) of the wire 108 A-s?/m?
electrical installation (cable) —
Ji#0 | Ji=0
. . . Copper 4.299 | 4.415
Without lat
FHott msuation Aluminum 3.236 | 3301
PVC, R Copper 4.299 | 4.415
Aluminum 3.236 | 3.301
PET Copper 4.299 | 4.415
Aluminum 3.236 | 3.301

From the data of Table 2 it can be seen that the
current mode of operation of the CCP under consideration
(wires and cables of electrical circuits are fully loaded
with rated current (J;7#0) or at J,=0 are completely de-
energized) slightly affects the numerical values of the
calculated coefficient D¢; (up to 3 %). Its quantitative
values are determined mainly by the type of conductive
material of the core (shell) of the considered CCP. For
copper and aluminum, the difference in the numerical
values of D; is approximately 25 %.

It follows from (1) that, for the numerical values of
the coefficient D¢; found (see Table 2), the determination
of the critical cross-sections S¢; of the copper (aluminum)
cores (shells) of the investigated CCP is reduced to the
quantitative determination of the action integral J¢;4 of the
SC current () flowing during time #; over the current-
carrying parts of the selected wires and cables.

2.1Approximate calculation at SC integral of the
action integral Jc,4 of the emergency current. As in
[7, 8], we assume that the SC current ii(¢) in the circuits
with the considered CCP is described by the following
temporal dependence:

i (8) =Ly lexp(=t/T,) —cos(2m /T)y)], 3)

where 7, is the amplitude of the steady SC current ix(¢) in
the power circuit of the electrical equipment; T, 7, are,
respectively, the decay time constant of the aperiodic
component and the period of oscillations of the periodic
component of the emergency SC current i,(¢) in the circuit
with the CCP.

Then, based on (1) and (3), the calculated expression
for the integral of the action of the SC current i(f) in
power circuits with the CCP takes the following analytical
form [7]:

Jou =12 {O,Stk +0,2577'T,, sin(2ty, / T,))

x 08ty I T,) =205 Ty (T +47°T) " exp(—t /Ty x 4
x[24T, sin(2mty. I T,) - T, cos2aty IT,)+ T, ] ]+
+0,57,,[1—exp(=2t;, / T,)]}

In Table 3, for the case 7,=50 ms (7,=20 ms), the
numerical values of the action integral J¢;4 calculated by
(4) for the SC current i(#) are given for the steady SC
current amplitudes /,,; and its durations (shutdown times)
t; in power circuits of electrical equipment for general
industrial use according to the requirements of [4, 8].
Knowing the numerical values of the coefficient D¢; (see
Table 2) and the action integral J¢;4 of the SC current i;(z)
(see Table 3), from (1) the numerical values of the critical
sections S¢; of the current-carrying parts of the considered
CCP in power electrical installations circuits for general
industrial use can be relatively easy determined. Taking
into account the assumptions made, from the relation of
the form d¢~I,4/Sc;, the critical amplitudes of the AC
current densities d¢; in the cores (shells) materials of the
studied wires (cables) for the SC emergency fault mode
can be quantified.

2.2. The results of the calculated choice of critical
sections S¢; and current densities d in wires and
cables of electrical equipment circuits for general
industrial purposes. Table 4 shows the results of
approximate calculation according to (1), taking into
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Table 3
Numerical values of the action integral J;, for the SC current
i(t) flowing in power circuits of general-purpose electrical
equipment (7,=20 ms; 7,=50 ms) calculated by the relation (4)

The value of the amplitude 7, of | . Values of the action
. integral J¢;4 for the SC
the steady SC current i;(¢) in the ;
e . . current ii(f) by (4),
power circuit of an industrial 107-A2g
electrical installation, kA {=100ms | 4=160 ms
30 6.75 9.45
50 18.75 26.25
70 36.75 5145
100 75.00 105.00
125 117.18 164.06

account the data in Table 2, 3 of critical cross-sections S¢;
of copper (aluminum) cores (shells) of uninsulated (bare)
wires and insulated wires (cables) of power circuits of
general industrial electrical equipment (7,=20 ms) for the
case when J,#0, #=100 ms and 7,=50 ms, and the
amplitude 7,; of the steady SC current i(¢) varies
discretely in the range (30-100) kA. From the data of
Table 4 it follows that the critical amplitudes of the
densities d¢=1,/Sc; of the SC current ii(¢) at the time of
its flow (switch off) in the power circuits of electrical
installations equal to #=100 ms for uninsulated wires and
insulated wires (cables) with PVC, R and PET insulation
with copper (aluminum) cores (shells) in the circuits of
electrical equipment for general industrial use (7,=20 ms;
T,=50 ms) are numerically approximately 1.57 kA/mm’
and 1.18 kKA/mm’, respectively. It is important to note that
these values of the critical amplitudes of the densities d¢;
of the SC current ii(7) in the materials of the current-
carrying parts of the wires (cables) of the power circuits
of the electrical equipment do not depend on the level of
the amplitude 7,; of the steady SC emergency fault
current of the power frequency of 50 Hz.

Table 5 presents the results of the calculated
determination according to (1), taking into account the data
in Table 2, 3, of critical cross-sections S¢; of copper
(aluminum) cores (shells) of bare wires and insulated wires
(cables) of power circuits of electrical equipment of general
industrial use (7,=20 ms) for the case when J;70, =160
ms and 7,=50 ms, and the amplitude /,; of the steady SC
current i;(¢) varies discretely in the range (30-100) kA.

Table 4
Numerical values of critical cross-sections S¢; for bare wires and
insulated wires (cables) with copper and aluminum cores
(shells) in power circuits of general industrial electrical
equipment with amplitude 7, of SC current 7,(¢) varying from
30 to 100 kA (for =100 ms and 7,=50 ms)

Type of insulation ) Values of section S¢;, mm?
in the wire (cable) | Material of the _
of the electrical | core (shell) of | Amplitude 7, of the
installation  |the wire (cable)|__Steady SC current, kKA
30 50 70 100
. . . Copper 19.11|31.85|44.59163.70
Without lat
O O T Juminum  |25.38 |42.31|59.24|84.63
PVC. R Copper 19.11|31.85|44.59(63.70
Aluminum [25.3842.31(59.24 (84.63
PET Copper 19.11|31.85|44.59163.70
Aluminum [25.3842.31(59.24 (84.63

Table 5

Numerical values of critical cross-sections S; for bare wires and

insulated wires (cables) with copper and aluminum cores
(shells) in power circuits of general industrial electrical
equipment with amplitude 7, of SC current i)(f) varying from
30 to 100 kA (for =160 ms and 7,=50 ms)

Type of insulation ] Values of section S¢;, mm?
in the wire (cable) | Material of the

of the electrical | core (shell) of |Amplitude 7, of the steady
installation  |the wire (cable) SC current, kA

30 50 70 100

Without Copper 22.61(37.68|52.76| 75.37

insulation Aluminum |30.04|50.06|70.09 [100.13

PVC, R Copper 22.61|37.68(52.76| 75.37

Aluminum |30.04(50.06|70.09 [100.13

PET Copper 22.61(37.68(52.76 | 75.37

Aluminum [30.04|50.06 {70.09|100.13

From the data of Table 5 it follows that the critical
amplitudes of the densities d¢=I,/S¢; of the SC current
ix(¢) at time =160 ms of its flow (switch off) in the power
circuits of the electrical equipment under consideration
for uninsulated wires and insulated wires (cables) with
PVC, R and PET insulation with copper (aluminum) cores
(shells) in the circuits of electrical equipment for general
industrial use (7,=20 ms; 7,=50 ms) numerically are
approximately 1.33 kA/mm® and 0.99 kA/mm’
respectively. Here, the numerical values of the critical
amplitudes of the densities Jd¢; of the SC current i(f) in
the copper (aluminum) cores (shells) of the CCP of the
industrial electric power equipment under consideration,
indicated for the calculation case (4=160 ms; 7,=50 ms),
as well as for the previous case (=100 ms; 7,=50 ms), do
not depend on the quantitative values of the amplitude 7,
of the steady SC current. In addition, from the data of
Table 4, 5 it follows that the quantitative values of the
critical cross-sections S¢; and critical amplitudes of
densities d; of AC SC current iyf) for the current-
carrying parts of the investigated CCP, which is widely
used in power circuits of electrical equipment of general
industrial use, do not depend on any type of insulation (air
or solid) used in the considered electric wires and cables
of electric power devices.

Conclusions.

1. The proposed electrical engineering approach
allows, according to the condition of the EE in the
atmospheric air of the current-carrying parts of the CCP,
to approximate the critical cross-sections Sc; and the
amplitudes of the densities J¢; of the AC axial current for
uninsulated wires with copper (aluminum) cores, as well
as for insulated wires and cables with copper (aluminum)
cores (shells), PVC, R and PET insulation, through which
AC SC current () with given ATPs flows during
emergency operation of power electrical equipment for
general industrial use.

2. The used approximate calculation relations (1)-(4)
made it possible for two real cases (#=100 ms; #,=160 ms)
at 7,=50 ms to establish for a discrete change in the
amplitude 7, of the steady SC current i(f) in the range
(30-100) kA specific capabilities of the proposed
electrical engineering approach for the selection of critical
sections S¢; and density amplitudes Jd¢; of AC current in
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the indicated wires and cables of power circuits of
electrical equipment of general industrial use, in the
current-carrying parts of which in emergency operating
modes of the considered power electrical equipment large
axial SC currents i(¢) flow.

3.1t was established by calculation that the critical
amplitudes of the densities Jc~L,/Sc; of the axial SC
current () in copper (aluminum) cores of uninsulated
wires and insulated wires (cables) with copper (aluminum)
cores (shells), PVC, R and PET insulation at 7,=50 ms for
the case of switch off time #=100 ms of the SC current ix(¢)
in the power circuits of electrical equipment numerically
equal approximately 1.57 (1.18) kA/mm?, and for a case of
=160 ms — 1.33 (0.99) kA/mm>.

4. The results obtained for critical cross-sections S¢;
and density amplitudes Jc; of AC axial current with
frequency f = 50 Hz (7,=20 ms) can be used in electric
power practice to choice thermally resistant to large SC
axial currents #;(¢) the CCP with copper (aluminum) cores
(shells), designed to operate in power circuits of electrical
equipment of power industry.

REFERENCES

1. Baranov M.I. Calculation and experimental determination of
critical sections of electric wires and cables in the circuits of
devices of high-voltage high-current pulse technique. Electrical
engineering & electromechanics, 2019, no.2, pp. 39-46. doi:
10.20998/2074-272X.2019.2.06.

2. Knopfel' G. Sverkhsil'nye impul'snye magnitnye polia [Ultra
strong pulsed magnetic fields]. Moscow, Mir Publ., 1972. 391 p.
(Rus).

3. Baranov M.L. Izbrannye voprosy elektrofiziki. Monografiya
v 3kh tomakh. Tom 3: Teorija i praktika elektrofizicheskih

How to cite this article:

zadach [Selected topics of Electrophysics. Monograph in 3
Vols. Vol. 3. Theory and practice of electrophysics tasks].
Kharkiv, Tochka Publ., 2014. 400 p. (Rus).

4. Orlov LN. Elektrotehnicheskij spravochnik. Proizvodstvo i
raspredelenie elektricheskoj energii. Tom 3, Kn. I [Electrical
engineering handbook. Production and distribution of electric
energy. Vol. 3, Book 1. Ed. LN. Orlov]. Moscow,
Energoatomizdat Publ., 1988. 880 p. (Rus).

5. Belorussov N.I., Saakjan A.E., Jakovleva A.l. Elektricheskie
kabeli, provoda i shnury. Spravochnik [Electrical cables, wires
and cords. Directory]. Moscow, Energoatomizdat Publ., 1988.
536 p. (Rus).

6. Baranov M.I. A choice of sections of electric wires and
cables in circuits of devices of high-voltage high-current
impulse technique. Electrical engineering & electromechanics,
2018, n0.6, pp. 56-62. doi: 10.20998/2074-272X.2018.6.08.

7. Baranov M.I. Refined selection of allowable cross-sections
of electrical conductors and cables in the power circuits of
industrial electrical equipment taking into account emergency
operating modes. Electrical engineering & electromechanics,
2019, no.3, pp. 37-43. doi: 10.20998/2074-272X.2019.3.06.

8. Knyazevskyi B.A., Lipkin B.Yu. Elekrosnabzhenie
promyschlennyh predpriyatij [Power supply of industrial
enterprises]. Moscow, High School Publ., 1972. 432 p. (Rus).

Received 04.02.2019

M.1. Baranov, Doctor of Technical Science, Professor,
Scientific-&-Research Planning-&-Design Institute «Molniya»,
National Technical University «Kharkiv Polytechnic Institute»,
47, Shevchenko Str., Kharkiv, 61013, Ukraine,

phone +38 057 7076841, e-mail: baranovmi@kpi.kharkov.ua

Baranov M.I. A choice of critical sections of electric wires and cables in power circuits of electrical equipment of power
industry. Electrical engineering & electromechanics, 2019, no.5, pp. 35-39. doi: 10.20998/2074-272X.2019.5.06.

ISSN 2074-272X. Electrical Engineering & Electromechanics. 2019. no.5 39



