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Study of the influence of the parameters of modern grounding wires on the value of power
losses in them for overhead power lines of 330-750 kV

Introduction. The problem of estimating power losses in grounding wires with built-in fiber optic cable for overhead power lines of
voltage class 330-750 kV is relevant, while it is obvious that the amount of losses depends on the chosen brand of wire. Problem. In
the article, an analysis of the influence of the parameters of grounding wires on the amount of losses that occur in them in the normal
mode of operation of the overhead power lines is carried out. Goal. The purpose of the work is to determine the criterion for the
selection of grounding wires with a built-in optical fiber cable under the condition of increasing the energy efficiency of electricity
transmission. Methodology. To calculate power losses in grounding wires, the methods of electromagnetic field theory were used,
while taking into account the location of phase conductors on various types of towers of operating 330-750 kV overhead power lines
and the possible current load of such lines. Results. The paper analyzed the dependence of losses in the grounding wires of the
overhead power lines on the ratio of its active and reactive resistances, determined in which range of this ratio the losses will be
close to the maximum. It is shown that the amount of specific power losses in the grounding wires of 330-750 kV overhead power
lines in its normal operating modes can range from 1.6 kW/km for the 750 kV lines to hundreds of W/km for the 330 kV power lines.
Originality. For the first time, it is recommended to use grounding wires with built-in fiber optic cable with running active resistance
in the range of no more than 0.25 Ohm/km, which will minimize power losses and increase the energy efficiency of the 330-750 kV
overhead power lines. Practical value. The obtained results can be applied at the stage of designing new or modernizing existing
overhead power lines in order to reduce losses and increase the energy efficiency of lines. References 27, tables 1, figures 5.
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Jlocniosceno empamu enexmpoenepeii  2po303axucHux cucmemax nogimpsaHux NiHitl enekmponepeoaganus Hanpyeor 330-750 kV
3 2PO303AXUCHUMU MPOCamu, Wo Micmambs 86Y008aHUL ONMOBONOKOHHUL Kabeav. ITlokazano, wjo yi émpamu € 3HAYHUMU,
3anexcamyv 6i0 83AEMHO20 POIMAULYBAHHA (DA3 Ma MPOCY, HAGAHMANCEHHS AIHII 30 CMPYMOM MaA NApAMempié camo2o mpocy
(cniggioHowleH s 11020 AKMUBHO20 MA PEaKMUuHo20 onopig) i mooxcyms cmanogumu 6i0 1,6 kW/km ona nainiu 750 kV 0o
comenv W/km ona ainiti 330 kV. Busnaueno, wo 2po303axuchi mpocu 3 RO2OHHUM AKMUSHUM onopom 6 dianazoni 6io 0,32 (Ykm oo
1,5 Qfkm 6yoymv mamu empamu, 61u3bKi 00 MAKCUMATbHUX. Bnepuwe pexomendosano uxkopucmogyeamiu 2po303aXucHi
mpocu, AKi micmams 80Y008aHUll ONMOBONIOKOHHUL KAbOelb, 3 NOSOHHUM aAKMUHUM onopom ue Oinvwe 0,25 Vkm, wo
003601UMb 3MEHWUMU 6MPAMU NOMYICHOCMI MA NIOGUUMU eHep20ePeKMUSHICMb NOGIMPAHUX NIHIU eleKmponepedasanHts

330-750 kV. Bibn. 27, Tabx. 1, puc. 5.
Kniouoei  cnosa: mnoBiTpsiHa JiHiA
€J1eKTPOeHeprii, MOrOHHUI AKTUBHUI omip.

Introduction. In the modern world, overhead power
lines (PLs) are increasingly equipped with lightning
protection cables (LPCs) with built-in fiber optic cable
(cables of the OPGW type). Such cables not only protect
the PL phases from direct lightning strikes, but at the
same time have built-in channels for transmitting
information. The process of equipping PLs with such
cables continues in Ukraine, primarily these are main PLs
of the 220-400 kV voltage class. It should be noted that
the lightning protection system of the PLs of the above
voltage classes most often consists of two LPCs.

According to the requirements of the FElectrical
installation regulations [1], OPGW-type LPCs must be
connected to each PL support, which, in turn, is grounded.
Here, additional losses of electrical energy will occur in
the PL lightning protection system in normal operation
mode. The magnetic field of the PL phase wires forms an
alternating magnetic flux coupled to the PL lightning
protection system. This flow leads to the appearance of
induced currents in the LPC and, as a result, energy losses
for heating the LPCs themselves, which have a certain
active resistance.

Review of publications. In [2], the approach to
calculating power losses in the lightning protection
system of the 330 kV PL, which has one LPC and is made
on poles of the PS330-2 brand with a vertical arrangement
of phases, is considered. The authors show that in the case

CJIEKTpoIepe/1aBaHHsd,

rpo3osaxmucHa cucrema, rp0303axnc1m17l TPOC, BTpPaTu

of the use of the LPC of the OPGW type, the induced
current in the LPC can lead to significant power losses.
However, the majority of 330-750 kV PLs have
horizontal wiring and two LPCs. It should be noted that
most often in the course of the modernization of the
mentioned PLs in Ukraine, only one of the two LPCs is
replaced with OPGW: the other remains divided into
segments by a steel rope, and each of the segments, in
accordance with the Electrical installation regulations, is
grounded at one point in order to prevent the flow of the
induced current in such a LPC.

Studies of the modes of operation of high and ultra-
high voltage lightning protection systems have a long
history [3, 4]. However, the never-ending interest in these
issues is due to both the use of new materials and the
development of new types of PL supports, changes in the
parameters of the LPCs themselves, changes in the PL
load, etc. Issues of arrangement and modes of operation
of lightning protection systems are considered in [5-7].
However, in them, attention is paid to multi-circuit PLs
with one or two lightning protection cables [5] and
vertical arrangement of phases. Here, the optimal mutual
location of the phases of different circuits of such a PL is
chosen in order to reduce power losses in its lightning
protection system.

PLs of voltage classes 330-750 kV found on the
territory of our country have horizontal arrangement of
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phases and are mostly single-circuit. A characteristic
feature of Ukrainian PLs is the significant size of the
supports and the distances between the phases and the
LPC, therefore, the methods of reducing power losses in
the lightning protection system given in [5-7] cannot be
applied to them.

Many works, in particular [8-13], are dedicated to
the reduction of power losses in electrical networks.
However, most of these works are aimed at solving the
problem of reducing technological losses of electrical
energy in phase conductors of the electrical network and
power transformers.

The issue of reducing losses is also relevant for cable
lines, where currents are induced in the shields of single-
core cables according to a similar mechanism of influence
(if there are conditions for their flow) [1, 14-17].

The analysis of regulatory documents regarding the
installation of fiber-optic communication lines (FOCL) on
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For 750 kV PLs, which are built on supports of the
PP-750 type (Fig. 1,a) [18], there will be the largest
distances between the phases and the LPCs, which form
the lightning protection system of the PL. Such PLs are
designed to transport up to 2.25 GW of power (the current
in a phase is approximately equal to 1.7 kA), and the load
of PLs during the day, as a rule, changes insignificantly.
In Ukraine, the indicated PLs most often have a load of up
to 1 GW (the current in a phase is approximately equal to
770 A). All this means that it is in such PLs significant
losses in the lightning protection system can occur. For
example, the maximum annual losses in one LPC of the
750 kV PL with maximum load of 2,000 MW and the
number of hours of use of the maximum load of 6,000
hours/year can reach 50,000 kW-h/km [4].

Let’s find out for which LPCs the greatest losses
will occur in the PL lightning protection system.

The currents induced in adjacent circuits from the
OPGW grounded on each support, the body of the
supports, and the ground, flow through the supports of the
PL in opposite directions and compensate each other in
the case of equality of the run lengths. It should also be
noted that the resistance of one cable run is significantly
lower than the grounding resistance of one PL support.
Under such conditions, the currents from OPGW to the
ground flow only from the terminal supports of the PL,

11820 (12520)

PLs showed that when choosing OPGW, their mechanical
strength and resistance to lightning and short-circuit
currents are taken into account, and power losses that
occur in them in normal PL operation mode are not taken
into account[1]. It is obvious that it is worth proposing
additional criteria for the selection of LPC in order to
reduce these losses.

The goal of the article is to find and justify the
selection criterion for the OPGW for 330, 400, 500 and
750 kV PLs, which will ensure the reduction of power
losses in the lightning protection systems of such PLs.

The main research materials. Below are the
calculation method and numerical values of power losses
in the lightning protection system of the 330-750 kV PLs
using the example of supports of the PP-750, PP-500 and
P330-9 brands (Fig. 1).
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Fig. 1. External view and geometric dimensions of high-voltage PL supports: @) PP-750; b) PP-500; c¢) P330-9

the resistance of which is normalized in Table 2.5.29 of
the Electrical installation regulations [1]. The circuit for
the flow of this current has a certain active resistance Rgy
and inductive resistance Xy, which are determined by the
parameters of the OPGW (provided that the grounding
resistances of the terminal supports of the PL are small
relative to Rgyr and Xgy of the OPGW along the length of
the PL).

Knowing the induced voltage Ugy, we can
determine the induced current of /5y by the formula:

Uew

low = —F———.
[22 2
RGw + XGw

Losses of active power in the lightning protection
system can be determined by the formula:

Rew
2 7 -
RGw + XGw

@)

2

2 2
Fow =1Gw -Rew =UgGw -
The condition of maximum active losses can be
found by determining the extremum of (2):

dPgw

2 2 2
\RGw +XGW)—2'RGW _0.

2 2
(RGW +X GW)2

It follows from (3) that the condition for maximum
active losses in the LPC has the following form:

Row =Xgw -

3)

2
=Ugw

“
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It is obvious that the maximum power losses will be
equal to:
2
Ucw - Xew 2 1
Fowmix ==———5 =Uew 7——- )
XGW + XGW 2. XGW
Let’s determine the value of reduced losses in the
form of the ratio of Pgy to Pgpmax:

Fow  _2-Row Xew ©)
FGw max RéW +XéW
By dividing the numerator and denominator of (6)
by the square of the reactive resistance, it is possible to
obtain the value of the reduced losses in the lightning
protection system as a function of the ratio of its active
and reactive resistances:

5. Rew

Fow  _ [RGWJ: Xew 7
Fow max Xew I(RGWT
+ M
Xow

The dependence constructed according to (7) is
shown in Fig. 2.
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Fig. 2. Dependence of reduced losses of active power
in the lightning protective cable of the PL on the ratio of
its active and reactive resistances

It is obvious that in order to avoid maximum losses
in the lightning protection system, one should choose
such OPGW for which the ratio Rgp/Xgy will be either
less than 1 or greater than one. So, in Fig. 2 it can be seen
that under the condition of choosing OPGW, for which
Row/Xew = 0.5 or 2 p.u.,, we have a value of specific
losses of 0.8 p.u., which means a reduction of losses
relative to the maximum by only 20 %. Provided that
Rew/Xew < 0.4 or Rgy/Xew > 2.5, we have a reduction in
losses in the lightning protection system by more than
30 % in any operating mode of the PL. It is obvious that
this criterion of the ratio Rgy/Xgw should be guided by the
choice of OPGW for PL. Here, economic considerations
should also be taken into account, because cables with a
small ratio of active and reactive resistance have a larger
diameter and mass per kilometer of length, as well as a
higher price, but at the same time they will provide a
better level of lightning protection and have greater
resistance to lightning currents and short circuit (SC).

It should be noted that the above considerations are
valid for the case when the resistance of the OPGW along
the length of the entire PL is significantly greater than the
resistances of the grounders of the terminal supports of
the PL, which is actually performed for PLs of
considerable length (in the case of short PLs, the above-

mentioned resistances of the grounders should be taken
into account).

Let’s calculate the lossyi of active power in the
lightning protection system of the PL under the condition
of using different brands of OPGW. The mutual location
of the phase conductors of the PL and the lightning
protection cables with all the necessary distances is shown
in Fig. 3.

Figure 3 shows the distance r,between the phase and
LPC1, as well as other distances necessary for the
calculation. In cases where PLs are built on supports of
the type:

e PP-750 (Fig. l,a) — xr = 18 m, x; =
hy=159m, H=27.75 m;

e PP-500 (Fig. 1,b) —x,=11.7m, x,=7.5 m, hy=17 m,
H=26.5m;

e P330-9 (Fig. 1,¢): x,=8.5m,x,=5.5m, h;=13.8 m,
H=20.25m/[18].

16.75 m,

o C

hf\ X

»
'

X

hy— the height of the location of the phase conductors;
H — the height of the LPC location;
xy— the distance from the vertical axis of symmetry of the
support to the phases;
x, — the corresponding distance to the LPC

Fig. 3. Geometric model of the PL for calculation

We assume that in Fig. 3 LPC1 is of the OPGW
type, in which power losses should be determined. A steel
rope divided into single-sided grounded segments is
assumed as the LPC2.

It is also worth noting that the flow of current 7 in
the PL phase will lead to the formation of the
electromagnetic field around the conductor and, in the
case of the passage of the PL along a residential building,
create a harmful effect on the human body [19-23].

In Fig. 3 it can be seen that the distance between the
PL phase and OPGW can be calculated by the formula:

rf:\/(xf_xt)z+(H_hf)2~ ®)

The depth of the current flow in the ground and the

running voltage, in V/km, induced on the LPC1 of the

OPGW type from the current of one phase of the PL, can
be determined according to [4, 24] as:

Dy =—2 ©)

gr ’
NS oye107
Ugwip =014471-1g(Dy, [ry ). (10)
where fis the current frequency; yis the specific electrical

conductivity of the soil (taken as equal to 0.01 S/m); [ is
the effective value of the current of one phase of the PL.
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The running voltage from all phases of the PL
induced on the OPGW will be determined as:
_2r 2
Uom =Ugmia-e’* +Ugmg e i +UGW1C'ej 3 (1)
The active and reactive resistances of one kilometer
of the OPGW, taking into account the current in the
ground, are equal to [4]:

Rgy =R, +0,05; (12)
D
Xow =0,l447'lg(d72j, (13)

where R, is the running active resistance of the OPGW of
a certain brand; d is its diameter.

The current induced in the lightning protection
system is calculated according to (1). Based on the known
effective value of this current, losses in the lightning
protection system of the PL can be found according to (2).

The passport parameters of OPGW of various
brands, as well as the calculated running active and
reactive resistances of lightning protection systems of PL
330, 500 and 750 kV and their ratios are given in Table 1
[25]. As can be seen in Table 1, the active resistance of
the lightning protection system depends very much on the
selected brand of OPGW, while the reactive resistance
changes much less. Therefore, when choosing a brand of
LPC, we need to focus, first of all, on its running active
resistance.

Table 1
OPGW parameters for PL 330-750 kV
OGN s | e |
d, mm R,, Q/km Row, Q/km Xow, Q/km 330-750 kV
OPGW 426-AL1/56-A20SA 28,8 0,065 0,115 0,697 0,165
OPGW 264-AL3/29-A20SA 22,5 0,12 0,17 0,712 0,239
OPGW 34-AL3/34-A20SA 11,4 0,681 0,731 0,755 0,969
OPGW 11-AL3/15-A20SA 7,3 1,856 1,906 0,783 2,435
OPGW 27-A20SA 7,3 3,022 3,072 0,783 3,925

According to (1), (2), (8) — (13) for all cables
specified in Table 1, the dependencies of the specific
losses of active power in the lightning protection system
on the current in the PL phase are plotted, shown in
Fig. 4.

It is easy to see that the OPGW 34-AL3/34-A20SA
type cable (curve 3 in Fig. 4) provides a significantly
higher level of losses than other brands of OPGW. If the
current value of the 750 kV PL phase is 770 A when
using the OPGW 34-AL3/34-A20SA cable, the power
losses in the 750 kV PL lightning protection system will
be about 1.472 kW/km (see Fig. 4,a). With PL length of
500 km, the losses of active power over the entire length
of the LPC will amount to 0.736 MW. The cost of such

Py, kW/km Py, kW/km

15

losses per year, under the condition of operation of the
PL with constant load at the existing tariff for
the transmission of electricity through main networks
(397.85 UAH per MW-h. as of December 2022), will
amount to 2.565 million UAH/year. It is obvious that the
use of cables of other brands will allow to significantly
save electricity, especially if we take into account the
standard operating life of the PL, which according to
current legislation is 40 years, as well as the fact that
electricity prices are constantly increasing. For example,
for the OPGW 426-AL1/56-A20SA brand cable with the
same value of current, the power losses are 0.513 kW/km,
while the cost of such losses during the year will be
0.893 million UAH/year.
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Fig. 4. Dependencies of power losses in the 330-750 kV PL lightning protection system on the phase current
for different brands of LPC:
1 — OPGW 426-AL1/56-A20SA; 2 — OPGW 264-AL3/29-A20SA; 3 —OPGW 34-AL3/34-A20SA;
4 — OPGW 11-AL3/15-A20SA; 5-OPGW 27-A20SA
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Figure 4,0 shows that the power losses in the
lightning protection system of the 500 kV PL can
amount to hundreds of Watts per 1 km of its length.
Such losses are also significant, especially considering
the total length of the PL (for current of 500 A, losses
in the lightning protection system of the PL
with OPGW 34-AL3/34-A20SA brand cable can reach
0.285 kW/km). The correct choice of the LPC brand
allows to reduce the value, and therefore the cost of
such losses several times.

330 kV voltage class PLs are also of interest in
the amount of losses in the lightning protection system.
Such PLs also operate for a long time with significant
current load. In Fig. 4,c it can be seen that the use of
certain brands of OPGW allows to reduce losses to the
value of tens of Watts per km of the length of the
330 kV PL (at current of 300 A, the losses in the
lightning protection system of the PL with OPGW 34-
AL3/34-A20SA cable can reach 116 W/km, and with
OPGW 426-AL1/56-A20SA cable — only 40.5 W/km).

It should also be noted that when changing the
OPGW brand, the reactive resistance of the lightning
protection system changes significantly less than the
active resistance (see Table 1), therefore, the value of
the running active resistance of the OPGW should be
the selection criterion in order to minimize power and
electrical energy losses.

Analysis of the curves in Fig. 4 shows that cables
with both low and high running active resistance on
330-750 kV PLs allow for a significant reduction in
power losses in the lightning protection system, but at
the same time, OPGWs with significant running active
resistance have a smaller diameter, lower strength and
thermal resistance to lightning currents and SC
[26, 27].

According to Table 1 plots the dependencies of
the ratio of active and reactive resistances Rgy/Xgw of
the lightning protection system on the running active
resistance R, of the LPC are plotted (Fig. 5).

In Fig. 5 it can be seen that when using OPGW
with running active resistance of 0.25 Q/km, we have
the value of Ry / Xg approximately equal to 0.4 p.u.,
which according to the curve in Fig. 2 provides a
reduction of losses by 30 % from their maximum
possible value. When choosing a LPC with lower
values of the running active resistance, the losses in the
lightning protection system of the 330-750 kV PL will
be even smaller. Thus, when choosing an OPGW-type
LPC for the considered PLs, it is worth choosing cables
with running active resistance of no more than 0.25
Q/km. Loss reduction can also be achieved by
choosing cables with running active resistance greater
than 1.85 Q/km, corresponding to Rsy / Xgw of at least
2.45 p.u., which also provides a loss reduction of 30 %
or more. However, such cables have a smaller cross-
section, less mechanical strength and thermal

resistance to lightning currents and SC, so it is not
recommended to choose them.

It should also be noted that LPCs with running
active resistance in the range from 0.32 Q/km to
1.5 Q@/km are better not to be chosen at all, because it is
for them that the Rgy / Xgy ratio varies from 0.5 to
2 p.u., that in accordance with Fig. 3 will ensure losses
in the lightning protection system within 80-100 % of
the maximum possible.
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1 — OPGW 426-AL1/56-A20SA, 2 — OPGW 264-AL3/29-
A20SA, 3 — OPGW 34-AL3/34-A20SA,

4 — OPGW 11-AL3/15-A20SA, 5 - OPGW 27-A20SA
Fig. 5. Dependencies of the Rgy / X ratio on the running
active resistance Rp of the LPC for lightning protection systems
of the PL 330-750 kV

Conclusions.

It is shown that the value of specific power losses in
lightning protection systems of 330-750 kV PLs in their
normal modes of operation can range from 1.6 kW/km for
750 kV PLs to hundreds of W/km for 330 kV PLs and
significantly depends on the mutual location of the phase
wires and OPGW, PL load current and OPGW
characteristics.

It has been determined that lightning protection
cables with running active resistance in the range of
0.32 O/km to 1.5 Q/km will have losses close to the
maximum and should therefore be avoided. Smaller losses
will be in the case of using OPGW with running active
resistance of less than 0.25 Q/km (usually of considerable
value) or more than 1.85 (V/km (usually of insufficient
mechanical strength and thermal resistance to lightning
currents and short circuit).

For the first time, it is recommended to use OPGW
with running active resistance of no more than
0.25 Q/km, which will allow to minimize power losses
and increase the energy efficiency of 330-750 kV PLs at
the stage of their design.

Conflict of interest. The authors declare no conflict
of interest.

Electrical Engineering & Electromechanics, 2023, no. 6

81



REFERENCES
1. Electrical installation regulations. Kharkiv, Fort Publ.,
2017. 760 p. (Ukr).
2. Krasnozhon A.V., Buinyi R.O., Pentegov LV.
Calculation of active power losses in the grounding wire of
overhead power lines. Technical Electrodynamics, 2016,
no. 4, pp- 23-25. (Ukr). doi:
https://doi.org/10.15407/techned2016.04.023.
3. Melnykov N.A., Rokotian S.S., Sherentsys A.N. Design
of the electrical part of overhead power lines 330-500 kV.
Moscow, Enerhyia Publ., 1974. 472 p. (Rus).
4. Bratslavskyi S.H., Hershenhorn A.Y., Losev S.B.
Special  calculations of extra-high voltage power
transmission. Moscow, Enerhoatomyzdat Publ., 1985. 312
p- (Rus).
5. Hui Wang, Luyang Wang, Yufei Wang, Hua Xue,
Changhui Yang, Tianyou Yan. The electric energy loss in
overhead ground wires of 110kV six-circuit transmission
line on the same tower. I[EEE PES Innovative Smart Grid
Technologies, 2012, pp- 1-5. doi:
https://doi.org/10.1109/ISGT-Asia.2012.6303319.
6. Ning Zhou, Zhan Shu, Yongchun Su, Bo Chen, Zheng
Cheng. Research on the selection method of phase
sequence arrangement of double-circuit transmission lines
on the same tower. 2016 IEEE PES Asia-Pacific Power and
Energy Engineering Conference (APPEEC), 2016, pp.

2592-2596. doi:
https://doi.org/10.1109/APPEEC.2016.7779958.
7. Taoning Jiang, Liang Xu, Peng Bian, Jia Jia,

Dongsheng Kang, Chengqiu Sun, Jun Li. Effects of phase
sequences and conductor transposition modes on the
characteristics power loss of ground wire. Electric Power
Construction, 2011, vol. 31, pp. 41-44.

8. Atteya LI., Ashour H., Fahmi N., Strickland D. Radial
distribution network reconfiguration for power losses
reduction using a modified particle swarm optimisation.
CIRED - Open Access Proceedings Journal, 2017, vol.
2017, no. 1, pp- 2505-2508. doi:
https://doi.org/10.1049/0ap-cired.2017.1286.

9. Lazzeroni P., Repetto M. Optimal planning of battery
systems for power losses reduction in distribution grids.
Electric Power Systems Research, 2019, vol. 167, pp. 94-
112. doi: https://doi.org/10.1016/j.epsr.2018.10.027.

10. Kalantari Khandani M., Askarzadeh A. Optimal
MV/LV transformer allocation in distribution network for
power losses reduction and cost minimization: A new
multi-objective framework. International Transactions on
Electrical Energy Systems, 2020, vol. 30, no. 6, art. no.
e12361. doi: https://doi.org/10.1002/2050-7038.12361.

11. Blinov 1., Zaitsev 1.0., Kuchanskyy V.V. Problems,
Methods and Means of Monitoring Power Losses in
Overhead Transmission Lines. Studies in Systems, Decision
and Control, 2020, vol. 298, pp. 123-136. doi:
https://doi.org/10.1007/978-3-030-48583-2_8.

12. Buinyi R.O., Krasnozhon A.V., Zorin V.V,
Kvytsynskyi A.O. Justification for use of voltage class 20
kV ~ in  urban  electrical  networks. Technical
Electrodynamics, 2019, no. 1, pp. 68-71. (Ukr). doi:
https://doi.org/10.15407/techned2019.01.068.

13. Bezruchko V., Buinyi R., Bodunov V., Krasnozhon A.,
Miroshnyk O. Choosing the Cross-section of Cable Core

for Wind Power Electrical Collector Network taking into
account the economic factor. 2022 IEEE 8th International
Conference on Energy Smart Systems (ESS), 2022, pp. 59-
62. doi: https://doi.org/10.1109/ESS57819.2022.9969259.
14. Grinchenko V.S., Tkachenko A.O., Grinchenko N.V.
Improving calculation accuracy of currents in cable shields
at double-sided grounding of three-phase cable line.
Electrical Engineering & Electromechanics, 2017, no. 2,
pp- 39-42. doi: https://doi.org/10.20998/2074-
272X.2017.2.06.

15. Al Issa H.A., Qawaqzeh M., Khasawneh A., Buinyi R.,
Bezruchko V., Miroshnyk O. Correct Cross-Section of
Cable Screen in a Medium Voltage Collector Network with
Isolated Neutral of a Wind Power Plant. Energies, 2021,
vol. 14, no. 11, art. no. 3026. doi:
https://doi.org/10.3390/en14113026.

16. IEEE Guide for Bonding Shields and Sheaths of Single-
Conductor Power Cables Rated 5 kV through 500 kV.
IEEE Std 575-2014 (Revision of IEEE Std 575-1988), 2014.
83 p. doi: https://doi.org/10.1109/IEEESTD.2014.6905681.
17.Li L., Yang Z., Luo Z., Liu K. Transient Disturbances
Based Non-Intrusive Ageing Condition Assessment for
Cross-Bonded Cables. [EEE Access, 2020, vol. 8, pp.
176651-176660. doi:
https://doi.org/10.1109/ACCESS.2020.3026650.

18. Makarov Ye.F. Reference book on electrical networks
0.4-35 kV and 110-1150 kV. In 4 vols. Vol. 2. Moscow,
Papirus Pro Publ., 2003.640 p. (Rus).

19. Krasnozhon A.V., Buinyi R.O., Dihtyaruk LV.,
Kvytsynskyi A.O. The investigation of distribution of the
magnetic flux density of operating two-circuit power line
110 kV «CHTPP-Chernihiv-330» in the residential area and
methods of its decreasing to a safe level. Electrical
Engineering & Electromechanics, 2020, no. 6, pp. 55-62.
doi: https://doi.org/10.20998/2074-272X.2020.6.08.

20. Geri A., Locatelli A., Veca G.M. Magnetic fields
generated by power lines. IEEE Transactions on
Magnetics, 1995, vol. 31, no. 3, pp. 1508-1511. doi:
https://doi.org/10.1109/20.376316.

21.Rozov V.Yu.,, Reutskyi S.Yu., Pelevin D.Ye.,
Yakovenko V.N. The research of magnetic field of high-
voltage AC transmissions lines. Technical
Electrodynamics, 2012, no. 1, pp. 3-9. (Rus).

22. Rozov V.Y., Grinchenko V.S., Pelevin D.Y., Chunikhin
K.V. Simulation of electromagnetic field in residential
buildings located near overhead lines. Technical
Electrodynamics, 2016, mno. 3, pp. 6-8. doi:
https://doi.org/10.15407/techned2016.03.006.

23. Grinchenko V.S., Chunikhin K.V. Magnetic field
normalization in residential building located near overhead
line by grid shield. Electrical Engineering &
Electromechanics, 2020, no. 5, pp. 38-43. doi:
https://doi.org/10.20998/2074-272X.2020.5.06.

24.Kim I. A New Single-Logarithmic Approximation of
Carson’s Ground-Return Impedances — Part 1. [EEE
Access, 2021, wvol. 9, pp. 103850-103861. doi:
https://doi.org/10.1109/ACCESS.2021.3097377.

25. Optical cable in lightning wire. Moscow, NKT Keibls
Publ., 2014. 16 p. (Rus).

26. State  Standard HKD  34.48.151-2003  Design,
construction and operation of fiber-optic communication
lines over overhead power lines. Instruction. (Ukr).

82

Electrical Engineering & Electromechanics, 2023, no. 6



27. State  Standard STO 56947007-33.180.10.173-2014
Guidelines for calculating the thermal effects of short-
circuit currents and thermal stability of lightning
protection cables and optical cables. (Rus).

Received 10.01.2023
Accepted 07.03.2023
Published 02.11.2023

A.V. Krasnozhon', PhD, Assistant Professor,
A.O. Kvytsynskyi®, PhD, Assistant Professor,
R.O. Buinyi', PhD, Assistant Professor,

How to cite this article:

LV. Dihtyaruk', PhD,

O.V. Krasnozhon', PhD,

' Chernihiv Polytechnic National University,

95, Shevchenko Str., Chernihiv, 14035, Ukraine,
e-mail: red_john@ukr.net; buinyiroman@gmail.com;
dihtyaruk.ihor@gmail.com (Corresponding Author);
krasnozhon08@gmail.com

? Department of research support of regulatory support
of the NPC Ukrenergo,

11/8, Dorohozhytska Str., Kyiv, 04112, Ukraine,
e-mail: Kvytsynskyi. AO@ua.energy

Krasnozhon A.V., Kvytsynskyi A.O., Buinyi R.O., Dihtyaruk 1.V., Krasnozhon O.V. Study of the influence of the parameters of
modern grounding wires on the value of power losses in them for overhead power lines of 330-750 kV. Electrical Engineering &
Electromechanics, 2023, no. 6, pp. 77-83. doi: https://doi.org/10.20998/2074-272X.2023.6.14

Electrical Engineering & Electromechanics, 2023, no. 6

&3



