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Abgract: Methodology that alows estimating the
values of currents on the cable core screens and choosing
the method of connection and grounding of screens is
considered. To achieve the objective it is necessary to
develop a mathematicdl moded and to perform
corresponding numeric calculations for the design and
verification of efficiency of screen transposition taking
into account the mutual phase disposition.

As aresult of the work, it was determined that by
grounding both sides of the screens and the location of
the phase cablesin arow it makes sense to transpose the
cable line to equalise the current values in the screens to
amean value.

Key words trangmisson line mathematica modeling,
induced current, trangposition.

1. Introduction

The inductive mechanism of current flowing in the
screen is related to the presence of current in the cable
core. In case of grounding the screen more than in one
point, a current in the core is induced due to mutua
induction between the conductor and the screen. If left
unchecked, the intensity of current flowing in the cable
screen can be comparable to the current in the core [1].

In the three-phase group of single-phase cables, the
selection of distance between the phases is determined
by cable heating and cooling. One of the heat sources in
single-phase cables appears due to the losses of active
power in screens caused by the induced currents, that are
the less the nearer to each other phases arelaid.

2. Problem definition

The am of this work is the devdopment of a
methodology that dlows the estimation of current values in
the cable screens and the choise of the way of cable screen
connection and grounding. To achieve the objective it is
necessary to develop a mathematical model and to perform
corresponding numeric cdculaions for the desgn and
verification of efficiency of screen trangpogtion taking into
account themutua phase digposition.

3. Problem solution

When screens are grounded, the longitudinal
current of industrial frequency isinduced at both ends

of the cable simultaneously the value of which is
proportional to:

current in core

interaxial phase distance

section of cable screen (inversaly proportional
to itsresistance).

The interaxia phase distance and the section of
cable screens are chosen at the planning stage. The
transposition of cables also affects on the values of the
induced currentsin the bilateraly grounded screens.

The voltage drop on cores and screens of cables in
the steady mode for a three-phase cable bus can be
described by the system of equations (1) [2]: the voltage
drops for a one-circuit cable bus can be corrected taking
into account the uniqueness of mutual resistances 2 g,
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, kg, By arescreen currents of cable phases

A4,B,C; bn, kg, B are core currents of cable

phases 4,B,C; 2., 2, 2 areinternal resistance
and mutual active-inductive cable resi stances.
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To estimate the influence of transposition of phase
cables of a three-phase cable bus at grounding two sides
of screens, we rewrite the last three eguations of the
system (1) taking into account that distances between the
axes of phases 4 and B (spg), B and C (sgc) are

equal, and distances between the axes of phases 4 and
C (spc) aretwiceasmuch: Sspc =2Spg = 2Sgc -
Let spg =Sgc =S, then the mutual resistances

between thecables 4, B ,C are;

iAB = iBc = iK '

2Ac :2K - ﬁx,
where 2, = jwMy ; My is the difference of mutual
inductances.

é -ZﬁKﬁx - (265' 2K - 2X)(ZﬁK +25)’

Thus, the voltage drop in the cable screens:
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Taking into account additional and boundary

conditions, we find it possible to determine the currents
in screens at the location of cablesin arow:
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From the forgoing it can be seen that
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4. The calculation results

As an example, we conduct the simulation and
numeral calculation of currents in screens in the normal
symmetric mode for the single-circuit cable bus. The
calculation is made for a three-phase cable bus of
800/150 mm? under the voltage of 330 kB for single-
phase version. Cables are connected either as a closed
ddta or in arow with a gap Ds=0.1 m between the
cables of acircuit.

The design model, which is regarded as a single-
circuit line and implemented by using an application
package Simulink in Matlab system, is shown in Fig. 1.

Modd shown in Fig.1 contains the following basic
elements:

three-phase voltage source with linear voltage
of 330 V;

model of the cable line 1 km long consisting of
three units connected according to the cable

822 (28 +2;- By )- (R g+ 2 - 2y (228 + 1)

ﬁs"'iK - iX H &
transposition diagram, which in turn ismodeled

as 12-terminal e ement (3 cores and 3 screens) [3].

330 kV cable Transmission System
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Fig. 1. Modd of three-phase power transmission line cable.

The calculation of the electromagnetic parameters of
the cables in the cable transmission lines is conducted
with the use of the results from [4, 5]. The simulation
results are shown as oscillogramsin Fig. 2, 3.

In normal symmetric mode, for the delta laying
method (Fig. 2, a), the reason for presence of currentsin
the screen was that nearby phases could not exert a
compensative action as far as is necessary. In case of
delta laying method and the application of complete
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cycle of trangposition (Fig. 2, b) screens stop to belong
to one certain phase of a cable and become common for
all three phases, and a current can be neglected.
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Fig. 2. Oscillograms of currentsin screensin relation to
currentsinthe cable core, mutual phase location: ddta (a);
delta with transposition of screens (b).

While cable laying is performed in a row without
transposition (Fig. 3, a), it is evident that increasing the
distance between phases will increase the currentsin the
screens, and the currents can vary notably (in considered
case—in 0.88/0.783 = 1,2 times).

In case of cable laying in a row it makes sense to
execute the transposition of cables (Fig. 3, b), because it
evens the intensty of currents in screens to some mean
value (here — 0.16 p.u.), and reduces currents in screens
as compared with a case without transposition of cables
(0.16 ingtead of 0.88 p.u.).
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Fig. 3. Oscillograms of currentsin screensin relation to
currentsinthe cable core, mutual phase location: inarow (a);
in arow with screen transposition (b).

The results of numeral calculations of currents in
screens in relation to currents in cable cores are
summarised in Table 1. Currents in screens are directly
proportional to the currents in cores, and for
convenience, they are given in Table 1 in corresponding
relative units.

5. Conclusion

The methodology that adlows estimating the
intensity of currents on the screens of cables at
transposition of three-phase cable bus is proposed, in
case of grounding its screens from each side and if
cablesin thelinearelocated in arow.

While bilateral grounding of screens if the
phases are laid in a row (but not by delta
connection), then according to Table 1, the
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transposition of cables will be useful. It will equalise
the losses in screens to some mean value, so losses
in one of the phases will be reduced, and, as a resullt,
it will cause the decrease in general losses in a cable
bus and, in theory, will extend the life of its
isolation.

Table 1
Results of numeral calculations of currents
in screensin relation to currents
in the cable conductors

Currents | /1 ,p.u
Mutual location of phases cable " sereen
phase A phase B phase C

Delta 0.329 0.329 0.329
Delta with screen 001 001 001
transposition

inarow Ds=0.1 0.792 0.783 0.88
inarow with screen 0.168 0.164 016
trangposition Ds=0.1 ' ' ’
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JOCIIIKEHHSA EOEKTUBHOCTI
TPAHCHO3UIIII EKPAHIB
TPUDA3ZHUX KABEJbHUX JITHIA
3 YPAXYBAHHSAM B3A€EMHOI'O
PO3TAILLIYBAHHSA KABEJIIB

Banepiii Hidenic, Bagum Jlobom3uncekuit, Onbra [ina

Po3risiHyTo MeTomuKy, sika Ja€ 3MOrY OLIHWTH BEJIMYMHA
CTpyMiB Ha €KpaHax KaOeniB Ta BHOpAaTd CIOCOOM 3IIydeHHs Ta
y3emuieHHst ekpaHiB. 11[o0 mocsrTi BkasaHOI MeTH, HEOOXiITHO
PO3POOHTH MAaTEMaTUYHY MOJIEIIb, BUKOHATH YHCEIbHI PO3PAXyHKU
JUIs MOJENIOBAHHA Ta IEPEeBIPKU e(EeKTUBHOCTI TPaHCIIO3UILLT
€KpaHIB 3 YpaxXyBaHHSM iX B3a€MHOrO pO3TallyBaHHS. 3a
pe3ylbTaraMy poOOTH BU3HAUEHO, 110 B pa3i y3eMJICHHS CKpaHiB 3
JIBOX CTOpIH 1 po3ralryBaHHs (ha3HUX KaOelliB B OIUH Psift OTPIOHO
TpaHCHOHyBaTH KaOeni JiHii. [le BUpIBHIOE BEIMUMHM CTPYMIiB B
€KpaHaXx JI0 JISSKUX Cepe/IHIX 3HAYCHb.
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