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ELECTRIC FIELD DISTRIBUTION IN MEDIUM-VOLTAGE XLPE CABLE
TERMINATION TAKING INTO ACCOUNT OUTER SEMICONDUCTING LAYER
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The computer modeling of electric field in the termination of medium-voltage (10 kV) cross-linked polyethylene insu-
lated power cable is carried out. The stress-control tube and mastic are used in the termination to reduce the field non-
uniformity. The electric field distributions are examined at different stress control tube positions relative to the cutting
ends of the cable outer semiconducting layer and copper wire shield. The properties of stress control tube and mastic
are varied to determine their influence on maximum electric intensity in the cable insulation. The results and used ap-
proaches to the study of electric field can be applied to design the terminations allowing for the appropriate materials
and arrangement of structural parts. References 11, figures 5, table 1.
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Introduction. The power cables are a component part of the electric power transmission and distri-
bution systems. The reliability of power networks depends greatly on the reliability of power cables as well
as on their connection to overhead transmission lines and electric apparatus by cable accessories.

All over the world during the last decades the developments of medium-voltage cable networks are
related to application of power cables made with cross-linked polyethylene (XLPE) insulation [4], [5]. The
cable terminations intended for connection of XLPE insulated power cables to the external electric apparatus
and lines must be designed so as to reduce the electric field nonuniformity in termination space, provide
there the electric intensity within permissible values, avoid both partial discharge initiation and insulation de-
struction, at the same time to attain long-term service life of the terminations [10].

The reduction in electric field nonuniformity inside cable termination is referred to as field grading
or stress grading. This stipulates the special stress control methods in order to decrease the electric intensity
in the active region of the termination and in particular at the cutting point of the cable shield to prevent the
breakdown of cable insulation.

The basic field grading methods such as geometrical, refractive and impedance methods used for ca-
ble terminations are described and studied, for example, in works [2], [3]. The refractlve field control is
achieved with special field controlling ma-
terials integrated into terminations. The dif- o
ferent polymer materials having high di- B
electric permittivity (higher than the permit- =]
tivity of cable insulation) are utilized to
produce the field grading tube and mastics
for medium-voltage XLPE cable termina-
tions [4].

The stress control tubes are set on
the cutting end of cable constructive ele-
ments (copper wire shield and outer semi-
conducting layer) and envelop both the
shield and polyethylene cable insulation. ;
The arrangement of stress control tube and ‘
cable elements in cable end termination is I /
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shown in fig. 1, a. Here the cable conductor 25
is marked by /; the inner and outer semi- —i t_
conducting layers are designated by 2 and 4, 07 —r
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Fig. 1
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insulation; the cable copper shield, stress control tube and cable jacket are denoted by 5, 6 and 7, respec-
tively.

The cable termination with stress cone is studied in paper [6] by computer modeling and experiment.
As shown in [6], the outer semiconducting layer of power cable should be taken into consideration and the
proper installation of stress control means in the termination has to be provided for fail-safe operation of ca-
ble accessories.

The further improvement of the cable terminations and joints is associated with detailed analysis of
effective ways for using the field grading facilities and with study of electric processes inside cable termina-
tions taking into account the properties of materials in insulation structure, the location of stress control
means and their electrophysical characteristics. That defines topicality of the article.

This work is devoted to computer modeling of electric field distribution in cable end termination
(fig. 1). The termination of 10 kV XLPE insulated power cable is examined. The stress control tube and spe-
cial field grading mastic which is applied to the cutting end of cable outer semiconducting layer [1] (see in-
sertion in fig. 4 below) are used to smooth the electric field within the cable termination. The computations
are carried out by finite-element method in professional code Comsol [7].

The purpose and distinction of the present work are to define the influence of both stress tube posi-
tion relative to cable outer semiconducting layer and the physical properties of the tube and stress control
mastic on electric field homogeneity inside cable end termination. The study is aimed at the results as ap-
plied to choosing the materials and rational location of stress control means in the cable termination.

Model. The following simplifying assumptions are made in the computational model:

— the cable termination construction is characterized by symmetry about an axis Oz, therefore the
model is presented as two-dimensional and axially symmetric one (fig. 1, b);

— the cable structural elements such as two semiconducting layers, outer sheath are considered, al-
though the sheath and inner semiconducting layer have a slight effect on electric field distribution in the ac-
tive region of cable termination;

— the insulation materials of the cable and termination are isotropic, they are characterized by their
invariable conductivity and dielectric permittivity (note that in the general case these parameters depend on
electric intensity, in addition the conductivity is a function of temperature [9]);

— the electric field varies slowly with time; the problem is stated for quasi-static approach at fre-
quency f =50 Hz.

The field problem is formulated in terms of complex electric potential ¢ that satisfies the following
equation:

V[(0V g+ jwege, Vil =0, (1)

where o — is the conductivity; j — is the unit imaginary number; @ =27 f — is the angular frequency; ¢, —
is the complex relative permittivity; &, = 8.85- 10'? F/m — is the permittivity of free space.

The conductivity o and permittivity &, can take different values in the insulation materials of
power cable and cable termination.

The next boundary conditions are specified. The phase voltage ¢ =U is defined on cable conductor
boundaries; the condition ¢ =0 is set on the surfaces of cable shield; the continuity condition is prescribed on
the inner interfaces; the outer boundaries of the computational region excepting axial symmetry are assumed

as electric insulation boundaries.
The numerical solution of differential equation (1) by Comsol model provides the electric potential

¢ and electric field E= -V ¢ at all points of computational region.

Results and discussion. The distributions of electric intensity and equipotential lines are computed
in the cable end termination with stress control tube (sct) and field grading mastic. The electric field varia-
tion along the external surface of base polyethylene cable insulation is determined too.

The computer modeling is realized for 10 kV XLPE insulated cable with conductor cross-section
area of 120 mm” (conductor diameter of 6.2 mm) and 6.2 mm insulation thickness. The cross-section area of
cable copper shield is 16 mm” (the shield thickness is equal to 2.3 mm), the external diameter of the cable is
33 mm [5].
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The computational region of the prob-

lem is presented in fig. 1, . Its dimensions are
nearly twice as much than the termination

length (along an axis Oz).

The properties of components in the

computational region are given in table [8],

[11].

The various positions of stress control

tube relative to the cutting ends of the outer
semiconducting layer and copper wire shield

of the power cable are studied. In particular,
the alternative designs when the semiconduct-

Components Properties
of computational region €, o.Sm
Polyethylene insulation of cable 2,3 10"
Inner semiconducting layer of cable 2,3 10”7
Outer semiconducting layer of cable | 2,3 107
Cable outer sheath (jacket) 2,2 107"
Silicone filling of termination 3,0 10"
Stress control tube 4 107
Stress control mastic 15 10°
Air 1 10"°

ing layer length #; is greater than the tube

length Ay, (hy > hgor), when these components are of the same height (4 = hg.,) and when &y < hg., are

examined. Moreover, the case subject to the condition that the outer semiconducting layer of cable insulation
is cut on the equal level with cable shield (/4 = hgj, ) is considered. These design modifications correspond to

variants 1-4 in fig. 2.

As taken into account in the work, the stress control tube and mastic can be made from materials

possessing different physical properties (o, ¢, ).
Fig. 2 gives the distribution of electric
field and equipotential lines in the vicinity of
stress control tube depending on the height of
outer semiconducting layer /; . Here and below in

fig. 4, the values of ratio | @ |/U corresponding to

displayed lines are indicated, the cable termina-
tion has no stress control mastic. As illustrated,
the field distribution inside the termination is
strongly nonuniform. The equipotential lines are
the densest within polyethylene insulation and the
electric field is also higher. The field lines and
equipotential lines are concentrated near the end
of copper shield of the cable. Here electric field is
sufficiently high. Generally and particularly the
shield end is the weak point of the termination.
The electric field variation along the in-
terface between the cable insulation and outer
semiconducting layer is presented in fig. 3 for
four variants in accordance with fig. 2. The elec-
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tric field strength |E |pax~

~ 1,76 kV/mm and is within the
admissible limits of operating
electric intensity given in [4] for
polyethylene insulated cables.
The electric field simu-
lations are implemented at dif-
ferent values of tube permittiv-
ity &, for the most realistic con-

struction when the stress control
tube covers copper shield and
semiconducting layer (variant 3
in fig. 2). As revealed, the varia-
tion of the tube permittivity
from 2.3 to 40 has a weak influ-
ence on the value of |E|_,  in

the cable insulation.

The distributions of electric field and equipotential lines in close proximity to the semiconducting

layer of cable insulation and with application of stress control mastic are shown in fig. 4, a in the case with
field grading tube and in fig. 4, b without the tube. The photo of XLPE insulated cable with mastic [1] is pre-
sented in the insertion into the figure. Here the designations correspond to the labels explained above and
specified in fig. 1.

The electric field along the insulation surface is plotted in fig. 5 for cable termination without stress
control tube and mastic (curve /), with mastic and without tube (curve 2), with tube and mastic (curve 3).

The numerical results give the greatest value of electric intensity |E |, ~2,7 kV/mm at the end of outer

semiconducting layer without any field grading means (dependence 1 in fig. 5). The least value of | E lmax =
~ 1 kV/mm takes place when both stress control tube and mastic are used in the cable termination (curve 3 in
fig. 5 and pattern in fig. 4, a). The weakest areas of cable insulation for different termination designs under
consideration can be determined by depicted component lengths below an axis Oz in fig. 5. The identical
line segments are given in fig. 3.

As found by numerical simulations, provided that the conductivity of mastic cover is o = 10
S/m = const and the mastic permittivity is varied from 2.3 to 40, the electric intensity |E |, in the cable in-
sulation decreases only by 1.2%. At the same time, when the permittivity of stress control mastic is invari-
able and equal to &, = 15, the variation of mastic con- <108 | B[,V /m

ductivity within the range of o =10°—107>S/m (or
the intensification of conductive properties of mastic
material) leads to more than 35% increase of |E |, -

Conclusion. The computer modeling of elec-
tric field distribution in medium-voltage cable end
termination is performed taking into account the outer
semiconducting layer of cable insulation system and
the position of stress control tube relative to the cut-
ting ends of the layer and copper shield of XLPE
power cable. As shown, under the given conditions
the length of semiconducting layer has an insignifi-
cant influence on the field distribution in active region
of the termination.

The combined application of the stress control
tube and mastic gives a possibility to attain the small-
est values of electric intensity in the cable insulation
as compared with the use of alone mastic.
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The increase of mastic conductivity (above 10° S/m in the case under examination) causes the higher
electric intensity in the polyethylene insulation of power cable. At specified data, the optimal values of the con-
ductivity are over the range from 10 to 10~ S/m.

The developed approaches to computer study of electric field in refractive modeled cable termination
can assist in designing of the termination to improve the field distribution, keep the electric intensity within
acceptable values and allow for both arrangement of structural components and properties of their feasible
materials.
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PO3IOALT EJJEKTPUYHOI'O ITOJISA B MY®TI CUJIOBOI'O KABEJISI
CEPEJHBOI HAIIPYTH 3 YPAXYBAHHSIM 30BHIIIIHEOI'O
HAHNIBOPOBIJTHOT'O HOKPUTTS HOI'O NOJIETUJIEHOBOI 130JIA1IIT
KyuepsiBa I.M., 10KT.TeXH.HayK

Incturyt eaexrpoannamiku HAH Ykpainu,

np. [lepemormu, 56, KuiB-57, 03680, Ykpaina. E-mail: rb.irinan@gmail.com

Buxonarno xomn'tomepre mooento8anHs enekmpuyHo20 nojis 68 KiHyegill My@mi cunogoeo Kabens 3 i301ayicio 3i 3uumo-
20 noniemuneny Ha cepeorto Hanpyey (10 kB). ¥V mygmi 0ns 3HUdMCEHHS HEPIGHOMIDHOCII NOAS 3ACMOCO8YEMbCS MPYO-
Ka-pe2ynsimop ma macmuka. Jocniodceno po3nooin eneKmpuyHo2o nos npu Pi3HUX pO3MauLy8anHax mpyoKu 6iOHOCHO
3pi3y HANIENPOGIOHO20 WApy NONIemuIeH080I i301ayii ma mioHo2o ekpawny kabens. Ilposapitiogano erekmpuyHi enac-
mugocmi Mamepianie pe2ynoo4oi mpyoKu i MACMUKU, 8USHAYEHO IXHIlU 8NIUE HA MAKCUMAIbHI 3HAYEHHS HANPYIHCEHO-
cmi enekmpuyHo2o noiA 6 i3onayii kabeas. Pesynomamu ma 3acmocogani nioxoou 00 00CHiOHCeHHA eNeKMPUYHO20 NO-
JIAL MOJHCYMb BUKOPUCIIOBY8ATNUCS NPU NPOEKINYB8AHHT My@dm i3 YpaxyeauHaAM eubopy mamepianie i 63aemMHO20 po3ma-
wysanHsa KoncmpykmusHux eremenmis. bion. 11, puc. 5, Ta6m. 1.

Knrouosi crosa: kabenbHa MmyTa, CUIOBHI KaOeb, MOJICTUICHOBA 13011115, HAIIBIPOBIIHE MOKPHUTTS 130JIALLi1, TPYO-
Ka BUPIBHIOBaHHS NOJIS, MACTHUKA, KOMIT'FOTEPHE MOJEITIOBAHHSI.
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PACHPEJEJIEHHUE JIEKTPHYECKOI'O ITIOJISI BMY®TE CHJIOBOTI'O KABEJIA
CPEJHEI'O HAIIPSI’)KEHUS C YYETOM BHEIIHEI'O TOJYITPOBOJSIILEIO
MOKPHITUA EI'0O NOJUITUJIEHOBOM U30JISIUA

KyuepsiBas U.H., 10KT.TeXH.HayK

HucTutyT 3aexTpoannamukun HAH Ykpannel,

np. [lobensbl, 56, Kues-57, 03680, Ykpauna. E-mail: rb.irinan@gmail.com

Boinonneno xomnviomepHoe MOOeIUPOSaAKUE INEKMPULECKO20 NOJsL 8 KOHYeBOU Mydme Cuiogo2o Kabeist ¢ uzonayuen
U3 CUUMO20 NOAUIMUAEHA Ha cpedHee Hanpsivicenue (10 kB), ¢ komopoil 6 Kayecmee cpeOCcme CHUICEHUsI HEPAGHOMED-
HOCMU NOJISL NPUMEHEHbI MPYOKa-pe2yisumop u gvipasnugaioujdas macmura. Hccnedosano pacnpedenenue snekmpuye-
CKO20 NOJISL NPU PA3IUYHBIX PACHOIONCEHUSX MPYOKU OMHOCUMETbHO CPe3a NOAYRPOBOOSUIe20 CLOSL NOIUINULEHOBOU
U30IAYUU U MEOHO20 IKpana kabens. IIposapbuposarsi anekmpuyecKue ce0UCMEa MAMEPUAos pe2yrupyowei mpyoxu
U MACMUKU, ONPeoeieHo Ux GIUsHUE HA MAKCUMATbHbIE 3HAYEHUS! HANPANCCHHOCMU dNEKMPUYECKO20 NOJs 6 U30TAYUU
Kabens. Pe3ynomamol u UCNONb306aAHHbIE NOOXOObI K UCCIEO0BAHUIO INEKMPUUECKO20 NOJSL MO2Ym Gblmb NPUMEHEHDbI
npu NPOEKMUPOBAHUU MYPM € YUemOM 6b100pa MAMePUanos U 3aUMHO20 PACHONONCEHUS KOHCIMPYKIMUBHIX dNleMeH-
mos. bubn. 11, puc. 5, tabm. 1.

Kntouesvie cnosa: xabenpHas My(Ta, CHIOBOIl Kabesb, MONUITHICHOBAS M30JIILKSL, MOJTYIPOBOIAIIEE MOKPBITHE U30-
JSAUKH, TpyOKa BEIPAaBHUBAHUSI LIOJISI, MACTHKA, KOMIIBIOTEPHOE MOICIHPOBAHNE.
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