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Abstract — This paper presents the electrical field stress in
new cross-linked polyethylene (XLPE) nanocomposites in case
of containing different partial discharges under high voltages. It
has been investigated on the effect of variant nanoparticles for
controlling on the electrical field distribution inside single-core
power cables insulation, especially, in case of presence voids of
air, water and cupper impurities with different shapes (cylinder,
sphere and ellipse) inside insulation of single-core power cables.
The electrical field distribution in power cable insulation and
inside voids has been measured by finite element method (FEM).
This research success to design different patterns of Cross-
linked polyethylene insulation materials for enhancing the
dielectric properties within void and inside insulator according
to type and concentration of nanoparticles.

Keywords — Voids; electrical stress; XLPE Cables; FEM;
Nanoparticles.

I. INTRODUCTION

Partial discharge (PD) in electrical power cables is one of
the main causes for insulation disintegration and localized
electrical discharges as well as defects inside the insulation
material of electrical power cables. Partial discharges demean
the insulation of cable to failed point in the power cable. PD
usually occurs due to voids inside the insulation material of
the electrical power cables [1-3]. Degradation in insulation
materials is caused by electrical, chemical and mechanical
stress that causes of partial discharges within the cable and
lead to cable failure [4-6]. XLPE insulation in power cables
has much better electrical, thermal, and mechanical
performances than oil paper insulation in power cables. The
manufacturing of XLPE cables needs to avoid defects of
insulation and joints of power cables which are the vital
components in power cable manufacturing. Due to the
existing defects in the insulation and joints of power cables,
they may lead to a system fault, such as partial discharge
cable joints, the cable joints consider the weakest points in
power cables transmission lines [7-9]. Partial discharge study
provides a useful tool to obtain information about discharging
defects in high-voltage equipment.

Nanocomposites materials are formed by the
homogenous dispersion of nano-sized inorganic particles into
a polymeric matrix, and the special properties come about
because of the strong interaction between the organic and
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inorganic phases, which is attributed to the very large active
surface of the nano-sized particles [10-15]. Theoretical
models are capable of predicting the life and reliability of HV
cable systems, including accessories, as functions of the
applied stresses, would be of interest to cable manufacturers
and transmission system operators. The service lifetime of an
insulation is a mathematical relationship between time to
failure and the level of one or more of the applied stresses.
The life time model becomes a reliability model if it is also
capable of predicting the reliability of the insulation after a
certain time under the applied stresses [16-17]. This paper
focus on analysing the electric fields distribution in new
multi-nanocomposites and studying the effects of different
types of multi-nanocomposites for industrial progress power
cables applications. Also, it has been studied the effect of
multi-nanoparticles arrangement in the new suggested
electrical nanocomposites materials. It has been simulated the
electric field distribution to explain ability of new
nanocomposites and multiple nanocomposites materials for
enhancing single core power cables insulation. The aim of
this paper is enhancing insulation performance of single-core
power cables that are exposed to manufacture defects like air
voids, water voids and impurities, etc. Thus, this paper has
been studied the electrical stress distribution in presence of
different shapes of voids (cylinder - sphere - ellipse) in case
of using individual and multiple nanoparticles techniques to
insulation of single-core power cables.

Il. INSULATION MATERIALS DESIGN

Power law relationships are used in dielectric modelling
of composite systems by using individual nanoparticles; so
that, the composite system have three components as follow
matrix, nanoparticle and interphase region [18]. Moreover,
the interphase region is depending on the nanoparticle
volume fraction, the nanoparticle surface area and the
thickness of the interphase region surrounding each
nanoparticle particle [19-21]. Whatever, it has been suggested
a new multi-nanoparticles technique for developing the
electric field strength and dielectric properties of polymer
[22]. Estimation of interphase thickness is further advanced
based on ref. [23-25]. Figure 1 clarifies the nanoparticles
come close together, and the interphase regions surrounding
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each nanoparticle begin to overlap hence, decreasing the
effective interphase volume fraction has been occurred.

Interphase
/ N “-\O O
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Fig. 1. Interphase region surrounding the multi-nanoparticle particles in

multi-nanocomposites system

I1l. POWER CABLE SUMILATION MODEL

It is recognized by the theory that in a single-core
cable having (r) radius of core and (R) inner radius of
insulation, the potential gradient (g) at a distance (x) from
position of the core center inside the dielectric material

—_9 _
g=5-= & @)

Which, &x is the electrical field intensity, € is the
dielectric permittivity of the material, g is the charge per unit
length.

Here, the maximum stress in dielectric material occurs at
the minimum value of the radius (here, x =r) So,

B = — @)

R
rloge;

Electric field calculation requires solution of Laplace
and Poisson equations. In Past studies, electric field is defined
as a source of corona around conductor imperfect partial
discharge and early insulation failure. by assuming there is no
free surface change at the insulation surface and void
boundary, Internal and External electric field of cylindrical
void is calculated by following equations [26].

E() =E, (i [1+(
(55) 3= | sino @
E(r) = E, (Ef%) (ircos8 —iesinB@) for(0<r<r,) (4)

Internal and External electric field of spherical void is
calculated by following equations
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for (r>ry)

E(r) = E.(ir [—1 - (;J::E) X 2:;3 ] cos@ + ie [1 -
(555) x 5] sime - for(r>r) ©)

E(r)=E (- (Ei"s)(ircose —iesin @) for(0<r<ry) (6)
Where, r, is radius of void, r distance from void center, E,
uniform dielectric field.

But all the times irregular problem geometry for void
is so complicated that analytical solution is so hard. so,
researches tried to find new calculating methods to obtain
electric field. FEM method is chosen for computation use.
Electric field equations solution by this method is based on
Maxwell equations with boundary conditions.

The effective dielectric constant of the inclusion and
interphase could be expressed for individual nanocomposite
model that contains an interphase region according to
[19-21] as:
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Whatever, the effective dielectric constant of the
inclusion and interphase could be expressed for multiple
Nanocomposite model that contains an interphase region
according to [22] as:

ngfj = @ SjB + ‘Pphiisghij * Qefi ngﬁ (8)
Where, ¢; is the volume fraction of first filler

component of the nano-composite system

@pni is the volume fraction of the interphase region

component of the nano-composite system

®mis the volume fraction of the matrix component of the

nano-composite system

€qf 1S the permittivity of the nano-composite system.

g; is the filler permittivity of the nano-composite system.

€pni IS the interphase permittivity of the nano-composite

system.

€m IS the matrix permittivity of the nano-composite system.

@; is the volume fraction of second filler component of the

nano-composite system.

@phij Is the volume fraction of the interphase region

component of the nano-composite system.

Pefsi IS the volume fraction of the matrix component of the

nano-composite system

Eeffj IS the permittivity of the nano-composite system.

g s the second filler permittivity of the nano-composite

system.

€phij IS the interphase permittivity of the nano-composite

system.

€effi IS the dielectric permittivity of the individual nano-

composites system.
f=0.33

IV. MODEL CONFIGURATION

In this research, it has been investigated single-core
power cable configuration that is shown in Fig. 2. The model
configuration setup according to standard dimensions
designed by NEXANS Energy Networks Company, Design
Standards 6622 - BS 7835 [27]. TABEL I illustrate the model
parameter of single-core power cables. The void diameter is
considered 1mm located between the conductor surface and
the insulation inner surface [28]. Finite Element Methods
Magnetics (FEMM) software is used for this simulation.
Finite Element Method Magnetics (FEMM) software is a
finite element package. This software is used for disbanding
two-dimensional planar and axisymmetric problems in
electrostatics, current flow, heat flow and low frequency
magnetics [30]. The FEMM used method flow chart
clarifying in Fig. 3. and Dielectric Constant of New Cross-
linked  polyethylene  nanocomposites and  multi-
nanocomposites materials shown in TABLE II.
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Fig. 2. Cross section of single core cables with Multi-voids
TABLE I. CONFIGURATION OF SINGLE CORE CABLE [27- 30]
Specification Rating
Rated voltage (kV) 11
Number core 1
Cross-sectional area of conductor (mm?) 150
Diameter over conductor (mm) 14.3
Diameter over insulation (mm) 22.2
Overall diameter (mm) 38
Insulation dielectric constant (XLPE) 2.4
Water permittivity 81
Air permittivity 1
Cupper impurity permittivity 5.6
Radius of bubble (mm) 0.5
TABLE Il DIELECTRIC CONSTANT OF NANOPARTICLES, NEW

CROSS-LINKED POLYETHYLENE (XLPE) NANOCOMPOSITES AND MULTI-
NANOCOMPOSITES MATERIALS

Materials Dielectric constant

Pure XLPE 24

BaTiO; 3.8

TiO, 11

Silica 3

MgO 9.7

Al,O3 9.1

Fe,O3 25
10wt.% BaTiOs/XLPE 2.536
(10wt.% BaTiOz+15wt.% Silica)/ XLPE 2.638
(10wt.% BaTiOs+15wt.% MgO)/ XLPE 26.73
(10wt.% BaTiOs+15wt Fe,05)/ XLPE 45.45
(10wt.% BaTiOs+15wt.% TiO,)/ XLPE 3.697
10wt.% TiO,/ XLPE 3.152
(10wt.% TiO, +15wt.% Silica)/ XLPE 3.117
(10wt.% TiO, +15wt.%MgO)/ XLPE 23.77
(10wt.% TiO, +15wt.% Fe,03)/ XLPE 43.84
(10wt.% TiO, +15wt.% BaTiO;)/ XLPE 3.225
10wt.% Al,O3/ XLPE 4.38
(10wt.% Al,O3 +15wt.% Silica)/ XLPE 4.034
(10wt.% Al,O5+15wt.% MgQ)/ XLPE 19.37
(10wt.% Al,05 +15wt.% Fe,03)/ XLPE 41.27
(10wt.% Al,03+15wt.% TiO,)/ XLPE 5.461

Structure modeling
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Fig. 3. FEMM program steps flow chart.

V. RESULTS AND DISCUSSION

Due to our needs for enhancing electric applications, it
is important a getting new dielectric materials. Thus, the
electric field stress can be controlled by changing relative
permittivity of insulator material by adding individual or
multiple nanoparticles to dielectrics. The following results
illustrate the behaviour of electric field distribution inside
pure and variant nanocomposites dielectrics of power cable
which having (air — impurity — water) voids with different
shapes (cylinder — sphere — ellipse).

A. Effect of Air Voids Shapes Inside Modern
Nanocomposites Insulation

The following figures illustrate the behaviour of
electric stress within variant pure and nanocomposites
insulation of Cross-linked polyethylene in case of presence
different air void shapes in single core power cable. Electric
stress distribution is drawn around core axis passes through
air voids. It has been observed that adding concentration of
(10wt.%A1,03+15wt.%Fe,03)  nanoparticle to XLPE
decreases the electric field distribution about 85.4% inside air
sphere void, decreases the electric field distribution about
75.1 % inside air cylinder void, decreases the electric field
distribution about 80.3% inside air ellipse void and decreases
the electric field distribution inside power cable insulation
about 89.6% due to the effect of high dielectric constant and
surface area of Al,O3 and Fe,O3 nanoparticles.

On the other side, it has been observed that adding
concentration of (10wt.%A1,03+15wt.%Silica) nanoparticle
to XLPE decreases the electric field distribution about 16.9%
inside air sphere void, decreases the electric field distribution
about 2.8 % inside air cylinder void, decreases the electric
field distribution about 8.9% inside air ellipse void and
decreases the electric field distribution inside power cable
insulation about 26.5% due to the effect of low dielectric
constant and surface area of Silica nanoparticle.
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Other composite electric distribution assorted between
them as shown in Fig. 4. Electric stress distribution inside air
cylinder void shown in Fig.5 Electric stress distribution
inside air ellipse void shown in Fig. 6.
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— — — (10WL%AI203 + 15Wt.% Silica)/XLPE
(LOWLYAI203+ 15wt.%MgO )/XLPE
9 BE+6 (LOWLY%AI203+ 15wt.% Fe203 )/XLPE
£
S2.0E+6
Y
8
%1.5E+6
[+
8
8
wl.0E+6

5.0E+5
0.0E+0
10 30 40 50
Length (mm)
Fig. 4. Electric field distribution comparing pure XLPE with % AL,O5

nanoparticles insulation material containing different shapes of air voids
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Fig. 5.  Electric field distribution inside air cylinder void
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Fig. 6. Electric field distribution inside air ellipse void
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Finally, it has been observed that adding concentration
of (10wt.%BaTiOs+15wt.%Fe,03) nanoparticle to XLPE
decreases the electric field distribution about 86.6 % inside
air sphere void, decreases the electric field distribution about
77.1 % inside air cylinder void, decreases the electric field
distribution about 81.9% inside air ellipse void and decreases
the electric field distribution inside power cable insulation
about 90.5% due to the effect of high dielectric constant and
surface area of Fe,O3 nanoparticles.

On the other side, it has been observed that adding
concentration of (10wt.% BaTiO; +15wt.% Silica)
nanoparticle to XLPE decreases the electric field distribution
about 2.6% inside air sphere void, increases the electric field
distribution about 0.8% inside air cylinder void, decreases the
electric field distribution about 0.9% inside air ellipse void
and decreases the electric field distribution inside power
cable insulation about 4.5% due to the effect of low dielectric
constant and surface area of BaTiOs and Silica nanoparticles.

Also, when adding concentration of (10wt.% BaTiO3)
nanoparticle to XLPE electric stress inside cable insulator be
in higher value than adding concentration of (10wt.%
BaTiOs+15wt.% Silica) nanoparticles to XLPE and other
composite electric distribution assorted between them as
shown in Fig.7. Electric stress distribution inside air cylinder
void shown in Fig.8. Electric stress distribution inside air
ellipse void shown in Fig.9.

It has observed different behaviour to electric stress
performance in case of adding multiple nanoparticles inside
XLPE.
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Fig. 7. Electric field distribution comparing pure XLPE with % BaTiOs;

nanoparticles insulation material containing different shapes of air void
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Fig. 8. Electric field distribution inside air cylinder void
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Fig. 9.  Electric field distribution inside air ellipse void

B. Effect of Water Voids Shapes Inside Modern
Nanocomposites Insulation

Following figures illustrate the behaviour of electric
stress within variant New Cross-linked polyethylene
insulation materials pure and nanocomposites in case of
presence different water void shapes in single core power
cable. Electric stress distribution is drawn around core axis
passes through water voids.

It has been observed that adding concentration of
(10wt.%A1,03+15wt.%Fe;03)  nanoparticle to XLPE
decreases the electric field distribution about 17.4% inside
water sphere void, decreases the electric field distribution
about 59.9% inside water cylinder void, decreases the electric
field distribution about 41.9% inside water ellipse void and
decreases the electric field distribution inside power cable
insulation about 89.6% due to the effect of high dielectric
constant and surface area of Al,O3 and Fe,O3 nanoparticles.

On the other side, it has been observed that adding
concentration of (10wt.%Al,03+15wt.%Silica) nanoparticle
to XLPE decreases the electric field distribution about 19.5%
inside water sphere void, decreases the electric field
distribution about 21.8% inside water cylinder void,
decreases the electric field distribution about 20.9% inside
water ellipse void and decreases the electric field distribution
inside power cable insulation about 26.5% due to the effect
of low dielectric constant and surface area of Silica
nanoparticle. It has been observed that adding concentration
of (10wt.%Al1,03) nanoparticle to XLPE has decreased the
electric stress inside cable insulator than adding
concentration of (10wt.%Al,03+15wt.%Silica) nanoparticle
to XLPE and other composite electric distribution assorted
between them as shown in Fig.10. Electric stress distribution
inside water cylinder void shown in Fig.11. Thus, the electric
stress distribution inside water ellipse void shown in Fig.12.
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Fig. 10.  Electric field distribution comparing pure XLPE with % AL,O;
nanoparticles insulation material containing different shapes of water voids
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Fig. 11.  Electric field distribution inside water cylinder void
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Fig. 13. Electric field distribution comparing pure XLPE with % BaTiO;

Moreover, it has been observed that adding nanoparticles insulation material containing different shapes of water
concentration of (10wt.% BaTiOs+15wt.%MgO) nanoparticle voids
to XLPE decreases the electric field distribution about 30.3%
inside water sphere void, decreases the electric field 1.2E45 Pure XLPE
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inside power cable insulation about 84.4% due to the effect 1LOE+5
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20



International Journal of Applied Energy Systems, Vol. 3, No. 1, January 2021

C. Effect of Impurity Voids Shapes Inside Modern
Nanocomposites Insulation

Following figures illustrate the behaviour of electric
stress within variant New Cross-linked polyethylene
insulation materials pure and nanocomposites in case of
presence different cupper impurity shapes in single core
power cable.

It has been observed that adding concentration of
(10wt.%A1,03) nanoparticle to XLPE has reduced the electric
stress inside cable insulator than adding concentration of
(10wt.%A1,03+15wt.%Silica) nanoparticles to XLPE.

Electric stress distribution is drawn around core axis
passes through impurity voids. It has been observed that
adding concentration of (10wt.%AlLOs+15wt.%Fe,03)
nanoparticle to XLPE increases the electric field distribution
about 44.5% inside impurity sphere void, increases the
electric field distribution about 69.2% inside impurity
cylinder void, increases the electric field distribution about
61% inside impurity ellipse void and decreases the electric
field distribution inside power cable insulation about 89.6%
due to the effect of high dielectric constant and surface area
of A[,O3 and Fe,O3 nanoparticles.

On the other side, it has been observed that adding
concentration of (10wt.%Al,03+15wt.%Silica) nanoparticle
to XLPE decreases the electric field distribution about 1.3%
inside impurity sphere void, decreases the electric field
distribution about 15.4% inside impurity cylinder void,
decreases the electric field distribution about 9.9% inside
impurity ellipse void and decreases the electric field
distribution inside power cable insulation about 26.4% due to
the effect of low dielectric constant ang surface area of Silica
nanoparticle and other composite electric distribution graded
between them as shown in Figl6.
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. (10wt.%AI203+ 15wt.% Fe203 )/XLPE
------ (10wt %AI203 + 15wt.% TiO2)/XLPE
1.28E+6
£
S 1.0BE+6
g .................................................................
£8.80E+5
g
56.80E+5
o
4.80E+5
2.80E+5
8.00E+4 !

10 40 50

3
Length? mm )
Fig. 16. Electric field distribution comparing pure XLPE with % AL,05

nanoparticles insulation material containing different shapes of cupper
impurities voids

Whatever, it has been observed that adding concentration
of (10wt.%BaTiOs+15wt.%Fe,03) nanoparticles to XLPE
increases the electric field distribution about 45.2% inside
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impurity sphere void, increases the electric field distribution
about 68.2% inside impurity cylinder void, increases the
electric field distribution about 62.7% inside impurity ellipse
void and decreases the electric field distribution inside power
cable insulation about 90.5% due to the effect of high
dielectric constant and surface area of Fe,O3 nanoparticle.

On the other side it has been observed that adding
concentration of (10wt.% BaTiO; +15wt.%Silica)
nanoparticle to XLPE decreases the electric field distribution
about 1.1% inside impurity sphere void, decreases the electric
field distribution about 3.4% inside impurity cylinder void,
decreases the electric field distribution about 2.5% inside
impurity ellipse void and decreases the electric field
distribution inside power cable insulation about 4.5% due to
the effect of low dielectric constant and surface area of
BaTiOs and Silica nanoparticles. and other composite electric
distribution graded between them as shown in Figl7.

Pure XLPE
16E+6 | e 10wt.% BaTIO3/XLPE
: = = = (10wt.% BaTIO3 + 15wt.%Silica)/XLPE
(10wt.% BaTl03+ 15wt.%MgO )/XLPE
14E+6 (10wt.% BaT103+ 15wt.% Fe203 )/XLPE
GAETO ] eeeee (10wt.% BaTl03 + 15wt.%Ti02)/XLPE
‘EL.2E+6
S
1.0E+6
4
1]
E8.4E+5
86.4E45
w
4.4E+5
2.4E+5
4.0E+4
10 20 Lengtﬁ? mm ) 40 50
Fig. 17.  Electric field distribution comparing pure XLPE with % BaTiOs

nanoparticles insulation material containing different shapes of cupper
impurities voids

Moreover, it has been observed that adding concentration
of (10wt.%TiO,+15wt.%Fe,03) nanoparticle to XLPE
increases the electric field distribution about 44.9% inside
impurity sphere void, increases the electric field distribution
about 70% inside impurity cylinder void, increases the
electric field distribution about 61.6% inside impurity ellipse
void and decreases the electric field distribution inside power
cable insulation about 90.2% due to the effect of high
dielectric constant and surface area of Fe,O3 nanoparticle.

On the other side, it has been observed that adding
concentration of (10wt% TiO, +15wt.% BaTiOs)
nanoparticle to XLPE decreases the electric field distribution
about 2.3% inside impurity sphere void, decreases the electric
field distribution about 9.8% inside impurity cylinder void,
decreases the electric field distribution about 6.8% inside
impurity ellipse void and decreases the electric field
distribution inside power cable insulation about 15% due to
the effect of low dielectric constant of BaTiO3z and TiO;
nanoparticles. and other composite electric distribution
assorted between them as shown in Fig. 18.
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VI. TRENDS OF MODERN NANOCOMPOSITES

Nanotechnology techniques have been done to
enhance the dielectrics of industrial applications by using
individual and multiple nanoparticles [31-33]. TABLE Ill —
TABLE V show the comparing between electric stress inside
voids and the effective nanocomposite materials. The current
comparison has been done via different air voids, water void
and cupper impurity shapes.

Faculty of Energy Engineering - Aswan University - Aswan - Egypt

TABLE V. ELECTRIC STRESS IN SINGLE CORE CABLE CONTAINING
DIFFERENT SHAPES OF IMPURITES voIDs
Modern Cupper Impurites Voids Shapes E (Kv/m)
Nanocomposites - - -
Insulation Sphere | Cylinder Ellipse Inside
Material void void void insulation
PURE XLPE 820 656 715 1.33E+3
(10wt.%
Al,O5+15wt.% 249 449 354 1.38E+2
Fe,03)/ XLPE
(10wWt.%AIl,05+15w
t %Silica)/XLPE 831 757 786 9.78E+2
(10Wt.%TiO,+15wt.
9%6Fe,05)/XL PE 236 432 339 1.30E+2
(10wt.%
TiO+15wt.% 839 720 764 1.13E+3
BaTiOs)/XLPE

TABLE Ill.  ELECTRIC STRESS IN SINGLE CORE CABLE CONTAINING
DIFFERENT SHAPES OF AIR VOIDS
Modern Air Voids Shapes E (Kv/m)
Nanocomposites - - -
Insulation Sphere Cylinder Ellipse Inside
Material Void Void Void insulation
PURE XLPE 1.89E+3 2.49E+3 2.24E+3 1.33E+3
(10wt.%
Al,O3+15wt.% 2.76E+2 6.20E+2 4.42E+2 1.38E+2
Fe203)/ XLPE
(10Wt%A|203+15W
t %Silica)/XLPE 157E+3 2.42E+3 2.04E+3 9.78E+2
(10Wt.%TiO,+15wt.
9%6Fe,03)/XLPE 2.61E+2 5.88E+2 4.22E+2 1.30E+2
(10wt.%
TiO,+15wt.% 1.73E+3 2.49E+3 2.15E+3 1.13E+3
BaTiO3)/XLPE
TABLE IV. ELECTRIC STRESS IN SINGLE CORE CABLE CONTAINING
DIFFERENT SHAPES OF WATER VvOIDS
Modern Water Voids Shapes E (Kv/m)
Nanocomposites
Insulation Sphere Cylinder Ellipse Inside
Material void void void insulation
PURE XLPE 79.8 48.9 59.1 1.33E+3
(10wt.%
Al,O3+15wWt.% 93.7 78.2 83.9 1.38E+2
Fe,03)/ XLPE
(10Wt%A|203+15W
t %Silica)/XLPE 95.4 59.6 715 9.77E+2
(10wt.%TiO,+15wt.
96Fe,03)/XLPE 92.1 77.9 83.0 1.30E+2
(10wt.%
TiO+15wt.% 89.1 55.2 66.4 1.13E+3
BaTiO3)/XLPE
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VIIl. CONCLUSIONS

Adding nanoparticles to insulation material of power
cable can changes the dielectric constant of insulation
material weather effect in changing in self-capacitance of
insulator then it is effect on the electric field distribution.
Using individual nanocomposite materials and multi-
nanocomposite material instead of pure XLPE insulation
material decreases or increases the electric field
distribution according to type and concentration of
nanocomposite material.

Adding multi-nanoparticles (Al,O3; and Fe,O3) XLPE is
deduced that their ability for reducing the electrostatic
field distribution inside insulation of single core power
cables. Whatever, adding nanoparticles (Silica and
BaTiO3) is deduced that their ability for increasing the
electrostatic field distribution inside insulation of single
core power cables. It can be had more controlling in
electrical properties and the electrostatic field
distribution inside the insulation of single core power
cables by using multi-nanoparticles technique.

Adding concentration of (10wt.%Al,03+15wt.% TiOy)
nanoparticles to XLPE has a high impact on stabilizing
electrical field distribution through the effect of different
shapes of cupper impurities inside insulation of single
core cable which has used in this paper.
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