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Abstract—Composite polymeric insulators recently being widely
used to replace porcelain and glass in high voltage application.
While Polarization and Depolarization Current (PDC) is a non-
destructive measurement technique used to measure charging and
discharging current in time domain. This paper presents the
experimental and analysis result of PDC measurement technique for
new developed Nano-polymeric material samples. The new LLDPE-
NR/TiO2were developed by blending the polymer material of Linear
Low Density Polyethylene (LLDPE), natural rubber (NR) and filled
with nanoparticles of TiO2 as fillers. Several samples at different
percentage of filler added (1%, 3%, 5%, and 7%) was prepared and
tested with and without surface tracking defect. Surface tracking is
developed from surface discharged activity associated with the flow
of leakage current on insulator surface under wet and contaminated
conditions. Presence of impurities or contaminants on surface of the
insulator will affect the insulator conductivity. Aim of this study is to
see effectiveness of adding TiO2 as fillers improve polymer material
dielectric properties under surface tracking condition. Result of PDC
pattern and conductivity variation of each sample is analyzed using
LABVIEW and MATLAB to determine which sample has better
dielectric property.
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In service, since most polymer insulation is in outdoor

application of voltage insulator, the surface of polymer
insulation is progressively contaminated. Polymeric insulator
that been used for outdoor application having tracking and
erosion effect. It’s happened on the surface material of the
polymeric insulator Tracking is a peculiar phenomenon that
occurs on the surface of the insulating structure as a result of
creep age discharge from surface contamination , with addition
of nanoscale fillers into polymers, robust materials can
potentially be produced due to the synergistic effects
(cooperating for enhanced effects) arising from the blending
process[1].

A lot of research had been done on electrical properties of
polymer nanocomposite as insulating material. F. Ciuprina and

1. INTRODUCTION

688

I. Plesa had done a research on DC conductivity and the
variation of the real part of the complex conductivity with the
frequency for three formulations of nanocomposites obtained
from polyethylene filled with nanoparticles of Al,O;, SiO, and
TiO,[2]

The nature of polarization and depolarization currents
obtain from PDC measurement are believed to be related to
aging status and moisture content of the insulation.
Application of PDC test has been conducted too many
electrical apparatus for monitoring the condition of machine
stators, transformer and power cables[3]. Besides, due to
advancement in hardware and software interpretation schemes,
PDC measurements with the time domain polarization based
technique are widely accepted by many utilities. PDC tests are
very useful to estimate conductivity and moisture contents of
the insulations. PDC measurement can be used to measure the
conductivity of nanocomposite that had been done by
researchers [4]. From the results, it can be concluded that
adding nano particles into LLDPE nanocomposite can reduce
the PDC values. However, different amount of nanofillers will
give different results.

The main objective of this project is to investigate and
analyze the effect of surface tracking on conductivity level of
LLDPE-NR nanocomposite material. The nanocomposite
material used is natural rubber blend with Titanium oxide
(TiO2).Besides, this project also to identify the conductivity
level of composite material using PDC technique.

II. SAMPLE PREPARATION

Commercial linear low density polyethylene (LLDPE) from
Titan Chemical, Malaysia, is used in this study. It has a density
of 0.918 g/cm3, a melt index of 25g/10 min. Nanoparticle of
Titanium oxide (TiO2) is from China with a particle size of
about <50nm was used as filler. This nano scale filler has a
nearly spherical shape with a specific surface area of about
100 m2/g. Before used, the filler must be dried first. For
blending and mixing with LLDPE and nanofiller, natural
rubber (NR) grade SMR CV 60 supplied by Taiko Plantations
was used. Using a Brabender mixer with chamber size of 50
cm3,polyethylene nanocomposites were prepared by melt
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mixing at 165 0C.The screw speed was controlled at 35 rpm
with the mixing time of 2 min and the mixer has a high shear
force. With a square shape of 10 cm x 10 cm with the
thickness of 3 mm by hot melt pressing at 1 tone pressure at
170 0C for 10 min the polymer nanocomposites were finally
prepared. With concentrations of nanofiller of 1, 3, 5 and 7 %
wt, four types of LLDPE-NR nanocomposite square shaped
with a dimension of 10 cm x 10 cm were prepared. Table 1
shows the compound formulation and designation of LLDPE-
NR/TiO2.

All the samples had undergone electrical tracking test for
degradation process. Fig. 1 shows the hardware set up for
electrical tracking test. Test Voltage that had been applied to
the sample is 4.5 kV, contaminant flow rate is 0.60 ml/min (10
rpm) with resistance of 33 k ohm. The experimental works had
been conducted to create surface tracking on a new sample
without any defect. The sample was mounted at the special
stand with the flat test surface on the underside at an angle of
45° from the horizontal with the stainless steel electrodes. The
sample was coupled with two high voltage electrodes. With the
contaminant flowing uniformly at the specific rate, supply was
switched on and raises slowly the voltage up to 4.5 kV. The
voltage shall be maintained constant for 5 to 6 hours. Surface
tracking and carbon track will be created after 6 hours.

Fig. 1. Electrical testing setup

TABLE I
COMPOUND FORMULATION AND DESIGNATION
Constituent Composition%w | Designation

Test LLDPE | Natural
Sample Rubber Nano

(SMR filler

CV 60)
LLDPE | 80 20 1 Bl
+ 80 20 3 B3
el N TN T
TiO, 80 20 7 B7
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III. PDC THEORY AND CONCEPT

A. Insulation Conductivity Concept.

Polarization and Depolarization (PDC) measurement has
been recognized to be increasingly popular due to its ability to
assess the conductivity of High Voltage insulation within
initial periods after application of DC steps voltage. A
significant parameter in insulation diagnostic is the dc
conductivity of insulation and it is used to determine insulation
condition.

The object tested can be in series or in parallel and can be
using single dielectric material or an arrangement of several
dielectric material o, er and f(t) represent the composite
conductivity, relative permittivity and dielectric response
function of this heterogeneous test object for more than one
dielectric material. The test object is assumed to be totally
discharged and that a step voltage is applied with the following
characteristics:

0 t=<0
U(t) =qlUe 0=<x<tc (1)
0 t>=tc

It will result in zero current for times before t =0, and for
times 0 < ¢ < fc is called polarization currents. There are two
parts of polarization current, one part is related to the
activation of the different polarization processes within test
Object and the other is related to the conductivity of the test
object. The polarization (charging) current through the object
can thus be expressed as as [5-9]:

ip(t)=C,U, [g + f(t)} (2)

A depolarization current is built up once the step voltage is
replaced by a short circuit. The depolarization current
magnitude is expressed as;

id(t) = cous[f(t) — F(t + tc)] 3)

Here, tc is stand for the time during which voltage has been
applied to test object. Hence, it is possible to estimate the dc
conductivity o, of the test object based on measurement of
polarization and depolarization currents. If the test object is
charged for a sufficiently long time so that f (t + tc) = 0,
equation (2) and equation (3) can be combined to express the
dc conductivity of the composite dielectric as

[ip(t) — id(2)]

T ~

“4)

=]
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Here, o is the composite conductivity, €o is the relative
permittivity, Co is the geometric capacitance, Uo is the step
voltage, id (t) is the depolarization current, and ip(t) is the
polarization current. For Solid Insulation, the control software
was developed in the LabVIEW environment which enables
the operator to record voltage and currents automatically
during PDC measurements.

B. PDC Measurement Technique

By applying a dc voltage step on the dielectric material the
polarization currents measurement is performed. For
depolarization current, it is measured by removing the dc
voltage source incorporating with a switch turn on to short
circuit at the under tested objects. The dc voltage applied was
1000 V for about 10,000 seconds for polarization and
depolarization time. The voltage and currents will be recorded
automatically by the control software that was developing in
the Lab View environment. The PDC measurement principal is
shown in Fig. 2. PDC testing was done at High Voltage and
High Current Laboratory, Universiti Teknologi Malaysia by
using PDC equipment setup as shown in Fig.3.

idepol

v /
Test obje Electrometer

Fig. 2 Principal of test arrangement for PDC measurement.

Three

Terminal Test
cell

Fig.3 PDC measurement set up

IV. RESULT AND DISCUSSION

A. Polarization and Depolarization Current Analysis

The result of polarization current measured for samples B1,
B3, B5 and B7 before and after surface tracking is shown in
Fig.4, Fig.5, Fig.6 and Fig.7 respectively. Meanwhile, the
result of depolarization current is shown in Fig.8, Fig.9, Fig.10
and Fig.11. It is found that sample B1, B3, B5 and B7 before
tracking has lower polarization and depolarization current
value than sample Bl, B3, B5 and B7after tracking. It is
shown that effect of tracking increase the polarization and
depolarization current for each sample. For overall sample, it
is found that after tracking, sample B5 has lower polarization
current than sample B1, B3 and B7. Therefore, the compound
of 80% LLDPE and 20% natural rubber (NR) with 5% of TiO,
filler can improve the resistivity of the material.
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Fig. 6 Polarization current for sample B5
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Fig. 11 Depolarization current for sample B7

B. Conductivity Variation Analysis

Using polarization and depolarization current measurement
using conductivity, we are able to estimate the condition
(ageing and moisture) of insulation. Equation (4) proves that
conductivity of the insulation is influenced by polarization and
depolarization current values.

Fig. 12 shows the conductivity variation for the sample B1,
B3, B5 and B7 before tracking. Each of the samples hasn’t
undergone tracking phenomena. Based on the plotted graph,
sample B5 with 5% TiO, filler has the lowest conductivity
compared with other samples.
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Fig. 12 Conductivity variation before tracking for samples B

Fig. 13 shows the conductivity variation for sample B1, B3,
B5 and B7 after tracking. It is clearly shown that the tracking
effect the conductivity of the sample. Each of the samples has
increase in conductivity because of the tracking phenomena
cause increase in the leakage current. Based on the plotted
graph, sample B5 with 5% TiO, filler was the best sample after
tracking effect.
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Fig 13.Conductivity variation after tracking for samples B

'V CONCLUSION

Conductivity of LLDPE-NR/TiO, samples has been studied
in this paper. Based on the PDC measurement result, it is
found that sample LLDPE-NR with 5% of TiO, as a filler was
the best samples in polarization and depolarization current
result either before or after surface tracking effect. This
samples is believed has improves the resistivity of LLDPE.
Additional TiO, nanofiller at certain percentage will improve
the dielectric properties of LLDPE-NR. Besides, the trend of
conductivity shows that it dependent on polarization and
depolarization current of the sample. On the other hand, it is
found that the tracking phenomena effect the polarization and
depolarization current of each samples. The tracking
phenomena cause increase for leakage current.
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