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1. INTRODUCTION

High voltage (HV) insulators particularly glass and porcelain play a significant role in electric power
transmission system. In transmission and distribution, HV insulators are positioned between two towers or
pole body to avert any undesirable current flow to the earth [1-2]. HV insulators mounted at power lines are
exposed to the atmosphere tend to accumulate the contamination on the insulation surface. The contaminated
insulators can be said no problem in dry conditions. However, contaminated insulators in wet conditions may
threaten the performance of insulator which may lead to the insulation degradation [3]. The accumulation of
contamination sources on the surface of insulator is believed may attract space charge and hence modify the
local field distribution [4].

One of the concerns of these insulators is the existence of the space charge on their surfaces.
Generally, space charge can be said as a collection of particles with a net electric charge occupying a region,
either in free space or in a device. According to [5], all charged carriers including electrons, holes, charged
particles or ions, which can exist within the dielectric material, trapped by or transported through the material
under the application of external field are also known as space charge.

An inherent nature of insulator that tends to accumulate the trapped electrical charges within the
insulation material has led the space charge existence. The presence of space charge at any region of insulator
is certainly distort the original electric field distribution and may result in the enhancement of local electric
fields to the highest level over a long period of time. This situation would then leads to the premature failure
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of insulating material due to the degradation process which can lead to electrical breakdowns and
electrostatic discharges [6]. It is proven that the hetero space charges are always observed before breakdown
occurs [7]. Under the higher applied electric fields at the higher temperature, a large amount of hetero space
charges was detected earlier after the voltage application [8]. In addition, more charges are found trapped in
the bulk of an aging sample after a long time of electrical aging time [9].

Literature studies on space charge not only limited to experimental studies but also simulation
studies [10-12]. The uneven distribution of voltage and electric field along a sting insulator found in [13] is
due to the presence of coupling capacitance amongst discs of the insulator string. The charge distribution on
the glass insulator surfaces was investigated using QuickField™ Professional software in [14] shows the
polarity of charge swinging occurs at the centre of the suspension string insulator of I-type. Meanwhile
in [15], it is revealed that the presence of contamination affects the charge distribution of the insulator located
near to the ground electrode in glass insulator string.

Based on the aforementioned studies, the charge distribution on the surface of porcelain insulators
has not yet being investigated; which provide a substantial area for researchers to explore more on the
distribution of charge. Therefore, this paper proposes a study on the voltage and space charge distribution on
HV glass and porcelain insulators subjected to different levels of contamination.

2. MODELLING DESIGN

The modelling of glass and porcelain insulators was conducted using finite element software of
QuickField™. The electrostatic problem type was chosen due to the variation of capacitive systems such as
fuses, transmission lines and so forth can be analysed. Furthermore, in the electrostatic problem type,
voltages, electric fields, space charges, capacitances, and electric forces can be extracted and examined.
By using this software, the space charge is calculated using Gauss Law. According to the Gauss theorem,
total electric charge in a particular volume can be calculated as a flux of electric displacement over its closed
boundary as:

q=¢.(D.n)ds ()

Cap and pin suspension glass of U100BL type [16] and porcelain ANSI 52-3 type [17] are selected
as the main research object in this work. These insulators are designed according to their cross-section
diagram as depicted in Figure 1. It is noticed from Figure 1 that there are five separate regions for both
insulators is needed to be modelled for a single unit of insulators with the supply voltage of 11 kV. The string
of four insulators is subsequently modelled in free space with the supply voltage of 33 kV is applied to the
fourth insulator (nearest to HV line) while the first insulator (top insulator cap) is grounded.
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Figure 1. Cross-sectional diagram of, (a) glass, (b) porcelain insulator

The relative electric permittivity of glass and porcelain insulator are tabulated in Table 1 and
Table 2, respectively was manually inserted into the software. Since the insulator has a symmetrical shape,
this simulation process is conducted in an axisymmetric 2D model class. For the modelling of the
contaminated insulator, a thin film with a different thickness of contamination layer listed in Table 3 was
created. By adopting the properties of sea water as the contamination source, this film was modelled as a
uniform layer on the entire surface of the insulator.
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Table 1. Material properties of glass insulator [15]  Table 2. Material properties of porcelain insulator [18]

Types of material Relative Electric Permittivity Types of material Relative Electric Permittivity
Cement (G2 & G4) 15 Cement (P2 & P4) 2
Glass (G3) 4.2 Porcelain (P3) 6
Cast Iron (G1&G5) 1000 Metal (P1&P5) 1000
Air 1 Air 1

Table 3. Contaminations level of insulators [19]

Level of Contamination Thickness (mm)
No contamination (clean) 0mm
Light contamination 1.0 mm
Medium contamination 1.5mm
Heavy contamination 2.0 mm

3. RESULTS AND ANALYSIS

The voltage and charge distribution results presented in this section were obtained based on contour
plot that measured along the insulator creepage distance under different levels of contamination conditions.
The results presented in this section are started with a single unit of insulator followed by a string of four
unit insulators.

3.1. Voltage distribution for single glass insulator

Figure 2 shows the voltage distribution contour plot for a single glass insulator in clean and
contaminated conditions. It is obvious from the Figure 2 (a) that the voltage is moderately decreased after the
insulator pin towards the insulator cap. While for contaminated insulators, the voltage distribution can be said
gradually decreased from insulator pin towards the insulator cap as depicted in Figure 2 (b) to 2 (d). Similar
finding was found in [20] where the potential distribution eventually shrinkage from HV electrode to the
ground for one suspension glass insulator.
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Figure 2. Voltage distribution contour plot of glass insulator for, (a) clean, (b) light, (c) medium,
(d) heavy contamination

Apart from the voltage distribution, the distance of equipotential lines for clean and contaminated
conditions also different. As can be seen from Figure 2, the equipotential lines become wider (represent in
the circle) in the presence of contamination layer when compared to the clean insulator. This result shows
that the voltage stresses are higher in the contamination area.
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The voltage distribution characteristic along the creepage distance for single glass insulator is
demonstrated in Figure 3. It is noticed from the plot that the voltage is non-uniformly distributed along
the creepage distance for clean insulator. However, the trend of distribution seems to become linear in
the presence of contamination layer. The linearity distribution of voltage for contaminated insulators may be
due to the conductivity created on the insulator surface enabling the leakage current (LC) flow and causing
the voltage to increase [21]. However, in the real time operation services, the voltage distribution increased
with the presence of contamination due to LC flow and formation of dry band.
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Figure 3. Voltage distribution characteristic along the creepage distance for single porcelain insulator

3.2. Voltage distribution of single porcelain insulator

The voltage distribution contour plot for a single porcelain insulator in clean and contaminated
conditions is demonstrated in Figure 4. As can be seen in Figure 4, the distribution of voltage for porcelain
insulator seems to have similar trend with glass insulator where the voltage was moderately decreased for
clean and contaminated insulator from insulator pin to insulator cap. It is apparent that high potential was
distributed more in the steel pin area for all the cases.
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Figure 4: Voltage distribution contour plot of porcelain insulator for, (a) clean, (b) light, (c) medium,
(d) heavy contamination
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Apart from that, the distance of equipotential lines (represent in the circle) for clean insulator is
much wider compared to contaminated insulator. It is worth mentioning that the equipotential lines also play
an important role in determining the condition of insulator in simulation study. The line width able to
determine the level of voltage where wider equipotential lines represents lower voltage and vice versa. In this
work, it is observed narrower equipotential lines is concentrated near to HV electrode while wider
equipotential lines are focussed near to GND electrode.

Figure 5 depicts the distribution of voltage along the creepage distance for single porcelain insulator
string. The results appear to indicate that the increasing of contamination layer on porcelain insulators surface
has increased the voltage distribution of contaminated insulators. It is believed that larger thickness attract
more trapped charges and allowed the creation of LC path on the insulator surface [22].
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Figure 5. Voltage distribution characteristic along the creepage distance for single porcelain insulator

3.3. Space charge distribution

Space charge amplitude according to level of contamination for glass and porcelain insulators is
depicted in Figure 6. What stands out in this figure is the dominance of space charge distribution in porcelain
compared to glass insulators. However, both insulators type shows similar space charge distribution trend
where the space charge amplitude is increased as the contamination level increased. It is important
highlighting that the space charge distribution amplitude in Figure 6 is the average value. The space charge
distribution studies can be considered as crucial since the presence of space charge at any region of insulator
will distort the original electric field distribution and may result in the enhancement of local electric fields to
the highest level over a long period of time [23-26].
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Figure 6. Space charge amplitude according to level of contamination for glass and porcelain insulators
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3.4. Comparison between glass and porcelain string insulators on the effect of voltage distribution

The comparison of voltage distribution for both glass and porcelain string insulator in clean and
contaminated conditions is presented in Figure 7. It is proven that the glass insulator string gives higher value
of voltage distribution compared to porcelain insulator string for all contamination levels.
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Figure 7. Voltage distribution comparison between glass and porcelain string insulator in, (2) clean, (b) light,
(c) medium, (d) heavy contamination levels

4. CONCLUSION

The present article provides a contribution regarding the voltage and space charge distribution on a
single unit and a string of four units glass and porcelain insulators under clean and contaminated conditions.
The main findings of this work are highlighted according to their respective investigation conducted.
Firstly, the high voltage string insulators with four units of glass and porcelain were simulated on voltage
distribution, and it is shown that the higher chances of breakdown at glass insulator. As a result, the electric
stress at glass insulator for all contamination levels are higher than porcelain insulator. Next, it is noticed in
the voltage distribution along the string insulators is not linear for both porcelain and glass type. The highest
voltage across each insulator happens at the insulator nearest to the high voltage line and exponentially
decreases towards the insulator near to the ground. On top of that, when the level of contamination increases,

the possibility of insulators to breakdown is higher. Lastly, the charge distribution for porcelain insulator is
much higher than glass insulator.
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