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Abstract—Electrical insulators in 22kV Distribution System 

of the Provincial Electricity Authority (PEA) is mostly 

porcelain insulator types that consist of line post insulators 

in the serious pollution area. The insulators of distribution 

system will be polluted by industrial contaminants, salt fog 

or natural dust. In the records of PEA shows that pollution 

flashover is one of the main natural calamities harming and 

affecting the voltage stability and reliability of distribution 

system. This paper to study and compares the test results 

obtained from artificial pollution tests according to IEC 

60507 with line post and pin post type insulators of medium 

system under same test conditions. The salt fog test results 

indicate that the pollution flashover performance of pin post 

insulator is less than to 65 percent of wet power frequency 

withstand voltage at equivalent salt deposit density (ESDD) 

= 0.5mg/cm2 and the leakage current (LC) of line post 

insulator increased to 10.8mA at ESDD = 0.5mg/cm2 at 

nominal voltage. In the experiment indicate that AC 

pollution flashover performance of pin post insulator has 

better than line post insulator in the serious pollution area. 

This data will be useful to be guideline for solving problems 

and reducing power loss from leakage current on the 

surface of the insulators as a result of surface dirt and 

pollution. Moreover, it will be useful to select or design 

suitable insulators for using in places with salt conditions, 

high rainfall, high wind speeds and high humidity.  

 

Index Terms—pollution flashover, electrical performance, 

electrical insulators 
 

I. INTRODUCTION 

Electric power is an important ingredient for the 

industry and all round development of a country. With 

the increasing of electrical demand, the leads to a 

growing interconnection of electrical distribution system. 

And to satisfy of electrical demand, electrical insulators 

of distribution system had been improved efficiency or 

withstand ability of distribution system. The efficiency of 

the system is based mainly on the continuity of the 

service, avoiding faults that supposed economic losses for 

distribution system and users. Withstand ability of 

insulators under polluted conditions are some of the most 

important factors, which determine the insulation level of 

distribution system. The continuous operation of 

distribution system mainly depends on the environment 

and weather conditions, insulation design, which may 

cause flashover on polluted insulators leading to system 
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outages, if the design is inadequate. Most insulators are 

used outdoors, on high voltage overhead distribution lines 

and in substations, and are required to withstand extreme 

changes in environmental conditions.  

The performance of insulators is very critical for 

reliable power supply. Flashover of insulators is being 

observed even at normal operating voltages because of 

deposition and subsequent wetting of pollutants thus 

disrupting the continuous power supply. Insulation levels 

of ceramic or porcelain insulator installed in distribution 

systems and if extreme changes in environmental 

conditions, insulation levels of insulators are as follow [1]: 

1) Insulators under clean and dry conditions; insulation 

level is 100 percent of low frequency flashover voltage of 

dry test. 

2) Insulators under clean and fog conditions; insulation 

level is 45-60 percent of low frequency flashover voltage 

of dry test. 

3) Under rain conditions; insulation level is 70-75 

percent of low frequency flashover voltage of dry test. 

4) Under Pollution and fog conditions; insulation level 

less than 35 percent of low frequency flashover voltage of 

dry test. 

The flashover on polluted insulators leading to system 

outages is problem complex as characteristics of 

contaminants vary widely in service. Insulators near the 

coast, industrial contaminants, cement dust, sand, natural 

dust, bird feces, exhausts from various factories [2]. 

 

Figure 1.  Electrical faults in distribution system [3]. 

The flashover of outdoor insulation due to pollution 

constitutes one of the most difficult high voltage 

problems. The electrical faults in distribution system 

occurring, there are many causes consists of tree, Animal, 

Human, vehicle, environment, equipment and other, 

shows in Fig. 1. Considering the electrical fault caused 

from environmental plus equipment up to 33 percent of 
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all electrical fault in distribution system. From 

investigation of this fault, electrical insulators fault under 

contaminated condition exceeding in other faults.  

Because the pollutants that exist in the air deposits in 

the surface of the insulator and combine with the 

humidity of the fog, rain, or dew. The mixture of 

pollutants, plus the humidity form a layer that can 

become conductor and allow passing currents that will 

facilitate the conditions of short circuit. This is due to a 

decrease of the resistance of the insulator surface. Unless 

there is a natural cleaning or an adequate maintenance, 

the electrical activity will be affected by a possible 

flashover in the insulator [3]. 

In artificial pollution tests, there are three polluting 

methods frequently used, including quantitative Brushing 

Method, Dipping Method and Spraying Method. Base on 

measurements of ac flashover performance of four types 

of porcelain and composite insulators in the artificial 

climate chamber. In this paper to study of differences on 

the electrical performance flash over voltage of porcelain 

insulators under polluted condition using spraying 

method. The equivalent salt deposit density (ESDD) is 

the most commonly used method to characterize pollution 

quality and quantity on the surface of insulators. The 

method determines the salt deposition density by washing 

down the insulator surface with a known amount of water 

and then measuring the conductivity of the water. A 

major disadvantage of the ESDD method is that the 

insulators must be removed from the distribution line for 

an exact measurement [4]-[7]. 

Separately this method is labor intensive and is subject 

to the experience level and attention to detail of the field 

personnel. Determination of ESDD on insulators installed 

on distribution line towers is possible but it requires 

skilled personnel.  

Therefore to guideline for solving problems above, in 

this work to study electrical performance of porcelain 

insulators under polluted condition testing by setup the 

artificial pollution chamber based on IEC 60507. 

II. SURFACE FLASHOVER ON INSULATORS  

A. Flashover Mechanism of Polluted Insulators 

During wet atmospheric conditions like light rain or 

fog the contamination layer on the surface of the insulator 

gets wet and promotes leakage current flow along the 

surface. The heat dissipated due to the flow of leakage 

current evaporates the moisture on the surface of the 

insulator. This evaporation leads to the formation of areas 

termed as “dry bands.” Dry bands tend to form near the 

surface of the insulator parts where the diameter is the 

smallest, because of the high current density in those 

parts. A concentration of voltage stress is formed around 

the dry bands as the surface resistance of the dry bands is 

much higher than the conductive contaminated surface 

film. Subsequently the dry band will break down causing 

an initial partial arc over the surface. After the formation 

of a partial arc the propagation of the arc further depends 

on if Ep>Earc, that is the arc will propagate if the voltage 

gradient ahead of the arc, which is the voltage gradient of 

the pollution layer, is greater than that of arc gradient. 

This is due to the fact that ionization of the path ahead of 

the arc by the increasing current at every instant enables 

the arc to proceed. When the arc propagation across the 

contaminated layer bridges the whole insulator a 

flashover will occur. The flashover triggers a power arc 

that results in the interruption of power supply and may 

damage the insulator temporarily or permanently, 

depending on the severity of flashover [6]-[8].  

Leakage Distance
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Arc Discharge

Q
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Figure 2.  Obenaus model of polluted insulator [5]. 

The flashover process of polluted insulators can be 

described by a model which consists of a local arc in 

series with the resistance of part of the pollution layer. A 

simple model to describe this flashover process is shown 

in Fig. 2. In order to analyses the flashover, the 

characteristics of the local arc and the surface 

conductivity must be described correctly. Therefore, 

voltage current characteristics of dc and ac arcs, 

developing along the surface of a polluted insulator were 

carefully measured. According to the experimental data, 

the V-I characteristics of arcs can be expressed as the 

discussed model is given as follow: 

 n
arc arcE AI                                (1) 

where arcI  is the leakage current, and A , n are arc 

constants. 

Flashover on high voltage insulators, due to natural 

pollution, reduces the reliability and stability of overhead 

lines in polluted areas. Pollution deposited on the 

insulator surface becomes a conductive electrolyte when 

the insulator surface is wetted by rain or fog. This allows 

leakage currents to increase over the insulator surface and 

decreases the electrical withstand voltage of the insulator 

[5]. 

B. Review of Theoretical Models for Porcelain 

Insulators 

An alternative to natural and artificial pollution tests is 

to compute the flashover voltage of polluted insulators by 

making use of theoretical models. It is desirable to assess 

the flashover performance of polluted insulators using 

analytical methods in order to eliminate, as far as possible, 

the need for expensive test facilities and tedious and 

lengthy experiments.  

A common feature of all these models is a simplified 

representation of a propagating arc consisting of a partial 

arc in series with the resistance of the unabridged section 

of the polluted layer. Several analytical studies have been 
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carried out in order to calculate flashover voltage of 

polluted insulators, however due to complex shapes of the 

insulators and lack of computational facilities, 

sufficiently precise analysis of the phenomenon has not 

been possible [2]-[4].  

Obenaus was the first to propose model for 

contamination flashover of porcelain insulators. He 

modeled the flashover process as a discharge in series 

with a resistance, as shown in Fig. 2 [9].  

The pollution resistance represents the unabridged 

portion of the insulator. The voltage drop across the 

resistance is expressed as a function of the current. The 

arc propagation criterion used is Ep>Earc, that is, the 

electric field in the polluted layer should be greater than 

the arc gradient. Flashover occurs when the arc 

propagates and ultimately bridges the insulator. FOV is 

plotted as a function of ESDD and such graphs obtained 

for various insulator geometries can be found in the 

literature [9]-[10]. 

III. TEST SPECIMENS, SETUPS, AND PROCEDURES [4], 

[11]. 

A. Test Specimens 

The specimens are the standard porcelain insulator in 

22 kV distribution systems as shown in Fig. 3 consist of 

pin type, pin post and line post insulators, which are 

denominated type a-c respectively. Table I shows the 

dimensional details of the samples test. 

H

D

    

H

D

    

D

H

 
A)                                    B)                                 C) 

Figure 3.  Profiles of test insulators A) pin type insulator B) pin post 
insulator and C) line post insulator 

TABLE I.  DIMENSIONAL DETAILS OF STANDARD PORCELAIN 

INSULATORS  

Type 
Type of 

insulators 
H(mm) D(mm) L(mm) 

A Pin Type (56-2) 165 229 432 

B 
Pin Post 

Type(56/57-2) 
336 170 534 

C 
Line Post 

Type(57-2) 
305 152 559 

C1

C2

R0

Test insulator

230/400 V.

AC 50Hz

1 2

Scope meter

Current prob

Chamber

Bushing

 

Figure 4.  Schematic of testing in chamber (1) variac and (2) 100kV testing transformer 

B. Tests 

The artificial pollution tests of various types of 

standard porcelain insulators have been carried out in the 

multifunction artificial climate chamber with a diameter 

of 4m and a height of 3m, in which the power supply is 

lead through a 100kV wall bushing. 

The test circuit of the FOV test is provided 

schematically in Fig. 4. The voltage elevation transformer 

is supplied by a Variac, thus resulting in a controlled 

gradual voltage increase. The transformer secondary coil 

is connected in series resistance R0 = 2MΩ and parallel 

with a capacitive voltage divider composted by capacitors 

C1 and C2 respectively. In parallel with the voltage 

divider is the series connected of the insulator. The 

voltage across C2 is measured by a scope meter (190B 

Scope Meter Series: Fluke) and connection to a computer 

where it is recorded and visually displayed with the use 

of appropriate software. The technical characteristics of 

the capacitors C1 and C2 were 224pF, 100kV/50Hz and 

2µF, 1000V/50Hz, respectively. 

C. Test Procedures 

One hour after the aforementioned preparation, the 

solid layer method was applied to the pollution layer on 

the specimens, where sodium chloride was electric and 

inert materials, respectively. After 24h of natural drying, 

the pollution layer on the insulators was wetted by the 

steam fog, and the inputting intensity of fog was 

0.05±1kg/h×m
3
. The pollution layer on the insulators 
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could be wetted completely after 10-15 min time. In the 

whole wetting process, the temperature in the chamber 

was maintained at lower than 35°C. After the pollution 

layer was wetted completely, ac voltage was applied to 

the specimens and increased at a constant rate of 3kV/s, 

up to flashover. After flashover, the voltage was 

reapplied and raised as quickly as possible to 90% of the 

previously obtained FOV, and thereafter increased in 

steps of 5% of the initial FOV, every 5min until flashover. 

There were 10 flashover tests for every porcelain type at 

every pollution severity level. The 50% of FOV U50 (in 

kilovolts) was the average value of all FOV. 

IV. TEST RESULTS OF THE PORCELAIN INSULATORS 

AND DISCUSSIONS  

ESDD has been widely used to characterize the 

outdoor pollution severity. A large number of test results 

show that the relation between the pollution flashover 

U50 voltage and ESDD can be expressed as the following: 

50
  αU K ESDD                           (2) 

where coefficient is related to the shape and material of 

insulator; is an exponent characterizing the influence of 

ESDD on and is related to the profile and material of 

insulators. The value of α depends on the conditions of 

partial arc burning; thus, the environmental conditions, 

the test methods, the pollution materials, and the 

materials of insulators will influence it [1]. 

A. Flashover Performances of Standard Porcelain 

Insulators under Dry Test Condition  

The dry tests of three types of standard porcelain 

insulator in distribution system 22kV have been carried 

out, and the 50% flashover voltages at various type 

insulator and various ESDDs are shown in Table II and 

the curve in Fig. 5. 

1) From Table II the standard errors of the test results 

are less than 5.0% regardless of which polluting method 

is used. Although many tests were conducted for each 

case, the test results still have some dispersion, which 

may be due to the variation inherent in a) manually 

polluting layer on the specimen surfaces; b) the wetting 

process itself. 

2) From Fig. 6, the FOV gradients of dry arc distance 

EH (in kilovolts per centimeter) can be gained by using 

(3) and (4) and the FOV gradients of leakage distance EL 

(in kilovolts per centimeter) shown in Fig. 7. 

TABLE II.  FLASHOVER VOLTAGE OF SPECIMENS USING VARIOUS 

POLLUTING METHODS UNDER DRY TEST CONDITION 

ESDD 

Type A Type B Type C 

av
U  

(kV) 
 %  av

U  

(kV) 
 %  av

U
 

(kV) 
 %  

0.025 128 1.21 140 2.17 136 2.48 

0.033 123 3.36 135 2.53 123 2.71 

0.063 106 4.70 110 2.87 105 3.65 

0.114 104 4.10 106 2.40 104 3.45 

0.137 106 4.83 104 2.71 103 3.88 

0.310 90 4.33 102 2.66 101 2.20 

 

Figure 5.  Flashover voltage gradient of dry test standard porcelain 

insulator versus ESDD  

 

Figure 6.  FOV of dry arc distance EH of Porcelain insulator versus 
ESDD in dry test 

 

Figure 7.  FOV of leakage distance EL of porcelain insulator versus 
ESDD in dry test 

Based on (5) and (6), Fig. 6 and Fig. 7, EH, EL and the 

exponent α are related to the shed profile of the insulator. 

For example, the exponent of the standard porcelain 

insulator type B is the lowest of three types of porcelain 

insulators. 
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B. Flashover Performances of Standard Porcelain 

Insulators under Salt Fog Test Condition  

The salt fog tests of three types of standard porcelain 

insulator in distribution system 22 kV have been carried 

out, and the 50% flashover voltages at various type 

insulator and various ESDDs are shown in Table III and 

the curve in Fig. 8. Based on (7) and (8), Fig. 9 and Fig. 

10, EH, EL and the exponent α are related to the shed 

profile of the insulator. For example, the exponent of the 

standard porcelain insulator type B is the lowest of three 

types of porcelain insulators. 

TABLE III.  FLASHOVER VOLTAGE OF SPECIMENS USING VARIOUS 

POLLUTING METHODS IN SALT FOG TEST 

ESDD 

Type A Type B Type C 

av
U  

(kV) 
 %  av

U  

(kV) 
 %  av

U
 

(kV) 
 %  

0.060 74 3.14 77 1.48 76 1.67 

0.182 69 2.04 70 1.74 68 2.42 

0.276 66 1.97 69 1.94 65 1.68 

0.329 61 1.86 65 2.24 61 1.64 

0.518 54 3.10 57 2.15 54 2.82 
 

 

Figure 8.  FOV of porcelain insulators versus ESDD in salt fog test 

 

Figure 9.  FOV of dry arc distance EH of porcelain insulator versus 
ESDD in salt fog test 

 

Figure 10.  FOV of leakage distance EL of porcelain insulator versus 
ESDD in salt fog test 

Compared with other types of porcelain insulators, pin 

post type insulator has the highest Eh, EL, and the least α; 

therefore, the antipollution performance of pin post type 

insulator is superior to the other types of porcelain 

insulators. On the other hand, the pin type and line post 

insulators has the lowest Eh, EL, and the most α; 

therefore, the antipollution performance of line post and 

pin type insulators is lower than the pin post porcelain 

insulator.  

Based on (5) and (6), Fig. 6 and Fig. 7, EH, EL and the 

exponent α are related to the shed profile of the insulator. 

For example, the exponents of the standard pin post 

porcelain insulator type B are lowest to those types of 

porcelain insulators. Therefore, the antipollution 

performance of pin post porcelain insulator is superior to 

the other types of porcelain insulators. 

From the Fig. 11, the LC of pin post insulator (type B) 

is less than 10.5mA at ESDD =0.5mg/cm
2
. On the other 

hand, the LC of pin type insulator (type A) is higher than 

most type of porcelain insulators in distribution system 

are 11.5mA at ESDD = 0.48mg/cm
2
 at nominal voltage. 
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Figure 11.  FOV of leakage current of Porcelain insulator versus ESDD 

V. CONCLUSIONS  

In this paper, a comparison testing results of electrical 

insulators in 22kV distribution system are obtained from 

artificial pollution test according to IEC 60507 with pin 

post type insulator, pin type insulator and line post type 

insulator under the same conditions. The following 

conclusions are obtained. 

1) The pollution flashover performances of pin post 

insulators are affected by shed shapes. Because ratio of 

the creepage distance and clearance is lower standard, 

current leakage or short might be caused as the 

connectors are used in a humid condition.  

2) Comparison and analysis, the pin post insulator have 

better antipollution performances than the pin type and 
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line post insulators do of the same dry arc distance in the 

more serious pollution area. 

3) The pollution flashover voltage gradients of pin post 

insulator are superior pin type and line post insulator. 

Furthermore in the serious pollution area or heavily 

polluted coastal area. 

4) The LC of pin type insulator is higher than pin post 

and line post insulators are 11.5mA at ESDD = 

0.48mg/cm
2
 at nominal voltage. 

This data will be useful to be guideline in case to take 

AC insulators coating by semiconductor of distribution 

system to reduce the investment cost. Moreover, it will be 

useful to select or design the suitable insulators for using 

in pollution area in Thailand as well. 
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