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Abstract 

In this article, the most important factors affecting the discharge characteristics of high voltage insulators will be investigated. 

The type and severity of pollution, geographical and climatic conditions such as fog, rain, and wind, as well as the height above 

sea level, and finally the appearance and constituent materials of insulators will be studied as the main influencing factors in 

causing flashes on their surface. In addition to its severity, the type of pollution has a great effect on the electrical properties 

of insulators. This issue is discussed in the first section of the article for common types of pollution with different severities. 

Furthermore, a mixture of pollutants in the air is also examined, and the insulation waste is also shown in the case of design 

only based on sea salt, which is the worst type of pollution. In the next part, a review on the influence of climatic and 

geographical conditions has been performed, and in it, the effect of frost, wind, humidity and altitude on the start of electric 

discharge is discussed as the most important of them. And finally, the effect of appearance and its associated parameters as 

well as the constituent materials of insulators in pollution conditions are the last factors that will be considered. In addition, in 

this study, it has been shown how by intelligently changing these two factors, leakage current and discharge intensity can be 

reduced in contaminated insulators and their premature aging and failure can be delayed. 
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1. Introduction 

The phenomenon of discharge on insulators 

represents the output of an uncertain process that 

takes place consecutively and in a certain order. 

First, a layer of pollution is formed on the surface of 

the insulator (including coastal salt deposits, soot, 

fine dust, etc.). This layer becomes a conductive 

layer either by itself or as a result of moisture, fog, 

rain or dew and finally, it causes a leakage current to 

pass and then dry areas on the surface of the 

insulator. This current and voltage causes the 

initiation of small arcs that develop gradually and 

lead to the surface discharge phenomenon. This 

surface discharge ends with the failure of the 

insulator and endangering the transmission line [1-

8]. Therefore, one of the important parameters in an 

insulator is its stability against the phenomenon of 

discharge in the environment in which it is installed, 

in other words, the insulators must be suitable for the 

atmospheric conditions and pollution of the area in 

question for their installation. 

Each type of pollutant has a different and 

specific effect on the discharge start voltage, and this 

voltage changes with the change of pollutant type 

[9-16]. The height of each region from the sea level 

[17-18] and weather conditions such as rain, fog [19-

21], ice and snow [22-26] and even the intensity and 

direction of the wind [27-31] are also factors 

affecting surface discharge performance on 

insulators. Also, the materials used [32-43] and even 

the appearance of the insulator [43-48] are also 

effective on the flash initiation voltage. Among the 

aforementioned factors, the type and severity of 

pollution and atmospheric conditions, as discussed, 

have the greatest and most influencing effect on the 
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discharge performance of insulators, and therefore 

must be specifically and accurately analyzed for 

each area separately. Under the conditions of rain, 

fog and humidity, various pollutants are dissolved in 

water and form a conductive channel. The leakage 

current is driven by the field in this channel and the 

power loss on the insulator increases [49]. 

Therefore, the distribution of the field, potential and 

leakage current on the surface of the insulator is also 

very important, and in this article, a review of these 

subjects has been done in the various conditions 

mentioned above. 

2. Effect of the type of pollutants on the surface 

discharge voltage and the optimal design of the 

chain of insulators 

With economic development, industrial 

pollution and air pollution has become a serious 

problem and this issue has caused the accumulation 

of pollutants on the surface of transmission line 

insulators (more than before). In general, flashing on 

the surface of dry contaminated insulators is very 

rare, on the contrary, in conditions of fog, dew, light 

rain and snow, the surface of contaminated 

insulators becomes wet and may cause flashing on 

the surface of the insulator at a lower voltage [50]. 

Currently, ESSD (Equivalent Salt Deposit Density) 

is used as a characteristic of the intensity of pollution 

of insulators of power transmission equipment. And 

because real pollution is caused by mixed salt, which 

is a combination of NaCl and CaSo4 and on the other 

hand, the measurement of ESDD is based on the 

measurement of the conductivity of the 

contaminating solution, which is also obtained by 

deionized solution of 300 ml of water that is washed 

from the surface of the insulator and therefore, it 

does not accurately include the content of CaSo4, 

which is hardly soluble in water, so it cannot 

properly reflect the electrical properties of the 

contaminated insulator.  Therefore, in this article, 

the results of the test which have been performed by 

the immersion method is also considered to study 

the electrical properties of insulators that are 

affected by various pollutants.  

A) Testing Specimens, arrangements and test 

method 

The specimens were selected from three types 

of insulators named A, B and C [51]. The various 

parameters of these insulators have been shown in 

the table below. H represents height, L leakage 

distance, D is the shell diameter in mm, and SIR 

stands for Silicon rubber. 

 

 

 

 

Table.1. 
Parameters of isolators 

L D H Material Type 

400 300 155 Ceramic Type A: XP4-160 

400 280 146 Glass Type B: LXY4-160 

1370 150/90 600 SIR Type C: FXBW-35/100 

 

Experiments were carried out in an artificial 

environment simulation chamber with dimensions 

of (height 11.6 and diameter 7.8 meters). A 

transformer YDTW2000 kvA/500 kv selected 

according to IEC standard (60507) was used for the 

energy source of the test. The test was carried out 

according to the IEC60507 standard method. 

According to this method, the polluting liquid was 

prepared from kaolin solution and some salt. Then 

the specimens are contaminated by immersion 

method and dried for 24 hours. Three specimens are 

randomly selected to measure ESDD and NSDD 

(Non-Soluble Deposit Density). In these tests, the 

(up & down) method was used to measure the 50% 

withstand voltage (U50) and according to IEC64507 

(1991), more than ten acceptable tests were 

performed on the samples in a pollution intensity. 

With the above method, 50% of the flash voltage is 

obtained from the following formula. 

U50 =  ∑(n𝑖 ui)/N  (1) 

=√( ∑ (𝑈𝑖- )50
U 2/N-1)

N

i=1

/U50 × 100% (2) 

Where U50 denotes the 50% flash voltage in kv, 

Ui is the specified applied voltage in kv, ni is the 

number of tests with the same applied voltage, N is 

the total number of acceptable tests and  represents 

the relative standard deviation of the tests. 

B) Results and analysis of tests 

Flashover voltage gradient is a parameter 

expressing the maximum voltage tolerated by the 

unit leakage distance and it can be shown as below. 
EL =  U50/L∗                   (3) 

Where L∗ is the total leakage distance of the 

insulator chain in meters and EL is the gradient 

factor in kv/m. For sample pollution (NaCl, CaSo4), 

the results of AC flash voltage test have been shown 

in figures (1) and (2). The test results show a 

standard deviation of less than 6% and the NSDD 

was controlled close to 0.1 mg/cm2 during the test. 

The empirical formula for predicting the flash over 

voltage obtained from the results of previous 

experiments with artificial pollution is as follows. 

U50 = A × ESDD−b   (4) 
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Table.2. 
Coefficients of relation (4) for different insulators 

b a Insulator 

types 

Constituents 

0.33 15.1 Type A  

0.34 15.5 Type B NaCl 

0.24 23.3 Type C  

0.14 37.1 Type A  

0.20 37.7 Type B CaSo4 

0.17 63.7 Type C  

 

The constant A represents the type and 

structure of the insulator and b depends on the type 

of pollution. By merging the above two 

relationships, the following relationship is obtained. 

EL =  U50/L∗ =    a ×  ESDD−b (5) 

The results of the experiments also confirm the 

above relationships and also the obtained curves 

give the following results. 

− Insulators with different materials show 

different flashover voltage gradients. This 

gradient is maximum for type C and is lower for 

type A than type B. 

− The voltage gradient shows a decrease with 

increasing ESDD for both types of pollution. 

The exponential number b for CaSo4 shows 

about (0.14-0.2) and for NaCl about (0.24-

0.34). 

− In the equal amount of ESDD, the CaSo4 

contaminant provides a much higher voltage 

gradient than the NaCl contaminant, and this 

problem is more obvious for the C-type 

insulator. 

 
Fig. 1. Relationship between EL and ESDD with NaCl 

pollution 

 
Fig. 2. Relationship between EL and ESDD with CaSo4 

contamination 

C) Results and analysis for multi-pollutant 

mixed pollution 

External environmental pollution on 

transmission lines and their insulators is actually 

composed of several pollutants. The results of tests 

on CaSo4 and NaCl pollution can only be used as a 

reference for the design of insulators that can be 

installed in open space. However, currently, only the 

results obtained from the tests of insulators 

contaminated with NaCl are selected as a reference 

for design, and in this way, a large number of 

insulators are wasted. The pollution related to the 

points near the highways outside the cities and farms 

is composed of pollutions with the following 

percentages according to the conducted research. 

CaSo4=57.7%, NaCl=13.1%, KNO3=9%, 

NaNo3=8.7%, NH4No3=6.4% and MgSo4=3.7%. 

The mentioned values are the weight percentage of 

each pollutant. The results of the flash over voltage 

(AC) tests on the insulators with the above mixed 

pollution can be seen in Figure No. (3). Figure 

number (4) shows the comparison between the flash 

over voltage of type C insulator under simple and 

mixed pollution. 

The following conclusions are obtained from 

the results of figures (4) and (3). 

− Under mixed pollution, the difference between 

flash over voltage gradients for three types of 

insulators is almost the same as their values 

under simple contamination of NaCl and 

CaSo4. 

− The flash over voltage gradient for compound 

contamination for all types of insulators is 

placed between the gradients obtained for NaCl 

and CaSo4 contaminations. For example, figure 

number (4) clearly states this issue for the C-

type insulator. 
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Fig. 3. Relationship between EL and ESDD with mixed 

pollution 

 
Fig. 4. Relationship between EL and ESDD under different 

pollution conditions for type C insulator 

D) Pollution withstand voltage 

According to this method, the pollution 

withstand voltage must be greater than the operating 

voltage for each phase under any condition. The 

pollution withstands voltage and the number of 

insulators in the chain follow the following 

relationships. 

UW =
K2NU50(1−3σ)K3

K1
 and 

Um

√3
= UW    (6) 

N =  
K1Um

K2. √3U50(1 − 3σ). K3

                     (7) 

Where, Um is the nominal operating voltage of 

the power system in kv,  is the relative standard 

deviation of the test, k1 is the safety margin 

coefficient, k2 is the pollution correction coefficient 

for its non-uniformity, and k3 is the difference in 

flash over probabilities in single-chain and multi-

chain insulators. The total insulation distance 

required is obtained from the following equation. 

L =  
K1Um

K2. √3EL(1 − 3σ). K3

                     
(8) 

E) Insulation waste 

Most of the time, NaCl is used as the main 

pollution of insulators in pollution tests. While this 

issue causes us to reach a lower flash over voltage 

under the above pollution conditions. Therefore, the 

experimental results may cause insulation waste 

compared to the actual conditions of mixed 

pollution, and in these conditions, the insulation 

waste coefficient is obtained from the following 

formula. 
W = (1 − LN/LD)  × 100       (9) 

Where LN is the actual distance required for 

flashing based on tests related to a mixture of 

pollutants and LD is the same distance for flashing 

based on NaCl contamination. 

Also, the insulation waste coefficient in the 

above two cases can be calculated from the 

following formula. 
W = (1 − ELD/ELN)      (10) 

ELN: flash over voltage gradient under natural 

mixed pollution and ELD is the same gradient 

considering NaCl pollution. But the design of 

insulators based on CaSo4 pollution, on the contrary 

of NaCl, leads us to an insufficient amount of 

insulation. As can be seen in figure (5), if the design 

is based on real natural (mixed) pollution at the same 

time that the waste of resources and cost is avoided, 

we also achieve a sufficient insulation. 

 
Fig. 5. Number of XP4-160 insulator units on a 500 kv line 

F) Summary 

− For the same value of ESDD. The flash over 

voltage gradient for CaSo4 is much higher than 

this gradient for NaCl. (Especially for 

composite insulators). Also, the characteristics 

factor b for Caso4 pollutant is lower than NaCl. 

− The characteristic factor b for ceramic, glass, 

and composite insulators under mixed pollution 

conditions is 0.26, 0.27, and 0.22, respectively, 

all of which are lower than when only NaCl 

pollution is considered. The traditional design 

method exaggerates the role of ESDD in flash 

performance (surface discharge). 

− Insulation waste occurs considering only NaCl 

and this waste increases as the severity of 

pollution increases (Figure 5). Therefore, 
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according to the obtained results, the electrical 

properties of the insulator under the conditions 

of mixed pollution, should be considered for 

design. 

− The coefficient of insulation waste for 

composite insulators in light pollution is more 

than the two types of porcelain and glass, and it 

is less than the two others under heavy 

pollution. 

− When the "withstand voltage under 

contaminated conditions" method is used to 

design outdoor insulators. Discharge 

performance should be considered under actual 

pollution conditions and insulation leakage 

distance (number of insulating units in a chain) 

should be considered based on mixed pollution. 

3. The effect of climatic and geographical 

conditions on the discharge voltage (in pollution 

conditions) [52] 

A) Air pressure and its relationship with flash 

over voltage on the surface of 

contaminated insulators [53 and 54] 

Many researchers believe that the flash over 

voltage (surface discharge) for contaminated 

insulators decreases with decreasing air pressure 

(increasing height) and the relationship between 

flash over voltage and air pressure is a non-linear 

relationship that is expressed as follows. 

U =  U0(P
P0

⁄ )n                    
(11) 

Where U0 is the flash over voltage, of 

insulators with pollution, in normal atmospheric 

pressure conditions (P0) and n is an exponential 

number that expresses the effect of air pressure on 

flash over voltage under pollution conditions. 

Different researchers have found different values for 

n based on the results of their experiments. 

The results of the tests show that the value of n 

depends on the materials used in the insulator 

composition, its appearance, the type of voltage, the 

intensity of pollution, etc. So far, the experiments 

have been conducted to study the flash over voltage 

under the conditions of pollution with artificial 

pollution (in the laboratory) and under standard 

atmospheric pressure. To what extent the above 

results are consistent with the field results (under 

natural pollution conditions) for different 

atmospheric pressure conditions have not been 

studied much. Maybe this study can be considered 

an effort in this regard. Various tests have been 

performed on insulators of different types and with 

pollution of different intensities, the results of which 

can be seen in Figure (6). 

 
Fig. 6. Relationship between Uf and (P/P0) for contaminated 

insulators  

B) Analysis of the results 

− With decreasing atmospheric pressure and 

increasing SDD (Salt Deposit Density), flash 

over voltage decreases (under pollution 

conditions). 

− With the increase of SDD, the influence of 

atmospheric pressure on the a.c. voltage 

becomes weaker. 

− The following results were obtained for 

insulators of different types with different 

SDDs and putting the test results in formula 

(11). 

− The value of n depends on the materials and 

construction of the insulators and the intensity 

of pollution, and varies between 0.45-0.85 for 

a.c voltage. 

− The effect of atmospheric pressure on flashover 

voltage under pollution conditions is lower for 

porcelain insulators compared to other types 

(the test was performed on XP-160 porcelain 

insulator) 

− If we call the ratio of the flashover voltage 

under pollution conditions (Uf) to the creepage 

distance of the insulator (L) as creepage 

flashover gradient (under pollution), the value 

of (Uf
L⁄ ) for different insulators changes as 

follows. 

− Under equal conditions in terms of pollution 

intensity and air pressure, the above ratios for 

composite insulators are more than porcelain 

and glass ones. 

− The effect of air pressure on the "Creepage flash 

over gradient" in the case of composite 

insulators is greater than that of porcelain and 

glass insulators.  
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Fig. 7. Creepage flash voltage over gradient for different types 

of insulators (SDD=0.3 mg/cm2) 

C) The effect of wind and its direction on 

discharge of insulators under pollution 

conditions 

When regular wind blows from one side, 

leeward side of insulators may be more affected by 

pollution than their windward side. This creates a 

layer of pollution similar to an electric fan on the 

surface of the insulator. To investigate the above 

phenomenon and show the effect of wind in a study, 

seven Xp-70 type insulators with irregular pollution 

in the form of a fan have been tested. The results of 

the tests show that the ratio (W/L) which is the ratio 

of salt deposit density (pollution) on the container 

facing the wind to the leeward side has an effect on 

the discharge voltage of the insulator or chain of 

insulators. So that the change of the above ratio from 
1

1  to 
1

15   reduces discharge intensity by about 28%. If 

we call the occupation area ratio T and this ratio 

increases from 10% to 30%, the discharge start 

voltage will also decrease in the same ratio. 

D) Effect of freezing on discharge voltage in 

the contaminated insulators 

Freezing of insulators in pollution conditions is 

one of the constant debates in power systems. 

Several experiments have been conducted to 

determine the effect of permanent room temperature 

vulcanized (PRTV) waterproof cover on the 

electrical properties and flashover voltage of 

insulators in the freezing state. But contrary to 

expectations, the results show that the above 

coatings have no effect on preventing the insulators 

from freezing, and on the contrary, they help to 

accumulate ice on it. Also, based on these tests, the 

(PRTV) waterproof cover even lowers the discharge 

start voltage by ten percent. Since freezing is one of 

the most common phenomena in transmission lines 

and especially on insulators, and this category needs 

a separate and detailed investigation, in this review, 

the search for its details is omitted. However, the 

relevant references are mentioned at the end of the 

article. 

E) Study of the effect of humidity on electrical 

discharge and leakage current of 

contaminated insulators 

Surface discharge caused by air pollution is a 

serious threat to the safe and reliable operation of 

power systems. The discharge voltage due to 

pollution directly depends on the moisture level of 

the contaminated layer. In a study, the moisture 

process of the contaminated layer on all kinds of 

insulators has been investigated. The results of the 

tests show that the wetting process of the 

contaminated layer on the insulators can be clearly 

seen by changing the leakage current, and when the 

contaminated layer's moisture is saturated, the 

leakage current reaches its maximum value. 

F) The effect of the appearance of the 

insulators on their electrical discharge 

under pollution conditions 

In the condition of the same pollution (in terms 

of type and intensity), the leakage current and the 

intensity of the field and consequently the discharge 

voltage are different in insulators with different 

appearances [55], the reason can be briefly 

described as if the surface resistance of the polluting 

surface is assumed as Rt [56] then: 

𝑅𝑡 =
1

𝜋𝐷𝑒𝑞𝜎
                   

(12) 

Where, Deq is the equivalent diameter of the 

contaminated insulator and   represents the 

conductivity coefficient of the polluting substance. 

The equivalent diameter in centimetres is also 

obtained from the following equation: 

𝐷𝑒𝑞 =
𝐿

𝜋𝑓
                   (13) 

f, which is called the form factor, is equal to: 

[20] 

𝑓 = ∫
𝑑𝑙

𝜋𝐷(𝑙)

𝐿

0

                   (14) 

where 𝐷(𝑙) represents the diameter of the 

insulator as a function of the location chosen on the 

insulator. Different insulator samples have different 

values of D(l), f and L. (leakage distance). Using the 

above theory and its expansion, Young et al. [41] in 

an article have studied the effect of the appearance 

of insulators and their electrical characteristics in 

detail and have calculated the leakage current and 

field for a type of polymeric insulator. The effect of 

the appearance of the insulators on their electrical 

characteristics can be seen in the figures below, 

which were obtained from the application of the 
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Comsol software and its outputs for two types of 

design of the appearance of a polymeric insulator. 

  

 

Fig. 8.  The effect of the appearance of insulators on their 

electrical characteristics 

The optimization method is based on 

combining Finite Elements Method (FEM) and 

Swarm Particle Optimization (PSO) algorithms as 

shown in Fig.9 [46] 

 
 

Fig. 9. Flowchart of  proposed technique for composite 

insulator profile design 

5. Effect of materials used in the construction of 

contaminated insulators to electrical properties  

As the main materials of insulators are glass, 

porcelain and polymer, a review of the materials and 

their constituent elements is necessary. The 

variation of field and potential on their surface in 

pollution conditions, which plays a fundamental role 

in their discharge function, should also be 

investigated. In order to obtain the variation trends 

of the above two quantities along the creepage 

distance of the insulator, the finite element method 

and the software based on it (COMSOL) are usually 

used In next section, the common materials which 

are used in insulators and the characteristics of 

discharge at their surface are discussed 

Glass compounds are obtained by melting the 

following materials at 1400 0C: Silica (Sio2) at 

seventy percent, Caustic Soda (Na2o) at eight to 

seventeen percent, lime and magnesium (Cao + 

Mgo) at seven to twenty two percent. 

The transparency of the glass has the 

advantage that if there is a defect in the insulator, it 

can be easily detected with normal or polarized light. 

However, if there is a hole or a crack in the porcelain 

insulators, it cannot be easily detected. Another 

advantage of glass insulator is that they are cheap. 

Another advantage of glass insulator compared 

to porcelain insulators is their higher tensile strength 

(35000 kg/cm2) and because of the natural 

transparency, they do not heat up in front of the 

sunlight, and the lack of purity and air bubbles are 

visible in the glass. Another advantage of glass 

compared to porcelain is its durability, and in other 

words, it ages late, and finally, the dielectric strength 

of glass is much higher than that of porcelain. 

One of the disadvantages of glass insulators is 

the easy condensation of moisture on the surface of 

the glass and then the absorption of dust and 

suspended particles, which leads to the creation of a 

path for the leakage current. Another defect of them 

is the lack of irregular plasticity. 

Porcelain is one of the most common materials 

used to isolate power transmission lines. The main 

component of it is aluminium silicate, which is 

mixed with clay, feldspar, alumina, and quartz, and 

it is finally cooled and its surface becomes shiny to 

the extent that water does not collect on its surface. 

As much as possible, this material should be free of 

air bubbles (porosity) because the presence of pores 

and air gaps leads to the degradation of the material's 

dielectric level. Also, its impurity should be 

negligible. 

To increase the mechanical resistance of 

porcelain, the percentage of quartz used in it should 

be increased, and the percentage of clay should be 

increased in order to be less sensitive to temperature 

changes. The tensile mechanical strength of this 

material is about 500 kg/cm2 and its dielectric 

strength is about 60 kV/cm. Among the 

disadvantages of this type of insulator, we can point 

out their vulnerability to shock voltage waves, 

which are punctured even before a flash occurs on 
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their outer surface, especially if the defect is 

invisible and permanent. The ratio of the voltage 

required for piercing to the voltage required to create 

a flash on the outer surface of the insulator is called 

the safety factor of this type of insulator. 

Polymeric insulators usually consist of two 

parts. A rod-shaped body part made of fiberglass 

reinforced with epoxy resin, and the other part of the 

umbrella-like shells, which are usually made of soft 

silicon material or ethylene propylene diene 

monomer (EPDM) and protects the insulator body 

from the surrounding environment. Because the 

combination of these two parts are the main 

materials that make up the insulator, such insulators 

are also called composite. The rod-shaped body is 

reinforced on both sides by means of two terminals 

made of galvanized steel. The advantages and 

disadvantages of these insulators are as follows: 

− Compared to glass and porcelain insulators, 

they are very light. 

− Due to their flexibility, the probability of 

breaking is very low. 

− Their installation cost is much less due to their 

lightness and portability. 

− Higher tensile strength in comparison with 

porcelain insulators. 

− Better performance in areas with contaminated 

air. 

− Due to the lower weight, less load is applied to 

the supporting structures. 

− Due to the waterproof nature of the insulator, 

there is less need to clean its surface. 

− The disadvantages of such insulators can be 

summarized as follows: 

− If there is any unusual distance between the rod-

shaped body and the umberellas, moisture will 

enter the insulator body and may cause 

electrical failure of the insulator. 

− Shrinkage at both ends of the terminals may 

cause cracking of the body and lead to 

mechanical failure. 

Polymer insulating materials with very good 

electrical properties are widely used in power 

equipment. But when these materials are subjected 

to a partial discharge, they degrade in terms of 

electrical properties. This degradation of the 

insulation level varies in different polymer 

materials, whose resistance to partial discharge is 

different. In a study, the degradation of insulating 

properties caused by partial discharge has been 

compared for four types of polymer materials. These 

four materials are: P.P (Poly Propylene), PET (Poly 

Ethylene Terephthalate), PES (Poly Ether Sulphone) 

and LDPE (Low Density Poly Ethylene). 

Degradation of insulating properties of the above 

materials due to partial discharge was measured and 

their grading was done based on resistance to partial 

discharge. 

Therefore, the research of four types of 

polymers based on their resistance or weakness 

against partial discharge are respectively [(LDPE), 

(PP), (PET), (PES)], where PES is the weakest and 

LDPE is the most resistant. The results obtained 

from the application of the software (COMSOL) for 

two types of insulators with different composition 

materials show that the distribution of the field and 

potential changes significantly with the change of 

these materials. 

6. Conclusion 

Since discharge and the factors affecting it 

have always been one of the concerns when 

choosing the right insulator for power transmission 

lines, this article has reviewed these factors. Based 

on this investigation, the type and severity of 

pollution and atmospheric conditions have a primary 

role in creating flashes on the surface of insulators, 

therefore more focus has been made on them and 

they have been evaluated in more detail. By 

searching the literature in this field, it was found that 

the most attention is placed on salt pollution in 

coastal areas, so that, in this review, we tried to 

review other types of pollution that are more likely 

to exist in other areas, such as industrial and 

mountainous areas, especially deserts. Also, a 

mixture of different types of pollution has been 

considered. Climatic conditions such as rain and fog 

have been considered in most of the articles and 

researches as an influencing factor that causes the 

dissolution of pollution and then the occurrence of 

leakage current. On the other hand, air pressure has 

been evaluated more precisely in this article. 

The factor of wind intensity and direction, as 

well as icing, which are important and effective 

factors for causing discharge in pollution conditions, 

have been briefly investigated. However, more 

studies have been done on them in other reviews and 

they can independently be the subject of a separate 

and more detailed research. Finally, the shape and 

design of the insulator appearance and its constituent 

materials, which are very important and effective in 

the occurrence of discharge, have also been 

discussed, and its effect on the form of the field and 

potential distribution has also been shown. 

In short, the insulation waste in case of 

improper selection or overdesign of insulators in 

power equipment, which is shown with a specific 

example in this research, reveals the need to check 

and be careful about the aforementioned factors.  

Furthermore, in present investigation, it has been 

shown that how the leakage current, electric field 

and consequently the discharge intensity could be 

reduced by smart selection of shed parameters and 
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material composition of the insulators. Future works 

can include optimization of the polymeric materials 

(among the four types that were suggested in this 

paper) and the insulators' configuration 

simultaneously for further reduction of leakage 

current and discharge intensity. 

   

References 
[1]. A, Arshad, A. Mackeen, M. Farzaneh, "Investigating Flash 

over Behevior of Silicon Rubber Insulators under 
Contaminated conditions", 2015 Annual Report on 
Insulation and Dielectric phenomena, pp 856-859,2015. 

[2]. N.A. Algeelani, M.A fendi, M.Piah and S.M. Zafar Igbal, 
"optical Detection and Evaluation of partial Discharge on 
glass Insulators", 2013 IEEE 7 th International power 
Engineering and optimization conference (PEOCO 2013), 
pp 87-91, Lang kawi, Malasia 3-4 June 2013. 

[3]. D.Adhikari, D.M. Hepburn, B.G.Stewart, "Comparison of 
Partial Discharge characteristics and degradation in several 
Polymeric insulators", IET Science, Measurment and 
Technology, vol.6, issue. 6, pp 474-484, 2012. 

[4]. Lee Li, Yaoqin Li, Minglvu, et al .,"Quantification and 
comparison of Insulator pollution characteristics Based on 
normality of Relative contamination values"., IEEE Trans. 
Dielectr. Electr. Insul., vol. 23, No.2 pp. 965-973, April 
2016. 

[5]. Gian Carlo Montanari and Andrea Cavallini,"Partial 
discharge Detection as a Tool to infer pollution Severity of 
polymeric Insulators", IEEE Trans. Dielectr. Electr. 
Insul.,vol. 17 , NO.1, pp.181-188, Feb 2010. 

[6]. Chanlong Zhao, Hongwei Mei, Mingxi Zhu, Hanqi Dai, 
Lining Wang. "Development of contamination Flash over 
pre-warning system and Analysis of operating Experience”, 
IEEE Trans. Dielectr. Electr. Insul., vol. 22, NO. 49, pp. 
2234-2241, Aug 2015. 

[7]. M.A.R.M. Fernando and S.M. Gubanski, "Ageing of 
Silicon Rubber Insulators in Coastal and Inland Tropical 
Enviroment", IEEE Trans. Dielectr. Electr. Insul, vol. 17, 
NO.2, pp. 326-333, April 2010. 

[8]. Xidong Liang, Chao WU, Ting Wang, et al.," Impact of 
surface Discharge on pollution layer of Silicon Rubber 
Insulators", 2015 IEEE 11 th International Conference on 
the Properties and Application of Dielectric Materials 
(ICPADM), pp. 472-475, 2015. 

[9]. S. Arumugam, P.S. Neubauer, Thomas schoenemann, 
"Dielectric and partial Discharge investigations on Ceramic 
Insulator Contaminated with Condensable Hydrocarbons", 
IEEE Transactions on Dielectric and Electrical insulation, 
vol. 21, NO.6, pp. 2512-2524, Dec 2014. 

[10]. Yang Zhongyi, Jiang Xingliang, et al.,"Electrical property 
of different types of insulators under Typical pollution 
constituents" , 2015 Annual Report conference on Electrical 
Insulation and Dielectric phenomena, pp. 170-175, 2015.  

[11]. Shavi Yang, Wenjun zhou, et al,"Influence of Glucose as a 
contaminant on Discharge characteristics of HVAC 
Insulators". IEEE Trans. Dielectr. Electr. Insul., vol. 23, 
No.1, pp. 394-402, Feb 2016. 

[12]. Jianguo Wang, Kang Wang, M.zhou, Ling zhao, Senjing 
Yao and Chunhua Fang, "The Natural Contamination of 
XP-70 Insulators in Shenzhen, China", IEEE Trans. 
Dielectr. Electr. Insul. vol, 23, NO.1, pp. 349-358,Feb 2016. 

[13]. Zhijin Zhang, Dongdong Zhang, Xingliang Jiang, Xiaohuan 
Liu, "Effect of pollution Materials on The AC Flashover 
Performance of suspension Insulators", IEEE Trans. 
Dielectr. Electr. Insul., Vol. 22, No.2, pp.1000-1008, April 
2015. 

[14]. Chen- long Zhao,Ming- Xi Zhu, et al.,"Influence of 
Enviromental factors on Hydrophibicity Transfer property 

of silicon rubber Materials", 2015 Electrical Insulation 
Conference (EIC), Seattle, Washington, USA, pp. 596-599, 
7-10 June 2015. 

[15]. Zhijin Zzhang,x. Jiang, H. Hvang, c. sun, J. HV, David 
Wenzhong Gao,"Study on the wetting process and its 
influencing  factors of pollution Deposited on Different 
Insulators Based on Leakage current'', IEEE Transaction on 
power Delivery, vol. 28, No.2, pp.678-684, April 2013. 

[16]. Chuyan Zhang, Limimg wang and Zhicheng Gvan, 
"Investigation of DC Discharge Behavior of polluted 
porcelain post insulator in Artificial Rain", IEEE Trans. 
Dielectr. Electr. Insul., vol. 23, NO.1, pp. 331-338 , Feb 
2016. 

[17]. Xinliang Jiang, Jun Ma, Zhijing Zhang, and Jianlin HU, " 
Effect of Hydrophobicity Coating on Insulator Icing and 
DC Flashover performance of Iced insulators”,IEEE Trans 
Dielectri Electr.Insul. vol 17, No.2, pp 351-359, April 2010. 

[18]. M.Farzaneh and J.Kiernicki, “Flashover problems Caused 
by ice buld-up on insulators”, IEEE Electr. Insul.Mag., 
vol.11, No.2, PP. 5-17. 1995 

[19]. X. Jiang. S. Wang and Z. Zhang. “Study on AC Flashover 
Performance and Discharge Process of Polluted and lced 
IEC Standard Suspension Insulator String”. IEEE Trans. 
Power Del. Vol. 22, pp. 472-480. 2007. 

[20]. M. Farzaneh, J. Zhang, “Modelling of DC Arc Discharge on 
Ice Surfaces”, IEE Proceedings- Generation, Transmission 
and Distribution, Vol. 147, No. 2, 2000, pp.. 81-86.  

[21]. M. Farzaneh and J.F. Drapearu, “AC Flashover 
performance of insulators covered with artificial ice” , IEEE 
Trans. Power., Vol. 10, pp. 1038-1051, 1995.  

[22]. Zhjin. Zhang. Dengdong Zhang. et al. “Flashover 
performance of Insulator string with Fan-shaped Non 
uniform pollution” IEEE Trans Dielectr. Electr. Insul., vol. 
22, NO.1, pp177-184, Feb 2015. 

[23].  [M. A. Douar, A. Mekhaldi and M. C. Bouzidi, “Flashover 
process and frequency analysis of the leakage current on 
insulator model under non-uniform pollution conditions” , 
IEEE Trans Dielectr. Electr. Insul, Vol. 17, pp. 1284-1297, 
2010. 

[24]. S. Chakravorti and P. K. Mikherjee, “Power frequency and 
impulse field calculation around a HV insulator with 
uniform or non- uniform surface pollution”, IEEE Trans 
Electr. Insul., Vol. 28, pp. 43-53, 1993. 

[25]. X. Jiang, S. Wang. Z. Zhang, J. Hu and Q. Hu, 
“Investigation of Flashover Voltage and Non- uniform 
Pollution Correction Coefficient of Short Samples of 
Composite insulator intended for ±800 kV UHVDC”, IEEE 
Trans. Dielectr Electr Vol. 17, pp. 71-80, 2010.  

[26]. Z. Zhang, X. Liu, X. Jiang, J. Hu, and D.W. Gao, “Study on 
AC Flashover Performance for Different Types of Porcelain 
and Glass Insulators With Non-Uniform Pollution,” IEEE 
Trans. Power Delivery, Vol. 28, No. 3, pp. 1691-1698, 
20133.  

[27]. IEC 62217, Polymeric insulators for indoor and outdoor use 
with a nominal voltage greater than 1000V, 2005. 

[28]. [33] IEC 60383, Ceramic or glass insulator units for Ac 
Systems Definition, Test methods and acceptance Criteria, 
1993. 

[29]. J.F. Hall, “History and bibliography of polymeric insulators 
for outdoor applications”. IEEE Trans. Power Deliv., 1993. 
Vol. 8, No. (1). pp.376-385 

[30]. L.A. Dissado, J.C. Fothergill,: “Electrical degradation and 
breakdown in polymers “ (Peter Peregrinus Ltd., London, 
1992) 

[31]. T. Mizutani, T. Kondo, K. Nakao, “Change in partial 
discharge properties of a void in LDPE”. Annual Report 
Conf. on Electrical Insulation and Diclectric Phenomena, 
Austin, TX, 1999, pp.257-260 



78                                International Journal of Smart Electrical Engineering, Vol.12, No.1, Winter  2023                            ISSN: 2251-9246  

                                                                                                                                                                                                 EISSN: 2345-6221 

 
[32]. Y. Sckii, T. Sugal, “A Study on the deterioration of LDPE 

and cpoxy insulation by partial discharge”. Conf on 
Electrical Insulation and Dielection Phenomena, 
Minnecapolis, USA, 1997, pp. 516-520. 

[33]. Y. Sekii, , Sekii Consulting Eng., Funabashi, Japan 
“Degradation of low-density polyethylene and cross- linked 
polyethylenc by partial dischange,” IEEE Trans. Dielectr. 
Electr. Insul., 2010, 17, Vol. 17. No 1, pp.116-124. 

[34]. D. Adhikari, , D.M. Hepburn, B.G. Stewart, “Analysis of 
deterioration of  PET insulation with multiple voids due to 
electrical stressing”. Electrical Insulation Conf., Annapolis, 
USA, 2011. 

[35]. A. Harlin, , M.G. Danikas, P. Hyvonen, “Polyolefin 
insulation degradation in electrical field below critical 
inception voltages”. J. Electr. Eng., 2005, 56, (5-6), pp. 135-
140 

[36]. H. M. Young, A. Hadad, A. R. Rowlands, R. T. Waters, “A 
Simplified model to study Current distribution on Polluted 
insulators with reference to IEC 518,” International Power 
Engineering Conference (IPEC 99), pp 304-309, Singapore 
1999.  

[37]. K. Karlsson, G.D. Smith, U.W.Gedde, “Molecular 
Structure morphology, and antioxidant consumption in 
medium density polyethylene pipes in hot water 
applications”, polym. Eng. Sci., Vol. 32, No. 10, PP. 649-
657, 1992.  

[38]. P.A. Roseen, T. Reitberger, S.M. Gubanski, U.W. Gedde, 
“PD resistance of Thermally aged polyethylene and 
carbonyl- containing model polymers”, IEEE Trans. 
Dielectr. Electr. Insul., Vol. 6, No. 2, pp 191-201, 1999.  

[39]. L. Li. Y. Gu, Y. Hao, Y. Xue, G.Xiong, L. Yang, F.Zhang, 
“Shed parameters Optimization of composite Post 
insulators for UHVDC flashover Voltages at High 
Altitudes”. IEEE Trans.Dielectr. Electr. Insul Vol 22. No. 
1. 2015. 

[40]. M. El-Sayed M.K. El.Refaie. AbdElrahman. M.Kh.-
Mohamed. “Electric field distribution of optimized 
composite insulator profiles under different pollution 
conditions.” Ain-shoms Engineering Journal. Vol.9 
.pp.1349-2018 

[41]. El-Sayed M. El.Refaie. M.K.AbdElrahman. M.Kh.-
Mohamed. “Composite Insulators Profile Optimization 
Using Particle Swarm Optimization (PSO) Algorithm and 
Finite Element Method.” The 19 th International 
Symposium on High Voltage Engineering. Pilsen Czech 
Republic, Aug13-28, 2015. 

[42]. K. Patel. B.R.Parekh. “Design optimization of Polymer 
Insulators to reduce The leakage current.” International 
Journal for research in Applied Science& Enginnering 
technology (IJRASET). Vol.7.ISSU.5.pp2270-2276. 
May2019. 

[43]. K. Patel, B.R.Parekh, “Influence of Design Parameters on 
Surface leakage current of Silicon Rubber Insulator”, 
International Journal of Research in Enginnering, Sience 
and Management (IJRESM), Vol.2, ISSU.1, pp116-120, 
Jan2019. 

[44]. H. Shu, Z. Jia, Z. Guan, and L. Li, “Mechanism of 
contaminant accumulation and flashover of insulator in 
heavily polluted coastal area,” IEEE Trans , Dielectr. Electr. 
Insul., vol. 17, no. 5, pp. 1635-1641, Oct. 2010. 

[45]. A. delao and R. S. Gorur, “Flashover of contaminated 
nonceramic outdoor insulators in a wet atmosphere,” IEEE 
Trans. Dielectr. Electr. Insul., vol. 5, no. 6, pp. 814-823, 
Dec. 1998. 

[46]. X. Jiang, J. Yuan, L. Shu, Z. Zhang, J. Hu, and F. Mao, 
“Comparison of DC pollution flashover performances of 
various types of porcelain. Glass, and composite 
insulators,” IEEE Trans. Power Del., vol. 23, on 2, pp 1183-
1900, Apr. 2008. 

[47]. Y. Mizuno, H. Kusada, and K. Naito, “Effect of climatic 
conditions on contamination flashover voltage of 
insulators,” IEEE Trans. Dielectr Elect. Insul. Vol. 4, no. 3, 
pp. 286-289. Jun. 1997. 

[48]. Jing Nan, Xiaodong Wan, Tao xu, Tao Yao, Qin Iiu, 
“Lackago characteristics of polluted Insulators at high 
Altitudes” 2013 Annual Report Conference on Electrical 
Insulation and Diclectric phenomena, pp 354-357, 2013. 

[49]. Lichang Li, Yu Gu, et al “Shed Parameters optimization of 
composte post Insulators for UHV  DC Flashover voltages 
at High Altitudes”, IEEE Trans, Dielectr, Electr. Insul., vol. 
22, No. 1, pp 169-176, Feb 2015. 

[50]. Taeko Tanahashi, Masayoshi Suzuki, et. al., “Effect of 
Insulator configuration on Ageing Deterioration of polymer 
Insulators”. 2011 Electrical insulation conference, 
Annapolis Maryland, pp 102-105, 5 to 8 June 2011.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


