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Abstract – Through this paperwork, the effect of different operating conditions on insulators analyze to achieve 

flashover voltage by creating different operating conditions and environment, taking into account the natural state. 

There various environmental conditions for testing such as, dry, wet and salt wet by immersion all insulators (one, 

two and three sheds) in salty water (NaCl) as the different concentration. In result test, flashover voltage was 

recalculated ten times to check credibility the average values calculated. If can be attributed to that by increasing the 

value of conductivity from 15 % to 35 % the flashover voltage decreased due to the percentage of salt concentration. 
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I. INTRODUCTION 

High voltage insulator plays an important role in an electrical power system including generation, 

transmission, and distribution of electricity. In addition to the mechanical support of the conductor their 

electrical role is to isolate the metal structure of the tower from the conductor which carries the power to be 

transmitted and distributed. As a result, many pollutants from different sources such as dust from industrial 

factories, saline from the sea and sand storms, may be deposited on the surface of the insulator. Contaminated 

high voltage insulator in presence of humidity due to fog and rain leads to leakage current, dry band arcing, and 

ultimately may cause full flashover, which result in power outage and associated cost. Inorganic materials such 

as porcelain have been used in outdoor insulator for a long time. Porcelain is still the most widely used outdoor 

insulating material for high voltages [1-5]. Porcelain is an inert and stable material that can take substantial 

amount of arcing without serious surface degradation, because of their capacity to withstand the heat of dry 

band arcing. However, these materials are highly wet table when exposed to wet conditions. Overhead line 

insulators can be damaged for various reasons during their service life. Porcelain or glass insulators once 

damaged can affect the reliability of power system networks. This paper presents the study of voltage and 

electric characteristics along the surface of a broken porcelain insulator. Porcelain insulators were being 

proposed and the analysis results on voltage and electric characteristics were individually collected [6-10]. 

In HV string insulator, the potential distribution experienced the most diminutive value when the broken 

porcelain insulator was located in the string near the ground. In addition, the potential distribution average was 

the least when the broken and perfect insulators were arranged alternately in the string [11]. 

In Egypt, the insulators of overhead transmission lines and substations are often subjected to the deposition of 

contamination substances from the desert. This can lead to serious reduction in insulator effectiveness, resulting 

in flashovers and outages of electricity supply. It is important to mention that a remarkably high rate of 

interruption of 500 and 220 kV transmission lines, in Egypt, are recorded during spring seasons in desert areas 

where occasional sandstorms occur (Khamassine) [12-14]. This interruption in the power system will lead to the 
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delay of the development of the community. The flashover voltage characteristics are thoroughly investigated 

for porcelain insulators exposed to natural sandstorms, as well as to simulated sandstorms with and without 

charged grids.  

To a large extent, insulators show a significant change in electrical performance when exposed to desert 

environmental conditions. Either natural or artificial sandstorms affect fast flashover voltage. Charged sand 

particles reduce the flashover voltage of insulators to a higher extent porcelain insulator flashover voltage by 

adding a metal ring on the insulator cap [15], which can not only effectively reduce the field strength of the steel 

cap, but also reduce the tangential field intensity of the umbrella group and inhibit the development of the 

discharge process, thus the flashover voltage can be increased. The surface strength calculation model of 110kV 

porcelain insulator is established by the finite element method (FEM) [16], and the parameters of the metal ring 

are designed by neural network genetic algorithm (BP-GA). 

A new method to improve the flashover voltage has been proved by adding a metal ring at the porcelain 

insulator steel cap. The distribution of the electric field along the insulator with and without metal ring has been 

calculated by the finite element method. Over voltages due to switching or lightning may cause damage for the 

transmission line insulators, transformers and switchgear. The flow of overvoltage to earth through transmission 

system towers causes an increase in the potential of metal structure and the earth potential and may create back 

[17]. Flashover voltage causing failure to transmission system insulators in which transmission line outages 

occur.  The effect of tower grounding surge impedance on the back [18]. The effect of different operating 

conditions on insulators cap-pin at flashover voltage. The tests for one shed insulator cap- pin type at dry 

condition, wet condition and salt wet condition and also for two sheds and three sheds and same different test to 

observe the effect of this condition of flashover voltage. 

II. SIMULATIONS AND RESULTS 

A. Dry Condition Test  

Testing values of flashover voltage by using one, two and three sheds of porcelain insulators with ten tests 

different at dry condition illustrates in Table 1. 

Table 1. Flashover voltage (kV) for (one, two and three) sheds. 

 

 

No of shed 

One Two Three 

 

 

 

 

FOV (kV) 

 

64.11 115.21 171.39 

64.02 113.91 180.1 

65.27 117.64 175.42 

63.81 118.28 176.29 

66.7 114.37 173 

84.21 114.91 177.23 

67.07 119.03 176.98 
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No of shed 

One Two Three 

68.23 120 74.11 

63.13 113.96 176.5 

72.4 118.3 178.17 

 

Fig. 1. Average of flashover voltage (kV) against the number of sheds (one, two and three) sheds at dry condition test. 

Test two at dry condition, the value of flashover voltage at one shed is 66.7kV. This value increases at two 

sheds to 114.37kv and at three sheds this value increases to 173kV. 

The average value of flash over voltage for one shed at dry condition test is 67.89 kV, the average value of 

flash over voltage for two sheds at dry condition test is 116.56 kV and the average value of flash over voltage 

for three sheds at dry condition test is 175.66 kV. The average value of flash over voltage at two sheds is greater 

than average value of flash over voltage for one shed this increased for value is not double. The average value of 

flash over voltage at three sheds is greater than average value of flash over voltage for one shed this increased 

for value is not triple.  

B. Wet Condition Test 

Wet condition test with conductivity of 15 %, 25 % and 35 % ms/cm. The testing value of flashover voltage 

by using one, two and three sheds of porcelain insulator with different test under wet test condition illustrates in 

Table 2. 

Table 2. Flashover voltage values (kV) in wet condition test at different Conductivity. 

Conductivity 

(ms/cm) 

FOV (kV) 

One Two Three 

15% 62.322 102.555 149.531 

25% 56.432 93.794 131.615 

35% 49.584 83.936 120.758 
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Fig. 2. Flashover voltage (kV) against the number of sheds (one, two and three) sheds at wet condition with different value of conductivity 

(15 %, 25 % and 35 %) ms/cm. 

The average value of flashover voltage for one shed at wet condition test with conductivity 15% ms/cm is 

62.322 kV, at conductivity 25 % ms/cm is 56.432 kV and at conductivity 35% ms/cm is 49.584 kV. from this 

result, the average value of flashover voltage at one shed is increased when decrease the value of conductivity 

for example the average value of flashover voltage at conductivity 15 % ms/cm is greater than conductivity 25 

% ms/cm by 10.43 %, and the average value of flashover voltage at conductivity 35%ms/cm less than 

conductivity 25% ms/cm by 13.8 %. 

The average value of flash over voltage for two sheds at wet condition test with conductivity 15% ms/cm is 

102.55 kV, at conductivity 25% ms/cm is 93.97 kV and at conductivity 35% ms/cm is 83.93 kV. From this 

result, the average value of flashover voltage at two sheds is increased when the value of conductivity decrease 

for example the average value of flashover voltage at conductivity 15% ms/cm greater than conductivity 25% 

ms/cm by 9.34%, and the average value of flashover voltage at conductivity 35% ms/cm less than conductivity 

25% ms/cm by 11.45%. 

The average value of flashover voltage for three sheds at wet condition test with conductivity 15 % ms/cm is 

149.55 kV, at conductivity 25 % ms/cm is 131.61 kV and at conductivity 35% ms/cm  is 120.75kV from this 

result the average value of flashover voltage at three sheds is increased when the value of conductivity is 

decreased as the average value of flashover voltage at conductivity 15% ms/cm is greater than conductivity 25% 

ms/cm by 13.62 %, and the conductivity 25% ms/cm by 8.99%. 

Average value of flash over voltage at conductivity 35% ms/cm less than.  

At conductivity 25% ms/cm the value of flashover voltage at one sheds is 56.43 2 kV and this value 

Interleafed to 93.75 kV at two sheds this value is not double of the flash over voltage at one sheds and at three 

sheds   increased to 131.6 is this value is not triple of the flashover voltage at one shed. 

C. Salt Wet Condition Test 

Salt wet condition test with salinity 1%, 5% and 10% of NaCl (g/l). 

Table 3 below represents the testing value of the flashover voltage by using one, two and three sheds of 

porcelain insulators at salt wet conditions with 10 % salinity of NaCl at different tests values of flashover volta- 
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-ge at salt wet condition with salinity 1 %, 5 % and 10 % of NaC are shown in Table 3. 

Table 3. Flashover voltage values (kV) in salt wet conditions test with salinity (1 %, 5 % and 10 % g/l of NaCl) for one, two, and three 

sheds. 

Salinity of NaCl (g/l) 

FOV (kV) 

One Two Three 

1%NaCl 48.26 70.86778 76.284 

5%NaCl 46.91778 51.889 63.518 

10%NaCl 42.93222 47.88 58.49778 

The average value of flashover voltage for one shed at salt wet condition with salinity 1% NaCl (g/l) is 48.26 

kV, at salinity 5 % NaCl (g/l) is 46 kV and salinity 10 % NaCl (g/l) is 42.93 kV. from this result the average 

value of flashover voltage at one shed is increased when decrease the value of salinity decrees for example the 

of salinity a average value of flashover voltage at salinity 1% NaCl (g/l) greater than salinity 5% NaCl (g/l) by 

2.86 %, and the average value of flashover voltage at salinity 10% NaCl (g/l) less than salinity 5% NaCl (g/l) by 

9.28%. 

 

Fig. 3. Flashover voltage (kV) against the number of sheds (one, two and three) sheds at salt wet condition test with different value of 

salinity (1 %, 5 % and 10 %) ms/cm. 

The average value of flashover voltage for two sheds at salt  wet condition test with salinity 1% NaCl (g/l) is 

70.86  kV, at salinity 5 % NaCl (g/l) is 51.88 kV , and at salinity 10% NaCl (g/l) is 47.88 kV from this result the 

average value of flashover voltage at two sheds is increased when the value of salinity decreased for example 

the average value of flashover voltage at salinity 1% NaCl (g/l) greater than 5% NaCl (g/l) by (36.57%) and the 

average value of flashover voltage at salinity 10% NaCl (g/l) less than salinity 5% NaCl (g/l) by 8.37% 

The average value of flash over voltage for three sheds at salt wet condition test with salinity 1 % NaCl (g/l) 

is 76.28 kV, at salinity 5% NaCl (g/l) is 63.51 kV, and salinity 10% NaCl (g/l) is 58kV. From these results the 

average value of flashover voltage at three sheds is increased when the value of salinity is decreased as the 

average value of flashover voltage at 1% NaCl greater than salinity 5% NaCl (g/l)  by (20.8 %) and the average 

value of flashover voltage at salinity 10% NaCl (g/l) less than salinity 5% NaCl (g/l)  is 8.58%1 kV, at salinity  

5% NaCl (g/l)  the value of flashover voltage  at one shed is 46.91 kV and this value increased to 51.88 kV at  
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two sheds this value is not double of flashover voltage at one shed and at three sheds increased to 63.51 kV this 

value is not triple of flashover voltage  at one shed. 

III. CONCLUSION 

Through this paper work, the performance of flashover voltage (kV) for cap-pin type insulators has been 

calculated and varied according to:  

1. Number of sheds and pollutant conditions.  

2. String of cap-pin type porcelain insulators has decreased as a result of increase the wet conductivity from 

10 % to 35 %. 

3. Salinity of NaCl (g/l) decreased flashover voltage of cap-pin type insulators up to 10 % due to the surface.  
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