
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 04, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 339 

Flashover Analysis in High Voltage Insulator using by ANN 

Sandeep Tiwari 

PG Student 

Department of Electrical Engineering 

Shri Ram Swaroop Memorial University, Lucknow, (U.P.), India 

Abstract— The pollution flashover, observed on insulators 

used in high voltage transmission is one of the most important 

problems for power transmission. It is very complex problem 

due to several factors such as the modeling difficulties of 

complex shapes of the insulators, different pollution different 

regions, non-homogeneous pollution distribution on the 

insulation surface and unknown effect of humidity on the 

pollution. In the literature, some static and dynamic models 

were developed by making some assumptions and omission 

to predict the flashover voltages of polluted insulators. In this 

paper, an artificial neural network (ANN) model was built 

with limited number of measurement for the prediction of the 

critical flashover voltage of polluted insulator. Multilayer 

fully connected feed forward neural network (FFNN) with 

Back propagation algorithm has proposed for the assessment 

of critical flash over in artificially polluted porcelain 

insulators The comparisons indicate the proposed ANN 

model gives better results compared to the analytical model 

suggested earlier. 
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I. INTRODUCTION 

The surface of the insulators is covered by airborne pollutants 

due to natural or industrial or even mixed pollution. 

Contamination on the surface of the insulators enhances the 

chances of flashover. Under dry conditions the contaminated 

surfaces do not conduct, and thus contamination is of little 

importance in dry periods as the surface becomes moist 

because of rain, fog or dew, the pollution layer becomes 

conductive because of the presence of ionic solids. The 

leakage current flows through the conducting surface film, 

generating heat which tends to increase the film temperature 

most rapidly at those points where the current density is 

greatest. Pollution flashover, observed on insulators used in 

high voltage transmission, is one of the most important 

problems for power transmission. Pollution flashover is a 

very complex problem due to several reasons such as 

modeling difficulties of the insulator complex shape, 

different pollution density at different regions, non-

homogenous pollution distribution on the surface of insulator 

and unknown effect of humidity on the pollution. The 

flashover of polluted insulators can cause transmission line 

outage of long duration and over a large area. Flashover of 

polluted insulators is still a serious threat to the safe operation 

of a power transmission system. It is generally considered 

that pollution flashover is becoming ever more important in 

the design of high voltage transmission lines. 

II. MATHEMATICAL MODEL 

The simplest model [1, 2] for the explanation and the 

evaluation of the flashover process of a polluted insulator 

consists of a partial arc spanning over a dry zone and the 

resistance of the pollution layer in series. 

 
Simplified Equivalent Circuit 

Therefore, the voltage across the insulator 

𝑈 = 𝑥𝐴−𝑛 + (𝐿 − 𝑥)𝑅𝑝𝐼…………………1 

Where 𝑥𝐴𝐼−𝑛 is the stress in the arc and (𝐿 − 𝑥)𝑅𝑝𝐼 is the 

stress in the pollution layer. x is the length of the arc, L is the 

leakage path of the insulator, 𝑅𝑝 is the resistance per unit 

length of the pollution layer, I is the leakage current and A 

and n are the arc constants. 

 The measurement of the resistance 𝑅𝑝 of the wet 

zone is quite complicated. Therefore it may be substituted by 

the conductivity 𝜎𝑝 of the pollution layer 

 𝜎𝑝 =
1

𝑅𝑝
𝐹…………………………….2 

F is the form factor of the insulator that is given as follows: 

𝐹 = ∫
𝑙

𝜋𝐷(𝑙)
𝑑𝑙

𝐿

0
…………………………3 

Where D (𝑙) is the diameter of the insulator that varies across 

the leakage path. 

The voltage under this critical condition yields. 

𝑈 = 𝑥𝑐𝐴𝐼𝑐
−𝑛 + (𝐿 − 𝑥𝑐)𝐾𝑅𝑝𝐼𝑐………………4 

Here the coefficient K was added to validate (1) at the critical 

instant of the flashover. 

At the critical condition the length of the arc takes the value. 

𝑥𝑐 =
1

𝑛+1
𝐿…………………………….5 

Further analysis of the system equations at the moment of 

flashover yields for the critical current 

𝐼𝑐 = (𝜋𝐷𝑟𝜎𝑝𝐴) 1
𝑛 + 1⁄ …………………6 

And for the critical voltage. 

𝑈𝑐 =
𝐴

𝑛+1
(𝐿 + 𝜋𝐷𝑟𝐹𝐾𝑛)(𝜋𝐷𝑟𝜎𝑝𝐴)

𝑛
𝑛+1⁄ ………..7 

Where Dr is the diameter of the insulator. 

III. INVESTIGATED INSULATORS 

Some 19 different types of insulators were investigated for 

the purposes of this paper. The first 12 insulators are of cap-

and-pin type (standard suspension insulators and of fog type), 

the next two are of pin type and the last five insulators are of 

stab type. The characteristics of these insulators are presented 

in Table 1. 

Insulator

s 
1 2 3 4 5 6 7 

Dm(mm) 254 254 268 200 150 229 180 
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H(mm) 146 146 159 165 294 166 290 

L(mm) 432 305 330 400 400 432 480 

F 
0.9

2 

0.7

0 

0.7

9 

1.2

9 

1.1

4 

1.3

8 

0.7

1 

Table 1: Characteristics of the investigated insulators 

IV. TEST SETUP & PROCEDURE 

The experiments were carried out according to the solid layer-

cool fog method to simulate the industrial pollution. The test 

specimens were suspended from the ceiling of the pollution 

chamber [8] and rotated in horizontal position at a speed of 

about 140rev/min. The used contaminant was: NaCl as 

required, 75g/l kaolin clay and 675g/l silica flour with particle 

size 2–20 mm. The surface contamination was achieved by 

means of compressed air (p = 1.7 bar). The ratio of pollution 

between the bottom and the top surface of the insulator was 

in the range of 2/1–3/1. 

 The equivalent salt deposit density C on the 

insulator surface was used as an index for pollution severity. 

It was determined by washing off the surface of the insulator 

with ion free water. The value of C is given by 

𝐶 =
𝑠.𝑉

𝑆
.........................................8 

 Where V is the wash-off solution volume (counted 

in cm3), s is the salinity of the solution (in grams of NaCl per 

litre of solution) and S is the total surface of the insulator (in 

cm2). 

 The surface conductivity of the polluted insulator is 

determined by measuring the highest peak value of the 

leakage current [11]. The voltage drop across a measuring 

resistance, caused by the leakage current was measured and 

recorded by means of an oscilloscope as well as of an 

arrangement that registers on paper the leakage current peak 

value 

V. TEST RESULTS & ANALYSIS 

Both the values of voltage and current were measured during 

the voltage increase, as well as at the instant of one cycle just 

before flashover. The values of the above quantities at the 

moment are called further on critical. The experimental 

results concerning the critical voltage of a cap-and-pin 

suspension insulator and a disc insulator of fog type (columns 

10 and 5 of Table 1, respectively), are shown in Fig. 2. 

 
Fig. 2: Critical Voltages for Insulators against ESSD 

Measurements 

(1) Fog-Type (2) Cap-&-Pin-Model 

 The tests were carried out on several types of single 

suspension insulators and were extended to an area of 

contamination values, which seems to cover the pollution 

estimated to dominate at several heavily polluted sites in 

Greece. 

A. Determination of the Arc Constants 

Using the analytical expressions, which are based on the 

polluted insulator model, the most important factor is the 

determination of the arc constants A and n. The use of the 

calculated values [12] for steady arc in air between copper 

electrodes (A = 63, n = 0.76) gives inconsistent results 

compared with the experiments. 

VI. APPLICATION OF THE MATHEMATICAL MODEL 

The developed mathematical model was applied to the 19 

insulators of Table 1, using the determined values of the arc 

constants in eqn. 23. The curves of the calculated critical 

voltage Uc and critical current Ic for 3 typical insulators are 

presented in Fig. 3. 

 
Fig. 3: Critical Voltage UC and Critical Current IC for 

Insulators and against ESSD C 

 
Fig. 4: UC against ESSD C for Pin-Type Insulator Model 
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Fig. 5: UC against ESSD C for Stab-Type Insulator Model 

VII. ARTIFICIAL NEURAL NETWORK TECHNIQUE [ANN] 

The first artificial neuron was found in 1943 by 

Neurophysiologist Warren McCulloch and the logician 

Walter Pits. But the technology that time didn’t allow them 

to do too much. 

 An artificial neural network (ANN) as a computing 

system is made up of a number of simple and highly 

interconnected processing elements, which processes 

information by its dynamic state response to external inputs. 

An ANN model is gaining rapid and increasing importance 

because of their potential to offer solutions to some of the 

problems which have hitherto been intractable by standard 

serial computers in the areas of computer science and 

artificial intelligence. 

 In fitting problems, you want a neural network to 

map between a data set of numeric inputs and a set of numeric 

targets. Examples of this type of problem include estimating 

house prices from such input variables as tax rate, 

pupil/teacher ratio in local schools and crime rate (house 

dataset); estimating engine emission levels based on 

measurements of fuel consumption and speed (engine 

dataset); or predicting a patient's body fat level based on body 

measurements (body fat dataset). The Neural Fitting app will 

help you select data, create and train a network, and evaluate 

its performance using mean square error and regression 

analysis. In electrical power systems, ANN has been used for 

accurate load forecasting alarm processing etc. In high 

voltage systems, application of ANN has been reported for 

pattern recognition of partial discharges. Another major 

branch of ANN application lies in function estimation. In 

function estimation, ANN is useful because it acts as a model 

of a real-world system or function. The model then stands for 

the system it represents, typically to predict or to control it. 

The useful properties of ANN, like, adaptable and non-

linearity are well suited to many function estimation tasks in 

the real-world. 

 Processing elements in an ANN are also known as 

neurons. These neurons are interconnected by means of 

information channels called interconnections. Multilayer 

feed-forward networks are trained using two different 

learning algorithm, back-propagation and resilient 

propagation. 

VIII. THE STRUCTURE OF ANN MODEL 

 
Fig. 6: The Structure of a Multilayer Neural Network 

 In a new approach using ANN as a function 

estimator has been developed and used to model accurately 

the relationship between 𝑈𝑐 for given H, D, L, 𝜎, n and d. 

Input–output data are normalized before the initiation of the 

training of the neural network for better convergence and 

accuracy of the learning process. The programs in MATLAB 

were developed for application. The structure of the ANN 

model and training parameters were found after several 

different tests. 

IX. RESULTS ANALYSIS FOR CAP & PIN-TYPE MODEL 

Network Sample MSC R 

Training 5 4.23510e-2 2.28824e-1 

Validation 1 1.01051e-1 0.00000e-0 

Testing 1 1.66356e-3 0.00000e-0 

Table 2: Plot fitting Curve for cap & pin Insulator model 

Network Sample MSC R 

Training 2 1.29134e-11 1.00000e-0 

Validation 1 1.94913e-2 0.00000e-0 

Testing 1 1.22441e-1 0.00000e-0 

   Table 3:          

 
Fig. 7: Plot fitting Curve for cap & pin Insulator model 
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A. Plot Error Histograms 

 
Fig. 8: Error Histogram for ANN testing 

X. RESULTS ANALYSIS FOR STAB-TYPE INSULATOR 

 
Fig. 9: 

 
Fig.  10: 

A. Experimental Model Result & Analysis 

Both the values of voltage and current were measured during 

the voltage increase, as well as at the instant of one cycle just 

before flashover. The values of the above quantities at the 

moment are called further on critical. 

 The experimental results concerning the critical 

voltage of a cap-and-pin suspension insulator and a disc 

insulator of fog type. Different types of porcelain insulators 

are investigated and the variation of the critical parameters 

upon the density of the pollution layer is determined. The 

influence of the geometrical dimensions and of the shape of 

the insulator to the critical parameters is also investigated. 

The correlation is still good given that the computed curve 

passes through the experimental ones. The comparison of 

model and experiments for the stab-type insulator No: 7 in 

Fig. 6 is quite satisfactory, especially at light contamination. 

Measurements of 𝑈𝑐 against surface conductivity 𝜎𝑠 for the 

stab-type insulator No.15 are compared with the model. 

XI. CONCLUSION 

Uc = f (H, D, L, r, n, d) modeling has been proposed based on 

ANN instead of any empirical approach. In this paper 

multilayer feed-forward network with back-propagation 

learning algorithm was used for modelling. It is shown that 

ANN model of the insulator was prepared with a major 

accomplishment from Fig. 4. It is seen that ANN model is 

capable for predict the flashover voltages of different type of 

the string insulators from Figs. 5 and 6. Separately, the results 

of comparison for each insulator are satisfactory. 

 An ANN has been successfully applied order to 

solve the problem of flashover voltage modeling. The ANN 

is developed in order to determine the relationship between 

flashover voltage as function of insulator parameters and the 

equivalent salt deposit density. The comparisons of the 

estimated results with the measured data collected from 

experimental studies prove the validity of Artificial 

Intelligence for modeling phenomena in High Voltage 

Engineering. An ANN has been successfully applied for the 

estimation of the flashover voltage on polluted insulators. The 

network was trained to estimate the critical flashover voltage 

when some of the insulator’s characteristics are given. This 

ANN was designed in MATLAB, using fixed functions for 

the construction of it, the initialization of the weights, the 

training procedure and the calculation of the errors. ANNs are 

a very useful tool with a big range of applications. One of 

these applications could be the estimation of the flashover 

voltage on insulators. Of course, as with every mathematical 

model. 
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