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Synopsis 

PREDICTION AND MONITORING OF LEAKAGE 

CURRENT AND ITS SIGNIFICANCE TO OPTIMIZE THE 

DESIGN OF COMPOSITE INSULATOR 

1. Abstract 

Continuity and reliability of the power supply is the need of today fast 

developing country and the major root cause of failure of the power supply is the non-

reliable performance of outdoor insulator. Insulators account for only 5% to 8% of the 

direct capital cost of the line, they are associated with more than 70% of line outages 

and upto 50% of line maintenance costs. Therefore in any power network, condition 

assessment of the outdoor insulator is one of the most important maintenance services.  

In order to increase the performance of the insulator and its life, it is essential to 

optimize washing schedule and reduce the Leakage current (LC). Therefore in this 

research, the attention is given in two directions: first is optimizing the washing 

schedule by knowing the pattern and magnitude of the LC on insulator surface which 

may lead to the flashover, and second is optimizing the design of the insulator such that 

the LC can be reduced and hence the life of the insulator be increased. 

One of the solutions of the first problem is to provide a warning alarm to the 

utility when 3rd to 5th critical harmonic ratio of LC goes higher than an acceptable value 

so that utility can schedule washing of insulator. This critical ratio of 3rd to 5th 

harmonics is measured online which shows reduced value at time of severe arcing on 

the surface of the insulator. As the online method is expensive and complex, the other 

method that may predict LC is developed. An artificial neural network (ANN) based 

predictive model is constructed to predict the LC that usually causes the flashover. 

Pollution level and the humidity, the two main root cause of the flow of the LC, are 

taken in the construction of the model to find out the LC at different pollution and 

humidity level. Pollution, which is measured in terms of Equivalent salt deposit density 

(ESDD) according to the standard IEC-60507, and humidity are given as input and the 

LC is taken as output. The model’s results show predicted values with the averaged 

accuracy error of 5.46% with the real practically measured values. This yielded result is 
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in under tolerance limit, and if the predicted LC is goes higher than an acceptable then 

this may be a sign for washing schedule for the utility. 

In second solution, an optimized design of insulators is proposed using Finite 

element method (FEM) which gives less amount of LC compared to the available 

design. The two design parameters Shed angle and the spacing between two sheds are 

considered to reduce the LC. These two parameters are selected on the basis that by 

changing these variables the cost, weight and size of insulators remain same but 

performance is improved compared to the current available insulators.  

2. Brief description on the state of the art of the research topic 

As the insulators are one of the key components in the electrical power 

transmission and distribution network, the reliability of the network depends on the 

mechanical and electrical quality of the insulators. Failure of high voltage insulators on 

transmission lines can lead to transmission line outages, thereby reducing system 

reliability. Surface contamination, aging, manufacturing defects and damage due to 

mishandling are the major factors leading to failure of the insulators[1, 2]. The surface 

contamination and the humidity of environment affects the properties of insulating 

material especially of the polymeric insulators as the material used for it is organic . The 

humidity reduces the surface resistance and hence it may allow the LC to flow on the 

surface of insulator. 

As the outdoor insulator has to work in open environment, they are always 

subjected to pollution of different nature and severity. Depending on the working 

environment, the pollution which contaminates surface of insulator has different 

composition [1]. For the transmission line passing through the coastal area, the main 

constituents of pollution are NaCl and slurry. The pollution contains soluble conductive 

particles as well as non soluble conductive particles which are measured as Equivalent 

salt deposit density (ESDD) and non-soluable deposit density (NSDD), repectively. The 

ESDD has been considered to classify the pollution severity of the outdoor insulator 

according to IEC-60507 [3-4].This conductive layer when becomes wet, allows the flow 

of the LC. Insulator has to work continusiously under the voltage stess, this LC creates 

arcing which degrade the insulator surface and finally turn into the flashover. As the LC 

is the cause of the flashover,several studies has been done to understand the relation 

between LC and the degradation of the insulator.  
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Leakage current is associated with the level of the contemination build up and 

wetting on insulator material surfaces. Wettiing on mateial surfaces depenence on the 

surface free energy of material[5]. Due to hydropobic nature of polymer the surfae free 

energy is much lower than the porcelain and glass because this property resist the 

wetting and formation of electrolyte film on the surface.However, when exposed to the 

electic stress, the hydropobic property is detoriate and allows the flow of LC.In Maxico, 

the real time measurement of LC is used as a diagnosis tool for the transmisssion line 

insulators degredation[6]. But the LC measurement and instrumentation system in real 

tower insulator is complex and expensive. In[7], leakage currents are classified into the 

three stages are: security stage (<50mA), forecast stage (150mA) and dangerous stage 

(>150mA). The related study shows that the leakage currents during the forecast and 

dangerous stages are quite large and not easy to monitor.In[8] three stages of the 

leakage current, security stage, forecast stage and danger stage are classified where the 

security stage appears to be the optimal one for contamination flashover pre-warning. It 

can be verified that the flashover probability of porcelain insulators with longer leakage 

distance is lower than that of the ordinary insulators at the same contamination severity. 

Here the work is on porcelain and not on polymer which are nowadays widely used also 

the increse in the creepage distance increase the cost. So from the literature survey, it is 

required to optimize the washing scedule. 

Few researcher has also do attempt to reduce the LC,by midifying the design 

and the configuration. In[9] , it is suggested the alternate shed design reduces the 

electric field compare to regular shed design. The electric field is reduced by increasing 

the creepage distance which leads to the more use of the FRP and housing material so 

that size, weight and cost is increased. The effect of design parameters like shed 

diameter, rod diameter and shed angle on surface resistance and hence on current 

density were calculated and concluded that by modofying the design parameters the LC 

can be reduced. 

3. Definition of the Problem   

The motivation for this research work is the need of utility companies and the 

power system industry to improve the performance of the outdoor insulator. The 

insulators are associated with more than 70% of line outages and upto 50% of line 

maintenance costs.  Due to flashover of insulator supply is interrupted which creates 
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inconvenience to the customer and loss of revenue to the utility. In present scenario, the 

utility schedule the washing of insulator which is expensive and time consuming. 

Therefore it is required to develop suitable methods that may perform apt washing 

scheduling as well as to improve the performance and life of the insulator it is essential 

to optimize the design to reduce the LC.  

4. Objective and Scope of work  

4.1 Objective 

The objective of the research is to find the ways to attain a significant 

performance of outdoor insulators for a long time while minimizing their maintenance 

cost. This can be generally achieved as follows: 

The following are the solutions for this: 

1) By increasing the frequency of periodic maintenance (clean insulator) 

however the supply interruption causes loss of revenue. 

2) By increasing the creepage distance to reduce flashover, but this solution 

increases the cost of insulator. 

3) Scheduling maintenance on demand based by knowing the pattern and 

the magnitude of Leakage current. 

4) Optimizing the design of the available insulator by using same quantity 

(adjusting shed angle and spacing between sheds) of material to reduce 

the L.C. 

From the above solutions, since first and second methods cause cost increment therefore 

third and fourth ways are focused in this thesis. 

             

4.2 Scope of work 

The scope of the study involves the following stages to achieve the required 

objective. 

• Review of  IEC standards 60507 and 60815-3 

• Develop the experiment set-up to analyze the behavior of LC and define the 

warning alarm in terms of the harmonic content to avoid the flashover. 

• To develop ANN based model to predict LC in terms of Relative humidity and 

the equivalent salt deposit density (ESDD).  

• To develop mathematical model of insulator using Finite element method (FEM) 
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• To perform the parametric study to determine the optimized dimensions of 

insulator.  

5. Original contribution by the thesis. 

As far as author’s knowledge goes, no literature survey has given optimize 

washing schedule to increase the life of insulator and to reduce the supply interruption. 

In this research the methods suggest for the same. Standard insulators available from the 

well known companies have certain amount of the LC. Here, by keeping the  cost, 

weight and size of insulator same the parameters of insulator design namely shed angle 

and the spacing distance between two sheds are optimized (as per IEC 60815-3 

standard) to reduce the L.C. This helps to increase the life of insulator by reducing the 

chances of the flashover.  

6. Methodology 

The objective of the above formulated problem is to accomplish with different 

computational approaches like analytical study, experimental work, parametric study, 

and modification of design is done. The objective related to scheduling demand based 

maintenance is yielded by two methods: first, the online method that infers the severity 

of LC by estimating the ratio of the 3rd and 5th harmonics, and the other method is 

offline one which employs ANN based prediction model. Whereas the other objective 

related to design of the insulator is obtained by Finite element method (FEM) using 

COMSOL Multiphysics software. 

 

6.1 Review of IEC standards 60507 and 60815-3 

In the research the interest is to observed the LC which is due to the pollution, it 

is required to have the knowledge about the possible severity of the pollution faced by 

the outdoor insulator. IEC -60507 provides the knowledge about the same and 

according to standard there are two main types of contamination which are:  

1) Soluble Salt Deposit (ESDD)  

2) Non-soluble Material Deposit (NSDD) like dust and sand  

The accumulation of soluble deposits increases the conductivity of the insulator surface 

allowing more current to flow on the surface which eventually leads to flashover. IEC-
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60507 provides the relationship between the ESDD level and the contamination 

classification. How to calculate the ESDD from the known conductivity is explained in 

the same standard. 

The design parameter of insulators like shed diameter, shed angle, creepage 

distance affects the LC. It is required to know the acceptable limit for the different 

design parameter. In IEC 60815-3 standards, the guidelines are given for the selection 

and dimensioning of the polymer insulator for the outdoor application. In the research, 

the aim is to optimize the design which gives least LC by keeping the cost same. Shed 

angle and spacing between the sheds are to be optimized. The knowledge of the 

terminology shed angle and spacing between two sheds is shown in Fig. 1. 

 

  
Fig.1  Shed angle (α) and spacing (d) 

 

6.2 Preparation of the samples: 

The 11kV insulator samples, as shown in Fig.2 received from Radiant Ele-lite 

co.(RELCO) were washed and rinsed according to IEC 60507standards. They are dried 

under the natural sun light rays before taking them for experimental work. The samples 

are prepared to achieve following results: 

 (1) Measurement of LC online and its pattern and  

(2) To predict the LC with inputs, ESDD and the Humidity.  

 
Fig.2 Sample of insulator 
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For the first result, surface of insulators were artificially contaminated with the 

solution which contains NaCl 50 gm and Kaolin 40 gm in one liter of distilled water. 

Kaolin behaves as an inert blinder which is non-conductive and NaCl is used as the 

conductive deposits. For the second result, five different sollutions are prepared to 

acheive different ESDD level as per hte IEC 60507. The sollution are prepared by 

desolving kaolin and NaCl in the half litre of distiled water. A normalised mixture 

according to IEC 60507 contains only 40 grams of Kaolin, so the proportion of Kaolin 

is fixed 40 gm but the amonut of NaCl is varied to create different severity of polution. 

The sollutions of different ESDD are sprinkled on the surace or the insulators to 

create coating of contemination and allowed to dry for 24 hrs. This method is known as 

the solid layer method, based on IEC 60507 standards. The area of the insulator surface 

is1026 cm2 which has been polluted. 

       The conteminant which has been deposited on the surace is wiped out as per rag-

wipe method. When the surface deposit has been wiped clean, the rag is put back into 

the wash water. The conductivity is measuresd at the solution temperature as shown in 

Fig.3. The display of conductivity meter shows 𝜎𝑇 = 19.3 mS/cm at temperature 𝑇 = 

24.6 
o

C.  From the measured conductivity, salinity and ESDD have been calculated as 

shown in Table 1 for various ESDD level as per IEC-60507. 

 

 
        Fig. 3 Conductivity measurement 
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Table 1 Calculation of ESDD 
Insulator 

surface area, 

A ( cm
2

) 

Volume of 

deionized 

water, 

V ( ml) 

Electrical 

conductivity 

at temp. T, 

𝜎
T 

(mS/cm) 

Solution 

temp., 

T (
o

C) 

Electrical 

conductivity at 

20
o

 C,𝜎
20

  (S/m) 

𝑆𝑎 

Salinity 

(kg/m3) 

ESDD 

(mg/cm2) 

1026 500 ml 54.5 24.2 5.78 1.144 0.572 

1026 500 ml 41.8 24.5 3.628 0.560 0.343 

1026 500 ml 30.8 24.6 2.506 0.256 0.087 

1026 500 ml 19.30 24.6 1.275 0.114 0.037 

 

6.3. Experimental set up and Data description 

The aim of the experimental set-up is to measure the LC and its behavior at 

polluted condition. One of the artificially polluted insulator is hang in the fog chamber 

vertically in the artificially climate chamber (ACC). The chamber is prepared according 

to IEC standard. The purpose of the artificially climate chamber is to provide humid 

environment to insulator. Ultrasonic humidifier was used to create humidity. The block 

diagram of experimental setup is shown in fig.4 and Fig. 5 shows the actual experiment 

set-up to measure the LC and to monitor its pattern. 

 

 
Fig. 4 Block Diagram of Experimental Setup 

 

 
Fig. 5 Experimental set-up 
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During the test, a test voltage of 11kV, 1-phase 50 Hz was applied across the 

terminals of the insulator. In the first reading of the LC, the fog was not created i.e. the 

test was considered only dry contamination. The waveform of leakage currents are 

captured and used for the FFT analysis using Matlab software. The total harmonic 

distortion in percentage (%THD) is also observed. In next stage, the insulator was 

subjected to the artificially humid environment with the 50gm/lt of NaCl solution on its 

surface. The energized insulator was subjected to fog for 30 minutes. The data was 

captured at every 10 minutes interval. 

To develop the predictive model, the experimental data of LC are generated with 

the different contamination (ESDD) level and the humidity is adjusted in various 

ranges. Total 50 experimental data as shown in Table 2 are taken to train and test the 

ANN based predictive model.  

Table 2 Experimental data 

Sr. 

No. 

ESDD 

(mg/cm2) 

 

%RH Leakage 

Current 

(uA) 

 Sr. 

No. 

ESDD 

(mg/cm2) 

 

%RH Leakage 

Current 

(uA) 

1 0.08 95% 2747  26 0.18 70% 2800 

2 0.08 90% 2126  27 0.18 65% 2010 

3 0.08 85% 2010  28 0.18 60% 1860 

4 0.08 80% 1987  29 0.18 55% 1780 

5 0.08 75% 1940  30 0.18 46% 768 

6 0.08 70% 1809  31 0.2 95% 7300 

7 0.08 65% 1750  32 0.2 90% 6801 

8 0.08 60% 1700  33 0.2 85% 5800 

9 0.08 55% 1669  34 0.2 80% 4237 

10 0.08 46% 630  35 0.2 75% 3737 

11 0.12 95% 3870  36 0.2 70% 3128 

12 0.12 90% 3046  37 0.2 65% 2298 

13 0.12 85% 2213  38 0.2 60% 2273 

14 0.12 80% 2126  39 0.2 55% 1804 

  15 5 0.12 75% 1987  40 0.2 46% 785 

16 0.12 70% 1850  41 0.5 95% 8725 

17 0.12 65% 1793  42 0.5 90% 7543 

18 0.12 60% 1712  43 0.5 85% 6801 

19 0.12 55% 1693  44 0.5 80% 5438 

20 0.12 46% 637  45 0.5 75% 4088 

21 0.18 95% 6547  46 0.5 70% 3286 

22 0.18 90% 6130  47 0.5 65% 2874 

23 0.18 85% 5780  48 0.5 60% 2463 

24 0.18 80% 3921  49 0.5 55% 1908 

25 0.18 75% 3220  50 0.5 46% 890 
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The ultrasonic humidifier with adjustable relative humidity is used to create fog in the 

chamber. The leakage current is measured with the help of the current transformer and 

the wavform are displyed on the screen of the laptop with the help of a data acquisition 

system. At the different himidity the magnitude of LC are different for the same ESDD 

level.  

 

6.4. Software simulation to optimize the design: 

The computational algorithm, Finite Element Method (FEM), is used to find out the 

voltage distribution, electric field distribution and current density.The LC can be finding 

out by taking the surface integration of pollution layer. Surface Leakage current can be 

find out with the help of following equation: 

=
s

dsJI .

 

Where J is the current density and S is the surface area of the insulator. 

In FEM, it is required to assign some inputs at the pre-processing stage and after 

the finite element calculation which is known as the processing stage, the required 

output quantities can be achieved. The process flow using FEM is shown in Fig.6.  

 
Fig.6 Input output flow of simulation activity 

To draw the geometrical model of available design of the insulator, the 

dimensions are taken from the manufacturing company. As to find the electric field 

belongs to Electrostatic solution and to find the LC belongs to Electric current solution 

the combination of these two modules is used for the results. The geometry with the 

pollution layer is shown in Fig. 7. 
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Fig.7 geometry with the pollution layer and its meshing 

6.5 Prediction model with ANN: 

A predictive mathematical model is constructed based on artificial neural 

network-based architectures. The reason for choosing ANN for prediction (also known 

as function approximation) is because of its ability to construct a model based on the 

supervised learning.  

A) Basics of ANN based feed forward model: Since reliable ANN based 

models require a supervised learning therefore the LC data that is shown in table 4 are 

prepared and arranged for supervised learning in which some percentages of the data are 

given to ANN model for learning and some to test the model’s suitability. A well-

known fact related to ANN is about its incapability to auto-select some of the important 

elements in the configuration of the model, such as number of neurons in hidden layer, 

deepness of the hidden layer, activation function, training algorithms, and learning rate, 

etc., in order to find the best performing architecture. Therefore, various combinations 

of parameters specifications of networks are experimented. The parameters which are 

taken to prepare the models are: number of neurons in hidden layers, depth of hidden 

layers, learning rate, momentum constant, training algorithms and activation function in 

attempt to obtain the minimum squared error in the training process. The basic model of 

the ANN is shown in the Fig. 8, where inputs as humidity and ESDD and output as 

leakage current are indicated. The main task in building of an ANN based model is two 

parameters adjust weights of connections between two neurons while minimizing the 

error between the target output and predicted output during learning process. 
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Fig.8 Basic ANN model for LC prediction. 

 

B) Process for constructing a predictive model:  

ANN based model for prediction of leakage current with the depending 

variables, ESDD and RH, are constructed as described in the flow chart shown in Fig. 9. 

It shows that, input and output data is normalized or pre-processed. Then, simulation 

experiments are performed to select the best performing model. As flow chart depicts, 

first number of neuron and depth of hidden layer are determined with selected training 

algorithm, activation function, learning rate and momentum constants. Once this is 

defined, rests of the parameters are changed within a range in order to reduce Mean 

square error (MSE) and convergence time. The algorithms of ANN are modeled by 

performing the following steps:  

(i) Pre-processing or Data normalization: Input data, ESDD and Relative 

Humidity, have different range of variations hence it requires to be normalized in order 

to accelerate learning process. In this work, input data is normalized between 0 and 1.  

(ii) Data preparation: Date preparation constitutes partition been target data set 

and test dataset. Almost 85% of the total 50 recording (see Table 2) is taken as target set 

and rest is chosen for testing, while taking care that both sets includes recordings from 

each ESDD.   

(iii) Neuron and hidden layer: In order to find a simple and less computational 

ANN model, depth of the hidden layer must less. Therefore, first experiment is 

performed with varying number of neurons in each block of the hidden layer. On 

experiment it is found that 4 neurons in a single hidden layer are shows the least MSE.  
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(iv)Activation function: Decision making in the neuron is taken by activation 

function. Usually, activation function is selected as nonlinear one because mostly 

experimental input data is nonlinear. The activation functions tan sigmoid and log 

sigmoid, show the less MSE than the linear function. Nonlinear nature of tan sigmoid 

seems to perform best when test data is given the prepared model in which hidden layer 

has signal layer of four neurons.  

(v) Learning algorithm: Different training algorithms are used for learning 

purpose of the ANN topology. Levenberg-Marquardt backpropagation (trianlm), 

Broyden, Fletcher, Goldfarb, and Shanno (BFGS) – quasi Newton backpropagation 

(trainbfg), Scaled conjugate gradient backpropagation (trainscg), andResilient 

backpropagation (trainscg) algorithms are employed for training of the ANN model. 

 

Fig. 9 ANN model construction for prediction of Leakage current. 

  

 (vi)Learning rate: Learning rate is an important factor that determines the 

quantum of weight adjustment calculated from the gradient-descent. Learning rate is 
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chosen between 0 and 1. In this experiment, four values of learning rate is used, i.e. 

0.0001, 0.001, 0.01 and 0.1. With one exception MSE convergence is delayed when 

learning rate goes high.  

(vii) Momentum constants: Momentum constant gives momentum to learning 

rate in the process of training. It is noticed that momentum constant plays significant 

role in weight updating in each iteration of the leaning process. Table 3 shows the 

convergence time on varying momentum constants, 0.5, 0.7 and 0.9. It can be observed 

that convergence time is less when momentum constant is high. Similar to learning rate 

it does not have any effect on the final value of MSE but the timing to the training 

process is reduced as its value changes.  

  

Table 3 Convergence time on the least MSE on different learning rate and momentum constant  

Neuron Training 

algorithm 

Transfer 

Function 

Learning 

rate 

Momentum 

Constant 

Maximum 

Epoch 

MSE 

(test data) 

Convergence 

time (sec) 

4 Trainbfg tansig 0.0001 0.9 988 0.076339 1.694 

4 Trainbfg tansig 0.0001 0.7 988 0.076339 1.669 

4 Trainbfg tansig 0.0001 0.5 988 0.076339 1.707 

4 Trainbfg tansig 0.001 0.9 988 0.076339 1.706 

4 Trainbfg tansig 0.001 0.7 988 0.076339 1.861 

4 Trainbfg tansig 0.001 0.5 988 0.076339 1.709 

4 Trainbfg tansig 0.01 0.9 988 0.076339 1.766 

4 Trainbfg tansig 0.01 0.7 988 0.076339 1.696 

4 Trainbfg tansig 0.01 0.5 988 0.076339 1.681 

4 trainbfg tansig 0.1 0.9 988 0.076339 1.74 

4 Trainbfg tansig 0.1 0.7 988 0.076339 1.704 

4 Trainbfg tansig 0.1 0.5 988 0.076339 1.687 

 

Among the tested four training algorithms, the performance of BFGS-quasi 

Newton (trainbfg) algorithm exhibits slow convergence but less error compared to the 

Levenberg-Marquardt (trainlm). 

7. Results and discussion: 

7. 1 Analysis of LC pattern using FFT  

The result showed that arcing affects the magnitude and shape of the leakage 

current and the appearance of discharges also changes the shape. Therefore the current 

carries information which could be identified and extracted for the prediction of 
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imminent flashover. The observation of the peak and RMS value of leakage current is 

not sufficient. This leads to the harmonic analysis of the leakage current waveforms. 

The result also showed that the leakage current strongly correlated with the 

humidity. From the observation of waveforms and FFT analysis of waveforms of 

leakage current we can say that as the humidity level is increased the fundamental 

leakage current is increased. But the increment in magnitude of leakage current is so 

slight that to predict the behaviour of insulator from this data is improper. As per the 

Table 4,the humidity level increases, the ratio of 3rd to 5th harmonics increases, but 

when the severe arcing occurred on the surface of insulator, the ratio is going to 

decrease. So the ratio can be considered as a good indicator of insulator flashover. 

 
Fig.10 Waveform and FFT analysis under dry contemination 

 

 
Fig.11 Waveform and FFT analysis under wet contemination( Stage1) 
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Fig.12 Waveform and FFT analysis under wet contemination( Stage 2) 

 

 
Fig.13 Waveform and FFT analysis under wet contemination( Stage 3) 

 

Table 4 Result of the harmonic analysis 

Condition Harmonics Fundamental 

Imax(mA) 

% THD 3RD/5TH 

Ratio 3rd 5th 

Conteminated without 

fog 

2.06 29.35 1.477 32.9 0.070 

Conteminated with fog 

(stage 1) 

25.9 33.65 12.8 44.74 0.769 

Conteminated with fog 

(stage 2) 

38.43 46.95 13.43 64.71 0.818 

Conteminated with fog 

(stage 3) 

6.14 13.13 13.44 16.03 0.467 
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7. 2 Predictive model of LC using ANN  

After constructing the model suggested above, test data set in which almost 15 

percent ESDD and RH are taken to examine the model. Table 5 shows the selected 

input members of ESDD and RH as test data set and corresponding predicted and 

original leakage currents, respectively. It can be observed that the average error 5.46 % 

is found in predicted results which are quite significant according to the convention for 

issuing a warning of damaging LC. 

Table 5 Predicted leakage current using the obtained neural network model. 

ESDD 

(mg/cm2) 

RH(%) Original 

Leakage 

Current (mA) 

Predicted 

Leakage Current 

(mA) 

Error (%) Average 

Error (%) 

0.5 46 0.890 1.0675 19.94 

5.46 

0.02 46 0.608 0.6328 4.07 

0.08 75 1.94 1.9204 1.01 

0.08 70 1.809 1.8540 2.48 

0.12 60 1.712 1.7585 2.71 

0.18 55 1.780 1.7064 4.13 

0.18 46 0.768 0.7020 8.59 

0.2 55 1.804 1.7909 0.72 

 

 

 
Fig.14. Predicted values of Leakage Current. 
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An experimental set-up to measure LC with respect to ESDD and RH in the HV 

lab is already shown in Fig. 2. Original LC data that are taken for modeling, building 

and for testing the model are shown in Fig.14. In the same figure, approximated or 

predicted values of LC by using ANN based model is shown which almost overlapping 

the originals ones. 

It is evident that prediction error, MSE, can be even further minimized if LC is 

measured on narrower incremental value of ESDD. Furthermore, it can be noted in the 

Table 2 that LC from ESDD’s 0.2 to 0.4 are not measured which is amounting to induce 

yielded error. Prediction for a continuously recorded data can be exercised with more 

precision. In future work, measurement of LC will be performed with less interval of 

ESDD and RH to develop a model to predicted values with least error.  

7. 3 Dimensions of optimized design  

In the original design, the shed angle and the shed spacing are 150 and 50 mm 

respectively. To find which combination will give the minimum LC, the parametric 

study has been carried out and the results of LC for various combinations is also taken. 

Fig.15 shows the comparison of the voltage distribution for the available and proposed 

an optimized design in polluted condition.  

 

Fig.15. Comparison of Voltage distribution for the available and proposed new design 

 

Here it can be seen that the voltage distribution is more linear in the proposed 

design where the shed angle is 100 and the spacing between sheds is 27mm. More linear 

voltage distribution gives less electric stress which is shown in fig.16.The maximum 
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electric stress in available design is 96830.63 V/m while in proposed design it is 

82300.57 V/m. The percentage reduction is 15% in the electric field. 

 

Fig.16. Comparison of Voltage distribution for the available and proposed new design 

 

Fig. 17 shows the distribution of the current density over the surface of the insulator.  

 

   
                    (a)                                                                                (b) 

Fig.17 Current density under polluted condition (a) Available design (b) proposed design 

 

The surface integration of the current density gives the surface leakage current. 

From the Fig.17 it can be seen that the LC for the available design is 0.967 mA while in 

the proposed design is reduce to 0.847mA.  
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                                   (a)                                                                            (b) 

Fig.18 Leakage current under polluted condition (a) Available design (b) proposed design 

 

8.  Achievements with respect to objectives 

In the research conducted, following work is done with respect to objectives. 

1. The experiment is conducted to analyze the behavior of LC under the polluted 

and humid environment. Influence of the pollution on the harmonics content is 

analyzed. 

2. The predictive tool is developed which can be predict the LC by knowing the 

environmental parameters, pollution and humidity. 

3. The design is optimized which gives the less LC compared to the available 

design with the help of parametric study. 

9. Conclusion 

The following points are concluded from the experimental result, predicted 

results of LC and from the optimized new design compared to the existing one.  

i. In clean and dry insulator surface, the leakage current flow on the surface 

is almost negligible even at high relative humidity, due to hydrophobic 

surface. 

ii. The severe condition of flashover can be predicted by observation of 

ratio of the 3rd to 5th order harmonics. Before nearer to the flashover, the 

ratio is drastically going to reduce. So, the ratio is significant to 

determine the pollution level and so to predetermine the flashover.  

iii. An artificial neural network based mathematical prediction model is 

proposed, that takes ESDD and RH as inputs in order to predict an 
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estimated value of leakage current. The same can be used to optimized 

the washing schedule. 

iv.  BFGS-quasi Newton back propagation with the activation function 

hyperbolic tangent as an activation function showed the best predicted 

values. Average predicted error is under the tolerance limit therefore 

when this value goes higher than a set value (according the standard), 

then warning for insulator washing can be given. 

v. By changing the two design parameters shed angle and spacing between 

sheds, the electric field is reduced by 15%. The LC can be reduced by 

12.4% which indicates less chance of the flashover and increase the life 

of insulator. The research approach is cost effective as the material 

required is remained same. The use of new design optimizes the washing 

schedule which is the main concern for the utility for the insulator.   
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