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ABSTRACT 

 

The insulators to the widely used in transmission and distribution lines, shows their importance in 
the design. Since a variety of methods like Finite Element Method (FEM) to determine the electric 
field applied to insulators. Environment impact on equivalent salt deposit density (ESDD) and put 
a lot of the complexity of this equation so that the cause to this equation is nonlinear.  
In this paper, for solve this problem various environmental conditions that affect the insulators are 
providing a model of Artificial Neural Network (ANN) method to improve the Back Propagation 
(BP). In the simulated used the two-dimensional (2D) of insulator electric field. For training the 
artificial neural network of information insulator pollution in different environmental conditions 
we use. This artificial neural network has two input, one of the there is x,y coordinate potential 
lines and other contamination of different voltage levels for transmission and distribution lines. So 
in training artificial neural network output is electric field in the insulator surface will be faster to 
determine the attainment insulators offer electric field that improves the design and development 
and manufacturing to offer insulators. 
KEY WORDS: Artificial Neural Network (ANN), Back Propagation (BP), electric field, 

insulator, optimal design, pollution. 
 

INTRODUCTION 
 
    High voltage transmission lines are used for efficient transmission of electrical energy over long distances. Today, 
the insulation of overhead transmission lines with composite insulators is common practice world-wide. The electric 
insulators are used in transmission lines to support the cables and isolating them of the ground. Consequently, the 
insulators individually or grouped in a chain, must present enough mechanical resistance to maintain the weight other 
insulator, effect wind, temperature and forces of the short circuit [1].                       
    The insulators string reduces the mechanical vibration transmitted to the tower and facilitates their maintenance.  
Although the use of silicone rubber composite insulators has been increased significantly in recent years, porcelain and 
glass insulators are still manufactured and remain predominant in distribution and transmission lines. Except for 
hydrophilic property, porcelain and glass insulators are widely used because they offer many advantages: low cost, 
flexible maintenance and high strength. When energized in polluted area such as coal industry zone and coastal area, the 
insulators are easily contaminated [1], dry band will be formed and leading to flashover [2-3]. 
    Control of electric field around high voltage equipment such as transmission line conductors, insulators and 
associated line hardware, surge arresters and switchgears is a very important aspect of the design of such equipment. 
Forecasting the flashover voltage, and select the appropriate quantity of insulators in the insulator chain according to the 
forecasting voltage, can avoid the flashover effectively and then increase the reliability and security of transmission line 
and then ensure safety and stability of power system [2-3].  
    The electric field calculation is one of the essential factors in the design and development of high voltage insulators. 
The calculation of the electric-field distribution is very important for the design of high-voltage transmission lines. High 
electric-field strength can cause strong corona around the conductor surface, audible noise, radio interference, partial 
discharge, premature aging of insulation, and other electromagnetic (EM) pollution [4-5].   
    These days, composite insulators are being increasingly used to replace porcelain and glass insulators because of the 
advantages obtained from good performance against pollution, lower weight, reduced installation and maintenance cost 
[6]. At the same time, compact transmission lines are also being widely used which have a lot of advantages over the 
traditional transmission lines. However, the composite insulators are very sensitive to the magnitude of the electric-field 
strength and may be eroded when subjected to sustained electrical discharges [7-8]. Manufacturers provide special 
grading devices with the high-voltage (HV) insulators to reduce the electric-field strength at the insulator ends. Because 
the phase spacing of the compact transmission lines is reduced significantly, the towers, the transmission lines, and the 
ground wires will greatly affect the electric field in the vicinity around the insulators. Thus, it is necessary to investigate 
the electric-field distribution around the composite insulators and the heads of transmission towers [6-8]. 
    For 1000kV ac transmission lines, the field distribution is quite non-uniform because of the high voltage and the long 
insulator string. High electric field intensity may cause strong corona, partial discharge, and premature aging of 
insulation [4-5],[9]. High voltage distribution ratio may breakdown insulators, so that the operation safety of lines 
cannot be ensured [9]. Thus, it has important significance to calculate and improve the field distribution along the 
insulator string through well grading rings design. Because of the distributed capacitance between the insulators and the 
iron tower, the voltage distribution is quite non-uniform along the insulator string. Various methods have been proposed 
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to calculate the voltage distribution, such as equivalent capacitance method [7], charge simulation method [5] and finite 
element method (FEM).  
    In recent years, some combined methods have been suggested, for example, the combined method based on the 
boundary element method and the moment method in the reference book [8]. However, there are a few problems among 
these methods:  
 Many of the methods are in two dimensions [10] which cannot simulate the practical situation very well 
 Some of them cannot treat the infinite field region well which the insulators lie in  
    An effective method to solve the infinite field region is asymptotic boundary conditions method presented in the 
reference [11], but the method is limited to two dimensions. Another new method called domain-decomposition method 
was presented in the reference [6], but only can improve its boundary accuracy in the sub-domain boundaries. 
 

ARTIFICIAL NEURAL NETWORK (ANN) 
 
    During the last decade extensive research work has been carried out on the application of artificial neural network 
(ANN). There is a wide range of possible power system applications of neural networks in operation and control 
processes, including stability assessment, security monitoring, load forecasting, state estimation, load flow analysis, 
contingency analysis, emergency control actions, HVDC system design, etc. Among these ANNs, the standard feed-
forward back-propagation neural network (BP NN) is the most widely used model due to its enormous search spaces 
and accuracy [12]. 
    Many studies on power systems using ANN have been reported in literature. An ANN model forecasting the 
flashover voltage of an insulator in complex ambient conditions investigated in Sima et al. (2004) [2-3],[5]. A neural 
network is a data modeling tool that is capable to represent complex input/output relationships. ANN typically consists 
of a set of processing elements called neurons that interact by sending signals to one another along weighted 
connections [5].  
    The connection weights, which can be determined adaptively, specify the precise knowledge representation. Usually 
it is not possible to specify the connection weights beforehand, because knowledge is distributed over the network. 
Therefore, a learning procedure is necessary in which the strengths of the connections are modified to achieve the 
desired form of activation function. In most cases, the network is trained using a set of input–output pairs which are 
examples of the mapping that the network is required to learn to compute. The learning process may therefore be 
viewed as fitting a function, and its performance can thus be judged on whether the network can learn the desired 
function over the interval represented by the training set and to what extent the network can successfully generalize 
away from the points that it has been trained on. For the problem of electric field calculation, we know the input–output 
training sets. Thus for this problem we need an ANN with supervised learning [5]. 
    A novel flashover voltage forecasting model of contaminated insulators based on double artificial neural networks is 
proposed in the paper by analysis of the ESDD nonlinear time series and the relationship between flashover voltage, 
ESDD and environmental factors[2-5]. 

 
BP FORMULATION FOR TRANSFORMER 

 
    With the help the artificial neural network of multi-layer perceptron with back propagation algorithm, a hidden layer 
are used for estimating electrical field of insulators as shown in Fig. 1.  
 

 
 

Fig. 1. Artificial Neural Network 
   
  Relation of multi layer perceptron, by back propagation algorithm is in equation (1)-(7). 
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    Where P is input vector, t is output vector, M is the number of network layers and S is vector of system’s sensitivity. 
As regard proposed structure that is shown in Fig. 1 concluded that M=3. In hidden layer of sigmoid function, that is in 
equation (8).  

(8)  cne
nsig 


1
1)(  

    Where C’s value was put 1and motive sigmoid function was considered linear, equation (9).  
(9)  nnlin )(  

ANN BASED DEMAND ESTIMATION 
 

ANN Structure 
    A neural network is determined by its architecture, training method and exciting function. Architecture, determines 
the pattern of connections among neurons. Network training changes the values of weights and biases (network 
parameters) in each step in order to minimize the mean square of output error. Feed-forward neural networks and Multi-
Layer Perceptron (MLP) ANNs are using for engineering applications such as load forecasting, nonlinear control, 
system identification, and pattern recognition  [5]. Thus in this article multi-layer perceptron network (with three inputs, 
one output and hidden layer) with Back-Propagation (BP) training algorithm have been used. Since in this method 
which is based on error gradient method, function differential is used, thus differentiable functions like Sigmoid, 
hyperbolic tangent must be used that in this case nonlinear sigmoid transformation function is used.  Fig. 1 shows the 
MLP network that is used in this study. 

 

Input and Output of ANN 
    In this structure have three inputs x, y coordinate potential lines and other contamination of different voltage levels for 
transmission and distribution lines, and one output is electric field in the insulator surface will be faster to determine the 
attainment insulators offer electric field that improves the design and development and manufacturing to offer insulators. 
 

Training of ANN 
    An Artificial Neural Network MLP-Multi Layer Perceptron with back-propagation (BP) method can be used for 
reaching this aim. To determine weights and biases of neural network number of data's is needed to learn network. 
Regarding this fact data's of Table I is used [12]. 
 

TABLE I 
INPUTS AND OUTPUT FOR TRAINING ANN 

X coordinate Y coordinate Voltage level (kV) Electric field (kV/cm) 
8 142 12 2.303 

115 102.5 12 0.147 
64.5 99 12 0.564 
80.5 111 12 0.798 
93 82 12 0.783 
103 52 12 0.271 

104.5 66 12 0.451 
108 97 12 1.283 
135 80 12 1.039 
146 80 12 0.510 
138 112 12 0.291 
42 142 12 0.416 
8 142 35 6.876 

115 102.5 35 0.437 
64.5 99 35 1.682 
80.5 111 35 2.382 
93 82 35 2.337 
103 52 35 0.809 

104.5 66 35 1.347 
108 97 35 3.831 
135 80 35 3.103 
146 80 35 1.524 
138 112 35 0.870 
42 142 35 1.240 
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In Table II structure of neural network and it training parameter are shown. 
 

TABLE II 
ARCHITECTURE OF ANN AND TRAINING PARAMETERS 

Architecture of ANN 
The number of layers 

                                                                                                                             
3                                                                                                                                           

The number of neuron on the layers  
Input 3 
Hidden 2 
Output 1 
The initial weights and biases Random 
Activation functions Sigmoid 
Training parameters                                                                         
Learning rule 

 
back-propagation 

Learning rate   0.01 
Momentum constant 1 
Mean squared error 1e-4 

 
    Training curve is shown in Fig. 2. In Fig. 2 mean squared error decreasing by increasing the number of repeats is 
illustrated. 
 

 
Fig. 2. Mean Square Error 

 
CONCLUSION 
 
    The aim of this study was to estimate the electric fields on the surface of a HV fog type suspension insulator using 
neural network. A multilayer feed-forward back-propagation neural network has been used in this work. ANN is 
developed to estimate the electric fields by using x, y coordinates and line potentials. That model has good ability to 
estimate the electric fields. In this study, also the estimation time was very short for determination of electric fields for 
operating voltages levels as to FEM calculations. In FEM, iterative calculations have been performed and this causes 
the time consumption. 
    The advantage of the use of ANN in the design and optimization is that ANN is required to be trained only once. 
After the completion of training, the ANN gives the electric fields for any desired line voltage or pollution level without 
any iterative process. Thus, this model can be used confidently for the design and development of insulators. Developed 
model has very fast, reliable and robust structure. 
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