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Abstract: High voltage insulators play a very important role in the transmission of power from generation to 

the consumer end, and in protecting the supporting towers from the high voltage lines as well as it also prevents 

the flashover due to the sudden rise of voltage and due to other causal factors. In this paper we have analyzed 

the effects of pollution on the insulator on the critical flashover voltage. Particularly, we have achieved our 

result by energy analysis of the insulator and the line supplying the energy. Some modification as per the 

requirement is done from the account of the value of constants such as ‘A’ the arc constant ‘n’ the arc index and 

‘K’ a constant multiplied before ‘Rp’ the resistance of the polluted layer. Overall a new equation of flashover 

voltage is achieved which differs from the model [1] by some factor i.e., constant. 
Keywords: Flashover voltage, Arc constant, Arc index, ESDD (equivalent salt deposition density)        

          

I.  Introduction 

Modeling of polluted insulators for the determination of flashover voltages prior the insulator failure is 

used in the transmission line application. The modeling is not done using any type of experiments on the 

insulators. It is the theoretical analysis of the various research papers published on the very same subject. In the 

development of this paper we have incorporated some of the ideas and explanation of the previous theories and 

equations with modification to reach the higher accuracy. The study of different type of insulators is done w.r.t 

their geometrical structures, as it is going to play a key role in the determination of the flashover voltages. In the 

modern days transmission system the flashover of the insulators is common, so this requires a great concern 

over the subject. In this paper the various equations of V  the flashover voltage is compared with the 

approximate mathematical equation of the same, which is obtained using numerical method of approximation. 

And certain new variables are added to the final expression for the flashover voltage V. the model of Ghosh & 

Chatterji[1], Topalis[2], Gorur[3], Dhabhi M[4] have been compared with the approximate mathematical model 

and some important conclusions have been obtained. 

 

II.        Details of proposed model 
The development of models for the flashover of polluted insulators which could take into account the 

real experimental conditions is not an easy task because of the complexity of the phenomena which can occur 

(Rizk 1981). Indeed, the non-uniformity of the polluted distribution due to the non-uniformity of deposits, 

wetting and drying leads to the appearance of multiple dry bands and then to multiple arcs. Nevertheless, many 

attempts have been made to generate models allowing one to predict roughly the critical characteristics of the 

polluted insulators (the flashover voltage, critical length and leakage current). For that purpose, the assumptions 

that there is a single dominant arc, a uniform pollution distribution and uniform wetting have been made. So, the 

arc is assumed to move only on the surface of the insulator. 

In the following model, we will consider similar assumptions. 

 
fig.1 

By energy analysis of the circuit diagram i.e., power supplied before leakage current came into effect is equal to 

the power at the present condition. 
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    (   (   ))          (1) 

where x is the length of the arc, L is the leakage distance of the insulator and  I is the leakage current. The 

resistance Ra per unit length of the arc(Ω/cm) is defined  as follows 

:       (    ) 

 

Where A and n are the arc constant and Rp, per unit length of the pollution layer(Ω/cm) is 

:    
 

     
 

where Deq is the equivalent diameter of the polluted insulator and σ is the surface conductivity, which is 

dependent on the equivalent salt deposit density C (ESDD), by 

: σ= (369.05. C +0.42)  

 where C is expressed in mg/cm
2
.The equivalent diameter Deq of the insulator is given by  

:     
 

  
 

Where F is the form factor of the insulator which is given by  : F = 
 

 
∫

  

 ( )
 

By solving (1) we get a quadratic equation in variable V, which can be solved easily to get the critical voltage. 

By solving we get the following result, 

: 
   

 
      (  (   ))          (2) 

Before finding the roots of the equation, we are more concerned about the discriminant of the quadratic equation 

which is given by, 

:     –     ((  (   ))     ) 

           ((  (   ))     )                                                                                                                             

:            ( (   (   ))       ) 
    

By considering first three term of the binomial expansion and putting the corresponding value of discriminant in 

the solution of quadratic equation,    
   √      

  
, we get that  

:      (      )  (2)                               Where K = Rp (L-x) + Rax 

When differentiating the above equation with respect to x and equating to zero, we obtain the critical current I: 

 : I = (A/(Rp))
(1/n+1)

  (3) 

On the other hand, by differentiating equation  with respect to I and setting it equal to zero, we obtain                

    (   )  (   )     
 [             ]

 
  (4)                                                                                                      

and by combining equations (3) and (4), we obtain the critical arc length xc as  

 : xc = 
 

   
[1 - 

   

 (     )
] (5) 

The plot of suggested model VS various other model are shown as below 

 
fig.2 
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fig.3 

 
fig.4 

As for as the fig.3 and 4 are concerned, they show the different aspects of studies that can be done on the 

particular equation which we have got. Our model as shown in the diagram lies always above the plot of 

Dhabi‟s model for the same parameters.  

        From fig.3 the important thing which can be noted down is that there is a considerable gap between the two 

plots, as our plot is considerably lower than the other model with which it is compared. Which gives us a great 

advantage in modelling of the insulator for the case of high voltage application. As low value of flashover 

voltage is achieved for same value of arc constant this implies that where other model was giving higher value 

of flashover voltage, our model suffice with the experimental one and it is quite accurate with some level of 

tolerance   

       From fig.4, it is observed that there is an appreciable amount of similarity still our plot is below the plot of 

the other model. Which signifies that the two models have the same sort of reasoning 

 and logic but addition or removal of some parameter in the final flashover equation gives birth to a brand new 

equation. The advantage of the model deduced from the particular study is that, if the insulator is modelled 

according to our model the flashover voltage will be reduced to a greater margin. 

The flashover of the polluted insulator occurring at voltages lower than that suggested by earlier paper given in 

the references shows that there is flashover at those voltages[1],[2],[3] but it occurs below those voltages i.e., at 

the voltage approximately near to that suggested by this model. 

The above discussion was based on the plots as shown in the fig.2, fig.3and fig.4. 

 

III.      Absolute study 
The following equation of flashover voltage as obtained- 

    √
 

  

   
[

 

   
{  

   

 (     )
} (     )     ]  (6) 

And the three different plots explain this.. 
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From the equation perspective the additional term containing „C‟ is major distinguishing factor as well as it 

brings accuracy as it reduces the tolerance level by certain percentage.The equation is almost similar to the 

previous equations as obtained by earlier researchers. 

By neglecting KC/2 term in equation-(2), as KC/r<<<1, we get our flashover equation as given below: 

:    √
 

  

   
[   ] (7) 

Which shows that it is a function of Rp, which is obviously nonlinear. It depends on the value of n. 

As the value of n increases, the variation of flashover with Rp tends to linearize itself. As n tends to infinity, 

flashover is proportional to Rp. 

 Most of the work on pollution flashover of insulators have used constant values of A and n for different 

atmosphere, assuming the arc to glide through either steam (A = 530, n = 0.24) or water vapor ( A = 63, n = 

0.76).Alston [5] recommended that a combination A = 530 and n = 0.24 can yield good results for most 

problems. But there is still no consensus as to what values of A and n should be used in case of different 

polluted atmosphere. 

In fact, the optimal combination of A and n may be dependent on the chemical nature of the pollutants. In this 

model we have have used different values of A and n representing different electrolyte. Different sets of A and n 

in the following table represent NACl, CaCl2 and FeCl3 respectively. 

 

IV.     Comparison of modelled output with experimental result 
                                              TABLE 1 

                        Showing the Critical Flashover Voltage by the present model and Practical value of it. 
Rp in 

(KΩ/cm) 

 

L(cm) A n V model in 

KV 

V(exp) 

KV 

10 8 360 0.59 9.51 11 

15 5 360 0.59 7.17 8 

10 12 461 0.42 12.50 14 

15 8 461 0.42 9.61 11 

10 5 270 0.66 6.07 7 

21.6 8 270 0.66 11.03 12 

 

From the Table 1, it can be seen that for values greater than 10, the error is quite high(in between 10-15%) but 

for the values less than 10, error is less than 7%.So we can say that this model can be used for the insulator with 

high contamination level. 

This model is based on an energy balance, an equivalent electrical circuit and the physical characteristics of the 

arc. The results given by the model that we elaborated are in good accordance with those obtained using the 

known empirical relations, especially insofar as the critical current and voltage are concerned. 

 

V.    Conclusion 
The deficiency of applying the classical equation for the determination of critical flashover voltage of 

polluted insulators has been overcome by the selection of appropriate arc constants A and n for different 

chemical composition of the pollutants. The proposed mathematical model V = f (Rp, L,A, n) thus takes into 

account the effect of change in the chemical nature of the pollutants under ac voltage application to predict 

accurately the flashover voltage. The computed results closely follow the experimental values. The model is 

validated against experimental and theoretical data of other researchers, and is observed to be good in predicting 

both critical V and I of practical insulators of a variety of geometries. 
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