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Abstract: The concerns about corona due to its harmful effects and its impact on the 
power system are well known. Among them, the exposure of polymer insulators, reducing 
service life and leading to possible failures, is particularly worrisome. A better understand-
ing of corona for different arrangements is of interest for design and preventive 
maintenance purposes. Currently, this is done using empirical formulations or based on 
recommended levels of electric field. The electric field is affected by several factors, 
which influence in the corona establishment, such as the environmental conditions (mois-
ture, temperature, pressure, etc.) and the service conditions (contamination, voltage level, 
arrangements, etc.). The objective of the present work is to propose a model for predict-
ing corona. For this, it is necessary the knowledge of the electric field and its variations 
due to the mentioned factors. This paper investigates the corona formation in polymer in-
sulator arrangements, observing the influence of some service conditions, such as 
moisture and contamination of the insulator surface, in corona process. Experiments were 
performed in 15kV-class polymer insulators and the corona activity was visually observed 
and photographed. The results indicate that space charge affect corona formation, 
changing the electric field. This is observed by changing the superficial conditions of the 
insulators. A good corona prediction model should be able to include the generation and 
concentration of these charges. 
 

 
1 INTRODUCTION 

Concerns related with corona and its harmful 
effects on the power system have been discussed 
extensively in recent years [1-4]. Particularly, the 
brittle fracture, corrosion and superficial degrada-
tion of polymer insulators are worrisome. These 
effects are caused by exposure of insulator to 
corona and may lead system to failures. 

It is well known that the electric field plays a major 
role in corona formation. One way to avoid corona 
formation is by controlling the electric field along 
the insulator. To prevent corona, values for the 
maximum electric field, near or even inside the 
insulators, are recommended [5]. These limits are 
not fully consensual, as the electric field depends 
on the insulator shape, composition, environmental 
and superficial conditions. Based on field experi-
ence and on the suggested electric field, 
techniques are employed to prevent corona onset. 
Design of new insulators and use of corona rings in 
voltage levels not previously adopted are present-
ed solutions [6-8]. Understanding corona activity 
and its formation is interesting as a criterion to 
design high voltage apparatus. 

Recently, some works have been proposed to 
model the corona effect [9-11]. It is quite complex 
to consider all processes involved in corona 
formation. Each model performs considerations in 
order to simplify the computational implementation. 
Because of this, very often the surface conditions 

affecting the electric field distribution are not 
considered  

The objective of this paper is to investigate the 
electric field and the influence of service conditions 
in the corona formation. For this, a model for 
corona prediction is proposed, in which the surface 
conditions may be incorporated. The model is 
intended for application in polymer insulators, 
avoiding the corona establishment, regardless of 
conditions submitted. 

Experimental and computational simulations were 
performed. An experimental model, reproducing 
superficial conditions in a 15kV-class polymer 
insulator, was used. The influence of service 
conditions, as water droplets and pollution, in the 
corona formation, was investigated. Corona onset 
voltage was observed, and afterward, the electric 
field was estimated by simulations. 

Preliminary results suggest that only maximum 
electric field is not sufficient to determinate corona 
inception. Corona model should consider the 
service conditions, evaluating the electric field and 
its changes, to predict the phenomenon in insula-
tion arrangements. 

2 CORONA MODELING 

The chosen corona model to be implemented for 
corona simulation was the hydrodynamic model. At 
the present time, this model is not fully implement-
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ed yet. This section presents the initial study and 
analysis for its use. 

The hydrodynamic model is derived from the 
continuity equation, considering different types of 
charge generated (electrons, negative ions and 
positive ions). The essential process for corona 
formation: ionization, attachment and recombina-
tion, are considered. Basically, the rate of increase 
of charges, in time and space, is provided by each 
charge carrier produced and removed, due to all 
mentioned processes. 

The expressions for the increase of electrons, 
positive ions and negative ions, are presented in 
Equations 1, 2 and 3, respectively. 
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In these equations, subscripts e, p and n, refer to 
electrons, positive ions and negative ions, respec-
tively. The velocities of charges are described by 
We, Wp and Wn, while the number of them are Ne, 
Np and Nn. The contributions of ionization, attach-
ment and recombination processes are considered 
through their respective coefficients (α, η and β). 
The portion of electrons generated by photoioniza-
tion (SPH) and by diffusion (SD) is also incorporate. 
The values to be used for calculation will be based 
on [12, 13]. Although presented in one dimension, 
these formulations can be easily extended to more 
dimensions. 
 
Through these expressions, it is possible to 
estimate the effect of a charge in the electric field 
due to its position, at any moment. If this field is 
known, it is possible to predict corona formation.  
 
For computational implementation of this model, it 
is necessary to establish the conditions for corona 
formation. These conditions are experimentally 
investigated.  
 
Basically, the visual corona onset voltage was 
identified in the experiments. From them, the 
electrostatic field was calculated by numerical 
simulations. Then, the space charge is incorpo-
rated and the electric field is recalculated. After 
that, it is checked whether the changes in the field 
are sufficient to initiate corona. 
 
3 EXPERIMENTAL 

The corona onset voltage on a polymer insulator 
sample was observed. The experiments aimed to 
investigate the corona formation along the insula-

tors surface, due to water drops and pollution on 
their sheds.  

3.1 Procedure 

The setup used in the experiments was arranged 
to ensure that the first corona discharges were 
located on the surface of the insulator. Therefore, 
voltage was brought to the arrangement through 
smooth copper tubes. An overview of the experi-
mental set up is shown in Figure 1. 

Figure 1: Overview of experimental setup. 

The tests consisted of energizing a polymer 
insulator in a completely dark environment, 
applying a sinusoidal 60 Hz voltage, whose 
magnitude could be varied in the range of 1kV to 
50 kV. From a low voltage level, at which corona 
activity was not detected, the voltage was in-
creased in steps of 500 V. The arrangement was 
photographed, for each applied voltage. After the 
end of each experiment, the photographs were 
analyzed, and corona onset voltage was identified 
for each configuration. 
 
In order to maintain the same light sensitivity, a 
digital camera was used to record the pictures with 
the same exposure time and sensitivity in all 
situations. The camera was set to ISO 3200, 
exposure time of 30 seconds and f/4.5 aperture. 
The camera was kept at a fixed distance of one 
meter from the arrangement.  

The sample used in experiments was a 15kV-class 
polymer insulator. To simulate contamination and 
moisture of the insulator surface, two models were 
used. One model consisted of placing two metallic 
semi-spheres, simulating water droplets, in the first 
shed of the insulator, near of energized end. In the 
second model, water droplets, with conductivity 
and volume determined, were placed in the same 
shed. By varying the water conductivity, the 
severity of contamination was simulated. The 
conductivity was controlled by adding salt to 
achieve severe pollution. 
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Corona formation was evaluated for five cases 
named C1, C2, C3, for metallic semi-spheres and 
S1, S2, for water droplets. In these cases, the 
following parameters were modified: the distance 
between the semi-spheres and the insulator shank 
(DI), the distance between the semi-spheres (DS), 
and conductivity of water droplets. Figure 2 shows 
the basic arrangement, highlighting the distances 
used as parameters. The diameter of the semi-
spheres was fixed in 1.2 cm. The volume used in 
each water droplet was 80 µl, controlled by use of 
micro-pipet. In cases C1 and C2 corona inception 
between the semi-spheres was observed. When 
comparing C2 and C3, corona is assessed by the 
distance between the semi-sphere and the 
insulator shank. 

Figure 2: Detail of the arrangements. 

Table 1 describes the evaluated cases and the 
parameters used for each case. 

Table 1: Parameters were used in the experi-
ments. 

Cases Type Conductivity DI(cm) DS(cm) 
C1 

Semi-
spheres 

∞ 

0.26 0.56 

C2 0.14 0.29 

C3 0.53 0.26 

S1 Water 
droplets 

40 µS  0.86 0.52 

S2 200 mS 0.82 0.42 

 
The atmospheric conditions registered during the 
experiments were: relative humidity 40 %, temper-
ature 25°C and pressure 698 mmHg. 

3.2 Results and discussion 

The observed corona onset voltages are presented 
in Table 2. The voltages applied for corona onset 
near the insulator shank (VI), between the hard-
ware end fitting and the semi-sphere (VF) and 
between semi-spheres (VS) are showed. 

Table 2: Corona onset voltage (semi-spheres). 

Cases VI(kV) VF(kV) VS(kV) 
C1 34.5 38.5 39.0 
C2 --- 27.5 27.5 
C3 30.0 25.5 --- 

 

Values not shown in Table 2, correspond to high 
levels of corona onset voltage which were not 
achieved in these cases. Based on the results, it is 
observed that corona onset voltage for each gap 
and each case is dependent on the distance. In 
any case, the semi-spheres reduce the corona 
onset voltage to a level where it did not occur 
without them. In all cases, the closer distance 
between the semi-spheres and from them to the 
hardware, the lower the corona onset voltage. 
 
To illustrate the corona activity observed during the 
experiments, Figures 3 and 4 show photographs 
superposing corona activity and the insulator. 
 

  
a) case C1 – 39.0 kV           b) case C2 – 27.5 kV 

 

  
c) case C3 – 25.5 kV 

Figure 3: Corona in the semi-spheres. 

For the water droplets, corona onset voltages are 
presented in Table 3. In this case, corona was 
observed only near the insulator shank. 

Table 3: Corona onset voltage (water droplets). 

Cases VI (kV) 
S1 30.0 
S2 25.0 

 
As the results show, the water conductivity affects 
the corona voltage. For a high conductivity, a lower 
voltage is required for the formation of this phe-
nomenon. These results suggest that insulators, 
when exposed to polluted environments, become 
more susceptible to corona formation. 
 

  
a) case S1 – 30.0 kV         b) case S2 – 25.0 kV 

 
Figure 4: Corona in the water droplets. 
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The preliminary experimental results show that the 
insulator surface conditions play a role in the 
corona onset. 
 
For further analysis, an investigation of the electric 
field distribution was performed.  
 
4 SIMULATIONS 

4.1 Procedure 

From the observed corona onset voltages, the 
electric field distribution was calculated for each 
situation.  A computational package, named 
FEMM, based on the Finite Element Method was 
used [14]. 

The objective was to investigate the maximum field 
value and its distribution at the corona formation 
area. 

A computational model was used, and the electric 
field was calculated along the sensors, showed in 
the Figure 4. Sensor 1 (from A to C) evaluates the 
electric field near the insulator shank, sensor 2 
(from A to B) is located between the hardware end 
fitting and the semi-sphere and sensor 3 (from C to 
D) between semi-spheres along the shed surface. 
For the 3 sensors, the field was named EI, EF e ES 
respectively. 

 
Figure 4: Sensors for electric field evaluated. 

4.2 Results and discussion 

The maximum electric field was investigated along 
the 3 sensors. Table 5 shows these values for the 
semi-spheres. 

Table 5: Maximum electric field for corona onset 
(semi-spheres). 

Cases EI(kV/cm) EF(kV/cm) ES(kV/cm) 
C1 10.2 31.5 6.0 
C2 --- 21.6 6.0 
C3 9.1 22.3 --- 

 
As seen, the maximum electric field values are 
similar for the same gap. For case C1, a higher 
field value EF can be explained by the electric field 
distribution. This indicates that there is a region of 

local electric field responsible for the corona onset. 
Therefore, only the maximum electric field value is 
not sufficient to predict the corona formation.  

The electric field distributions in each region due to 
the semi-spheres are shown in Figs. 5, 6 and 7. As 
seen, the electric field distributions are similar 
along each sensor. This can be explained by the 
electrostatic model used in these cases.  

For Figure 5 the difference between the electric 
field distributions may be due to the closer distance 
between the semi-sphere and the insulator shank 
in Case C3. This causes a field enhancement in 
the middle of the gap and its reduction at the 
junction with the shed. This reduction depends on 
the contact angle which, for the semi-spheres was 
greater than 90°.  

In smaller gaps, as those between the semi-
spheres (Figure 7), the electric field for corona 
establishment was practically the same and 
constant for both cases. For greater distances, as 
shown in Figure 6, the higher the gap, the higher 
the electric field needed for corona onset. 

 
Figure 5: Distribution of the electric field (EI) along 
sensor 1. 

 

 
Figure 6: Distribution of the electric field (EF) along 
sensor 2. 
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Figure 7: Distribution of the electric field (ES) along 
sensor 3. 

The results for water droplets experiments are 
shown in Table 6. The maximum electric field, for 
different water conductivity samples along sensor 1 
are presented. 

Table 6: Maximum electric field for corona onset 
(water droplets) 

Cases EI (kV/cm) 
S1 8.1 
S2 6.8 

 
From these results, it is observed that the corona 
onset electric field is lower for the higher water 
conductivity case (S2). Since the gap distance is 
nearly the same, a possible reason for the differ-
ence is the generation and concentration of space 
charge, due to a larger number of ions in the water. 
These results suggest that an insulator exposed to 
environment with severe pollution would be easily 
prone to corona formation. 
 
Figure 8 shows the electric field distribution for 
cases S1 and S2.  
 

  
Figure 8: Sensors for electric field evaluated. 

Once again, only the electrostatic field model is not 
sufficient to explain the corona formation. Proba-
bly, there are changes in magnitude and 

distribution of the electric field due to space 
charges. 

5 CONCLUSIONS 

Corona onset voltage was experimentally obtained 
for different polymer insulator surface conditions. 
The presence of water droplets and its influence in 
the corona formation was investigated. The onset 
voltage depends on the distance between the 
droplets and on the insulator surface conditions.  

Additionally, numerical simulation analysis using 
an electrostatic model for corona onset was 
performed. The maximum electric field value is 
commonly used as a design criterion to avoid 
corona. The results indicate changes in the 
insulator surface conditions affecting the maximum 
electric field for corona onset. Particularly, conduc-
tivity and water droplets reduce this field value.  

In summary, the results suggest that only the 
maximum value and the electric field distribution 
are not sufficient for identifying the corona onset. A 
more complete model, including the space charge 
and its influence in the electric field distribution is 
needed for a better prediction of the corona onset. 
A hydrodynamic model is under analysis to 
investigate the influence of such charge. The 
authors are now working on the computational 
implementation of this model, which is expected to 
be able to include the changes in the insulator 
surface conditions.    

6 ACKNOWLEDGMENTS 

The authors are grateful to CNPq (Brazilian 
National Council for Scientific and Technological 
Development) and FAPEMIG (Minas Gerais 
Research Foundation) for the financial support.  

7 REFERENCES 

[1] M. Goldman, A.Goldman, J. Gatellet, “Physical 
and chemical aspects of partial discharges and 
their effects on materials”, IEE Proc.-Sci. 
Meas. Techno., January 1995, Vol.142, No. 1, 
pp. 1-16, 1995. 

[2] R. S. Gorur, E. A. Cherney, J. Burnham, 
“Outdoor Insulators”, Ravi S. Gorur, Inc., 1999.  

[3] V. M. Moreno, R. S. Gorur: “Corona-Induced 
Degradation of Nonceramic Insulator Housing 
Materials”, CEIDP 2001.  

[4] V. M. Moreno, R. S. Gorur, A. Kroese, “Impact 
of Corona on the Long-Term Performance of 
Nonceramic Insulators”, IEEE Transactions on 
Dielectrics and Electrical Insulation, Vol. 10, 
No. 1, pp. 80-95, 2003.  

[5] Taskforce on Electric Fields and Composite 
Insulators, “Electric Fields On AC Composite 

XVII International Symposium on High Voltage Engineering, Hannover, Germany, August 22-26, 2011



Transmission Line Insulator”, IEEE Transac-
tions on Power Delivery, Vol. 23, 2008. 

[6] R. Ferraro, E. Dohleman, “Corona Rings: Are 
They Needed?”, Transmission & Distribution 
World, 2010. 

[7] A. Phillips, “Evaluation Corona Rings on 
115/138 kV polymer Insulators at PNM and 
PSE&G”, EPRI Electric Power Research Insti-
tute, 2009.  

[8] Hubbell Power Systems Inc., Quadrisil
TM

, url: 
http://www.hubbellpowersystems.com/insulator
s/quadrisil/, last accessed: May 21, 2011. 

[9] K. Adamiak, V. Atrazhev, P. Atten, “Corona 
Discharge in the Hyperbolic Point-Plane Con-
figuration: Direct Ionization Criterion Versus 
Approximate Formulations.”, IEEE Transac-
tions on Dielectrics and Electrical Insulation, 
Vol. 12, No. 5, pp. 1025-1034, 2005.  

[10] P. Sattari, G. S. P. Castle, K. Adamiak, “FEM-
FCT Based Dynamic Simulation of Corona 
Discharge in Point-Plane Configuration.”, ESA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2009, pp. 1-7.  

[11] X. Bian, L. Wang, J. M. K. MacAlpine, Z. Guan, 
J. Hul, Y. Chen, “Positive Corona Inception 
Voltages and Corona Currents for Air at Vari-
ous Pressures and Humidities.”, IEEE 
Transactions on Dielectrics and Electrical Insu-
lation, Vol. 17, No. 1, pp. 63-70, 2010.  

[12] H. Sjösted, Y. V. Serdyuk, R. Montaño, S. 
Gubanski, “Experimental Measurements and 
Computer Modeling of Charge Relaxation on 
Surfaces of Polymeric Insulating Materials.” 
Conference on Electrical Insulation and Dielec-
tric Phenomena, pp. 413-416, 2007.  

[13] S. Kumara, Y. V. Serdyuk, S. M. Gubanski, 
“Charging of Polymeric Surfaces by Positive 
Impulse Corona.”, IEEE Transactions on 
Dielctric and Electrical Insulation, Vol. 16, pp. 
726-733. 

[14] D. Meeker. Finite Element Method Magnetics. 
url:  http://www.femm.info/wiki/HomePage., last 
accessed: May 21, 2011. 

XVII International Symposium on High Voltage Engineering, Hannover, Germany, August 22-26, 2011




