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Abstract—In this work some results related to the effect of 
insulating barriers on corona discharge are reported. It was 
clearly established that both the amplitude and the shape of 
the currents are strongly affected by the presence of organic 
barriers. The insulating barriers used in this work were 
constituted by layers of oil or pressboard paper with different 
thickness. The experiments were carried out in negative point-
to-plane corona. The aim of the dc voltage, used in this work, 
was an examination of the I-V characteristics in order to 
determine the modifications in the discharge which can be 
related to electrochemical interaction involving 
activated species. 
 

Index Terms—Corona discharge, insulating barrier, 
insulating oil, pressboard paper. 

I. INTRODUCTION 
VEN though corona phenomena is known since several 
years, a complete understanding of the processes 

occurring during a corona discharge remains a hard task. 
Generally the corona discharge is described as a self 
sustained gas discharge occurring when the electrical field 
attains values allowing a local ionization, especially at the 
vicinity of high-field electrodes. Recently a theoretical 
approach has been proposed by Belevtsev [1]. However, 
this approach does not consider the presence of the 
insulating barriers. The work presented in this paper is an 
experimental study carried out in the case of corona 
discharges involving insulating barriers. This manner to 
proceed is representative enough for practical devices 
configurations. The barriers involved in this work are 
constituted by organic insulating products. In practice, the 
use of corona discharge for plasma generation in treatment 
of surfaces is largely used [2]-[4]. However, this useful 
side of the corona discharge must not elude another side 
which is related to degradation of organic products. 

The production of ozone by the corona discharge can 
lead to alteration of several polymers [5]. Besides, charge 
accumulation on the insulator surface can generate a local 
breakdown [6]. In the case of insulating liquids as oil, one 
can observe electro-hydrodynamic instabilities generated 
by the corona discharge flow [7], [8]. The motions of the 
liquid can affect either the amplitude or the waveform of 
the current. On the other hand, Zebboudj [9], [10] has 
carried out different measurements of corona discharge, 
using a linear biased probe and has examined the effect of 
humidity conditions on corona inception. To date, despite 
all the work carried out in this field, much is still to be done 
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as it seems that a definite theory of corona discharge is not 
clearly established. The main aim of the present work does 
not focus on a theoretical study of the corona but it is an 
investigation on the discharge phenomena through the 
electrical current variation. In fact, the discharge shape of 
the current shows a great interest for a best understanding 
of the phenomena. This approach can be seen as a 
contribution to the complete study of problems occurring in 
the engineering practice involving a corona effect. 

II.  EXPERIMENTS 
The experimental set-up used in this work is constituted 

of a Point to Plane Electrode system. The negative corona 
discharge is obtained by grounding of the point while the 
plane is connected to high voltage supply. The average 
current value and its form are studied through a 1 kΩ 
resistance. The electrode system is housed in a glass box 
that allows a complete immersion of the plane electrode in 
the insulating oil. The oil used in this work is intended to 
be used in power transformers. The experiments concern 
different oil film thicknesses. The electrodes are constituted 
by a stainless steel metal. The point is of conical form with 
an opening angle of 30°. The plane is of 100 mm diameter. 
The observation and measurement of the discharge current 
are performed by a Tektronix oscilloscope and recorded via 
a GPIB bus by means of associated software provided by 
the same firm. The experiments are carried out for different 
air gaps varying from 10 mm to 25 mm. The different 
barriers are 5 mm and 10 mm oil film thickness. A 1 mm 
thickness of pressboard barrier paper is also examined as a 
practical arrangement which is widely used in insulating 
applications. The insulating paper is provided from the 
same sheet of material used in power transformers 
manufacturing. 

An overview of the experimental set-up is given in 
Fig. 1. All experiments of this work were carried out under 
temperature of 25°C, a relative humidity of 55% and an 
atmospheric pressure of 1010 hPa  

III. EXPERIMENTAL RESULTS AND DISCUSSION 
The influence of the oil and the pressboard barriers on 

the corona discharge was examined. The various distances 
are designated by the symbols da for the air, do for the oil 
and dp for the pressboard paper. 

A. Influence of the Oil Barrier on the I-V Characteristics 
Fig. 2 shows the variations of the current with respect to 

the dc voltage increase; these variations are recorded  
for different air gaps.  The curves seem to have a  parabolic  
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Fig. 1.  Experimental set-up. 
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Fig. 2.  I-V characteristics for air without barrier. 
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Fig. 3.  I-V characteristics with oil barrier. 
 
shape. This form of the curves for corona currents is 
reported by several authors [11]. 

In Fig. 3, one can notice that an oil barrier of 5 mm 
strongly affects the corona behavior. 

The form of the I-V curves is modified and their best 
approximating equation seems to be a three order 
polynomial expression.  

Fig. 3 also shows  that the current  amplitudes  are  lower  
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Fig. 4.  I-V characteristics with oil barrier. 
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Fig. 5.  I-V characteristics with pressboard paper barrier. 
 
than those obtained in the case of corona discharge without 
barrier. It was also noticed that the shape of the curves 
seems to express an inflection point for the current 
amplitudes around 17µA. 

The results reported on Fig. 4 are related to a corona 
discharge with an oil barrier of 10 mm thickness. These 
results show that the barrier thickness does not 
significantly affect the current values. However, the 
inflection point that was observed earlier for 5 mm oil does 
not appear here. This phenomenon might be due to a 
weaker influence of the space charges. 

In Fig. 5, the effect of different pressboard layers is 
shown. This figure evidently shows that the voltage 
inception of the corona discharge increases with the 
number of the paper layers number. The layers have a 
thickness of 1 mm. It was also noticed that the curves of 
Fig. 5 have a same shape as those of Fig. 2 corresponding 
to experimental tests done without paper barrier. It is 
important to state that the paper layers used in this 
experimental work have a high level of humidity about 6% 
in mass. The presence of water molecules in the paper can 
explain the increase of the voltage inception because of the 
polar character of the water molecules. 
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1) 100 µA/division  -  5µs/division ;  da = 10 mm ;  7 kV 
2) 100 µA/division -   5µs/division  ; da = 15mm ;   7 kV 

 
Fig. 6.  Oscillogram of current for a discharge without barrier. 
 

1) 100 µA/division - 5µs/division ;  
                da = 5 mm ; do = 5 mm ; 7 kV 

2) 100 µA/division - 5µs/division ;  
                da = 5 mm ; do = 5 mm ; 9 kV 

 
Fig. 7.  Oscillogram of current for a discharge with oil barrier. 
 

 
 

1) 100 µA/division  - 5µs/division ;  
    da = 5 mm ; dp = 5 mm ;  7kV 

 
2) 100 µA/division - 5µs/division ;  
    da = 5 mm ; dp = 5 mm ;  9kV 

 
Fig. 8.  Oscillogram of current for a discharge with pressboard paper 
barrier. 
 

B. Influence of the Insulating Barriers on the Current 
Forms 
Figs. 6-8 show the effect of the insulating barriers on the 

shapes of the currents discharge. Fig. 6 concerns a corona 
discharge without insulating barrier while Fig. 7 shows 
results for a corona with an oil barrier. In the case of a 
discharge without barrier, it appears clearly a quasi regular 
form of the Trichel pulses. For a voltage level of  
7 kV, the frequency of the peaks is larger for a 10 mm 
compared to a 15 mm air gap. 

Fig. 7 shows that the presence of oil barrier reduces 
significantly the number of the peaks. This can be 
attributed either to the charge deposition on the surface of 
the liquid or for electro-hydrodynamic motion. It was also 
noticed that the occurrence of the peaks is not regular. A 
shape of the currents in the case of paper barrier is reported 
on Fig. 8 for two voltage levels (7 and 9 kV). The 
experiment shows an increase of the peak number with the 
increase of the voltage level. It was also noticed that, for a 
level of 9 kV, a considerable peak occurs. That was 
probably due to an instantaneous breakdown following an 
accumulation of charges on the surfaces of the samples. 

IV. CONCLUSION 
As a conclusion to the present work, it can be stated that 

the presence of insulating layers on the plane has a 
significant effect on the point to plane corona discharge. It 
appears that both the value and the shape of the current are 
affected. If the impulse form of the current in the case of 
the pure air is known since a long time, it is not the case for 
the presence of insulating barrier.  

The liquid motions with respect to the electro-
hydrodynamic effects have an influence on the discharge 
shape. The influence on the discharge process could be 
explained by the chemical reaction that may occur. 
However, the matter requires further investigations beyond 
the scope of this study. The aim of the choice of the dc 
voltage was practically reached by the observation of 
changes in the behaviour of the corona discharge due to the 
introduction of the insulating barrier. The oscillograms of 
the current, generally named Trichel pulses are affected 
and may present considerable peak by a local breakdown 
attributable to charge accumulation on the paper surface. 
On the other hand, it is clear that the phenomena related to 
charge accumulation or to chemical alteration are strongly 
affected by the voltage polarity. Although the use of dc 
voltage seems to be inappropriate in the practice of power 
transformers, this form of voltage remain very interesting 
in the case of power condensers where it shows a very 
strong importance for a good understanding of processes 
occurring in corona discharges. 
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