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Abstract: This work investigates the effect of different dielectric barriers on corona 
discharge in the needle-plane geometry, where a layer of dielectric material was placed 
over the surface of the plane electrode. Different dielectric materials used were 
polytetrafluoroethylene (PTFE), polyethylene (PE), polycarbonate (PC), polyvinylchloride 
(PVC), epoxy and pressboard. The discharges were generated by the application of 
periodic negative step voltage pulses. The results show that the evolution of corona 
pulses over time depends on the dielectric properties of the barriers. Unlike pressboard 
with a higher conductivity, the dielectric materials with a lower conductivity such as PTFE 
and PE would have more surface charges deposited on its surface during the first 
charging period of 100 ms, and the charges would not disappear during the relaxation 
period of 10 s, therefore, the discharge activities can be reduced significantly after the 
first charging period.  

 
 

1 INTRODUCTION 

Partial discharge (PD) measurement provides a 
common tool for the detection of locally confined 
insulation defects in electrical insulation systems. 
Usually, PDs are measured with 50 Hz AC 
sinusoidal voltage in an on-line situation, but can 
also be measured at other voltage waveforms in 
off-line situations [1, 2].  

The temporal evolution of partial discharges is 
much influenced by the interaction of the charges 
with the surface of dielectric material. When a solid 
dielectric barrier is limiting the discharge activity, 
every discharge event deposits a certain amount of 
charges on the surface of the barrier. The 
deposited charges on the dielectric surface can 
remain for a shorter or longer time depending on 
how fast they may decay due to different physical 
origins, such as bulk conduction, surface 
conduction, diffusion processes and gas 
neutralization. A number of factors can greatly 
affect the surface charge decay characteristics; 
these include the nature of dielectric materials, 
temperature, relative humidity and geometrical 
arrangement.  

The influence of the nature of dielectric has a 
significant impact on the charge decay behaviour, 
since it is directly related to the time constant of the 
decay process. A lot of studies have been carried 
out based on different materials, such as epoxy 
resin [3-6], silicone rubber [3], PTFE [3, 7], 
polyethylene [7, 8], polypropylene [9], and 
polycarbonate [10]. The simulation of surface 
charge decay in [3] was verified by experiments 
with insulating plates made of PTFE, silicone 
rubber and epoxy resin. It was proposed in [7] that 
PTFE shows slower charge decay time compared 

to polyethylene and epoxy due to its higher surface 
and bulk resistivity. Generally, the bulk resistivity 
values of electrical insulating materials is the bulk 
resistivity of PTFE > bulk resistivity of PE > bulk 
resistivity of PVC > bulk resistivity of PC > bulk 
resistivity of epoxy [11].  

In this work, the effect of the nature of the dielectric 
on the surface charges decay behaviour was 
investigated by corona charging of the dielectric 
surface in a simple needle-plane setup. Different 
dielectric materials of the same dimensions were 
placed one at a time on the surface of the plane 
electrode. The voltage applied to the needle was 
based on an arbitrary waveform, which is a 
sequence of negative step pulses with variable 
duration of T1, followed by a pause period of 
variable duration T2. The results show the effect of 
different dielectric materials on the evolution of 
corona pulses over time, which can provide 
important information to understand the surface 
charge decay behaviour.  

2 EXPERIMENTAL METHODS 

2.1 Measurement system  

The time-resolved PD measurement system 
consists of an Agilent 33120A function generator, a 
TREK 20/20 high-voltage amplifier, a detection 
impedance, a Yokogawa DL750 ScopeCorder and 
a computer, as shown in Figure 1.  

The test voltage shown in Figure 2, where T1 = 100 
ms and T2 = 10 s in this work, was generated by 
the function generator and then amplified by the 
high-voltage amplifier. The high voltage was 
applied to the needle-plane setup, which was in 
series with the detection impedance Zt with a 
resistance of 50 Ω. The corona discharge pulses 
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were acquired with the ScopeCorder, with 12-bit 
A/D resolution, a sampling rate of 10 MS/s, and a 
deep memory of 250 MS, which allows long time 
pulse. This method was used to get the time 
sequence of discharge magnitude and time-of-
occurrence for further analysis.  
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Figure 1. Schematic of time-resolved PD 
measurement system 
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Figure 2.  Periodic negative step voltage  

2.2 Needle-plane geometry 

In this needle-plane geometry, a circular plane 
brass electrode, with a diameter of 82 mm and a 
thickness of 12 mm, was used as the ground 
electrode. A stainless steel needle of length 20 mm 
and with tip radius of 15 μm was placed above the 
plane electrode, with its tip 11 mm from the plane’s 
surface.  

A layer of dielectric was covered over the plane 
electrode. The different materials used were 
polytetrafluoroethylene (PTFE), polyethylene (PE), 
polycarbonate (PC), polyvinylchloride (PVC), 
epoxy and pressboard, with the same thickness of 
1 mm and the same area of 85 mm × 85 mm. 
Some details of the materials are shown in Table 1. 
Therefore, the air gap between the needle tip and 
the dielectric surface was 10 mm.  

Before each measurement at a new applied 

voltage, the dielectric material was allowed to 
release the charges from the dielectric surface. 
This was done by connecting the dielectric surface 
to ground with a conducting wire for one minute.  

3 RESULTS AND DISCUSSION 

In our previous work with the same needle-plane 
set-up but without any dielectric covering on the 
plane electrode, it was observed that the 
cumulative discharge pulses N(t) would increase 
linearly over time during every charging period, as 
shown in Figure 3, which indicates that corona 
activities follow a constant repetition rate N(t)/dt at 
the same voltage application. However, when a 
dielectric layer was placed over the plane 
electrode, the charge accumulation on the 
dielectric surface can lead to an increase of 
surface potential, which will reduce or stop the 
discharge events depending on how fast the 
surface charges decay. More details can be found 
in [10].  
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Figure 3. The evolution of corona pulse number 
N(t) at the consecutive eight periods of applied 
voltage of -4.8 kV 

For the case of PVC, PC, epoxy and pressboard 
placed on the surface of plane electrode 
respectively, the discharge inception voltage was 
almost the same, about -4 kV, but it was slightly 
higher for the cases of PE and PTFE. The 
discharge measurements were performed three 
times at two applied voltage levels of -5 kV and -
6.6 kV for each dielectric material. The time 
sequence of corona pulses was captured at eight 
consecutive charging periods due to the limitation 
of the instruments. Table 2 shows the total number 
of corona pulses in every charging period captured 
from three measurements at a higher voltage of -
6.6 kV.  

Table 1. Details of dielectric materials used in this work 

Dielectric 
materials 

PTFE PE PVC PC epoxy pressboard 

Details natural 
PE 1000, 
natural 

rigid, 
transparent 

natural 
glass fabric 

laminate 
dry 
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(c) 
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(d) 

0 0.02 0.04 0.06 0.08 0.1
0

500

1000

1500

2000

2500

Time [s]

N
 (

t)

Corona pulses N(t) on epoxy vs. charging time

 

 

1st period
2nd period
3rd period
4th period
5th period
6th period
7th period
8th period
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(f)

Figure 4. The evolution of corona pulse N(t) at eight consecutive periods of applied voltage of -6.6 kV with 
different dielectric on the surface of the plane electrode: (a) PTFE, (b) PE, (c) PVC, (d) PC, (e) epoxy, (f) 
pressboard. (From the measurement M2 in Table 2 at the same condition)  

The typical behavior of evolution of cumulative 
number of corona pulses N(t) over time for every 
dielectric material is shown in Figure 4 from the 
measurement M2. Specifically, for epoxy and 
pressboard, more results from the measurement 
M1 and M3 have been presented in Figure 5. 
Generally, there are some common characteristics 
in every case. It can be observed that N(t) does not 
increase linearly with time any more for each 
charging voltage periods. As seen in Figure 4 (a)-

(e) and Table 2, the corona activities at the first 
charging period are much higher than that in other 
periods for those dielectric materials for 
pressboard. During the first charging period, N(t) 
tends to increase exponentially with time; the 
repetition rate N(t)/dt has the highest value at the 
beginning of the voltage applied, and then 
decreases over time with different time constants 
for different materials. For the other charging 
periods after the first one, the discharge activities 
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Table 2. Total number of corona pulse for differential dielectric materials 

(Air temperature and relative humidity for the measurement, M1, M2: T=22 ºC, H=19.5%, M3: T=24 ºC, 
H=31.5%) 

Dielectric 
Material 

Measurement 
Total number of corona pulse at every charging voltage period 

1st 2nd 3rd 4th 5th 6th 7th 8th 

PTFE 
M1 535 0 43 0 0 18 1 1 
M2 303 58 32 26 25 14 16 17 
M3 363 72 50 39 31 32 23 25 

PE 
M1 754 4 4 46 5 3 4 5 
M2 674 29 23 21 15 12 20 14 
M3 415 53 35 23 20 14 21 14 

PVC 
M1 1209 146 75 74 51 46 31 26 
M2 854 114 82 67 44 44 43 34 
M3 896 190 86 64 36 27 16 19 

PC 
M1 1149 49 5 4 10 4 3 7 
M2 935 3 8 24 0 2 8 60 
M3 866 116 78 59 43 44 34 31 

Epoxy 
M1 2110 648 47 22 15 17 7 15 
M2 2568 508 156 55 22 39 62 27 
M3 1703 193 111 98 142 90 97 58 

Pressboard 
M1 2309 1783 1863 2215 1931 1637 1805 1881 
M2 2921 2440 2258 2300 2177 2154 2164 2067 
M3 1378 1070 975 977 916 946 918 933 
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(d) 

Figure 5. The evolution of corona pulse N(t) at the same voltage level as that in Figure 4: (a)&(b) for the 
case of Epoxy from measurement M1 and M3, respectively, and (c)&(d) for the case of pressboard from the 
measurement M1 and M3, respectively. 
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declines sharply and even drops to zero, such as 
the 5th period in Figure 4 (d). The significant drop 
of discharge activities is because the space 
charges originated from the needle tip deposit on 
the dielectric surface, and the pause period of 10 s 
in this experiment is not long enough for those 
surface charges to disappear. The surface charges 
decay slowly due to the lower conductivity of those 
dielectric materials except pressboard.  

However, the evolution of corona pulses N(t) for 
the case of pressboard is strongly different from 
the other materials mentioned above. As seen in 
Figure 4 (f) and Figure 5 (c) & (d), there are many 
discharge events during every charging period, 
and they are a little more during the first charging 
period. But for the following charging periods, the 
N(t) does not behave sequentially according to the 
charging periods, for instance, N(t) in the fourth 
and fifth charging period is larger than that in the 
second charging period, shown in Figure 5 (c). It 
can be concluded that surface charges deposited 
by the discharge activities decay significantly 
during the pause period of 10 s, because the 
pressboard has higher conductivity. Thus the 
pressboard surface comes close to its original 
state before every charging period and more 
discharge events can occur. However, it is 
impossible to determine the main mechanism of 
surface charges decay; it could be due to its 
surface conduction or bulk conduction or even 
both. The investigation of the exact mechanism 
causing surface charge decay was beyond the 
scope of this paper. 

A brief explanation is based on the assumption of 
the surface charges decay mainly due to the bulk 
conduction. In order to have a general impression 
of the effect of each dielectric material on corona 
discharge activities, the total number of corona 
pulses at the first charging period acquired from 
three measurements in Table 2 is shown in Figure 
6. It can be seen that at the same conditions PTFE 
and PE are hard to produce discharge events, and 
PVC and PC can generate a little more, probably 
due to their high bulk resistivity [11]. However, 
epoxy and pressboard can generate more corona 
pulses and the evolution of those pulses has a 
large time constant at the first charging period, but 
they have different decay rate of surface charges 
for the following charging periods, as shown in 
Figure 5. The relaxation time constant  of surface 
charges decay through the bulk can be determined 
by  

 =  / V																																						 1  

where the constants  and V are the permittivity 
and the bulk conductivity of the dielectric materials. 
Since the permittivity of those materials has little 
difference, approximately varying from 2.1 (for 
PTFE) to 4 (for pressboard), the time constant of 
surface charge decay is mainly determined by their 

bulk conductivity. The bulk resistivity of pressboard 
is extremely low with an approximate value of 
2⨯1010 Ω⋅m, which was measured by a Keithley 
6514 electrometer in the lab. Therefore the 
relaxation time constant of pressboard is lower 
than the pause period of 10 s in our measurement.  
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Figure 6. The total number of corona pulse N(t) at 
first charging period of -6.6 kV with different 
dielectric materials placed on the surface of plane 
electrode.  

4 CONCLUSION 

This work reports corona discharge measurements 
in needle-plane geometry with a layer of dielectric 
material placed on the surface of the plane 
electrode. The arbitrary voltage used was based 
on a sequence of negative step voltage pulses 
alternating between zero and a level above 
discharge inception. Different dielectric materials 
were explored to investigate their effect on the 
charge decay on the dielectric surface.  

The results show that the dielectric properties such 
as conductivity and permittivity could influence the 
corona discharge activities. Generally dielectric 
materials such as PTFE and PE with a low 
conductivity are hard to produce discharge events 
during the first charging period, and the discharge 
activities reduce significantly for the following 
charging periods. This is because low conducting 
(high resisting) dielectric materials would have 
more surface charges deposited on their surface, 
and the surface charge cannot disappear during 
the relaxation time of 10 s, causing high surface 
potential to reduce the discharge events. On the 
other hand, the dielectric materials with high 
conductivity (low resistivity) such as pressboard 
are likely to produce many discharge events during 
the first charging period and also for the following 
charging periods. It can be explained by the faster 
surface charge decay due to the lower resistivity of 
pressboard, the sufficient surface charges cannot 
stay after the relaxation period of 10 s. 
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