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Abstract 
 
This paper investigates the influence of high voltage 
impulses on the surface discharge characteristics of 
polyethylene (PE) during subsequent application of 50 
Hz AC voltage. The investigation is done on two types 
of PE to examine the generality of the phenomena.  The 
effect of impulses on the surface discharge features of 
PE are studied for both cases of having either a streamer 
or flashover. For each case, the consecutive surface 
discharges behave differently when the insulation has 
been exposed to the transient voltages. 
The effect of impulses on surface discharge of PE is 
shown by the change of PD numbers and phase-resolved 
PD patterns. The results show a prompt change in the 
total number of discharges which decays with the time. 
After a surface flashover has occurred due to the 
impulse, the PD behaves quite differently compared to 
the similar case without flashover. 
 

1. Introduction 
 
Polymeric materials have significant application in high 
voltage components such as cables and electrical 
machines and due to their good characteristics their 
application is increasing. Therefore, studying the 
electrical properties of polymers is of strong and 
growing interest [1]. Partial Discharges (PD) can 
influence the performance of electrical insulations in 
power components. Insulation degradation depends on 
the site, nature and intensity of discharges. Surface 
discharge on the insulation is one of the defects that can 
lead to a failure of the component. Knowledge of the 
progress of discharges and parameters that can affect 
them has great value on prevention of the failures. 
Polyethylene has a wide range of applications and 
specifically it is used as a major insulation of power 
cables and can be stressed by the power system 
transients.  
Surface discharges that appear at the boundary of 
insulation are a common problem for polymers used in 
power components. Creation of surface discharges can 
increase the probability of surface breakdown.    
Substantial work has been done on investigation of 
surface potential decay of polymers and specifically 
polyethylene, under corona discharge [2-6]. The effect 
of initial potential, charging time [5] and thickness [2] 
on charge decay has been investigated.  
The effect of frequency and pulse polarity on surface 

PD inception voltage [7], and effect of fast rising 
impulse on surface flashover [8] have been studied for 
some polymers and presented as consequences of the 
dielectric properties of the materials (dielectric 
constants, charge decay characteristics, etc.). However, 
behavior of PD under impulses has not been studied in 
such detail.  Deposition, propagation and decay of 
charge injected by impulse voltage, and the effect on 
surface discharge can be of great interest to be studied. 
The effect of impulses can also be significant for 
deterioration of material and the premature aging of the 
insulation.  
Power system transients such as lightning and switching 
impulses inevitably occur in power systems, and can 
stress the insulation of the components. Partial 
discharges can cause surface degradation [9]; and the 
severity of PD exposure can be enhanced by imposed 
electrical impulses. Having knowledge about the effect 
of impulses on the partial discharge activities of the 
insulation can provide valuable information for 
interpretation of obtained data from monitoring systems 
to correlate the defect and its state of development. This 
has a high importance for a better condition assessment 
of the component.    
This paper investigates the influence of impulses on 
surface discharge characteristics of polymers. The 
investigations were done on several polymers; 
Polyethylene (PE), Polyvinyl chloride (PVC) and 
Polycarbonate (PC). Between them, only PE showed a 
consistent pattern and significant change as a result of 
impulses. Therefore, this paper majorly presents the 
results for PE.    
  

2. Experimental setup 
 
 To investigate the effect of impulses on surface 
discharge characteristics of PE, the IEC-b type electrode 
was used. The IEC-b type electrode consists of a 
stainless steel rod with 6 mm diameter and an end 
curvature radius of 1mm, and a plane circular electrode 
on the other side of the dielectric specimen. Two 
different types of PE, PE-1000 natural (UHMW) and 
PE-300 (HDPE), with respectively 1.5 mm and 1 mm 
thickness were used for the experiment.  Two layers of 
PE were placed between the electrodes. The electric 
field at the air gap between the top electrode and PE 
surface is a function of its permittivity.  
Permittivity and loss tangent of each type of PE were 
obtained as a function of frequency. Their dielectric 
responses were measured at low voltage (200 V) by a 
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Megger IDAX 300 from 0.01 Hz to 10 kHz. The 
relative permittivity of PE was seen to be almost 
constant (2.3 for PE-300 and 2.4 for PE-1000) and the 
loss tangent was low (below 0.001). Frequency response 
of PE shows low dependency of its permittivity to the 
frequency which leads to its trivial change in PD 
inception due to the frequency [7]. A lower dielectric 
constant of the material leads to a lower inception 
voltage [7]. 
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Fig. 1. Schematic of PD measurement system and test setups 

The system shown in Fig. 1 was used for PD 
measurement. A High Voltage transformer with 
maximum 100 kV output was used as the HV source. 
Phase Resolved Partial Discharge (PRPD) 
measurements were made by an IEC60270 instrument 
(Power Diagnostix Gmbh, ICM system), with the 
detection impedance (10 nF capacitor, 3.9 mH inductor 
and 50 Ohm resistor all in parallel) connected in series 
with a 1 nF coupling capacitor. A two-stage impulse 
generator was used to apply standard lightning (1.2/50 
μs) impulses to the test sample with voltages up to 50 
kV. 
 

3. Experimental procedure 
 
The 50 Hz AC voltage was applied at 6 kV peak for PE 
300 and 7 kV for PE 1000, which was about 50% above 
their PD inception voltage. PRPD patterns were 
recorded over 1-minute periods, separated by 30 s 
pauses. After several minutes (Fig. 2), the AC source 
was switched off for about 3 minutes to show how this 
influenced the subsequent PD without applying any 
impulse voltage. The AC voltage was then applied for 
several minutes more, after which it was turned off 
again and a positive standard lightning impulse with 50 
kV amplitude was applied to the rod electrode from the 
impulse generator. The experiment was repeated several 
times with applied AC and an impulse. PRPD patterns 
were recorded during the intervals of AC voltage to see 
the effect of each impulse on the surface discharge 
parameters. The experiment was repeated on several 
samples; the results are shown for two samples of PE 
300 (samples 1&2) and one sample of PE 1000 
(samples 3).   
Charge decay is strongly dependent on temperature and 
moisture [3]. Therefore, the measurements were done 
almost at the same temperature and relative air humidity 
(22ºC and 24% RH for samples 1&2, 21ºC and 20 % 

RH for sample 3).  
   

4. Results and discussion  
 
The parameters shown in the results are the number of 
positive and negative discharges per cycle, obtained 
from the PRPD patterns of the surface discharges. 
Positive and negative discharges for an AC surface 
discharge of three PE samples are shown in Figs. 2, 5, 8. 
There is a prompt change in the positive discharges due 
to the applied impulse. By comparison with the PD 
observed after turning off the AC voltage but without 
applying an impulse voltage, this change after the 
impulse cannot be attributed to just the lack of AC 
voltage: it appears to be due to the impulse. Space 
charges would be injected by impulse voltage and in 
combination with existing space charges can change the 
electric field. Electric charges remain on the surface of 
materials for a certain time which is defined by the 
efficiency of the charge decay processes [10]. Charge 
decay can occur through several mechanisms and its 
time would be different for different materials and 
conditions.  
The effect of having several impulses instead of one 
was investigated on some samples, but no significant 
differences in PD behaviors were observed.  This can be 
explained by the negligible increase in the deposited 
charges on the surface, following the application of 
repeated impulses.  
Fig.3,4 and Fig.6,7 show the changes in the PD patterns 
due to the impulses. An immediate increase in the 
number of charges can be also observed from the PD 
patterns.  
In presence of large number of PDs, occurrence of an 
impulse even of low magnitude, can lead to a surface 
flashover and this flashover decreases the subsequent 
PD inception voltage. Due to the high local electric 
field, the density of charges close to the rod is high and 
by supplying the initiating charges can increase the 
probability of the surface breakdown.  Fig. 5 and Fig. 8 
also show the change of number of positive charges due 
to the surface flashover. However, the change and the 
decay are a bit different from the case of impulse.  

 
Fig. 2. Number of PD per 50 Hz cycle (sample 1, PE 300) 

0 10 20 30 40 50 60 70 80 90
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Time (minute)

N
um

be
r o

f P
D

 p
er

 5
0 

H
z 

cy
cl

e

 

 
positive charge
negative chargeAC source off

AC source off
Impulse

Impulse

24th Nordic Insulation Symposium on Materials, Components and Diagnostics 94

Technical University of Denmark, Copenhagen, Denmark 15. -17. June, 2015



 
Fig. 3. PD pattern for sample 1, before HV impulse (at time 37 

minutes in Figure 2) 

 
Fig. 4. PD pattern for sample 1, after HV impulse (at time 43 minutes 

in Figure 2) 

In the case of surface breakdown a lot of charges can 
get neutralized and decrease the charge density (total net 
charge) [11] but on the other hand it can also generate 
ions through the gas ionization which can be adsorbed 
on the insulator surface and facilitate subsequent partial 
discharges.  
It is important to consider that surface flashover is a 
complex mechanism and cannot be explained or 
formulized with few terms. It can be observed from the 
results that surface breakdown can lead to an increase 
(Fig. 5) or decrease (Fig. 8) of surface discharges. 
Depending on the intensity of breakdown, it can also 
damage the surface of the insulation.   

 
Fig. 5. Number of PD per 50 Hz cycle (sample 2, PE 300) 

 
Fig. 6. PD pattern for sample 2, before HV impulse (at time 58 

minutes in Figure 5) 

 
Fig. 7. PD pattern for sample 2, after HV impulse (at time 64 minutes 

in Figure 5) 

However, the increase of positive charges due to the 
impulse and its decay was persistent in all samples.  The 
charge decay can occur due to the three major 
mechanisms: bulk neutralization, surface conduction 
and neutralization by ions present in the gas phase (so-
called gas neutralization).  
Several parameters can generally affect the decay 
process of injected charges. According to [5], higher 
charging voltage causes faster surface charge decay in 
PE [5] due to the higher electric field. Longer charging 
time can also lead to a faster surface potential decay, as 
it allows more charge injection to the bulk and enhances 
surface conductivity [5].   

 

Fig. 8. Number of PD per 50 Hz cycle (sample 3, PE 1000) 
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The material’s thickness also influences the charge 
decay as it changes the electric field. Therefore, due to 
the several parameters, the complete behavior of PD 
including decay time constant due to the impulses can 
be varied from one case to another case.    
Usually the abstract description of the surface charge 
decay can be explained in terms of ion drift, surface and 
bulk conduction. The ion drift (gas neurtalization) is as 
a function of several parameters such as ion mobility 
and gas (air) pressure while surface conduction is 
dependant on the geometry and surface conductivity 
[12].  However, surface conductivity itself varies with 
frequency and other parameters such humidity and 
temperature. Bulk conduction is another mechanism that 
is involved in charge decay and has its own contribution 
to the time constant of charge decay.   
To compare the results obtained from polyethylene to 
the results from the other materials, the positive and 
negative discharges for PVC and PC samples with 2 
mm thickness and using the same setup are presented in 
Fig. 9 and Fig. 10. From the several measurements that 
performed on their samples, it was interpreted that the 
effect of impulses on these insulations compared with 
PE is less significant and hard to be defined with a 
pattern due to the property of materials.  

 
Fig. 9. Number of PD per 50 Hz cycle (natural PC) 

 

 
Fig. 10. Number of PD per 50 Hz cycle (rigid transparent PVC) 

 

5. Conclusion 
 
The effect of high voltage impulses on the surface 
discharge characteristics of PE is presented. This effect 
is shown by the prompt increase in the number of 
positive partial discharges due to the injection of 
charges, which decays thereafter. However, in the case 
of breakdown occurrence, the change in the PD pattern 
can vary for different cases: it can either increase or 
decrease the number of subsequent partial discharges.  
The effect of voltage impulses on subsequent AC PD is 
of interest because of the synergistic effect of transients 
and AC PD on insulation degradation and providing 
useful diagnostic information.     
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