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Abstract: - During operation, high voltage insulators may severe a certain degree of pollution which may 
reduce their performances. RTV silicone rubber coating was proposed to improve the performances of outdoor 
ceramic insulators especially in highly polluted areas. This paper reports experimental results on the leakage 
current  (LC) on RTV silicone rubber-coated ceramic insulators. The samples used  were  20 kV post-pin 
ceramic insulators.  The samples were coated by RTV silicone rubber from Dow Corning.  There were 2 kinds 
of samples. The first one is clean and the second one is kaolin-salt polluted. The sample was put in a climate 
chamber under certain condition of fog.  AC voltage of 50 Hz was applied to the sample  and the leakage 
current flowed on the insulator surface was measured by measuring the voltage across a series  resistance using 
a Digital Oscilloscope with  sampling rate of 1 GS/s.  The digital data was transferred to a personal computer 
trough a GPIB for further analysis.    The experimental results  showed that LC waveforms of RTV-coated 
insulators in general are distorted from sinusoidal applied voltage. The LC waveforms are symmetrical for 
positive and negative half cycles and no flashover was observed for applied voltage up to 60 kV. The THD as 
well as magnitude of the LC increased with applied voltage for both clean and kaolin-salt polluted samples.. 
From the experimental results, electrical equivalent circuit models are proposed. Using the proposed model 
computer simulation of leakage current waveforms was done using  APT/EMTP under various conditions and 
applied voltages. The simulation was done by choosing appropriate values of capacitances, non linearity 
and arc models. The simulated LC waveforms were compared to those obtained from experiment.  The 
similarity of the LC waveforms was determined by comparing the LC magnitude, THD, dominant 
harmonic components and symmetry. The results indicated that simulated leakage current waveforms 
were similar to those obtained from experiment. These revealed the validity of the proposed model.  

Key-Words: - ceramic insulator,  RTV coating,  equivalent circuit, leakage current, harmonics, computer 
simulation 
 
1 Introduction 
Ceramic insulators are widely used in power 
system since long time ago. At present time ceramic 
insulators are still widely being used. Ceramic 
insulator has good mechanical and electrical 
properties and less expensive. Nevertheless, as 
outdoor insulator it has some weaknesses especially 
under certain environmental factors such as 
humidity, rainy season and pollution which may 
reduce their surface resistance.  The reduction of 
surface resistance may enhance the leakage 
current(LC) to flow on the surface [1-2]. Leakage 
current  with large magnitude flow on the surface 
for long period may cause degradation of the 
insulator surface [3]. Leakage current waveforms on 
outdoor insulator surfaces have been measured and 
reported[4-6]. It was also reported that the LC 
waveforms were useful for diagnosis of insulator 
condition[7-9]. Application of Room Temperature 
Vulcanized (RTV) Silicone Rubber on ceramic 

insulator surface has been proposed  to improve the 
performances of ceramic insulators[10-12]. They 
showed  great improvements of the insulators 
caused by the RTV coatings. However, there is no 
report concerning the electrical equivalent circuit  
models of ceramic insulators  derived from 
experimental leakage current waveforms and using 
the model to conduct a computer simulation of the 
leakage current. 
This paper reports the experimental results on the 
LC waveforms of RTV coated ceramic insulators 
under clean fog condition. This paper also proposes 
electrical equivalent circuit  models of ceramic 
insulators  derived from experimental leakage 
current waveforms. Based on the proposed model , 
computer simulation of LC  was done using 
Alternative Transient Program/ Electromagnetic 
transient Program (ATP/EMTP) software package. 
The simulation results are  presented in this paper. 
Comparison between experimental and simulated  
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LC waveforms  is discussed in this paper based on 
the similarity of the LC waveforms indicated by 
their magnitude, total harmonic distortion (THD), 
dominant harmonic components and positive-
negative symmetrical behaviour.   
 
2 Experiment 

 
2.1. Sample 

The samples used in this experiment were post-
pin ceramic outdoor insulators with nominal voltage 
of 20 kV which widely used in  Indonesian electric 
power system. The insulators were coated with RTV 
silicone rubber made by Dow Corning using a high 
pressure nozzle with a thickness of about 0.3 mm. 
The pictures of the samples before and after RTV 
application are shown in figure 1.   

 

(a)                                   (b) 
 
Figure 1.  Post-pin ceramic insulator samples 

(a) Non-coated   (b) RTV-coated 
 

A test chamber made from aluminium panel with 
size of 90 cm x 90 cm x 120 cm was used to 
simulate fog exposed to the samples. The front 
opening of the test chamber was made from acrylic 
to facilitate the observation of the sample surface. 
Artificial pollution was applied in accordance with 
IEC Standard No. 507 1991[13]. Kaolin of 40 g was 
used in every 1 lt water and NaCl was added to the 
solution to get the desirable conductivity.  
 

2.2 Leakage Current measurement.  

An AC high voltage of 50 Hz was applied to the 
insulators. The AC voltage was applied on the upper 
side of the insulators. The leakage current flowed on 
the insulator surface was measured by measuring 
the voltage across a series  resistance using a Digital 
Oscilloscope with digitizer of 8 bit, bandwidth of 
100 MHz, and the maximum sampling rate of 1 

GS/s. LC waveforms including low and high 
frequency components were obtained. The digital 
data was transferred to a personal computer trough a 
GPIB for further analysis. Harmonic content of LC 
was analyzed using FFT (fast Fourier Transform).   

3. Modelling and  Electrical equivalent 
circuit of outdoor insulator 
 
Figure 2 shows typical LC waveform (a)  and the 
corresponding harmonic components (b) for 
polluted non-coated ceramic insulator[14].  

(a) 

A
m

pl
itu

de

(b) 

Figure 2.  typical LC waveform (a)  and the 
corresponding harmonic components (b).  
It is seen that LC waveform is  distorted from  
sinusoidal due to the appearance of  harmonic 
components. THD of about 23 % indicated a strong 
distortion of the LC from its  sinusoidal AC voltage. 
In order to well explain the insulator behaviour, 
electrical equivalent circuits  are proposed based on 
the experimental leakage current waveforms. The 
proposed equivalent circuit of outdoor insulator is 
realized using ATPdraw/EMTP [15]. There are 3 
kinds  of  electrical equivalent circuit models. The 
basic model was proposed in[16]. 
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Model  I 

Figure 3 shows the basic electrical equivalent circuit 
of outdoor insulator (model I). It consists of 
capacitor(s) and nonlinear resistor(s). Those element 
purely depend on the  insulator surface 
characteristics and the applied voltages. The levels 
of insulator leakage current were in order µA
(microampere). Model I, in general can be used to 
represent  clean insulator at low or moderate applied 
voltage. 

Model II 

Figure 4 shows a proposed equivalent circuit of 
outdoor insulator with discharges on the sample 
surface (model II). It consists of capacitor(s), non-
linear resistor(s), and arcing circuit(s). The capacitor 
and nonlinear resistor connected in parallel, while 
the arcing circuit connected series with the 
nonlinear resistor. The presented circuit is a 
modification of precious one by adding arc model in 
parallel, as representation of discharge condition. 
Arc model is used  to simulate surface discharges by 
controlling  the spark voltage of arc model switch.  
This equivalent circuit can be used to simulate 

leakage current with symmetrical  waveforms at 
both polarity (positive and negative cycle have the 
same leakage current waveforms).  

Model III  

Figure 5 shows a proposed equivalent circuit of 
outdoor insulator with discharges on the sample 
surface and additional circuit to simulate the 
asymmetrical positive and negative half cycle of the 
leakage current waveforms (model III). The 
asymmetrical behaviour of LC indicated different 
response of the insulator surface during  positive 
and negative half cycles. These conditions can be 
simulated by adding diode. The idea is to divide the 
circuit into two parts. The upper part of equivalent 
circuit is to simulate the positive half cycle while 
the lower  part is to simulate the negative half cycle. 
To simulate the distorted sinusoidal LC waveforms 
due to presence of surface discharges, additional arc 
model is required.  

The 3 models in general can be used to represent  
outdoor insulator under various condition. Using the 
models, computer simulation of  LC waveforms was 
done using ATP/EMTP. 

Figure 3.  Basic electrical equivalent circuit of outdoor insulator with non-linear resistance (model I) 

Figure 4: The proposed electrical equivalent circuit of outdoor insulator with symmetrical LC waveforms and 
discharge (Model II) 
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Figure 5. The proposed electrical equivalent circuit of outdoor insulator with asymmetrical 
LC waveforms and discharge (Model III) 

 

4. Experimental and Computer 
Simulation  Results 

4.1 Leakage Current waveforms for 
clean sample under clean fog condition 
Figure 6 shows typical experimental leakage 
current waveforms for clean RTV coated 
insulator under clean fog at applied voltage 
of (a) 20 kV, (b) 40 kV and (c) 60 kV. The 
LC waveforms are symmetrical at positive 
and negative half cycles.  The amplitude of 
the LC increased almost linearly from 
about 0.2 mA with THD of 14.2 % at 20 
kV to about 0.4 mA with THD of 18.34 %  
at applied voltage of 40 kV and 0.6 mA 
with THD of 21.63 at applied voltage of  
60 kV. The LC waveforms were slightly 
distorted from their sinusoidal due to the 
presence of harmonic components especially 
5th component. The results also showed that 
THD of LC increased with the applied 
voltage at the present conditions. However, 
no flashover was observed up to 60 kV 
applied voltage. This result indicated that 
RTV coating greatly increased the flashover 
of outdoor insulators since non-coated 
insulators typically flashover at applied 
voltage of less than 50 kV. 
Figure 7 shows the typical computer 

simulated  leakage currents with the same 
applied voltage. Model II was used to 
simulate the LC. The resistance value is 
assumed to be  4421 MΩ. This value is 
chosen in order to obtain the leakage current 
of the order of microamperes. The LC 
waveforms were obtained by choosing  
combination of the three parameters in the 
electrical equivalent circuit  for each applied 
voltage as tabulated in table 1. Table 1 
shows the change of the non-linear 
characteristics for each voltage applied. At 
20 kV, short burst of leakage current was 
observed. The LC waveforms were slightly 
changed at  40 kV and 60 kV.  
The waveforms are similar to the typical 
leakage current waveforms in fig 6. 
Simulation results shows that at applied 
voltage of 20 kV the LC amplitude was about 
0.2 mA and the THD 13.2%. At applied 
voltage of 40kV the amplitude of LC was 
about 0.4 mA with THD of  18.2 % while  at 
applied voltage of 60kV the amplitude of LC 
was about 0.6 mA with THD of 21.27 %.  
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Figure 6: Experimental  LC waveforms for 
clean samples under clean fog at (a) 20 kV, 

(b) 40 kV and (c) 60 kV  
 

(a) 
 

(b) 
 

(c) 
 

Figure 7: Computer-simulated LC 
waveforms for clean samples under clean 

fog  at (a) 20 kV, (b) 40 kV and (c) 60 kV  
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Table 1.  Equivalent Circuit Parameters for clean samples under clean fog 

 
Parameters 20 kV 40 kV 60 kV 
Capacitance 0.2 pF & 5 pF 0.11 pF & 5 pF 0.11 pF & 5 pF 
Non-linear 

characteristics 

Arc model 
 

-Negative half cycle: 
1 arc model 

-Positive half cycle: 1 
arc model 

-Both have same 
parameter 

 

-Negative half cycle: 2 
arc model 

-Positive half cycle: 2 
arc model 

-Both have same 
parameters 

-Negative half cycle: 2 
arc model 

-Positive half cycle: 2 
arc model 

-Both have same 
parameters 

Table 2.  Comparison between experimental 
and computer-simulated LC waveforms for 

clean sample under clean fog 
 

Experimen-
tal  LC 

Simulated 
LC 

20 kV 
- LC magnitude 
-Dominant    
harmonic 
- THD 
- symmetry 

 0.2 mA 
 5 
 
14.2 % 
 symmetrical 

-0.2 mA 
5

13.2 % 
 symmetrical 

40 kV 
- LC magnitude 
-Dominant 
harmonic 
- THD 
-symmetry 

 0.4 mA 
 5 
 
18.34 % 
 symmetrical 

0.4 mA 
5

18.2% 
symmetrical 

60 kV 
- LC magnitude 
-Dominant 
harmonic 
- THD 
- symmetry 

0.6 mA 
 5 
 
21.63 % 
 symmetrical 

 0.6 mA 
5

21.27 % 
symmetrical 

The  similarity of the experimental and 
computer-simulated leakage current 
waveforms was assessed using 4 kinds of 
parameters. They are LC magnitude, dominant 
harmonic component, total harmonic 
distortion and symmetrical behaviour of the 
LC waveforms. The combination of the 4 
parameters represent the shape of the LC 
waveform.  The comparison of the parameters 
between experimental and computer-
simulated LC waveforms are shown in table 2.  
Table 2 indicates that computer-simulated LC 
waveforms have great similarity with those 
obtained from experiment. These results show 
the validity of the proposed model.  
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4.2 Leakage Current waveforms for kaolin-salt 
polluted sample under clean fog condition 
 

Figure 8 shows LC waveforms for kaolin-salt 
polluted at conductivity of 3.6 mS/cm  under clean 
fog for applied voltage of 20, 40 and 60 kV. All LC 
waveforms  are symmetrical (i.e. similar distortion at 
positive and negative half cycles). Leakage current 
magnitude was slightly  higher than  those from clean 
sample. At applied voltage of 20 kV the amplitude 
was about 0.43 mA with THD of 9.51%. At applied 
voltage of 40 kV the amplitude was 1 mA and THD 
was  14.31 % while for  60 kV the amplitude was 1.2 
mA and THD 17.32 %. These results showed that  
both LC magnitude as well as THD increase with the 
applied voltage.  The increase of THD with the 
applied voltage can be seen clearly by the increase of 
the distortion of LC waveforms from 20 kV to 40 kV 
and 60 kV.  

Compared to those LC from clean sample, the LC 
magnitude from kaolin-salt polluted samples was 
slightly higher but the THD was smaller.  For non-
coated ceramic insulator, for the same experimental 
condition, the leakage current magnitude was  much 
larger. This is because the RTV silicone rubber 
coating suppressed the magnitude of leakage 
current, the harmonic content of leakage current and 
increased the flashover voltage under various 
artificially - simulated pollution. The low LC 
corresponds with high surface resistance which 
indicates high quality of insulator. The increase of 
surface resistance of the sample was caused by the 
application of RTV coating. 

Figure 9 shows simulated LC waveforms  at applied 
voltage of 20 , 40 and 60 kV respectively. The LC 
waveforms were obtained  by utilizing model II and 
choosing the parameters values as tabulated in table 
3. Model II was chosen  in the simulation since the 
LC waveforms were symmetrical for this condition. 
The capacitances and V-I characteristics were similar 
for all applied voltages. However, arc model number 
increased with applied voltage in order to generate a 
higher distortion in the LC waveforms. The electrical 
equivalent circuit parameters are  similar for positive 
and negative half cycles in order to generate 
symmetrical LC waveforms. 
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Figure 8: Typical LC waveforms for kaolin-salt 
polluted sample under clean fog at (a) 5 kV (b) 

10 kV and (c) 20 kV 
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(a) 
 

(b) 
 

(c) 
 

Figure 9: LC waveforms of the proposed 
equivalent circuit for kaolin-salt polluted sample 
under clean fog at (a) 5 kV, (b) 10 kV and  (c) 

20 kV  
 

The simulated LC waveforms and magnitude are 
similar to the leakage current waveforms from 
experimental results in figure 8. Amplitude of LC 
increased with the applied voltage from 0.4 mA at 20 
kV to almost 1.1 mA at 60 kV. The increase of 
leakage current flowed can be done by enlarge the 
non-linear V-I characteristic magnitude 
 
The THD from the simulated LC waveforms  were 
pretty much the same as the experiment. At 20 kV, 
the LC waveforms slightly distorted with THD of 
9.51 %. The distortion kept increased with the 
applied voltage. At 40 kV the LC waveform from 
simulation had THD of % meanwhile the experiment 
is about 14.31%. The THD value of the leakage 
current waveforms is depend on the non-linear 
resistance characteristic, the number of arc model, 
and capacitance value.  
 
All simulated LC waveforms are symmetrical. For 
applied voltage of 20 and 40 kV, the  dominant 
harmonic component is 5th while for 60 kV applied 
voltage the dominant harmonic components are 5th 
and 3rd. The simulation results indicated that model 
II is suitable to be used for simulating leakage 
current on the kaolin-salt polluted RTV coated 
insulators. The proposed equivalent circuit to 
simulate insulator kaolin-salt polluted sample under 
clean fog condition is similar to the equivalent 
circuit for clean sample.   
 
Table 4 shows comparison between the 
characteristics of  LC waveforms from clean 
samples and kaolin-salt polluted samples.  The 
values of  LC magnitude, total harmonic distortion 
(THD), dominant harmonic component and 
symmetry were used to evaluate the similarity 
between the experimental and the simulated leakage 
current waveforms.  From the table it can be seen 
that  the values  are similar. The results indicated 
that experimental LC waveforms  were similar to 
those simulated by utilizing  proposed model II 
using ATP/EMTP program.  
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Table 3.  Equivalent Circuit Parameters for kaolin-salt polluted sample under clean fog 
 

Parameters 20 kV 40 kV 60 kV 

Capacitance 0.1 pF & 0.5 pF 0.1 pF & 0.5 pF 0.1 pF & 0.5 pF 
Non-linear 
characteristcs 

Arc model - Negative half cycle: 1 
arc model 
Positive half cycle: 1 arc 
model 

-Negative half cycle: 2 arc 
model 

-Positive half cycle: 2 arc 
model 

-Negative half cycle: 2 arc 
model 

-Positive half cycle: 2 arc 
model 

Table 4  Comparison between experimental and 
computer-simulated LC waveforms for kaolin-salt 

polluted  sample under clean fog 
 

Experimental 
LC 

Simulated 
LC 

20 kV 
- LC magnitude 
-Dominant 
harmonic 
- THD 
- symmetry 

 0.43 mA 
 5 
 
9.51 % 
 symmetrical 

 0.43 mA 
 5 
 
9.55 % 
 symmetrical 

40 kV 
- LC magnitude 
-Dominant 
harmonic 
- THD 
- symmetry 

1 mA 
 5 
 
14.31 % 

symmetrical 

1 mA 
 5

14.6 % 
 symmetrical 

60 kV 
- LC magnitude 
-Dominant 
harmonic 
- THD 
- symmetry 

 1.2 mA 
 5, 3 
 
17.32 % 
 symmetrical 

 1.2 mA 
 5, 3 
 
17.82 % 
 symmetrical 

5. Conclusion 
 
We have investigated leakage current waveforms 
from RTV-coated ceramic insulators. From these 
experimental results following conclusions can be 
drawn. LC waveforms of RTV-coated insulators in 
general are distorted from sinusoidal applied 
voltage. The LC waveforms are symmetrical for 
positive and negative half cycles and no flashover 
was observed for applied voltage up to 60 kV. The 
THD as well as magnitude of the LC increased with 
applied voltage for both clean and kaolin-salt 
polluted samples. Particularly for kaolin-salt 
polluted samples, the LC magnitude was much 
lower than non-coated samples.  
 
From the experimental results, electrical equivalent 
circuit models are proposed. Using the proposed 
model computer simulation of leakage current 
waveforms was done using  APT/EMTP under 
various conditions and applied voltages.  
 

The simulation was done by choosing 
appropriate values of capacitances, non linearity 
and arc models. The simulated LC waveforms 
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were compared to those obtained from 
experiment.  The similarity of the LC 
waveforms was determined by comparing the 
LC magnitude, THD, dominant harmonic 
components and symmetry. The results indicated 
that simulated leakage current waveforms were 
similar to those obtained from experiment. 
These revealed the validity of the proposed 
model.  

 
References: 

 
[1] Siderakis, K, D Agoris, P Eleftheria, and E 

Thalassinakis. Investigation of Leakage 
Current on High Voltage Insulators-Field 
Measurments,  WSEAS Transaction on Circuits 
and System , 2004, pp. 1188-1191. 

[2]   A. Mekhladi, D. Namane, S. Bauazabia, A. 
Beroul, Flashover of Discontinous Pollution 
Layer on HV Insulators, IEEE Trans. on 
Dielectrics and Electrical Insulation, Vol. 6 
No. 6, 1999, pp. 900-906 

[3]     T.G. Gustavsson, S.M. Gubanski, Hilborg, S. 
Karllsson, U.W. gedde, Aging of Silicone 
Rubber under AC and DC Voltage in a Coastal 
Environment, IEEE Trans.s on Dielectrics and 
Electrical Insulation, Vol. 8, No. 6, 2001, pp. 
1029-1039 

[4] Suda, T. "Frequency Characteristics of 
Leakage Current Waveforms of a String of 
Suspension Insulators." IEEE Transactions on 
Power Delivery, 2005: 481-487. 

[5] Suwarno, Study on the Waveform of 
Leakage Current on the 20 kV Post Pin 
ceramic Insulators under various 
Conditions,  Proc. Intl. Symp. Electr. Insul. 
Mats., Himeji, Japan, 2001, pp. 387-390. 

[6] Suwarno, S.K. Ardianto, Study on Leakage 
Current, Hidrophobicity and Flashover 
Characteristics of Epoxy Resin for Outdoor 
Insulators, WSEAS Trans. Power System, Vol. 
1, Issue 8,  2006, pp.1499-1506. 

[7]  AH El Haq, S.H. Jayaram, E.A. Cherney, 
Fundamental and  Low Frequency Components 
of LC as a diagnostic Tool to Study Aging of 
RTV and HTV SIR in Salt Fog, IEEE Trans. 
On Dielectrics and Electrical Insulations, Vol. 
10, No. 1, pp. 128-136, 2003 

[8]  Suwarno, leakage Current Waveforms of 
Outdoor Polymeric Insulators and Possibility 
of Appalication for Diagnostics of Insulator 
Conditions,  KIEE Journal of Electrical 

Engineering and Technology, Vol. 1, 2006, pp. 
114-119. 

[9] J.H. Kim, W.C. Song, J.H. Lee, Y.K. Park, 
H.G. Cho, Leakage Current Monitoring and 
Outdoor Degradation of SIR,  IEEE trans. on 
Dielectrics and Electrical Insulation, Vol. 8, 
Issue 6, 2001, pp. 1108-115. 

[10] Cherney, E.A., RTV Silicone – A High Tech 
Solution for a Dirty Insulator Problem, Article, 
IEEE Electrical Insulation Magazine, Nov/ Dec 
1995 – Vol. 11, No. 6, pp 8-14 

 [11] E. A. Cherney, R.S. Gorur, RTV Silicone 
Rubber Coatings for Outdoor Insulators, IEEE 
Trans. DEI, Vol. 6, No. 5, 1999, pp. 605-611. 

[12] A.N. Jahromi, E.A. Cherney, S.H. Jayaram, L.C. 
Simon, Aging Characteristics of RTV SIR 
Insulator Coating, IEEE Trans. DEI, Vol. 15, 
No. 2, 2008, pp. 444-452. 

[13] IEC Standard, 507, Artificial Pollution Test on 
High Voltage Insulators to be Used on AC 
Systems, IEC,1991. 

[14] Suwarno,  P. Juniko,  Investigation on Leakage 
Current Waveforms and Flashover 
Characteristics of Ceramics for Outdoor 
Insulators under Clean and Salt Fog, WSEAS 
Trans. Power System, Vol. 3, Issue 6, 2006, 
pp.456-465 . 

[15] www.emtp.org

[16] Waluyo, P. Pakpahan, and Suwarno, Study on 
The Electrical Equivalent Circuit Models of 
Polluted Outdoor Insulators, Proc.  Intl. Conf.  
Prop. Appl. Diel. Mats,  Bali, 2006, pp. 546-
549. 

 

WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS Suwarno, Fari Pratomosiwi

ISSN: 1109-2734 369 Issue 4, Volume 8, April 2009




