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ABSTRACT 
This manuscript presents the experimental results of leakage current waveform 

properties which produced on the new-clean porcelain and epoxy resin insulators due to 
various voltage, temperature, humidity and pressure parameters. The measurements 
have been done in the hermetically sealed chamber where the parameters could be 
regulated and monitored or recorded simultaneously. The examined leakage current 
parameters were wave amplitude, phase angle or power factor, first to thirteenth odd 
harmonics and THD. The analysis was done with some multivariate statistical tools, such 
as correlation matrix, pca and scree plot. The results indicated that leakage current 
amplitude and phase angle were influenced by humidity, indicated by correlation 
coefficients as 0.56 and -0.88 respectively on new-clean porcelain insulator. Otherwise, 
on the new-clean epoxy resin insulator, leakage current magnitude influenced to the 
phase angle as -0.75. These were supported by principal component analysis. Based on 
the scree plots, the extracted of information quality were higher than 80%. 
 
Keywords: humidity, leakage current, multivariate, phase angle, correlation coefficient 
 

INTISARI 
Makalah ini memaparkan hasil eksperimen sifat-sifat bentuk gelombang arus 

bocor yang ditimbulkan pada isolator porselen dan epoxy resin baru-bersih akibat 
berbagai parameter tegangan, temperatur, kelembaban dan tekanan. Pengukuran telah 
dilakukan dalam kamar kabut terkunci kedap udara dimana parameter tersebut dapat 
diatur dan dipantau atau direkam secara simultan. Parameter arus bocor yang diamati 
adalah amplitudo, sudut fasa atau faktor daya, harmonisa ganjil pertama sampai 
ketigabelas dan THD. Analisis dilakukan dengan beberapa sarana statistik multivariate, 
seperti matriks korelasi, pca dan scree plot. Hasilnya menunjukkan bahwa amplitudo 
arus bocor dan sudut fasa dipengaruhi kelembaban, ditunjukkan oleh koefisien korelasi 
berturut-turut sebesar 0.56 dan -0.88 pada isolator porselen baru-bersih. Di sisi lain, 
pada isolator epoxy resin baru-bersih, besar arus bocor mempengaruhi sudut fasa 
sebesar -0.75. Hal demikian didukung oleh analisis komponen utama. Berdasarkan pada 
scree plot, kualitas informasi yang diserap di atas 80%. 
 
Kata kunci: kelembaban, arus bocor, multivariate, sudut fasa, koefisien korelasi 
 

INTRODUCTION 
Overhead transmission or 

distribution lines are widely used in 
present power system to transmit electric 
power from generation stations to 
customer points. Their proper function 

depends to a large extent on the 
insulation system with the supporting 
structures (Fernando et al, 1999). The 
performance of outdoor insulators, as 
main insulating materials, is affected by 
many parameters. Those some of 
paramaters are voltage magnitude, 
temperature, humidity and pressure 
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parameters, which three latest 
parameters are environmental para-
meters in real condition. On this re-
search, such parameters employed on 
two kinds insulator, porcelain and epoxy 
resin, as representation of ceramic and 
non ceramic insulator respectively, which 
they were on new-clean condition. These 
two types of insulator have different 
properties [Vosloo, 2002; Vosloo et al, 
2004]. 

To approach the real condition of 
parameter effects on the insulator 
performance, it has been conducted 
leakage current measurement of outdoor 
insulators with above various parameters 
experimentally at the high voltage 
laboratory.  

The objective of research is to 
obtain the significance of correlation 
among parameters. However, the main 
parameters to be examined analyzed are 
leakage current amplitude, phase angle 
or power factor and waveform para-
meters, to the environmental para-
meters. The waveform parameters are 
presented by first to thirteenth odd 
harmonics and THD. The correlations 
among parameters were analyzed by 
using correlation coefficients and 
principal component analyzes.  

 
The new-clean porcelain and 

epoxy resin insulator in dry condition was 
put in the hermetically sealed chamber, 
with the humidity, temperature and 
pressure parameters, and  applied 

voltage could be regulated. The insulator 
was subjected to high voltage, where the 
voltage and leakage current waves were 
recorded by a 100 MHz digital storage 
oscilloscope. The recorded data were 
transferred to personal computer, in two 
forms, Bitmap and csv extention files. 
The Bitmaps for drawing forms, and csv 
extention files were opened by Excel for 
further analysis. They passed through 
USB (Universal Serial Bus) port. The 
schematic diagram of experimental setup 
is shown on Figure 1. The 220 V – 50 Hz 
low voltage source was supplied to the 
step-up transformer which the magnitude 
of output could be raised gradually.  

The leakage current waveforms 
were analyzed using fast fourier 
transform and total harmonic distortion 
(THD).  It defined as the total ratio of the 
harmonics components and the 
fundamental, or expressed mathemati-
cally as below and which has been used 
(Suwarno, 2006).  

 

1

~
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Thus, the leakage current frequency 
spectra of the measurement results were 
obtained. These implementations used 
the Danielson-Lanczos method (Origin 
Lab Co., 2003). 

 

Figure 1. Schematic diagram of  experimental setup

Physically, the necessary main tools for 
experimental researches are shown on 

Figure 2. The leakage current 
measurement tools were high voltage 
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equipment (step-up high voltage trans-
former, resistor, power cable and 
capacitive voltage divider), a her-
metically sealed chamber including 
controlling and monitoring devices 
(heater, water evaporator, air cooler, 
vacuum pump, compressor, temperature 
indicator, relative humidity (RH) indicator, 
positive-negative indicator manometer), 
the porcelain and epoxy resin insulators 
as equipment under tests, a two channel 
storage digital oscilloscope, computer 
and necessary software, suitable cables 
and wires. For pollutant chemical content 
and surface observation tests, it was 
used respectively EDAX and SEM in one 
instrument. 

 
(a) High voltage equipment (b) Hermetically sealed chamber 

and monitoring device 

 
(c) Two channel storage digital 

oscilloscope and computer 
(d) Vacuum pump and 

compressor 

 
(e) Porcelain 

insulator sample 

 
(f) Epoxy resin 

insulator sample 
(g) SEM & EDAX 

instrument 

Figure 2. Main experimental equipments 

 
The relations among parameters, 
whether between leakage current and 
environmental parameters or their 
selves, were analyzed use correlation 
coefficient matrix of multivariate statistical 
tools. The correlation matrix is derivation 
of covariance matrix to understand how 
much level of correlation among 
parameters base on data. A covariance 

value is defined as below. 
 

( ) ( )( )∑
=
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Where n is number of data, jx and jy are 

values of data on one and another 
variables, and xμ  and 

yμ are 

corresponding mean or average of data 
for one and another variables 
respectively. 
Furthermore, the components of 
coefficient correlation matrix is defined as 
below. 
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Where xσ  and 

yσ are variances of data 

on one and another corresponding 
variables. 
The values of coefficient correlation 
matrix components are between -1 until 
1. If a value close to -1, it represents that 
one parameter highly influences to 
another, but it is reciprocal property. 
Otherwise, if a value close to 1, it 
represents that one parameter highly 
influences to another, in proportional 
property. Finally, if a value closes to zero, 
it is minor in dependency (Anderson, 
1984; Whittaker, 1996). 
It was also analyzed using principal 
component analysis (PCA). PCA shows 
a scatter plot, which nearness among 
variables indicate the correlation level 
one to another variables. If a set of data 
is presented in matrix X, which X consists 
of some variables and a number of data, 
the main algorithm of PCA involves some 
steps. 
Firstly, determine the mean components 
of matrix X, those related by  
 

∑
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Furthermore, determine covariance 
matrix using equation of  
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TXXC *=  ................................     (5) 
 
Finally, determine eigen values and 
eigen vectors of covariance matrix use 
equation of 
 

QQC λ=   ..............................       (6) 
 

Where λ are eigen values and Q 
are eigen vectors. Base on the eigen 
values, it is plotted their scatters in two 
dimensions, where the horizontal axis is 
first principal component and the vertical 
axis is second principal component. 
Finally, the nearness of parameters 
those plotted on PCA indicates the 
correlation level among parameters 
[Hannawati, et al, 2004; Mardia et al, 
2000].  

Using PCA, we can see which 
parameter influence dominantly each 
other. PCA describes correlations among 
parameters or variables statistically base 
on data. The data can not illustrate the 
correlations among parameters exactly in 
100%. Nevertheless, PCA describes 
correlations among parameters in 
majority. By PCA, it is shown the 
closeness of parameters each other. If 
two parameters are very close, the first 
parameter influences significant 
proportionally to another one. If two 
parameters opposite very far, the first 
parameter influences significant 
reciprocally to another one. If two 
parameters are far in a same quadrant, it 
is minor dependency each other. Finally, 
if a parameter is close to central point of 
coordinate, it is minor to influence 
another one.  

Based on coefficient correlation 
matrix and principal component analysis, 
as multivariate statistic tools, the 
experimental results were analyzed and 
discussed regarding the relation with the 
physical condition.  

Beside leakage current measure-
ments and analyses, it was also shown 
the test results of SEM (scanning 
electron microscope) for the new-clean 
porcelain and epoxy resin insulator 
specimens. Thus, it would be observed 

the insulator specimen surface con-
ditions. It was also conducted EDAX 
(Energy Dispersive Analysis of X-rays) 
tests for both insulator specimens. Thus, 
it was obtained main chemical elements 
of insulator specimen surfaces.  
  
RESULT DATA AND ANALYSIS 

Actually, there were many data 
on these experiments, with various 
humidity, temperature, pressure and 
applied voltage amplitudes. However, in 
this manuscript it is revealed some 
typical waveforms of result data. 
Generally, the data could be obtained in 
two forms of file, bitmap drawing and 
spreadsheet data files.  

In this manuscript, it is presented 
two significant conditions, dry and wet. 
These are indicated by high and low 
relative humidities, applied on both new-
clean porcelain and epoxy resin 
insulators. 

 

 
Figure 3. Bitmap form of applied voltage 
and leakage current waves of dry new-
clean porcelain insulator  

 
Figure 3 shows the bitmap 

drawing of leakage current and applied 
voltage waveforms of new-clean 
porcelain insulator. The environmental 
conditions and applied voltage were 
67%, 26.7 centigrade, -0.8 kPa and 9.24 
kV for relative humidity, temperature, 
pressure and maximum applied voltage 
respectively. This was as sample of dry 
condition. The pressure was compared to 
outside of chamber. 

Whereas Figure 4 shows applied 
voltage and leakage current waveforms 
of Figure 2 condition those have been 
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converted to real values in Excel 
graphical forms. 
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Figure 4. Excel graphical form of applied voltage 
and leakage current waves of dry new-clean 
porcelain insulator 

 
On Figure 4, the pure sinusoidal 

waveform is the applied voltage, that the 
values are indicated on the right side of 
graphic. Otherwise, the values on left 
side indicate the actual leakage current, 
presented by the non-pure sinusoidal 
waveform. 

The phase difference between 
leakage current and applied voltage 
waves was 81.3 degree. This meant that 
the porcelain insulator in new, clean and 
dry condition was very capacitive. 
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Figure 5. Frequency spectrum of leakage current 
waveforms of Figure 4 

 
Figure 5 shows the frequency 

spectrum of the leakage current 
waveform that shown by Figure 4. In this 
condition, the amplitude of first 
(fundamental) to thirteenth odd 
harmonics were 87.87%, 1.28%, 14.93%, 
4.26%, 0.19%, 4.87% and 1.13% 
compared to the amplitude of leakage 
current wave respectively. The third 
harmonic was very low of value 
compared to the amplitude actual 
leakage current waveform. As addition, 

the total harmonic distortion (THD) was 
18.6%. The insulator was normal 
condition, very far from discharge 
phenomena. 
 

 
Figure 6. Bitmap form of applied voltage and 
leakage current waveforms of wet new-clean 
porcelain insulator  

 
Figure 6 shows the bitmap of 

leakage current and applied voltage 
waveforms of new-clean porcelain 
insulator in 99% of relative humidity, 26.7 
centigrade of temperature, no pressure 
and 8.6 kV maximum applied voltage 
conditions. Furthermore, it was as typical 
of wet condition. Whereas, Figure 7 
shows the waves in Excel graphical form. 
The applied voltage is pure sinusoidal 
waveform, that the magnitude values are 
mentioned on the right side. Otherwise, 
the magnitude values of leakage current 
wave are indicated on the left side. 
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Figure 7. Excel graphical form of applied voltage 
and leakage current waveforms of wet new-clean 
porcelain insulator  
 

From above figures, it is shown 
that the leakage current waveform was 
different from the previous dry new-clean 
condition. The peaks of wave become 
sharper. This indication tent to approach 
a pure sinusoidal wave. Otherwise, the 
phase difference between the leakage 
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current and the applied voltage was 46.7 
degree and the amplitude of leakage 
current wave became higher than the dry 
previous condition. This phenomenon 
was dominantly caused by wet high 
relative humidity. Thus, the high relative 
humidity made the new-clean porcelain 
insulator became little more resistive, 
rather than that dry condition. However, 
the leakage current wave was not up to 
pure sinusoidal wave, and the wave did 
not coincide to the applied voltage wave. 
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Figure 8. Frequency spectrum of leakage 
current waveforms of wet new-clean 
epoxy resin insulator 
 

Figure 8 shows the frequency 
spectrum of leakage current waveform of 
Figure 7. On this condition, the maximum 
first to thirteenth odd harmonics were 
85.8%, 1.43%, 8,.84%, 2.39%, 0.43%, 
2.26% and 0.89% respectively compared 
to the maximum magnitude of leakage 
current wave. Whereas the total 
harmonic distortion (THD) was 11.2%, 
lower than that the previous dry 
condition. This meant that the leakage 
current wave tends to close a pure 
sinusoidal wave compared to the 
previous condition. However, this still 
worked normally. 

Table A, on Appendix, is the list 
of complete summary experimental result 
data on the measurements of new-clean 
porcelain insulator. First to last columns 
are maximum applied voltage (kV), 
maximum leakage current (micro 
ampere), relative humidity (%), 
temperature (centigrade), pressure 
(kPA), phase difference between leakage 
current and applied voltage waves 
(degree), cosine of phase difference, first 

to thirteenth odd harmonics (micro 
ampere), and total harmonic distortion 

 (THD) respectively. The positive 
pressure meant that the chamber was 
compressed, and the negative pressure 
meant that the chamber was sucked by 
the electric pumps. Generally, the phase 
difference between leakage current and 
applied voltage would reduce as the 
relative humidity increased. The leakage 
current amplitude would rise slightly as 
relative humidity increased. The levels of 
correlation among parameters are 
indicated by Table 1. 

Based on the correlation matrix 
Table 1, the leakage current amplitude 
was influenced by applied voltage 
amplitude as 0.73. This indicated the 
leakage current was almost influenced by 
applied voltage. However, there was 
(were) other parameter(s) to influence 
the leakage current magnitude 
considerably. The main other parameter 
which influenced to the leakage current 
was relative humidity. This level of 
correlation was 0.56. This was 
significant. Otherwise, the phase 
difference between leakage current and 
applied voltage was also dominantly 
influenced by relative humidity. This 
correlation level was -0.88, which was 
very significant. The humidity increased 
cause the phase angle would reduce. 
Due to porcelain property, the water 
droplets of high humidity tended to stick 
and spread out on the insulator surface. 
This surface was hydrophilic. Therefore, 
the insulator performance was highly 
influenced by relative humidity. On a high 
humidity, the insulator property tended to 
be resistive.  

Other phenomenon was total 
harmonic distortion (THD).  The 
correlation level between THD and phase 
angle was very significant, namely 0.88. 
THD increased as the phase angle 
increased too. In other word, the leakage 
current would far away from pure 
sinusoidal wave as the phase angle 
increasesd, or porcelain insulator be 
capacitive. THD rose to cause be far 
away from pure sinusoidal wave. 
Figure 9 shows the scatter plot of 
principal component analysis based on 
the data of Table A on Appendix. It is 
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seen that the humidity close to the power 
factor (COS_PHA). The power factor 
would increase as the humidity rised 
considerably. On the contrary, the phase 
angle opposites very far from the 
humidity. This meant that the humidity 
rised, it would cause phase angle 
reduce, and vice versa. THD is fairly 
closed to phase angle, so that THD 
would increase as phase angle rise, or 
the porcelain insulator be more 
capacitive. Figure 10 shows the scree 
plot of experimental data. It is seen from 
the plot that to take two main 
components, the information quality 
could be extracted was more than 80%, 
or precisely was 81.4%. 

As additional information, it is 
presented SEM and EDAX of new-clean 
porcelain insulator specimen. Figure 11 

shows test result of SEM on the new-
clean porcelain insulator specimen. It is 
seen that the porcelain surface was 
smooth, due to glazing. This picture was 
magnified by 2000 times. Whereas Table 
2 shows the test result of EDAX, which 
indicates the chemical element contents 
on the insulator surface. The major 
contents were silicon, aluminium and 
kalium respectively. These elements 
were basic elements of porcelain 
insulator and glazing on insulator 
surface. 

Like as porcelain insulator, there 
were many data on the new-clean epoxy 
resin insulator experiments, with various 
humidity, temperature, pressure and 
applied voltage amplitudes. However, in 
this manuscript it is revealed two typical 
waveforms of result data, wet and dry.

      
Table 1. The levels of correlation among parameters on the new-clean porcelain insulator 
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Figure 9. Scatter plot of principal component among parameters on the new-clean 
porcelain insulator 

 
 

 
Figure 10. Scree plot of principal 
component among parameters on the 
new-clean porcelain insulator 
 
 

 
 
Figure 11. SEM test result of new-clean 
porcelain insulator specimen 

 

Table 2. Test result of EDAX on the 
specimen of porcelain surface 

No. Elements First Test (%) 

1 Si 76.32 
2 Al 15.02 
3 K 8.62 

 
These are indicated by high and 

low relative humidity respectively. The 
data could be obtained in two forms of 
file, bitmap drawing and spreadsheet 
data files.  

Figure 12 shows the bitmap 
drawing of leakage current and applied 
voltage waveforms of new-clean epoxy 
resin insulator. The environmental 
conditions and applied voltage were 
67%, 34.2 centigrade, -2.0 kPa and 13.6 
kV for relative humidity, temperature, 
pressure and maximum applied voltage 
respectively. 
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Figure 12. Bitmap form of applied voltage 
and leakage current waves of dry new-
clean epoxy resin  insulator 
 

This is as sample of dry new-
clean epoxy resin insulator. The pressure 
was compared to outside normal 
condition. 
Whereas Figure 13 shows applied 
voltage and leakage current waveforms 
of Figure 12 condition those have been 
converted to real values in Excel 
graphical forms. 
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Figure 13. Excel graphical form of 
applied voltage and leakage current 
waves of dry new-clean epoxy resin 
insulator 

 
On Figure 13, the pure sinusoidal 
waveform is the applied voltage, that the 
values are indicated on the right side of 
graphic. Otherwise, the values on left 
side indicate the actual leakage current, 
presented by the non-pure sinusoidal 
waveform. 

The phase difference between 
leakage current and applied voltage 
waves was 82.8 degree. This mean the 
epoxy resin insulator in new, clean and 
dry condition was very capacitive, similar 
to the porcelain one. 
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Figure 14. Frequency spectrum of 
leakage current waveforms of Figure 13 
 
Figure 14 shows the frequency spectrum 
of leakage current waveform that 
indicated by Figure 13. In this condition, 
the amplitude of first (fundamental) to 
thirteenth odd harmonics were 82.6%, 
1.6%, 15.2%, 4.3%, 1.1%, 4.1% and 
0.9% compared to the maximum of 
leakage current wave respectively. The 
third harmonic was very low of value 
compared to the maximum actual 
leakage current waveform. As addition, 
the total harmonic distortion (THD) was 
20%. The insulator was still normal 
condition, very far from a discharge 
phenomena. 

 
Figure 15. Bitmap form of applied voltage 
and leakage current waveforms of wet 
new-clean epoxy resin insulator 

 
Figure 15 shows the bitmap of leakage 
current and applied voltage waveforms of 
new-clean epoxy resin insulator on 99% 
of relative humidity, 28.8 centigrade of 
temperature, -0.4 kPa of pressure and 8 
kV maximum applied voltage conditions. 
Furthermore it was as typical of wet 
condition. Whereas, Figure 16 shows the 
waves in Excel graphical form. The 
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applied voltage is pure sinusoidal 
waveform, that the magnitude values are 
mentioned on the right side. Otherwise, 
the magnitude values of leakage current 
wave are indicated on the left side. 
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Figure 16. Excel graphical form of 
applied voltage and leakage current 
waveforms of wet new-clean epoxy resin 
insulator 

 
From above figures, it is shown that the 
leakage current waveform is similar to or 
nearly same as the previous dry new-
clean condition. Otherwise, the phase 
difference between the leakage current 
and the applied voltage was 84.7 degree 
and the amplitude of leakage current 
wave was similar too. Thus, the high 
relative humidity did not cause anything 
different from that dry condition 
considerably on the new-clean porcelain 
insulator. This was owned characteristics 
of new-clean epoxy resin insulator, that 
water droplets on its surface tent to be 
hydrophobic condition. 
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Figure 17. Frequency spectrum of 
leakage current waveforms of wet new-
clean epoxy resin insulator 
 
Figure 17 shows the frequency spectrum 
of leakage current waveform of Figure 
15. On this condition, the maximum first 

to thirteenth odd harmonics were 87.1%, 
1.7%, 14.9%, 3.9%, 0.7%, 3.2% and 
1.0% respectively compared to the 
maximum magnitude of leakage current 
wave. Whereas the total harmonic 
distortion (THD) was 18.2%. This worked 
normally. 

Table B, on Appendix, shows the 
complete summary experimental data on 
the measurements of new-clean epoxy 
resin insulator. First to last columns are 
maximum applied voltage (kV), maximum 
leakage current (micro ampere), relative 
humidity (%), temperature (centigrade), 
pressure (kPA), phase difference 
between leakage current and applied 
voltage waves (degree), cosine of phase 
difference, first to thirteenth odd 
harmonics (micro ampere), and total 
harmonic distortion (THD) respectively. 
The positive pressure meant the 
chamber was compressed, and the 
negative pressure meant the chamber 
was sucked by the electric pumps. 
Generally, the phase differences 
between leakage current and applied 
voltage reduced slightly as relative 
humidity increased. The levels of 
correlation among parameters are 
indicated by Table 3. 

Based on the correlation 
coefficient matrix Table 3, the leakage 
current amplitude was influenced by 
applied voltage amplitude almost 100%. 
Whereas, the phase angle was 
influenced by leakage current amplitude 
as -0.75. This was considerable, the 
phase angle would reduce as the 
leakage current increased. Thus, the 
leakage current rose, as consequence of 
applied voltage, the new-clean epoxy 
resin would be more resistive. Otherwise, 
the humidity did not significant to 
influence leakage current, due to the 
property of insulator. The water droplets 
on insulator surface tended to be 
hydrophobic, so that the water did not 
spread out. 

Other phenomenon was total 
harmonic distortion (THD).  The 
correlation level between THD and phase 
angle was very significant, -0.84. THD 
rised as the phase angle reduced. This 
opposited with the porcelain one. In other 
word, the leakage current would far away 
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from pure sinusoidal wave as the phase 
angle decreased. THD rises, it would be 
far away from pure sinusoidal wave. 

Figure 18 shows the scatter plot of 
principal component analysis of above 
data.  It seen that THD is close to power 
factor (COS_PHA) and it opposites with 
phase angle, nearer -1 than 0. That 
meant, THD would rise as the phase 
angle decreased considerably. 

Figure 20 shows test result of 
scanning electron microscope (SEM) on 

new-clean epoxy resin insulator 
specimen. It is seen that the epoxy resin 
surface was rougher than porcelain one, 
due to its property and silicone coating. 
This picture is magnified by 2000 times. 
 
 
 
 
 
 

 
Table 3. The levels of correlation among parameters on the new-clean epoxy resin 
insulator 

 
Figure 18. Scatter plot of principal component among parameters on the new-clean 
epoxy resin insulator 

 
Figure 19 shows the scree plot of 
experimental data. It is seen from the plot 
that to take two main components, the 
information quality can be extracted as 
more than 80%, or preciselyis 80.1%. 
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Figure 19. Scree plot of principal 
component among parameters on the 
new-clean epoxy resin insulator. 
Whereas, Table 4 shows the test result 
of EDAX on new-clean epoxy resin 
insulator specimen, that indicated the 
chemical element contents on the 
insulator surface. The major contents 
were silicon, and magnesium 
respectively. These elements were basic 
elements of epoxy resin insulator and 
silicone coating on the surface. 
 
 

 
Figure 20. SEM test result of new-clean 
epoxy resin insulator specimen 

Table 4. Test result of EDAX on the 
specimen of epoxy resin surface 

No. Elements First Test (%) 

1 Si 82.68
2 Mg 17.32

CONCLUSION 
The new-clean porcelain and epoxy resin 
insulators have been examined using 
leakage current on some environmental 
conditions. On the porcelain one, the 

high humidity influenced to power factor 
or phase angle very significantly. The 
power factor rose as the humidity 
increased, with correlation level of 0.87, 
or the phase angle decreased with 
correlation level of -0.88. The humidity 
rose it also caused leakage current 
magnitude increased with correlation 
level 0.58. Furthermore, it also reduced 
THD as much as 0.83 of correlation level. 

Otherwise, on the new-clean 
epoxy resin insulator, the leakage current 
was mostly influenced by applied voltage. 
The leakage current amplitude influenced 
to phase angle by -0.75 of correlation 
level. This meant, the phase angle 
reduced as leakage current increased. 
On other hand, the THD increased as 
leakage current increased too. 

Base on SEM and EDAX, the new-
clean epoxy resin insulator surface was 
rougher than porcelain one. The 
chemical element of silicon was main 
chemical elements for both porcelain and 
epoxy resin surfaces. 
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APPENDIX 
 
Table A. The summary of new-clean porcelain insulator experimental result data 
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Table B. The summary of new-clean epoxy resin insulator experimental result data 
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