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Abstract – This paper presents an experimental 

measurements  of ac 50 Hz  flashover voltage  (kV) of 
hydrophobic polyester  and composite insulators under dry 
and some environmental conditions. Cylindrical rod polyester 
composite samples  with  varying concentrations (20 to 40 
weight %) of mica have been prepared to improve the 
electrical and mechanical properties in addition to  maximize  
the surface flashover voltage  and decrease the erosion and 
tracking phenomena. By using five lengths for each 
concentration (0.5, 1, 1.5, 2, and 2.5) cm each test was 
repeated five times on each sample under the same conditions 
to check the accuracy of the results. Results showed that 
electrical properties of composite  were found to increase with 
mica concentration at 2.5cm sample length  flashover voltage 
reaches to  25.5kV for samples without filler  and 50.41 kV for 
samples containing 40% of mica filler in dry condition. A 
comparison between five different conditions  showed higher 
flashover voltage  for samples in dry condition than that of 
samples in (wet, 5wt.% sodium chloride, 10wt.% sodium 
chloride, and 10wt.% nitric acid )conditions at all filler 
concentrations. Mechanical properties such as compressive 
and tensile strength were found to decrease  with mica 
concentration.  

 
Keywords – Environmental Effects, Flashover Voltage, 

High Voltage Composite Insulators, Mica Filler. 
 

I.  INTRODUCTION  
 

The application of  non ceramic  insulators in  recent 
years  has increased to the extent that more utilities are 
considering the use of these insulators on major 
transmission lines. The quality of non ceramic insulators  
has improved significantly and simultaneously  these 
insulators  have become more  economically  competitive 
with  ceramic types[1]. Polymeric insulating materials with  
excellent weather  resistance and mechanical performance 
have been developed[2].Hydrophobic polymeric surfaces  
are characterized by a low surface conductivity which in 
turn gives a low discharge activity and a higher flashover 
voltage. This holds also for polluted environments. 
Reduced hydrophobicity implies a higher risk for flashover 
of the insulator. Hydrophilic materials, on the other hand, 
are very sensitive to polluted environments, and are 
characterized by a low significant activity of local 
discharges[3].Wind together with rain can cause  localized 
discharges and flashover the surface of the insulator[4]. 

When these polymeric insulators are installed in coastal 
areas the salt and airborne particles are deposited on their 
surfaces and the pollution builds up gradually. Under dry 
conditions these deposits do not decrease the surface 
insulation strength, whereas in wet weather condition a  
conductive layer is formed which results in flow of leakage 

current which  lead to occurring flashover voltage [5]. In 
the present work we measured the flashover voltage under 
dry, wet, 5wt.%sodiumchloride, 10wt.% sodium chloride, 
and  10wt.% nitric acid  conditions. 

Cylindrical rod specimens chemically were prepared 
from polyester and mica had been tested to examine the 
flashover voltage performance of  composites. The 
ac(50Hz) flashover voltage of composite specimens had 
been investigated  in this study. Mica filler is in use for  
increasing the electrical and mechanical performance of 
composite specimens. The performance of filled polymers 
was generally determined on the basis of the interface 
attraction of filler and polymers. Incorporating inorganic 
mineral filler into plastic resin improves various properties 
of the materials [6]. Many kinds of inorganic fillers such as 
silica, alumina, mica, and aluminum nitride have been used 
for conventional polymer composite in order to apply them 
to insulation materials. In particular, mica has been used 
widely in polyester composites for high voltage (HV) 
applications [7]. Polyester resin mixed with other materials 
is becoming to be used throughout the electrical  industry. 
However as with other polymeric insulating materials 
under abnormal long term stress conditions It suffers from 
several breakdown mechanisms such as treeing, surface 
tracking or erosion. Polyester is used as electric insulation 
in indoor and outdoor applications [8].Mica is one such 
type of filler and is a particularly abundant mineral. Mica 
had been widely studied filler due to its unique set of 
properties. Mica has an outstanding mechanical, thermal, 
electrical and chemical properties rarely found in any other 
products. Mica provides cost effective improvements [9]. 
Insulation materials should have good mechanical 
characteristics as any serious degradation in the mechanical 
properties of an insulating materials leads to dielectric 
failure[10]. In the present work the effect of mica of 
varying concentrations on electrical and mechanical 
properties of polyester thermoplastic resin were studied. 
 
II.  EXPERIMENTAL SET-UP AND TECHNIQUES 

 

A. Material Specimen 
Specimens have been prepared from unsaturated 

polyester resin, having the transparent white color. 
Specimens were fabricated as cylindrical rods having 1cm 
diameter and 10mm thickness. Brown powder mica filler 
has been added to polyester. Mica filler has been used with 
different concentrations, the composition of the specimens 
is given in table 1. 
B. Test Apparatus 

The ac(50Hz) high voltage was obtained from a single- 
phase high voltage auto transformer (100kV-15kVA).The 



 

 

 

Copyright © 2016 IJEIR, All right reserved 
169 

 
International Journal of Engineering Innovation & R esearch  

Volume 5, Issue 2, ISSN: 2277 – 5668 

electrodes were made of copper with 1cm diameter. The 
electrodes   were fixed to the specimens, one at the top and 
the other at the bottom carefully to ensure a good contact. 
The experiments were carried out in a high voltage  
laboratory .The high voltage (HV) supply was provided by  
a single- phase high voltage auto transformer (100kV-15 
kVA) .The flashover voltage  was measured  for  dry, wet, 
5wt.% sodium chloride, 10wt.% sodium chloride and 
10wt.% nitric acid conditions of composites with different 
five lengths of samples for each concentration of mica(20, 
30 and 40wt.%). The contamination  slurry was prepared 
by mixing  an appropriate  amount of sodium chloride  in  
water. By immersing  the sample in the slurry until  
contamination  was applied  on the sample. After pollution 
is achieved on the sample they were tested. The high 
voltage between two electrodes  increased gradually from 
zero by constant rate 2kV /sec until the flashover voltage 
(kV) occurs. By using five lengths for each concentration 
(0.5, 1, 1.5, 2, and 2.5) cm each test has been done five 
times on each sample under the same conditions to check 
the accuracy of the results. 

 
Table 1. Composition of specimens with different 

concentrations of Mica filler. 
Polyester by 
weight (%) 

Concentration of mica filler by 
weight (%) 

80% 20% 
70% 30% 
60% 40% 

 

 

Fig. 1. Flashover voltage via the percentage of mica in 
composite  samples in dry condition 

 
C. Mechanical Test 

Mechanical tests such as compressive  and tensile 
strengths have been done to evaluate the mechanical 
performance of composite insulators according to ASTM 
D695 and ASTM D638 for compressive and tensile 
strengths respectively, three identical specimens have been 
tested. 
 

III.  RESULTS AND DISCUSSION 
 
Flashover voltages have been recorded for composite  

samples under dry, wet, 5wt.% sodium chloride, 10wt.%  

sodium chloride, and 10wt.% nitric acid contaminated 
conditions . 
A. Flashover  voltage of dry specimens 

Effect of different concentrations of mica filler (20, 30, 
and 40wt.%)   on the electrical performance of composite 
insulators   under  dry condition is shown in Fig.1.From 
this figure it can be seen that: 

The unfilled polyester specimens have lower flashover 
voltage value than  its value of samples  containing  mica 
filler  at all filler concentrations  under different  sample 
lengths this may be due to  mica fills in the blanks while in 
the case of unfilled specimens, there are some blanks. 

 

 
Fig. 2. Flashover voltage via the percentage of mica in     

composite  samples in wet condition 
   

It is interesting to note that composite samples mica20 

(polyester+20wt.%mica), mica30(polyester +30wt.% mica), 
and mica40 (polyester + 40wt.% mica) increase flashover 
voltage compared with unfilled polyester sample from 
(10.4, 14.8, 18.1, 22.5, and 25.5 ) kV to (12, 18, 22.2, 28.3, 
and 32.6 ), (12.30, 20, 25.5, 32, and 37.88 ) and (13, 26.09, 
33.62, 44.03, and 50.41)kV  at sample lengths (0.5, 1, 1.5, 
2, and 2.5) cm, respectively.  

The increment percentage of flashover voltage from 
unfilled polyester to filled polyester with(20, 30, and 
40wt.%) is (15.38, 18.26, and 25)%, (21.62, 35.13, and 
76.28 ), (22.65, 40.88, and 85.74 ), ( 25.77, 42.22, and 
95.68) and ( 27.84, 48.54, and 97.68 ) %  with(0.5, 1, 1.5, 
2, and 2.5 ) cm, respectively.  

Among the three concentrations taken in this study, the 
inclusion of 20wt.% mica samples causes a maximum 
reduction  in flashover voltage for all sample lengths (0.5, 
1, 1.5, 2, and 2.5)cm.  

Improvement in the flashover voltage value for  
polyester sample  loaded with 40 wt.%  has been achieved  
compared with  polyester sample loaded with  20wt.% and 
30wt.%  of mica filler. 

Flashover voltage of all specimens with different 
concentration of mica increases by the increase of mica 
percentage until 40wt.%.If mica percentage exceeds 
40wt.%, leaching of filler is observed and samples become 
brittle. 
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B. Effect of Mica Concentrations on Flashover 
Voltage of Composite Specimens Under Wet 
Condition 

Simulates the effect of wet condition on  composite 
insulators ; the composite specimens  were immersed to 
water. A comparison between three different 
concentrations of mica filler (20, 30, and40wt.%) has been 
done to measure  the ability of each concentration  to 
withstand wet condition  and increase the value of 
flashover voltage. 

 Effect of mica filler with different concentrations (20, 
30, and 40wt.%) on the electrical performance of 
composite insulators  under wet condition is shown in 
Fig.2. 

The above figure shows  the relationship between  mica 
concentration (20, 30, and, 40wt.%) and flashover voltage 
(kV) under wet condition. From this figure it can be seen 
that: 

At mica20 composite specimens, the flashover voltage  
are (9, 14, 17.93, 22.71, and 25.81) kV for sample lengths 
of (0.5, 1, 1.5, 2, and 2.5)cm respectively, under wet 
condition . 

At mica30 composite specimens, the flashover voltage  
are (9.51, 15.3, 21.2, 27.7, and 32.4)kV for sample lengths 
of (0.5, 1, 1.5, 2, and 2.5)cm  respectively under wet 
condition. 

At  mica40  composite specimens, the flashover voltage  
are (9.92, 21.6, , 28.41, 40.21, and 47.42)kV for sample 
lengths of (0.5, 1, 1.5, 2, and 2.5)cm  respectively, under 
wet condition . 

The increment percentage in the flashover voltage value  
for polyester sample loaded with 20wt.%  compared with 
polyester  samples loaded with  30wt.% and 40wt.% of 
mica filler is (5.66% and 10.22%), (9.28% and 54.28%), 
(18.23%and58.44%), (21.97% and77.05%), and (25.53% 
and 83.72% )for (0.5, 1, 1.5, 2, and 2.5 )cm, respectively. 

In wet condition, the values of flashover voltage decrease 
compared to dry condition. This is because the 
hydrophobic nature of  polymer materials, makes water 
tend to beads rather than  to form  filaments  along the 
surface . These  beads under electric stress consist  water 
film results in leakage current flow, which in turn  causes 
flashover . 

 

 
Fig. 3. Flashover voltage via the percentage of mica in 

composite in 5wt.% sodium chloride condition 
 

C. Flashover Voltage of Specimens Undery 5wt.% 
Sodium Chloride  

In 5wt.% sodium chloride  The conductive 
contamination dissolved within  the water. This condition 
results in surface leakage current flow between two 
electrodes, which in turn  causes flashover. 

Effect of mica filler with different concentrations (20, 
30, and 40wt.%) on the electrical performance  of  
composite insulators  under  5wt.% sodium chloride is 
shown in fig.3. The above figure shows  the relationship 
between  mica concentration  and flashover voltage (kV) 
under  5wt.% sodium chloride condition . 

From this figure it can be seen that:  
The composite  containing 20wt.% mica  has a flashover 

voltage  of (7.42, 12.65, 15.31, 21.41, and 25.21)kV at 
sample lengths  of (0.5, 1, 1.5, 2, and 2.5)cm, the flashover 
voltage  increases to (7.81, 13.62, 18.93, 27.3, 
and32.81)kV and(8.3, 18.41, 26.2, 38.11, 
and46.3) kV at sample lengths (0.5, 1, 1.5, 2, and 2.5)cm 
with mica percentage of 30 and 40wt.%, 
respectively when exposed to 5wt.% sodium chloride . 
• The increment percentage in the flashover voltage value  

for polyester sample loaded with 20wt.%  compared with 
polyester  sample loaded with  30wt.% and 40wt.% of 
mica filler is  (5.25% and 11.85%), (7.66% and 45.53%) 
(23.44% and 71.12%), (27.51% and 78%), and (30.14% 
and 83.65%) for (0.5, 1, 1.5, 2, and 2.5) cm, respectively.  

 

 
Fig. 4. Flashover voltage via the percentage of mica in 

composite samples  in 10wt.% sodium chloride condition 
 
D. Flashover Voltage of Specimens Contaminated 
with 10wt.% Sodium Chloride 

In 10wt.% sodium chloride condition concentration of 
sodium chloride is higher than 5wt.% sodium chloride so, 
contamination leads to consisting higher  surface leakage 
current between two electrodes  which leads to occurring 
flashover  at lower values than  5wt.% sodium chloride. 

Effect of mica filler with different concentrations (20, 
30, and 40wt.%) on the electrical performance of 
composite specimens  under  10wt.% sodium chloride  
condition is shown in fig.4. The above figure shows  the 
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relationship between  mica concentration  and flashover 
voltage (kV) under  10wt.%  sodium chloride condition . 

From this figure it can be seen that :  
The composite  containing 20wt.% mica  has a flashover 

voltage  of (6.22, 10.44, 13.81, 19.2, and 23.01)kV at 
sample lengths  of (0.5, 1, 1.5, 2, and 2.5)cm, the flashover 
voltage  increases to (7.01, 12.7, 17.1, 25.2, and30.91)kV 
and (7.41, 16.62, 24.1, 37.65, and 45.54) kVat sample 
lengths (0.5, 1, 1.5, 2, and 2.5)cm with mica percentage of 
30 and 40wt.%, respectively  when exposed to  
contamination by 10wt.% sodium chloride condition. 
• The increment percentage in the flashover voltage value  

for polyester sample loaded with 20wt.%  compared with 
polyester  sample loaded with  30wt.% and 40wt.% of 
mica filler is (12.7 and 19.13)%, (21.64 and 59.19)%, 
(23.83 and 74.51)%, (31.25 and 96.09)%, and (34.34 and 
97.91)% for (0.5, 1, 1.5, 2, and 2.5)cm, respectively.  

 

 
Fig. 5. Flashover voltage via the percentage of mica in 

composite samples  in 10wt.% nitric acid condition 
 

E. Flashover Voltage of Specimens Contaminated 
with 10wt.% Nitric Acid 

In10wt.% nitric acid condition, surface leakage current 
consists   between two electrodes  .This leakage current 
results from  nitric acid as this acid is very strong, this 
leakage current leads to  faster flashover  at small values  if 
it  is compared to condition without contamination. 

Effect of mica filler with different concentrations (20, 
30, and 40wt.%) on the electrical performance of 
composite insulators  under 10wt.% nitric acid  condition is 
shown in fig.5. 

The above figure shows  the relationship between  mica 
concentration  and flashover voltage (kV) under  10wt.% 
nitric acid condition . 

From this figure it can be seen that : 
• The composite  containing 20wt.% mica  has a flashover 

voltage  of (4.32, 8.11, 10.16, 15.93, and 19.62)kV at 
sample lengths  of (0.5, 1, 1.5, 2, and 2.5)cm, the 
flashover voltage increases to (5.21, 9.98, 12.72, 20.81, 
and26.42)kVand(5.69, 12.44, 19.03, 30.23, 
and38.21) at sample lengths (0.5, 1, 1.5, 2, and 2.5)cm 
with mica percentage of 30 and 40wt.%, respectively 
when exposed to contamination by 10wt.% nitric acid 
condition. 

• The increment percentage in the  flashover voltage value  
for polyester sample loaded with 20wt.%  compared with 
polyester sample loaded with  30wt.% and 40wt.% of 
mica filler is  (20.60 and31.71)%, (23.05 and 53.39)%, 
(25.19 and87.30)%, (30.63and    89.76)%, and (34.65 
and 94.75)% for(0.5, 1, 1.5, 2, and 2.5 )cm, respectively. 

  
IV.  MECHANICAL RESULTS 

 
Compressive and Tensile Strength Test Results 
From figures 6 and 7 it can be seen that:  
• The compressive and tensile strength (Kg/cm2)       

values of blank samples  are higher than filled samples 
with different concentrations of mica filler(20, 30, and 
40)wt.%. 

• The unfilled polyester composite has  a compressive 
strength  value of 1781Kg/cm2, the value slightly 
decreases to (1639.34, 1554.67, and1439.34) Kg/cm2 
with the addition of  (20, 30, and 40 )wt.% of mica filler, 
respectively. 

• The tensile strength value (382.67)Kg/cm2 of polyester 
without filler is higher than that of polyester composite  
with mica filler, where this value decreases to (351.67, 
288.67, and 261.34) Kg/cm2 with the addition of (20, 30, 
and 40)wt.% of mica filler, respectively. 

• Rate of decrease in the results of compressive  strength  
for mica filler gives 1639.34Kg/cm2 at the lowest filler 
concentration and 1439.34 Kg/cm2 at the highest 
concentration, which  means that  the rate of decrease is 
almost 12.20 % . 

• Rate of decrease in the results of tensile strength for mica 
filler gives 351.67Kg/cm2at the lowest filler 
concentration and 261.34 Kg/cm2 at the highest 
concentration, which means that the rate of decrease is 
almost 25.68 %. 

• The reduction percentage  of compressive and tensile 
strengths for mica20, mica30 and mica40 is almost 7.95, 
12.70, and19.18  for compressive  strength and 8.10, 
24.56, and 31.70   for tensile strength  respectively, with 
compared to unfilled polyester specimens. 

 

 
Fig. 6. Compressive strength(Kg/cm2) of dry specimens 

against different concentrations of mica filler. 
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Fig. 7.  Tensile strength  (Kg/cm2)  of dry specimens  

against  different concentrations of mica filler. 
 

V. CONCLUSION  
 

This paper has focused on the environmental effect on 
the Electrical   performance of composite polymer 
insulators. The findings can be summarized as follows: 
1. The percentage of filler have pronounced effects on the 

electrical and  mechanical performance of polyester 
composite insulators. 

2. There is a optimum percentage of filler, which can be 
added with respect to the quantity of polyester, and the 
suitable percentage is 30% mica filler. 

3. Among the three concentrations taken in this study, the 
inclusion of  40wt.% mica  concentration causes a 
maximum value of flashover voltage (50.41kV) at 2.5 
cm. 

4. The unfilled polyester composite has a lower flashover 
voltage value  than of samples containing  mica filler  at 
all filler concentrations  in dry condition(25.5kV) at 
2.5cm. 

5. The unfilled polyester  has mechanical properties  better 
than other samples loaded with  (20, 30, and 40wt.%). 

6. Among the five conditions taken in this study (dry, wet, 
5wt.% sodium chloride, 10wt.% sodium chloride, 
and10wt.% nitric acid), the inclusion of nitric acid  is 
the worst case where it causes faster flashover  voltage.  
 

VI.  ACKNOWLEDGMENT  
 

This work was supported by High voltage Laboratory at 
the  University of Aswan and National Research Center in 
Cairo. 

 
REFERENCES 

 
[1]  H. M. Schneider, J. F. Hall, G. Karady, and J. Rendowden, 

“Nonceramic  Insulators  for Transmission  Lines”, IEEE 
Transactions  on power Delivery, Vol .4, No.4, October  1989. 

[2]   M. T. Gencoglu, “The comparison of ceramic and non-ceramic 
insulators”, e-Journal of New World Sciences Academy, Vol.2, 
No.4, 2007. 

[3]  L. S. Nasrat, and S. Aly, “ Evaluation of Flashover Voltage on 
Hydrophobic Polymer Insulators with Artificial Neural Network”, 
International Journal of Electrical and Computer Engineering 

(IJECE), Vol.2, No.4, August 2012, pp. 487~494. Available: 
http://iaesjournal.com/online/index.php/IJECE  

[4]   M. Ugur, A. Kuntman, and A.  Merev, “The effect  of  
environmental factors  on the  performance of polyester outdoor 
insulators”, Istanbul University –Journal  of electrical and  
electronics  engineering Vol.3, No.2, (943-953), 2003. 

 [5]  V. J. Narayanan, B. Karthik, and S. Chandrasekar “ Flashover 
Prediction  of Polymeric Insulators  Using PD Signal  Time- 
Frequency  Analysis  and BPA  Neural  Network  Technique”, J 
Electr Eng Technol Vol.9, No.?:742-?, 2014.Available 
:http://dx.doi.org/10.5370/JEET.2014.9.? 742. 

[6]  S. P.  Deshmukh, A. C.  Rao, V.  R.  Gaval, S.  Joseph, and P. A. 
Mahanwar “Effect of Particle Size and Concentration on 
Mechanical and Electrical Properties of the Mica Filled PV”, 
Journal of Minerals and Materials Characterization and 
Engineering, Vol. 9, No.9, pp.831-844, 2010 . 

[7]  J. J.  Park  “AC Electrical  breakdown Characteristics  of an  
Epoxy /Mica  Composite”, Transactions on electrical 
and electronic materials, Vol.13, No.4, pp.200-203, August25, 
2012.Available  :http://dx.doi.org/10.4313/TEEM.2012.13.4.200. 

[8]   A.  Kuntman, M.  Ugur, and A   Merev  “Astudy on the  
investigation  of surface  tracking  in polyester  insulator” 
Istanbul University, Faculty of Engineering, ''Eleco' 99 
international conference on electrical and electronics 
engineering'' E01.116/A9-04. 

[9]   N. Tomar, and S. N . Maiti   “ Mechanical Properties  of Mica –
Filled  PBT/ABAS Composites”, Journal of  Applied  Polymer 
Science, Vol.117, 672-681(2010). 

[10]  A. A. Abd, “ Studying the mechanical and electrical properties of 
epoxy with PVC and calcium carbonate filler”, International 
Journal of Engineering and Technology, 3 (4) (2014) 545-553. 

 

AUTHOR 'S PROFILE  
 

 

Dr. Loai Nassrat is prof.  at Aswan University, Faculty 
of Eng., Elect. P&M Department. He has been actively 
involved in both basic and applied research in the area of 
HV engineering, His research interests  include HV 
insulators, Nano Polymeric materials, HV cables 
insulation, Aged oil transformer and environmental 
studies.  Author and co-author  of more than 50 papers on 

Nano insulating materials, published in technical journals and 
proceedings of national and international conferences. Dr. Loai is a 
member in the Egyptian Sub-Committee of CIGRE and IEC. 
 

 

Dr. Ziad M. A li  received the B.sc in electrical  
engineering from Assiut university,  faculty of 
engineering, Assuit, Egypt, in 1998. He worked as a 
demonstrator in Aswan faculty of engineering, south 
valley university, Aswan, Egypt. Obtained M.sc degree 
from Assiut university, faculty of engineering in 
electrical engineering in 2003.worked as asstt. Lecturer 

in Aswan faculty of engineering, obtained the  PhD in 2010 from Kazan 
State Technical University, Kazan, Tatarstan, Russia.. Currently, 
assistant prof. since 2011, His interests are in  High voltage, power 
system control design, dynamic load modeling, renewable energy and 
smart gird. 

 

 

Dr. Mostafa M.Dardeer received the B.sc in electrical  
engineering from Assiut universi ty,  faculty of 
engineering, Assuit, Egypt, in 1995. He worked as a 
demonstrator in Aswan faculty of engineering, south 
valley university, Aswan, Egypt. Obtained M.sc degree 
from Assiut university, faculty of engineering in 
electrical engineering in 2002.worked as assistant 

Lecturer in Aswan faculty of engineering, obtained the  PhD in 2008 
fromSaint-Petersburg State Polytechnical University, Saint-Petersburg, 
Russia. Currently, assistant prof. since 2008, His interests are in, power 
system operation and control, power quality, renewable energy and smart 
gird. 

 

Eng. RadyahTawfiq Mohammed Zind  received the B.sc in electrical 
engineering, Aswan university, 2007. She worked in a master's  from 
2012 to 2016. 

0

50

100

150

200

250

300

350

400

450

0 20 30 40

T
en

si
le

 S
tr

en
gt

h
 (

kg
/c

m2 )

Concentration of mica filler (wt. %)


