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Abstract – In recent days, there was a significant development on the electrical, thermal, mechanical, 
physical, chemical, magnetic and optical properties of the polyamide enamel, varnish and other 
insulating materials by the addition of nano fillers to it. Enamel was used in High Voltage Apparatuses 
used in Medical Electronics as insulation. Insulating materials determine the life time of the electrical 
apparatuses. The life time of the insulating materials was improved by the addition of nano fillers to it. 
Hence the life time of the electrical apparatuses was improved by the mixing of nano fillers to the 
enamel. In this research, the basic dielectric properties of the enamel and enamel mixed with nano 
composites of silica and alumina were analyzed and compared with each other. The addition of nano 
fillers has improved the quality factor and capacitance of the enamel. It was also observed that the 
addition of nano fillers has reduced the dissipation factor and dielectric losses of the enamel. Heat 
produced by the dielectric losses was also reduced by adding nano fillers to it.  
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1. Introduction 
 
In Insulating materials are also called as Insulators or 

Dielectrics. Enamel and Epoxy resins are used in High 
Voltage Apparatuses which are used in medical electronics, 
TV and Radio Receivers and Space electronics. The 
satisfactory operation of the electrical apparatuses depends 
to a great extend upon the properties of the insulation used. 
Therefore the proper choice of insulating materials for the 
electrical apparatuses is of considerable importance [1]. In 
general the insulating materials used for the electrical 
apparatuses should have the following characteristics. 

1. It should have higher insulation resistance to avoid the 
leakage current. 

2. It should possess higher dielectric strength to avoid 
electrical break down in the electrical apparatuses. 

3. It should have higher mechanical strength to withstand 
the mechanical stresses produced in the electrical 
apparatuses due to friction and mechanical handling of 
the apparatuses. 

4. It should be non-hygroscopic. It should not absorb 
moisture from the environment. The moisture will 
decrease the insulation resistance and quicken the 
breakdown of the insulation. 

5. It should be non-inflammable. 
6.  It should be economic. 
7.  It should not react with other chemicals. 

 
All the dielectrics are insulators but all the insulators 

were not dielectrics. In dielectrics all the electrons are 
bound to their parent molecules and there were no free 
charges [2]. The dielectrics are non metallic materials with 
high specific resistance and have negative temperature 
coefficient of resistance. The dielectric characteristics of 
insulating materials are determined by the dielectric constant 
or relative permittivity of that material. The dielectric 
constant is used to determine the share of the electric 
stress which is absorbed by the material. It is defined as 
the ratio between the permittivity of the insulating 
medium and the permittivity of free space. Since it is the 
ratio of the same quantity it has no unit. It is used as a 
measure of the polarization in the dielectric material [3]. 
Polarization is defined as the process of producing diploes 
in the dielectric materials by an external electric field. 
There are different types of polarization such as electronic 
polarization, ionic polarization, oriental polarization and 
space charge polarization. Polarization is measured in 
terms of polarization vector. The dipole moment per unit 
volume of the dielectric material is called as polarization 
vector. Greater the value of the dielectric constant, greater 
will be the capacitance of the insulating material [4]. 

The word nano means 1 × 10-9 m. The diameter of a 
single atom may vary from 0.1 to 0.5 nm. Generally they 
are obtained as colloids. The colloidal particles will have 
the tendency to remain as single crystal and hence they 
are called as nano crystals. Nano crystals possess electrical, 
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electronic, mechanical, thermal, magnetic, physical, chemical 
and optical properties [5]. The nano particles exhibit an 
electronic behavior governed by the quantum physics and 
hence they are called as quantum dots. Nano materials are 
the materials having the size less than 100 nm at least in 
one dimension. Nano materials are layers in one dimension 
such as thin films or surface coatings [6]. Nano materials 
are tubes in two dimensions such as nano tubes and nano 
wires. Nano materials are particles in three dimensions 
such as precipitates, colloids and quantum dots. Nano 
science is defined as the study of phenomena and 
manipulation of materials at atomic, molecular and macro 
molecular scales. Nano technology is defined as the design, 
characterization, production and applications of structures, 
systems and devices by controlling the shape and size at 
the scale of 10-9 m. Nano fillers are added to the enamel to 
avoid tracking in polymeric insulation [7]. In the recent 
years, SiO2, TiO2, CNT, Barium Titanite, ZNO, ZrO2, 
Al2O3 are used as fillers for polymeric insulation such as 
enamel, varnishes, Bakelite and so on. Fillers can be 
added in the form of micro and nano level [8]. Nano fillers 
are added to the polymeric insulation to increase the 
performance and life time of the electrical apparatuses [9]. 
One such study is carried out based on the addition of SiO2, 
TiO2, CNT, ZNO, ZrO2, Al2O3 nano filler with enamel or 
varnish to improve the physical, chemical, thermal and 
electrical properties of the enamel or varnish. This research 
is conducted to improve the properties of the dielectric 
materials by using nano technology. The ultimate aim of 
this project is to improve the performance of the dielectric 
materials by adding nano fillers to it.  

 
Advantages of nano dielectric materials: 

i.  It is based upon molecular self-assembly 
ii.  It was used to create many new materials 
iii.  It has impact on environment and economics. 
iv. It is the engineering of functional systems at the 

molecular scale. 
v.  It is used to make high performance products. 

 
Nano fillers were used in the field of electrical and 

electronic engineering. Nano filler added insulating 
materials were used in the generation, transmission, 
distribution and utilization of electrical energy and hence 
these divisions of engineering were collectively called as 
Nano Electrical Energy Systems Engineering. Nano fillers 
can be used in the insulating materials used for cables, 
insulators, capacitors, transformers, motors, lightning 
arrestors, bushings, current transformers, potential trans-
formers and CVT. Nano fillers can be used for the 
improvement of the performance of the several electrical 
and electronic devices and materials such as Nano 
capacitors based filters, Nano transformer based SMPS, 
Nano cables, Nano insulators, Nano powders used for 
welding rods and electrodes, Nano based rectifiers, Nano 
resistance, Nano engineering materials, Nano SiC Arrestors, 

Nano ZnO Arrestors, Nano technology used in receivers 
and transmitters, Nano alloys, Nano capacitor based 
microphones, Nano electrets, Nano nuclear engineering, 
Nano thermo electric materials and so on.  

Nano fillers added to the polymeric insulation would 
have the following advantages: 

1. Higher resistance to partial discharge 
2. Enhanced thermal properties 
3. Lacking of erosion resistance 
4. Matching of coefficient of thermal expansion 
5. Thermal conductivity enhancement 
6. Improved mechanical reinforcement 
7. Increased abrasion resistance 
8. Improved life time 

 
 
2. Synthesis and Characterization of Silica and 

Alumina Nano fillers 
 
Ball mill method is used to synthesis the nano fillers. 

Ball mill is an efficient tool for grinding many materials 
into fine powder. The ball mill is used to grind many kinds 
of mine and other materials. It is widely used in chemical 
industry. There are two ways of grinding: dry process and 
the wet process. The ball mill is key equipment for 
regrinding. It is widely used for the cement, the silicate 
product glass, ceramics and etc. Here the Silicon dioxide 
and Aluminum Di-oxide nano material is synthesized by 
using ball mill to convert micro particles to nano particles. 
The micro powders of silica and alumina are grinded by 
ball mill for 36 hours. The pulverize 6 planetary mono mill 
is universally applicable for quick dry or wet grinding of 
inorganic and organic samples for analysis, quality control, 
materials. The sample material is crushed and disintegrated 
in a grinding bowl by grinding balls. The grinding balls 
and the material in the grinding bowl are acted upon by the 
centrifugal forces due to the rotation of the grinding bowl 
about its own axis and due to the rotating supporting disc. 
As a frictional effect, the grinding balls running along the 
inner wall of the grinding bowl, and impact effect, the balls 
impacting against the opposite wall of the grinding bowl. 
After that the particle size is augment by SEM. SEM is 
used to characterize the prepared nano fillers.  

In SEM, the image is built up by using an electron probe 
of small diameter which scans the surface of the specimen 
in parallel straight lines. During surface observations, the 
electron probe scans the specimen. Secondary electrons are 
emitted and these are collected. Current is amplified and 
hence the image is formed on a TV screen. Magnification 
is done up to 300000. Images are also formed by collecting 
the scattered electrons and transmitted electrons.  

 
Advantages of SEM 

1. Large specimens could be examined. 
2. Longer depth of focus was possible. 
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3. Structural details of the specimen were resolved in a 
precise manner. 

4. Easier. 
5. Thicker specimens could be examined by using 

transmitted electrons. 
6. No labour was involved in preparing replicas. 
7. Composition of the specimen was obtained from the 

characteristic x-rays. 
 

2.1 SEM analysis before synthesization 
 
The particle size of SiO2 and Al2O3 before ball mill 

method is shown in Figs. 1 and 2. 
 

2.2 Figures 
 

 
Fig. 1. SEM analysis of SiO2 at 50 μm 

 

 
Fig. 2. SEM analysis of Al2O3 at 50 μm 

 
2.3 SEM analysis after synthesisation  

 
From the analyzed SEM image the particles are in the 

form of nano metric range varies for one area to other. The 
sizes of the particles as shown in Figs. 3 and 4 are in the 
range from 40 to 100 nm size. 

 
Fig. 3. SEM analysis of SiO2 at 5 μm 

 

 
Fig. 4. SEM analysis of Al2O3 at 5 μm 

 
 

3. Sample Preparation 
 
The solid samples of enamel and nano composites filled 

enamel are prepared by radical initiator curing method. For 
proportionality of 80% of varnish and 20% of epoxy resins 
are taken. Curing agent such as DDM (Diamino Diphenyl 
Methane) is taken in proportion to epoxy resin (For 1g of 
resin 0.27g of DDM). The DDM is melted for 10 minutes 
at 60-80°C. The polyamide enamel, resin and melted DDM 
are mixed in a beaker. Before pouring the mixture into 
the die, it should be coated by anabond 666. It is placed 
in an oven at a temperature of 80°C for 1 hour. After that, 
the mixture is poured into the die which was coated by a 
Teflon sheet. The die is heated at 80° C for 2 hours for 
epoxy curing and 120° C for 3 hours. The die is cooled 
for 1 hour. Seven series of specimens were produced, 
each one with different filler content. The process involved 
for preparation of nano composites was revealed in Figs. 5 
and 6. 

 
3.1 Figures 

 
Fig. 5. Sample Preparation 
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Fig. 6. Proposed works 

 
 

4. Measurement of Dissipation Factor and Quality 
Factor as the Function of Temperature and 

Frequency 
 
When a dielectric material is subjected to AC voltage, 

the electrical energy is absorbed by the material and was 
dissipated in the form of heat. This dissipation of energy 
is called as dielectric loss. It is measured in terms of 
dissipation factor. For dielectrics, the dissipation factor 
should be low. Dissipation factor and quality factor of the 
insulating materials is measured by Dielectric Spectroscopy. 
It measures the properties of the insulating materials as 
the function of temperature and frequency. The different 
types of samples are subjected to Dielectric Spectroscopy. 
Dissipation factor was inversely proportional to quality 
factor. When the quality factor increases, the value of the 
dielectric losses will be less. 

 
Dielectric power loss was given as  
 

P = V2 * 2π * f * C * tan δ 
 
where tan δ was called as dissipation factor of the dielectric 
material 

The dielectric power loss was dependent on tan δ, 
voltage, frequency and capacitance. The rise of the 
temperature, humidity, voltage and frequency would 
increase the value of the dielectric loss. The dissipation 
factor and quality of the enamel varies with the 
concentration of the nano and micro fillers, temperature 
and frequency. The variation of the dissipation factor and 
quality factor with the nano and micro filler concentration 
of alumina and silica with temperature and frequency 
were experimentally proved and were shown in the Figs. 
7 to 16. The exact mechanism and the reasons for the 

variation in the dielectric properties of the enamel with 
filler concentration, temperature and frequency are not 
known experimentally. But, the variations in the dielectric 
properties of the enamel with the filler concentration are 
shown clearly. The main causes and mechanisms respon-
sible for the enhancement of the properties of the enamel 
with the filler concentration are under research.  

 
4.1 Figures 

 

 
Fig. 7. Variation of Dissipation factor as the function of 

temperature and frequency at 50℃ for various 
samples 

 
Fig. 8. Variation of Quality factor as the function of 

temperature and frequency at 50℃ for various 
samples 

 
Fig. 9. Variation of Dissipation factor as the function of 

temperature and frequency at 75℃ for various 
samples 
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Quality factor increases as the function of temperature 
and frequency. Many researches are conducted on the 
property analysis of nano filler added enamel and varnishes. 
The approximate reasons for the improvement of the 
properties of the nano filler added enamel is shown in 
some researches. But the exact cause for the variation in 
the properties of the micro and nano filler mixed insulating 
materials are still under the research. Some researchers 

were mainly focusing on the mechanical properties of the 
nano filler mixed enamel whereas a few are only 
concentrating their full time effort on the physical, 
chemical and thermal properties of the nano and micro 
filler mixed insulating materials. Only a few material 
science engineers and mechanical engineers are focusing 
on the electrical properties of nano filler mixed insulating 
materials. In recent days only, interdisciplinary researches 

 
Fig. 10. Variation of Quality factor as the function of 

temperature and frequency at 75℃ for various 
samples 

 

 
Fig. 11. Variation of Dissipation factor as the function of 

temperature and frequency at 100℃ for various 
samples 

 

 
Fig. 12. Variation of Quality factor as the function of 

temperature and frequency at 100℃ for various 
samples 

 

 
Fig. 13. Variation of Dissipation factor as the function of 

temperature and frequency at 125℃ for various 
samples 

 

 
Fig. 14. Variation of Quality factor as the function of 

temperature and frequency at 125℃ for various 
samples 

 

 
Fig. 15. Variation of Dissipation factor as the function of 

temperature and frequency at 150℃ for various 
samples 
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are carried out on the dielectric, mechanical, thermal, 
physical and characterization of the nano filler mixed 
enamel. In this research also, only the basic dielectric 
properties of the enamel filled with nano composites are 
discussed. Researches on nano are emerging in the few 
decades only. Hence many research works are under 
progress. This paper will show a way for doing research in 
the field of nano polymeric insulation. There is no hiding 
of truths in this research. All the results are given as data 
for the easy understanding of the concepts. The readers will 
definitely get some innovative ideas to conduct research in 
the field of nano electrical apparatuses and nano dielectric 
materials. Some of the few important properties of the 
enamel filled with micro and nano composites of silica 
and alumina are analyzed and the results are compared 
with that of the standard enamel. Although there is an 
improvement in the properties of the nano filler mixed 
enamel is shown clearly, the basic mechanisms responsible 
for the improvement in the dielectric properties of the 
nano filler mixed enamel were still under research. Many 
researches should be conducted to study the basic 
mechanisms responsible for the improvement of the 
dielectric properties of the nano and micro filler added 
enamel, varnishes and dielectric materials. 

 
 
5. Measurement of Capacitance as the Function  

of Temperature and Frequency 
 
It is observed that when the frequency changes, the 

values of the capacitance decreases. There is a deviation in 
the values of the capacitance of the enamel, enamel mixed 
with micro and nano composites of silica and alumina 
taken in different proportions. It has been recorded that 
the value of capacitance also changes with the addition 
of nano fillers to the enamel. The dielectric losses would 
also changes due to the change in the value of the 
capacitance of the sample. The value of the dielectric 
constant would also change with the variation in the 
capacitance of the sample. At 50℃, the value of the 
capacitance reaches the maximum value for the micro 
silica and alumina filler in 3:1 mixed enamel sample. 
Thermal energy has activated the increase in the value 
of the capacitance of the samples. Thermal energy is 
also responsible for the production of thermally initiated 
electrons. These electrons are responsible for thermal 
breakdown in the dielectric materials. When the tem-
perature increases, the value of the capacitance will begin 
to decrease and the breakdown process will begin to start 
leading to thermal breakdown. The exact reason for the 
variation in the value of capacitance is not determined. 
But the addition of the nano composites of silica and 
alumina has shown an improvement in the value of the 
capacitance. The main reasons for the improvement in 
the values of the dielectric and thermal properties of the 
insulating materials with the addition of the nano fillers 
were under research. The variation of capacitance as the 
function of temperature and frequency for different 
samples is shown in the tables 1 to 5. 

 
 

6. Conclusions 
 
From these researches, it is observed the quality factor, 

capacitance of the enamel is improved by adding the micro 
and nano fillers of silica and alumina to it. The dissipation 
factor and dielectric losses are reduced by mixing micro 
and nano fillers to the enamel. Hence the life time of the 
insulation and the electrical apparatuses are improved by 
the addition of the nano fillers to the enamel. Similarly, 
various micro and nano fillers such as alumina, CNT, 
zirconia, titania, barium titanite, ZNO and silica can be 
added to the enamel to improve the performance of the 
dielectric materials. The suitable mechanisms responsible 
for the improvement of the physical, chemical, electrical, 
thermal, magnetic and optical properties of the nano filler 

Fig. 16. Variation of Quality factor as the function of 
temperature and frequency at 150℃ for various 
samples 

Table 1. Capacitance in Farad at 50℃ 
Frequency in Hz Sample 

50 100 1000 10000 100000 1000000 5000000 
Micro Silica and Alumina (1:1) Mixed Enamel 7.45 × 10-11 2.43 × 10-11 1.91 × 10-11 1.40 × 10-11 1.22 × 10-11 1.17 × 10-11 1.28 × 10-11

Micro Silica and Alumina (3:1) Mixed Enamel 9.41 × 10-11 2.92 × 10-11 2.41 × 10-11 1.53 × 10-11 4.31 × 10-11 1.3 × 10-11 2.42 × 10-11

Nano Silica and Alumina (3:1) Mixed Enamel 4.86× 10-11 2.73 × 10-11 2.96 × 10-11 2.43 × 10-11 2.25 × 10-11 2.21 × 10-11 1.36 × 10-11

Nano Silica and Alumina (1:3) Mixed Enamel 3.24× 10-11 3.26 × 10-11 2.29 × 10-11 1.69 × 10-11 1.481 × 10-11 1.44 × 10-11 1.66 × 10-11

Nano Silica and Alumina (1:1) Mixed Enamel 9.36 × 10-11 3.41 × 10-11 2 × 10-11 2.48 × 10-11 2.27 × 10-11 2.23 × 10-11 2.29 × 10-11

Micro Silica and Alumina (1:3) Mixed Enamel 2.425 × 10-11 1.625 × 10-11 4.25 × 10-11 1.503 × 10-11 1.608 × 10-11 1.61 × 10-11 2.09 × 10-11

Enamel 5.674× 10-11 3.094 × 10-11 2.40 × 10-11 1.790 × 10-11 1.568 × 10-11 1.54 × 10-11 1.79 × 10-11



Enhancement of Dielectric Properties of Polyamide Enamel Insulation in High Voltage Apparatuses Used in Medical Electronics by ~ 

 1718 │ J Electr Eng Technol.2015; 10(4): 1712-1719 

added enamel are under research.  
 

Acknowledgment 
 
We express our sincere thanks to our parents for their 

delightful and wonderful support for this work. We also 
thank God for His almighty power to finish this research 
work by using as, our project guides and our friends for 
His ultimate work. 

 
References 

 
[1]  C. P. Sugumaran, M. R. Mohan and K. Udhaya kumar, 

IEEE Trans. Dielectr. Insul. 17, 1682 (2010). 
[2]  Ngugen et al., Investigations on dielectric properties 

of enamelled wires with nano filled varnish for 
rotating machines fed by Inverters, Proc IEEE 
electrical Conf.(2009), pp. 66-71. 

[3]  T. Imai et al., Nano- and micro-filler combination 
enabling practical use of nano composite insulating 
materials, Proc. Int. Symp. Electrical Insulating 
Materials (2008), pp. 19-23. 

[4]  G. Zhang et al., Study of nano TiO2 filler in the 
Corona- resistant magnetic wire insulation performance 
of Inverter fed motor, Proc. Int. Sym. Electrical 
Insulating Materials (2005), pp.597-601. 

[5]  Guostavino et al., Characterization of nano filled 

Table 2. Capacitance in Farad at 75℃ 
Frequency in Hz Sample 

50 100 1000 10000 100000 1000000 5000000 
Micro Silica and Alumina (1:1) Mixed Enamel 6.146 × 10-11 2.671 × 10-11 5.92 × 10-11 2.4 × 10-11 2.21 × 10-11 2.1 × 10-11 2.2 × 10-11

Micro Silica and Alumina (3:1) Mixed Enamel 7.392 × 10-11 3.019 × 10-11 3.14 × 10-11 2.57 × 10-11 2.36 × 10-11 2.3 × 10-11 2.4 × 10-11

Nano Silica and Alumina (3:1) Mixed Enamel 5.99 × 10-11 2.788 × 10-11 2.99 × 10-11 2.45 × 10-11 2.27 × 10-11 2.23 × 10-11 2.238 × 10-11

Nano Silica and Alumina (1:3) Mixed Enamel 6.174 × 10-11 3.448 × 10-11 2.34 × 10-11 2.73 × 10-11 2.5 × 10-11 2.46 × 10-11 2.62 × 10-11

Nano Silica and Alumina (1:1) Mixed Enamel 7.238 × 10-11 3.457 × -11 6.05 × 10-11 2.49 × -11 2.31 × 10-11 2.26 × 10-11 2.32 × 10-11

Micro Silica and Alumina (1:3) Mixed Enamel 5.413 × 10-11 2.882 × 10-11 6.06 × 10-11 2.27 × 10-11 2.6 × 10-11 2.6 × 10-11 2.1 × 10-11

Enamel 5.47 × 10-11 3.082 × 10-11 2.42 × 10-11 1.79 × 10-11 1.57 × 10-11 1.55 × 10-11 1.82 × 10-11

 
Table 3. Capacitance in Farad at 100℃ 

Frequency in Hz Sample 
50 100 1000 10000 100000 1000000 5000000 

Micro Silica and Alumina (1:1) Mixed Enamel 5.9 × 10-11 6.51 × 10-11 3.92 × 10-11 2.38 × 10-11 2.21 × 10-11 2.17 × 10-11 2.2 × 10-11

Micro Silica and Alumina (3:1) Mixed Enamel 6.9 × 10-11 5.10 × 10-11 3.19 × 10-11 2.6 × 10-11 2.38 × 10-11 2.34 × 10-11 2.5 × 10-11

Nano Silica and Alumina (3:1) Mixed Enamel 5.0 × 10-11 6.70 × 10-11 3.02 × 10-11 2.46 × 10-11 2.28 × 10-11 2.23 × 10-11 2.37 × 10-11

Nano Silica and Alumina (1:3) Mixed Enamel 6.12 × 10-11 5.57 × 10-11 3.41 × 10-11 2.76 × 10-11 2.52 × 10-11 2.46 × 10-11 2.71 × -11 
Nano Silica and Alumina (1:1) Mixed Enamel 7.69 × 10-11 5.52 × 10-11 3.09 × 10-11 2.52 × 10-11 2.32 × 10-11 2.28 × 10-11 2.35 × 10-11

Micro Silica and Alumina (1:3) Mixed Enamel 5.92 × 10-11 6.71 × 10-11 3.06 × 10-11 2.48 × 10-11 2.61 × 10-11 2.61 × 10-11 2.1 × 10-11

Enamel 6.13 × 10-11 3.26 × 10-11 2.44 × 10-11 1.77 × 10-11 1.51 × 10-11 1.46 × 10-11 1.69 × 10-11

 
Table 4. Capacitance in Farad at 125℃ 

Frequency in Hz Sample 
50 100 1000 10000 100000 1000000 5000000 

Micro Silica and Alumina (1:1) Mixed Enamel 4.9 × 10-11 2.78 × 10-11 1.98 × 10-11 1.4 × 10-11 1.21 × 10-11 1.16 × 10-11 1.28 × 10-11

Micro Silica and Alumina (3:1) Mixed Enamel 5.8 × 10-11 2.98 × 10-11 2.22 × 10-11 1.61 × 10-11 1.38 × 10-11 1.35 × 10-11 1.51 × 10-11

Nano Silica and Alumina (3:1) Mixed Enamel 6 × 10-11 2.98 × 10-11 2.07 × 10-11 1.47 × 10-11 1.29 × 10-11 1.23 × 10-11 1.4 × 10-11

Nano Silica and Alumina (1:3) Mixed Enamel 6.5 × 10-11 3.54 × 10-11 2.5 × 10-11 1.78 × 10-11 1.54 × 10-11 1.47 × 10-11 1.7 × 10-11

Nano Silica and Alumina (1:1) Mixed Enamel 8.1 × 10-11 2.55 × 10-11 2.08 × 10-11 1.53 × 10-11 1.33 × 10-11 1.3 × 10-11 1.6 × 10-11

Micro Silica and Alumina (1:3) Mixed Enamel 6.1 × 10-11 1.21 × 10-11 4.39 × 10-11 1.52 × 10-11 1.6 × 10-11 1.61 × 10-11 2.0 × 10-11

Enamel 5.01 × 10-11 3.61 × 10-11 2.42 × 10-1 1.74 × 10-11 1.49 × 10-11 1.44 × 10-11 1.67 × 10-11

 
Table 5. Capacitance in Farad at 150℃ 

Frequency in Hz Sample 
50 100 1000 10000 100000 1000000 5000000 

Micro Silica and Alumina (1:1) Mixed Enamel 4.96 × 10-11 2.64 × 10-11 1.99 × 10-11 1.41 × 10-11 1.21 × 10-11 1.17 × -11 1.3 × 10-11

Micro Silica and Alumina (3:1) Mixed Enamel 5.45 × 10-11 3.24 × 10-11 2.28 × 10-11 1.63 × 10-11 1.39 × 10-11 1.5 × 10-11 1.5 × 10-11

Nano Silica and Alumina (3:1) Mixed Enamel 5.9 × 10-11 2.86 × 10-11 2.13 × 10-11 1.91 × 10-11 1.31 × 10-11 1.6 × 10-11 1.4 × 10-11

Nano Silica and Alumina (1:3) Mixed Enamel 6.8 × 10-11 3.47 × 10-11 2.42 × 10-11 1.73 × 10-11 1.49 × 10-11 1.62 × 10-11 1.72 × 10-11

Nano Silica and Alumina (1:1) Mixed Enamel 6.79 × 10-11 3.83 × 10-11 2.2 × 10-11 1.94 × 10-11 1.4 × 10-11 1.5 × 10-11 1.77 × 10-11

Micro Silica and Alumina (1:3) Mixed Enamel 5.69 × 10-11 2.23 × 10-11 4.12 × 10-11 1.39 × 10-11 1.6 × 10-11 1.61 × 10-11 1.09 × 10-11

Enamel 5.83 × 10-11 3.09 × 10-11 2.44 × 10-11 1.73 × 10-11 1.46 × 10-11 1.41 × 10-11 1.63 × 10-11

 



A.C Biju, T. Aruldoss Albert Victoire and D. Edison Selvaraj 

 http://www.jeet.or.kr │ 1719

epoxy varnish subjected to surface partial discharges, 
IEEE Annual Report Conf. Electrical Insulation and 
Dielectric phenomena (2007), pp.175-181. 

[6]  K. Inuzukal, H. Inanol and N. Hayakawal, Partial 
discharge Characteristics of nano Composite ena-
melled wire for Inverter –fed motor, Annual Report 
Conf. Electrical Insulation and Dielectric phenomena 
(2006), pp.594-598. 

[7]  T. Imai et al., Improving Epoxy-based Insulating 
Materials with Nano-fillers Toward Practical Appli-
cation, IEEE Int. Sym. Electrical Insulation (2008), 
pp 37-42.  

[8]  D. Edison Selvaraj et al., International Journal of 
Nano Science, Analysis of Dielectric and Thermal 
Properties of Polyamide Enamel filled with carbon 
Nano tubes. Vol. 12 (2013), pp. 1350021-1-8. 

[9]  Edison Selvaraj, D., C. Pugazhendhi Sugumaran, and 
A. Sivaprakash, Characterization of Electrical and 
Thermal Properties of Enamel Filled with Carbon 
nano Tubes, Proceedings of the Third International 
Conference on Trends in Information, Telecommuni-
cation and Computing, Springer New York, 496-502, 
2012. 

 
 
 

A. C. Biju He was born in Kerala, 
India, on 20th may 1975, received 
Diploma in Electronics and Communi-
cation Engineering from Board of 
Technical education - Tamilnadu on 
1996, the B.E. degree in Electronics 
and Communication Engineering from 
University of Madras on 1999, and the 

M.Tech. Degree in Bio- Medical Engineering from V.I.T. 
University on 2005. He is currently working as an 
Assistant Professor in the department of Electronics and 
Communication Engineering at Mehendra Engineering 
College, Tamilnadu, India. His current research interests 
include Bio-signal process and analysis, Medical product 
designing & big data analysis in medicine. 
 
 

T. Aruldoss Albert Victoire He was 
born on 3rd September 1976, received 
the B.Tech degree from Pondicherry 
University, the M.E. degree from 
Madurai Kamaraj University, and the 
Ph.D degree from Anna University all 
in electrical engineering in 1998, 2000, 
and 2005, respectively. He is currently 

working as an Associate Professor in the Department of 
Electrical and Electronics Engineering at Anna University 
(Coimbatore Regional Centre), Chennai, India. His research 
interests include developing hybrid intelligent optimization 
algorithms to be applied in the power system operation 

and control, data mining, microarray classification, and 
scheduling problems from diverse domains of engineering. 
 
 

D. Edison Selvaraj He was born in 
Sivakasi on 13th November 1985. He 
received the B.E. degree in Electrical 
and Electronics Engineering from Sree 
Sowdambika College of Engineering 
affiliated to Anna University, Chennai 
in 2007 and M.E. degree in High-
Voltage Engineering from Anna Uni-

versity, Chennai, Tamilnadu, India in 2010. He obtained 
Sixteenth Rank in B.E. degree and First Rank in M.E. 
degree. He has 5 years of teaching experience in various 
Engineering Colleges. He has published 90 papers in various 
International Journals, Conferences and Symposiums. He 
has attended various Workshops, Seminars, FDP, Short 
term courses and training programs. He received Shiksha 
Rattan Puraskar Award from IIFS, New Delhi. His name 
was also nominated for various awards. His biography 
was recognized in Marquis Who’s Who, Asia/Pacific 
Who’s Who and International Biographical Center. He was 
appointed as technical paper reviewer for various Interna-
tional Journals. He was doing research in the Applications 
of Nano technology in Electrical Engineering. His area of 
interest was Nano Dielectrics, Nano Motors, Nano Trans-
formers, Nano Capacitors and Nano Electrical Apparatuses. 
He was the member of various Professional bodies like 
IEEE, ISTE, ACEEE, IAENG, IACSIT, UACEE, IDES, 
IETE and SCIEI. Presently, he was working as Assistant 
Professor in the Department of Electrical and Electronics 
Engineering, Panimalar Engineering College, Chennai, 
India and Guest Faculty in the Department of Electrical 
and Electronics Engineering, College of Engineering, 
Guindy, Anna University, Chennai, India. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


