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Abstract: In recent years, natural fibers have become more widely used as reinforcement in polymer
composites to generate low-cost products. Fibrous reinforcements in polymer matrices lead to good
mechanical and electrical properties for composite materials. Depending on the grade and orientation,
composites can be one-fifth the weight of steel while offering similar or better stiffness and strength. In
addition, unlike steel or aluminum, composites do not rust or corrode. Composite materials reinforcing
phase gives durability, strength, and stiffness. Composite materials have traditionally been employed
as structural materials. Composite materials are increasingly being used in electrical applications such
as bushings, circuit breakers, coupling capacitors, and so on, thanks to the growing growth of the
electrical sector. The design parameters for structural and electrical composites differ dramatically due
to the enormous differences in property requirements. Depending on the application, structural
composites. Structural composites prioritize sufficient strength and modulus, while electrical
composites prioritize superior dielectric constant, thermal conductivity and low thermal expansion, and
shielding effectiveness. In the electrical industry, low density is desired because it allows for weight
reduction. It is also desirable to have a high strength-weight ratio and dielectric properties. This paper
provides a brief review of the properties of polymer composite materials and their application in the
high voltage industry.
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1. Introduction

In today's era of industrial applications, composite materials have become a
requirement rather than a compulsion. This situation has prompted the industry to seek out
superior alternative materials available at reasonable prices to preserve the required price
margin, although traditional materials are depleting natural resources. Composite materials are
being extensively used in aerospace, automobiles, military, and medical sciences. The
uniqueness of these materials is that they offer a highly appealing combination of toughness,
stiffness, lightweight, and corrosion-resistant characteristics[1,2]. Composite materials,
particularly polymer-based composites, have attracted special attention in the high voltage
industry due to their outstanding mechanical properties and excellent thermal and great
dielectric strength. There are several types of equipment such as a transformer, circuit breaker,
disconnector, and current transformer, wherein various parts are made of composite materials.
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These parts mainly include an insulator, switching rod, gears, arching contact, etc. All this
equipment is required to work consistently and reliable manner so that there should not be any
power failure. With this background, the need arises to have low weight and high strength
material, which should satisfy the mechanical and electrical requirements. Many traditional
metals/materials have been replaced by polymers composite in diverse applications over the
last few decades. The properties of polymers are modified by using to suit the high
strength/high modulus requirements. In the electrical industry, reinforced polymers are widely
used because of their high strength and low weight. It is also used to satisfy electrical properties
like dielectric strength and in high-temperature applications such as circuit breakers and
isolators[3,4]. This paper provides a brief overview of the application of composite materials
and their properties in the high voltage sector.

2. Composite Materials

The matrix and reinforcing phases are two common classifications for composite
materials.

2.1. Matrix phase.

2.1.1. Metal Matrix Composites(MMC).

These are prepared from the metal matrix, mostly aluminum, cobalt, magnesium, iron,
copper, titanium, and a reinforcing phase of dispersed ceramic or phase [3,5]. The selection of
matrix materials is based on the application's desired properties and service conditions. The
amount of reinforcement used might be up to 50% of the overall volume of the composite. The
reinforcement such as SiC particles, boron and Al>Os, and Borsic and TiB: coated carbon can
be combined quickly and effectively. Aluminum and titanium are the two most often utilized
metal matrices in the automotive and aerospace field due to remarkable strength at high
temperatures and strong resistance to corrosion [6-8].

2.1.2. Ceramic Matrix Composites(CMC).

These are comprised of a ceramic matrix reinforced with a ceramic matrix such as
aluminum oxide, carbon, silicon nitride. Ceramics have very attractive properties for many
applications; high toughness and stability at high temperatures and wear resistance are widely
utilized for aerospace applications. A particular property can be obtained based on short and
long fiber. The toughness of the short-Ceramic Matrix Composite improves its resistance to
crack propagation and, on the other hand, has a catastrophic failure mode. The dispersed phase
in continuous monofilaments provides the best strengthening effect[9-11].

2.2. Reinforcement phase.

Reinforcement such as carbon, glass, metal, kevlar is embedded in the matrix. These
are typically hard and give excellent strength, stiffness, and temperature, and wear resistance.
Reinforcements can be utilized in the form of particles, sheets, and whiskers and are mainly to
carry the applied load to the composite. Nowadays, glass is extensively used for manufacturing
car parts, boat hulls, sports utensils, decorative panels for buildings. Recent research has
revealed that the reinforcement material silicon carbide particles, boron nitride, aluminum
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oxides, and zinc oxide are best for polymers matrix to achieve specific mechanical and
electrical properties [1-2,12].

3. Composite Materials In High Voltage Applications

The voltage in the range 33kV-220kV is referred to as high voltage. The development
of composites has gained a lot of interest in high-voltage applications, mainly including
bushings, insulators, circuit breakers, coupling capacitors. Composite material has attracted
special attention in the high-voltage industries due to its outstanding mechanical and dielectric
strength. The desired properties are obtained by combining two distinct materials [13]. There
are three major types of composites depending on the matrix material: ceramic matrix
composites, metal matrix composites, and polymer matrix composites[14]. Among these,
polymer-based composites are found mostly in electrical and mechanical applications because
of their excellent specific properties. They offer a low-cost and easy fabrication method. Figure
1 presents the application of polymer composites in high voltage components.
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Figure 1. Application of polymer composites.

Various reinforcement materials such as glass, carbon are employed for polymer matrix
composites(PMC). Glass has been widely used as reinforcement in the design of transmission
lines and insulators, transmission towers[15,16]. This polymer can work temperature up to
200°C, and at a higher temperature, the glass-based polymers begin to flow. Other most
commonly used polymers for high voltage are carbon-based and Kevlar-based polymers. These
are used in energy storage devices, fuel cells, capacitors, transmission cables. They can retain
their strength at elevated temperatures. Polymers, in general, are categorized into two groups:
thermoplastics and thermosets. Thermoplastics have the ability to mold in any shape when
heated and harden when cooled.

On the other hand, the curing process forms a rigid three-dimensional structure in
thermoset polymer. The thermoset polymer cannot melt due to cross-links when subjected to
higher temperatures, providing good electrical and thermal insulation properties. Epoxy,
polyester, vinyl ester, and phenolic resins are the most regularly used thermoset resins.
Thermoset resins can be designed to provide a wide range of qualities depending on the
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application. Thermosets polymer is more stable than thermoplastics involved in the
structure[17-21]. Figure 2 shows the structure of a thermoplastic and thermosetting polymer.
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Figure 2. The structure of (a) thermoplastic polymer and (b) thermosetting polymer.
4. Mechanical and Dielectric Properties of Polymer Matrix Composites

Polymer composite employed in high-voltage applications must withstand mechanical
and thermal loads. There is a substantial quantity of literature on the mechanical properties of
composite materials. Several researchers have reported the experiential procedure to obtain
mechanical properties. For high voltage applications, the composites must possess good
dielectric strength. This section presents a brief overview of polymer composite materials'
mechanical and dielectric properties used in high voltage applications.

4.1. Mechanical properties.

Mechanical properties of composites depend upon several factors such as matrix,
reinforcement, volume fraction, type and orientation, working temperature, and manufacturing
process [21-23]. The properties of composites material cannot be represented by any of its
constitutes. Mechanical properties such as tensile and bending strength, elastic modulus, and
thermal properties have been studied by various researchers [24-26]. Polymer matrix
composites have found enhanced specific tensile strength compared to traditional composites.
Material with higher strength is desirable for various electrical equipment. Table 1 shows the
mechanical properties of various polymer matrix composites.

Table 1. Properties of various PMC composites [27].

Materials Tensile Density Elastic Specific Specific
Strength (g/cm®) modulus (102 | strength modulus
(GPa) GPa) (10° cm) (108cm)
Steel 1.03 7.80 2.10 1.30 2.70
Aluminum alloy 0.47 2.80 0.75 1.70 2.60
Titanium alloy 0.96 4.50 1.14 2.10 2.50
Glass composite materials 1.06 2.00 0.40 5.30 2.00
Carbon Il/epoxy composite materials 1.50 1.45 1.40 10.30 9.70
Carbon I/epoxy composite materials 1.07 1.60 2.40 6.70 15.00
Organic /epoxy composites 1.40 1.40 0.80 1.00 5.70
Boron /epoxy composites 1.38 2.10 2.10 6.60 10.00
Boron /aluminum matrix composites 1.00 2.65 2.0 3.80 7.50

Huang et al. [21] reported a review on the properties of polymer-based composites. The
authors' focus was mostly on the interface and interfacial properties of polymer-based
composites. Some interfacial mechanisms, as well as methods for measuring interfacial
characteristics, have been presented. Another review paper by Mahesh et al. [23] reported an
extensive review on an acceptable combination of fiber and matrix for impact loading
applications. They developed an approach based on density, tensile strength and modulus, and
cost characteristics. Their focus, however, was on choosing the right fiber and matrix for energy
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absorption and preventing failure when subjected to impact loads. In contrast, the mechanical
and dielectric properties of polymer composites focus on our research.

Numerous properties of polymer composites with attributes such as matrix,
reinforcement, volume fraction, type and orientation, working temperature, and manufacturing
process have been examined by several researchers, and it is reported in a subsequent section.
Jiang et al. [24] experimentally investigated the effect of moisture absorption on the flexural
characteristics of Glass fiber reinforced polymer (GFRP) laminates for wet and hot conditions.
The experimental finding reveals that their stiffness and flexural strength decrease when
combined moisture and temperature influences.

Al-Mosawi et al. [28] evaluated the mechanical properties of Araldite matrix
composites reinforced with hybrid palms-Kevlar. The reinforcement percentage have been
varied as 20%, 40%, and 60%, and their effect on mechanical properties such as impact, tensile,
flexural strength, and hardness was studied. It is concluded that the improvement in mechanical
properties increases with an increasing percentage of reinforcement. Vasudevan et al. [29]
evaluated of tensile properties of the GFRP. The flexural and tensile properties of the composite
were compared with finite element analysis(FEA) results. It is revealed that the composite had
good characteristics that matched the FEA results.

Agunsoye et al. [30] looked into the tensile and strain properties of new polymeric
composites based on Delonix regia. According to the findings, the presence of vacancy within
the composite harmed the tensile strength and strain of the composite at 10% Delonix regia
seed particle addition. At 4 wt%, maximum increases in tensile strength and strain of about 300
percent and 41% were observed. However, the flexural characteristics of the PMC were
improved when the volume of continuous carbon increased from 50 to 70% in an epoxy-based
polymer matrix, according to He and Gao [31].

Mohanty and Srivastava[32] investigated the effect of alumna on the short glass/carbon
reinforced epoxy-based composites. According to the findings, alumina particles of 2wt%
improve mechanical properties like flexural strength and modulus and impact strength. In
another study, Song et al. [33] investigated the mechanical properties of an acrylonitrile—
styrene—acrylate polymer with the help of carbons. The findings revealed that the mechanical
properties had been enhanced largely by the carbons. The tensile strength is increased by 148%
when carbon fiber is changed to 30%. Enhancement in flexural strength and the flexural
modulus is observed as 122% and 464%, respectively.

Li et al. [34] investigated the shear strength of carbon /epoxy composites using the
electrochemically oxidizing method. They observed an improvement in shear strength by
24.7%. Ibitoye et al.[35] studied the mechanical properties of SiC-treated recycled high-density
polyethylene (RHPE). The addition of SiC to RHPE was found to improve tensile and impact
strength, elastic modulus, and stiffness. In contrast, the ductility of composite materials appears
to be decreasing.

Haneefa et al. [36] obtained the tensile and flexural properties of banana and glass-
reinforced Polystyrene composites. It has been found that increasing the volume component of
the glass fiber increases the composite's stiffness and modulus. Experiments have shown that
chemically modified composites have 30% better mechanical characteristics than unmodified
composites.Ozawa et al. [37] performed bending and tension tests on solid and hollow
composite material at 298 K and relative humidity of 50%. The density for the solid bar was
doubled that of a hollow bar. The results showed that the load-displacement response of solid
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and hollow bar in tension tests is linear. However, the bending test results exhibit non-linear
behavior.

As may be observed from the preceding discussion, various mechanical properties such
as tensile and bending strength, flexural strength, elastic modulus, and thermal properties have
been studied and can be improved by varying reinforcement percentages.

4.2. Dielectric properties.

Composite materials are very useful for dielectric applications. Modern electrical
devices demand materials with high dielectric constant, low dielectric loss, and increased
dielectric strength. The dielectric property is very important in designing an insulating system
of an electric system. Nanodielectrics with polymer matrix, particularly epoxy resin, attracted
various research in insulating systems due to their appealing properties. Furthermore, the
dielectric property of polymer composites, the interface between fillers and the polymers, have
shown improved dielectrics properties, which have used numerous high-voltage applications,
such as motors, generators, wire and cables, and energy storage devices[15,16]. To achieve a
superior dielectric constant, polymer-based composite with other dielectric materials such as
ceramic are combined. Some glass-based resins are preferred to increase dielectric properties.
Table 2 represents the dielectric property for various glass resins.

Table 2. High-frequency dielectric properties of glass [27].

Types of or resin Dielectric constant Dissipation factor

1 MHz 9.375 GHz 1 MHz 9.375 GHz
E-glass 5.8 6.13 0.001 0.0039
S-glass 4.35 5.21 0.002 0.0068
D-glass 3.56 4 0.0005 0.0026
High silica - 3.78 - 0.002
Polyster 301 3.4-36 - 0.015-0.016 -

Yang et al. [14] investigated the influence of particle size on the dielectric
characteristics of CCTO/PVDF material. The findings of this study suggest that a composite
incorporating microsized CCTO is appropriate for embedded device applications.

Li et al. [38] investigated dielectric, thermal, and mechanical properties of PI/PSF-X
compounds through an experimental test. Experimental results indicated that composite films
have strong thermal, dielectric, and mechanical properties, making them suitable for use in
electronic devices under severe conditions, especially high-temperature situations.

Zhang et al. [39] investigated a nanoscale polymer matrix made of
CaCusTis012(CCTO) particles as filler and copolymer P(VDF-TrFE). The amount of CCTO
in the composites varies between 0 and 50% of the overall volume. The dielectric
characteristics ranged from 0.1kHz to 100kHz, and temperature ranged from 200K to 370K.
The results show that increasing the CCTO component decreases the dielectric constant with
increasing frequency. However, the constant dielectric increases with increasing temperature.

Thomas et al. [40] reported dielectric loss exhibited no fluctuation up to 40 percent
CCTO loading but showed an increasing trend after that. The results found a dielectric constant
of 95 at room temperature at 100Hz for 55 volume percent of CCTO in PVDF. Singha et al.
[41] investigated the dielectric behavior of epoxy nanocomposites with individual nanofillers
made of Al>Os and TiO: at low filler concentrations in a frequency range from 1000 kHz to
10° kHz. The experimental results showed dielectric properties different from those of the
microcomposites. It can also be seen that for the frequencies considered. There is a strong
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dependence of the permittivity and concentration of the filler on the equivalent permittivity of
the nanocomposite material.

Kochetov et al. [42] investigated dielectric spectroscopy of epoxy-based
nanocomposites containing several types of particles, including SiO2, Al.O3, AIN, and BN. The
research focuses on an analysis of the complex permittivity. It is reported that the below 5
weight % of filler results in a decrease in the polymer.

Arbatti et al. [43] examined the dielectric constant of ceramic-polymer. The authors
conclude that, at 100 Hz, the dielectric constant of the composites exceeds 600 at ambient
temperature and 1200 at 70°C. The high dielectric constant is partly due to the contribution of
heterogeneous relaxation. Triki et al. [44] investigated the dielectric properties of unsaturated
polyester reinforced with natural fibers for a frequency range of 101 Hz to 106 Hz and a
temperature range of 400°C to 150°C. At low frequencies, the permittivity reaches high values
with increasing temperatures. It is worth noting that the dielectric constant at low temperatures
is constant and approximately equal to that of polyester resin, indicating the absence of
polarization of the water dipole. Yakovenko et al. [45] investigated Larit285 low-viscosity
epoxy polymer matrix with the H285 curing agent and the filler MWCNTs. The MWCNTS
content was varied from 0.05 to 1 wt%. It is revealed that dielectric permittivity increases as
the MWCNT % increases.

Shen et al. [46] studied the interfacial effect on dielectric properties of Core/Shell-
Structured Particles polymer composites. The electrical characteristics of the interlayers are
said to have a significant impact in shaping the dielectric behavior of nanocomposites. The
thickness of the interlayers may be adjusted to modify the nanocomposite's stable dielectric
constants. Compared to conventional composite, The similar dielectric behavior of composite
can be obtained by increasing the conductivity of the interlayer. Tunable dielectric constants
have been produced in the Shell 8 and Shell 13 nanocomposites by altering the thickness of the
organic insulating shells, and their dielectric constants are virtually frequency-independent
throughout a wide frequency range.

4. Conclusions

In this paper, various mechanical and dielectric properties of polymer matrix composite
have been presented. Mechanical properties like tensile strength, flexural strength, modulus,
impact strength are improved by varying reinforcement percentages. Some of the findings
reveal that moisture and temperature influence mechanical strength and the properties such as
stiffness and flexural strength decrease with an increase in temperature. Electrical devices
require better mechanical and dielectric properties, materials with high dielectric constant, low
dielectric loss, and increased dielectric strength. The dielectric property is very important in
designing an insulating system of an electric system. The required dielectric properties of the
composite can be obtained with proper combinations of matrix and reinforcement phases.
Polymer matrix made of CaCusTisO12(CCTO) particles improves dielectric strength. The
polymer composites are preferred due to their high strength-to-weight ratio and high dielectric
properties. It is found that polymer composite shows excellent mechanical and dielectric and
are best suited for high voltage applications.
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