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Today, the use of polymer materials in the structure of electronic coils
is very common. In addition to keeping the electronic components in
their position, the polymer material must be able to transfer the
generated heat from the heart of the core to the outside and prevent
its temperature from rising beyond the permissible limit. Since
unsaturated polyester is used in the researched sample, this research
aimed to achieve a composition that is comparable to high-quality
foreign samples in terms of mechanical and thermal properties.
Therefore, the polyester resin was reinforced with different
percentages of chopped glass fibres and alumina particles to improve
its mechanical and thermal properties and use it in industrial coils.
Tensile, bending, thermal conductivity and wear tests were
performed on different samples. The results of experimental studies
showed that by adding 40% alumina, the heat transfer coefficient of
polyester increased from 0.173 to 0.469 W/mK. In addition, for 70%
of chopped glass fibres, the thermal conductivity of polyester
improved from 0.173 to 0.394 W/mK. Adding alumina particles and
glass fibres generally increased the Young's modulus of the composite.
However, the tensile strength of the resin was not only not improved
but also decreased by adding alumina particles or glass fibres.
Different behaviours were observed in the wear test of samples with
different percentages of alumina and glass fibres.
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EXTENDED ABSTRACT

Introduction

In recent years, the demand for lightweight materials with high reliability at high and
long-term operating temperatures has greatly increased. Currently, polymers are widely
used due to their excellent chemical resistance, high glass melting temperature and
electrical insulation. The low intrinsic thermal conductivity of polymers leads to failure,
shrinkage and reduced life of the equipment made of these materials. One of the methods
used to compensate for these defects is the use of fillers. Various studies have been
conducted to improve the thermal conductivity of polymer-based composites using fillers.
In addition, the review of papers manifested that fillers affect the mechanical properties of
the polymers.

In the present research, the effect of fillers on the thermal and mechanical properties of
the polyester-based composite was investigated. Crushed glass fibres and alumina were
used as filler phases. The effect of different loading content of these fillers on the thermal
properties, tensile, bending and wear properties of the composite was studied. Finally, the
type of filler and its optimal percentage for exploitation were presented.

Methodology

The matrix phase of the nanocomposites considered in this research consisted of
polyester, cobalt and hardener (acid). For every 1000 grams of polyester, 2.5 grams of cobalt
and 6.8 ml of hardener (acid) were used. Short glass fibres or alumina were used as filler
phases. The glass fibres produced by Joshi China Company have an average length of 1 mm
and the alumina particles are produced by Alpha Alumina Company and have a diameter of
75 microns.

The samples used to measure the thermal conductivity should be made in the form of a
cylinder or a rectangular cube with a diameter or width greater than 1 cm and a height
greater than 11 cm. In this research, a cylinder with a diameter of 25 mm was used as a
sample, and a hole with a diameter of 2.5 mm and a depth of 10.5 cm was created in its
middle. The tensile samples were made based on the ASTM D638. Figure 1 shows the
samples prepared for measuring the thermal conductivity and mechanical properties under
tensile loading.

.
L

Figure 1. The samples prepared for measuring the thermal conductivity and mechanical properties under
tensile loading.
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Results and discussion

As can be seen in Figure 1a, the addition of 40% of alumina increases the thermal
conductivity of polyester by approximately 171%, while the addition of the same amount of
short glass fibres increases the thermal conductivity by less than 70%. To investigate the
effect of hybrid fillers, the thermal conductivity of the sample containing 70% of glass fibres
and 10% of alumina increased by 141%. In Figure 1b, Young's modulus of composites is
plotted versus the weight fraction of alumina and glass fibres. As shown, adding these
materials generally increases the Young's modulus of the composite. The reason for the
decrease in Young's modulus in the weight fraction of 20% can be attributed to the presence
of trapped bubbles between the fibres. The effect of alumina and glass fibre loadings on the
flexural strength is illustrated in Figure 1c. This plot shows that adding glass fibres up to a
weight fraction of 30% increases the strength, but after that, the strength decreases. In the
presence of alumina, first, the flexural strength decreases and then increases. The results
obtained for the wear of composites are demonstrated in Figure 1d.
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Figure 2. Effect of alumina and glass fibres loading contents on (a) thermal conductivity, (b) Young’s
modulus, (c) flexural strength and (d) reduced volume in wear test of polyester-based composites.

Conclusion

In the present research, different weight percentages of short glass fibres and alumina
particles were added to the polyester resin to calculate the mechanical and thermal
properties of polyester-based composite and use it in industrial coils. The thermal
conductivity of composites was measured. The samples were tested under tensile and
bending loads and their stiffness and tensile strength were determined. In addition, the
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effect of particles on the wear of polyester resin was investigated. Some of the results
obtained in this research are as follows:

It was observed that by adding 40% alumina, the thermal conductivity of polyester
increased from 0.173 to 0.469 W/mK. Moreover, for 70% of short glass fibres, the
thermal conductivity of polyester improved from 0.173 to 0.394 W/mK.

Adding alumina particles and glass fibres generally increased the Young's modulus
of polyester resin.

It was observed that the tensile strength not only did not improve with the addition
of alumina particles or glass fibers but also decreased.

The results related to the flexural strength showed that adding glass fibres up to
30% increased the strength, but after that, the strength decreased. Dissimilar
behaviour was observed for samples reinforced by alumina powder.

The lowest wear resistance was obtained for the composite containing 40% glass
fibres. In the case of the composite containing alumina, it was also observed that the
wear resistance improved by adding alumina up to 15%, but after adding more
alumina, the wear resistance decreased slightly.
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