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The objective of this research was to analyse the micro and macro properties of roving
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fibre composites with polyester resin for unmanned aerial vehicle (UAV) applications.
Micro properties were evaluated through density testing, while macro properties were
determined via tensile strength testing following ASTM D3039 standards. The UAV
application was further analysed against the atmospheric pressure and altitude
requirements based on the International Standard Atmosphere. Composite fabrication
employed the vacuum bagging method with a consistent 60% fibre and 40% resin
volume fraction. Results indicated that the highest density, 1.844 g/cm?3, was achieved
with a 45° fibre orientation. The study revealed that increased fibre content
corresponds to higher composite density. Tensile tests demonstrated that the highest
tensile modulus of 25,255.33 MPa, was obtained with a 90° fibre orientation.
Atmospheric pressure analysis for UAVs showed that the 90° fibre-oriented composite
exhibited superior strength compared to air pressure, achieving a maximum stress of

Keywords: 641.96 MPa. These findings confirm that the composite with a 90° fibre orientation
Composite; fibre; mechanical properties;  meets the required air pressure standards for UAV construction, demonstrating high
reinforced; tensile suitability for such applications.

1. Introduction

The use of composite materials in the construction of unmanned aerial vehicle airframes has
gained significant attention in recent years due to their ability to provide high specific strength and
stiffness, which can contribute to improved flight performance and increased payload capacity [1].
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This study aims to investigate the tensile strength characteristics of a composite laminate fabricated
using a vacuum bagging method [2,3], with a focus on the impact of variations in the roving fibre and
polyester resin BQTN R157 composition on the material's mechanical properties [4-6].

The research draws upon previous studies that have explored the optimization of composite
airplane fuselages for structural integrity [7,8], the development of high-strength lightweight
sandwich composites for load-bearing applications [9,10] and the potential use of natural fibres in
UAV airframe construction [11,12]. The current investigation provides a comprehensive evaluation
of the tensile strength of the composite laminate, which is a critical requirement for the design and
fabrication of UAV airframes [13-15].

The composite laminates were fabricated using the vacuum bagging method, which offers
advantages in terms of improving the quality and consistency of the final product by reducing the
presence of voids and ensuring effective bonding between the reinforcing fibres and the resin matrix.
The tensile strength of the laminates was then evaluated through a series of standardized tests, with
the results analysed to determine the optimal combination of roving fibre and polyester resin BQTN
R157 for UAV applications [16,17]. Based on the identified problems, the research question
addressed in this study is to what extent do variations in pressure and temperature changes at
different flight altitudes affect the mechanical strength in tensile testing with different fibre
orientation variations (0°, 90° and 45°) and which fibre orientation exhibits the best performance
[18,19].

Roving fibre refers to a bundle of strands (typically 20) arranged without twisting and wound onto
a spool. Releasing the winding from the inside of the spool may cause it to twist by 2-5 turns per
meter. Glass fibres come in various types, including E-glass, A-glass, C-glass, D-glass, S-2 glass, R-glass,
T-glass, low K and hollow fibre. E-glass is a type of fibreglass with low alkali glass concentration and
consists of aluminium borosilicate, exhibiting excellent electrical insulating properties. It is widely
used in the industry due to its cost-effectiveness [20-29] for sample roving in Figure 1. In this study,
the fibre used is E-glass roving fibre with orientations of 0°, 90° and 45°, which are then stacked and
combined with two different fibre directions.
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Fig. 1. (a) 0° roving fibre (b) 90° roving fibre (c) +45° roving fibre [21]

2. Methodology
2.1 Material

The research begins with an extensive literature study to establish a theoretical framework and
gather essential knowledge regarding materials, tools and relevant testing standards. The next step
involves measurement and cutting of the raw materials. The roving fibres are cut into dimensions of
30 x 30 cm, producing 258 individual pieces. Additional materials such as Peel Ply fabric (40 x 40 cm,
1 sheet), Breather cloth (40 x 40 cm, 2 sheets) and Plastic bagging (80 x 80 cm, 1 sheet) are prepared.
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The polyester resin and catalyst are mixed in a 2:1 ratio, ensuring proper bonding and curing
properties. Further, sealant tape (4 m, 1 roll) and release wax are utilized to maintain vacuum sealing
during the bagging process. the research concludes with a summary of findings in the conclusions
and recommendations section, offering insights and suggestions for future studies or practical
applications. This structured and methodical approach ensures the validity and reliability of the
research outcomes, providing a thorough understanding of the composite material's mechanical
behaviour under specified conditions.

The cut roving fibres were then measured for their mass using a digital scale. By applying a mass
fraction ratio of 60% filler to 40% matrix, the estimated mass of the composite material was
determined. Once the resin mass was obtained, it was further divided using a ratio of 99:1, which
represents the proportion between polyester and the catalyst. The composite material was
fabricated using the vacuum bagging method, aiming to minimize the presence of trapped air during
the hand lay-up process. The vacuum process was carried out for 2 hours, while the drying process
required 1 day to achieve optimal results. The materials used in this process are presented in Table
1.

Table 1

Materials in this research

No. Material Size Quantity

1 Roving fibre (30 x30) cm 258 sheets
2 Peel Ply fabric (40 x 40) cm 1 sheet

3 Breather cloth (40 x 40) cm 2 sheets

4 Plastic bagging (80 x 80) cm 1 sheet

5 Polyester and Catalyst 2:1 ratio -

6 Sealant tape 4m 1roll

7 Release wax - 1 unit

2.2 Procedure

The specimen testing was divided into two categories: physical testing, which included density
testing (specimen density) and mechanical testing, which included tensile testing in accordance with
the ASTM D-3039 standard [23]. The composite material specimens were first tested for density using
a density meter. For tensile testing, a Universal Testing Machine (UTM) Tensilone was used (Figure
2). This equipment is capable of performing various tests, including tensile, compression and shear
tests. The tensile testing results provided data on the material's strength in uniformly withstanding
axial loads [24,25].
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Fig. 2. UTM Tensilone RTF-
2410 15 [25]

The mechanical property testing conducted focused on the tensile strength of roving/polyester
composite materials. This testing utilized variations in fibre orientation, specifically 0°, 90° and 45°,
as illustrated in the Figure 3.

(a)
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(c)
Fig. 3. Specimen (a) 0°, (b) 90° and (c) 45°

3. Results
3.1 Density for Materials

The results of density testing using a densitometer for the samples are shown in the table below.
These results provide valuable insights into the material properties of each sample, allowing for
comparative analysis and further interpretation regarding uniformity, material composition or
potential applications. Table 2 illustrates the density testing results for composite specimens oriented
at 90°. The data includes the mass of the specimens in air and water, as well as the calculated
densities of water and the composite specimens. The average density of the composite with a fibre
fraction of 60% and a resin fraction of 40% was determined to be 1.844 g/cm3. This testing
demonstrates the consistency of the composite's density values, with minor variations across the five
specimens.

Table 2
Density test results at 90°
Specimen Mass in Air (gr) Mass in Water (gr) Water Density (g/cm3) Specimen Density (g/cm3)

1 0.8307 0.3819 0.97737 1.806
2 0.8720 0.3890 0.97737 1.844
3 0.9685 0.4332 0.97737 1.817
4 0.9286 0.4233 0.97737 1.846
5 0.9365 0.4377 0.97737 1.886
Average - - - 1.844

Table 3 shows the results of density testing for composite specimens oriented at 0°. The
measurements include the mass of each specimen in air and water, along with the calculated
densities of water and the specimens. The average density of the composite with a fibre fraction of
60% and a resin fraction of 40% was determined to be 1.6484 g/cm?3.

Table 3
Density test results at 0°
Specimen Mass in Air (gr) Mass in Water (gr) Water Density (g/cm3) Specimen Density (g/cm3)

1 0.1858 0.0828 0.97737 1.796
2 0.3159 0.1222 0.97737 1.622
3 0.2956 0.1133 0.97737 1.611
4 0.3165 0.1144 0.97737 1.554
5 0.3118 0.1255 0.97737 1.666
Average - - - 1.6484
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Table 4 illustrates the density testing results for composite specimens oriented at 45°. The
average density of the composite with a fibre fraction of 60% and a resin fraction of 40% was
determined to be 1.561 g/cm?.

Table 4
Density test results at 45°
Specimen Mass in Air (gr) Mass in Water (gr) Water Density (g/cm3) Specimen Density (g/cm3)

1 0.7725 0.3074 0.97737 1.623
2 0.8345 0.2870 0.97737 1.489
3 0.8712 0.3039 0.97737 1.500
4 0.7595 0.3140 0.97737 1.666
5 0.8208 0.2953 0.97737 1.526
Average - - - 1.561

3.2 Tensile for Materials

In this tensile test, the specimens (Figure 3) were cut to a length in accordance with ASTM D3039
and a width in accordance with ASTM D3039.

Specimen 90° Specimen 0° Specimen +45°

Fig. 3. Tensile test specimen

As presented in Table 5, among the three fibre orientations (0°, 90° and +45°), the highest Young's
modulus is achieved in the 90° fibre orientation with a composition of 60% fibre and 40% resin,
reaching 25,255.33 MPa, while the lowest Young’s modulus is observed in the +45° fibre orientation
at 4,573.9 MPa. Regarding maximum stress, the +45° fibre orientation exhibits the highest value at
809.69 MPa, whereas the 0° fibre orientation shows the lowest at 424.08 MPa. Additionally, the
maximum load recorded is highest for the 90° fibre orientation, at 10,822.20 N and lowest for the
+45° fibre orientation, at 5,895.4 N.

Table 5
Average test results of volume fraction ratio
Composite Fibre Variation Maximum Point Stress (MPa) Maximum Load (N) Young's Modulus (MPa)

0° 424.08 9721.02 20576.20
90° 641.96 10822.20 25255.33
+45° 80.96 5895.40 4573.90

The average altitude of the unmanned aerial vehicle (UAV) was maintained between 5000 and
1000 feet for testing purposes. At lower altitudes, the wind pressure increases significantly, affecting
the mechanical properties of materials. Consequently, tensile strength tests were performed to
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evaluate and compare the mechanical performance of composite materials with fibre orientations of
0°, 90° and 145° under varying wind pressures experienced at these altitudes. The wind pressure
values, initially measured in PSI, were converted to megapascals (MPa), as detailed in the
corresponding Table 6.

Table 6
Altitude and wind pressure strength of unmanned aerial vehicle
No Altitude (Feet) Temp (°C) Pressure (Psi) Conversion To (MPa)

1 5000 5.1 12.23 0.084323
2 4000 7.1 12.69 0.087494
3 3000 9.1 13.17 0.090804
4 2000 11 13.67 0.094251
5 1000 13 14.17 0.097699

4. Conclusions

This study successfully revealed that the fibre orientation in roving fibre composites with BQTN
R157 polyester resin significantly influences their mechanical properties, particularly tensile strength,
elastic modulus and material density. The results demonstrated that the 90° fibre orientation
exhibited the highest elastic modulus of 25,255.33 MPa, reflecting the material's capacity to
withstand elastic deformation. Meanwhile, the +45° fibre orientation achieved the maximum tensile
strength of 80.969 MPa, indicating the potential of this material to endure higher axial loads.
Additionally, density testing showed that the 90° fibre orientation had the highest average density of
1.844 g/cm?, signifying consistent fibre and resin distribution in this configuration. Furthermore,
atmospheric pressure analysis at various altitudes revealed that composites with a 90° fibre
orientation could withstand air pressure under the operational conditions of unmanned aerial
vehicles (UAVs), with a maximum tensile strength of 641.96 MPa, exceeding the encountered air
pressures. This indicates that the material not only possesses optimal mechanical strength but is also
suitable for UAV applications operating at specific altitudes. The findings of this study contribute
significantly to the development of composite materials for UAV applications, particularly in
designing lightweight and pressure-resistant structures. This research also opens opportunities for
further studies, including the optimization of composite material combinations and testing in more
complex operational environments to expand its application in aerospace and aviation technologies.
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