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Abstract: Researchers are exploring the use of natural fibers, such as bamboo fibers, as a replacement for synthetic
fibers in composite materials due to environmental concerns and rising costs. Bamboo fibers have several benefits,
including low cost, biodegradability, light weight, and good mechanical qualities. This study focused on the
mechanical and physical characteristics of bamboo fiber composites for drone structures. Tensile tests were
conducted, revealing a relatively low tensile strength ranging from 22026.99 to 5474.92 N/m?3 compared to carbon
fibre composites. The tensile strength was influenced by the composition and ratio of bamboo fibre and epoxy. The
density of the bamboo fibre composite ranged from 0.9720 to 0.7790 g/cm?3, which is lower than carbon fibre
composites. Increasing the bamboo fibre content resulted in a decrease in density.
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1. Introduction

Composite materials are widely utilized across industries like aerospace, architecture, automotive, and energy due
to their superior properties. Composites consist of fibers as reinforcement and a matrix as glue, providing enhanced
characteristics [4]. They are favored for their weight-saving advantages and are gradually replacing metallic components
[29]. The main types of composites include polymer-matrix, metal-matrix, and ceramic-matrix composites [55]. Fiber
reinforced polymers (FRP) are particularly popular due to their lightweight nature, high mechanical qualities, and
corrosion resistance [39]. However, cost, and environmental concerns exist, leading researchers to explore natural
composites made of biodegradable fibers. Natural fibers, such as bamboo, have gained traction for their positive economic
and environmental attributes. Bamboo, with its diverse properties, is being investigated as a potential material source for
rod structures in unmanned aerial vehicles (UAVs), traditionally made with carbon matrix composites. This exploration
aligns with the aim of reducing costs and utilizing sustainable materials.

The use of unmanned aerial vehicles (UAVs) is increasing, and composite materials play a crucial role in their
development. Current high-performance UAVs utilize composite materials due to their lightweight and high strength
properties. While metals like aluminum are commonly used, carbon fiber composites are prevalent despite being
expensive to manufacture. However, natural fiber composites, such as those made from plant fibers like bamboo, offer
significant advantages over synthetic fibers. Natural fibers are abundant, lightweight, cost-effective, biodegradable, and
require fewer chemicals during manufacturing. Although bamboo is mainly used in the textile and furniture industries,
its potential as a natural fiber composite for UAV rod structures is promising.

2. Tensile Test

Tensile testing is performed to assess the mechanical properties of materials and is used in material selection, quality
assurance, and the comparison of different materials and processes. Tensile test results provide information on ultimate
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tensile strength, breaking strength, maximum elongation, and loss of area. These data can be used to calculate parameters
such as Young’s modulus, Poisson’s ratio, yield strength, and strain-hardening characteristics. Tensile strength is the
maximum stress a material can bear before breaking, while yield strength is the point at which it begins to deform
plastically. Ductility refers to a material’s ability to undergo plastic deformation before breaking. Tensile testing involves
subjecting a sample to a progressively increasing tensile force until it breaks, and the sample’s dimensions and behavior
are measured during the process.

3. Methodology
3.1. Material Preparation

The bamboo fiber obtained from the G. scortechinii type of bamboo plant, which was already extracted by the
manufacturer. It will be easier to determine the thickness of each layer by weighing and setting a knot of bamboo fiber
to be 4 grams each (this is done to make sure the distribution of the fiber is uniform). After weighing the fiber, it will be
tied with a raffia string to make sure it does not bend. If the fiber is bent, the layering process will be difficult because it
will not cover the layer properly. An epoxy resin will be mixed with hardener by following the recommended ratio by
the manufacturer of 3:1, respectively. The mixture process was done in a plastic cup to make sure the epoxy resin did not
stick to the container.

3.2. Sample Preparation

Table 3.1 shows the quantities of material required to make the final sample of bamboo fiber rod structure. There
are several units made for each sample. The outer diameter of the sample must be less than or equal to 1 cm. Thus, the
first sample will require four grams of bamboo fiber per layer, which results in five layers in total with 150 and 50 grams
of epoxy resin and hardener, respectively. The second and third samples required 16 and 32 grams of bamboo fiber per
layer, respectively, which resulted in two and one layers in total with 60 and 30 grams of epoxy resin and 20 and 10
grams of hardener, respectively. Table 3.1 also explains the parameters that need to be discussed after the experiment is
done. The total value of bamboo fiber used for S2 and S3 is the same to investigate the difference in total epoxy used,
which may affect the microstructure of the sample produced.

Table 3.1 - Quantities required for bamboo fiber (g), epoxy (g) and hardener (g) for final sample preparation

Sample Total of Bamboo Hardener per Epoxy Resin Total layer of
Fiber Used (g) Layer (g) per Layer (g) Bamboo Fiber (g)
S1 20 10 30 5
S2 32 10 30 2
S3 32 10 30 1

3.3. Procedure

The metal rod will be covered with lubricant (petroleum gel) and wrapped in plastic to make sure the sample can be
removed easily after it is finished. Then, the first layer of bamboo fiber will be wrapped around the metal rod. The fiber
will be wrapped in a circular motion to cover the surface of the metal rod. A fiber mesh is used to wrap the fiber to secure
its position before spreading the epoxy resin by using a brush. The procedure is repeated until it reaches the required
layer of bamboo fiber following Table 3.1. After that, the sample will be inserted into a shrink tube and heated using a
gun heater before being left to cure for 24 hours. During the heating process, the rod will be rotated to make sure the
epoxy resin is spread evenly. After the curing process, the bamboo fiber rod will be removed from the metal rod base.
Then, it will undergo a finishing step where the tip of the rod will be removed by using a metal saw to get a nice edge.
Then, a lathe machine will be used to reduce the diameter of the produced samples to 1 cm each.

3.4. Tensile Strength Test

The bamboo fiber rod structure will be tested to evaluate its tensile strength. As a result, a tensile test will be
performed on the sample to assess the bamboo fiber composite’s strength under pulling force as well as the material's
behavior when subjected to an applied tensile force. The specimen has a cylinder dimension of 120 mm and 1 mm of
length and diameter, respectively. For tensile strength testing, universal testing machine in the solid mechanic laboratory
was used. The rate of speed was set at 2 mm/min, as stated in ASTM D3039, with a gauge length of 10 mm. The specimens
will be fixed between the grips of the Universal Testing Machine and tightened to make sure they stay intact during the
testing. The machine is set to run, and the sample is pulled in opposing directions until it breaks, and it stops automatically
when it breaks completely.
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3.5. Density

Density is a convenient means of obtaining the mass of a body from its volume. The density test was performed to
determine the density of the sample produced by using Balance XS64 Mettler Toledo density kits, which are available at
ceramic laboratory. The sample will be put on the pan to measure the weight in air and then put under the basket since
the sample is floating to measure the weight in liquid. The value of density for the specimen will be automatically
calculated by the machine, and the result will be printed out. Based on the value of density, p, the weight of a material,
W can be determined by using the following Equation (1) and Equation (2):

V =mnr2l (1)

W=Vxp )
where r, [ and V represent the radius, length, and volume of the specimen.

4. Result and Discussion
4.1. Tensile Strength

Tensile strength is defined as the capacity to endure tensile loads without breaking. Furthermore, it demonstrates the
robustness of the materials to be utilized as goods. The tensile strength for each sample is presented in Table 4.1. The
results of the study show that as the percentage of bamboo fiber increases in the composite, the tensile strength decreases.
The highest tensile strength recorded was 22026.99 N/m? for sample S1, which had a lower bamboo fiber content.
However, as the bamboo fiber content increased in samples S2 and beyond, the tensile strength decreased to 11586.45
N/m? and further dropped to 5474.92 N/m?. The findings indicate that the total amount of epoxy resin and hardener used
in the composite plays a crucial role in determining its strength. To achieve proper bonding of the fibers and to reduce
the presence of pores between them, increasing the bamboo fiber content must be followed by a proportionate increase
in the total weight of epoxy resin. Compared to previous studies on bamboo fiber reinforced epoxy composites and carbon
fiber composites, the tensile strength of the bamboo fiber composite in this study is relatively high. However, it is still
significantly lower than the tensile strength values reported for carbon fiber composites in previous research [22, 53].

Table 4.1 - Tensile strength of the samples
Sample Maximum Load (N) Area (m?) Tensile Strength (s) (N/m?)

S1 1730 0.07854 22026.99
S2 910 0.07854 11586.45
S3 430 0.07854 5474.92

4.2. Effect of Bamboo Weight Per Layer on The Rod Microstructure

The weight per layer of bamboo fiber in the rod structure affects its microstructure. The density of the bamboo fiber
cannot be accurately determined due to the extraction process by the manufacturer. Increasing the weight of bamboo fiber
per layer theoretically increases the layer thickness. However, with a fixed volume of epoxy resin, the resin may not fully
cover the increased weight of fiber, resulting in increased porosity of the rod structure. This porosity can potentially
impact the mechanical properties of the rod structure. Figure 4.1 (a) shows the layers of epoxy with bamboo fiber at x700
magnification, where the bamboo fiber is fully covered with epoxy resin. However, in Figure 4.1 (b), the fiber is not fully
covered with epoxy resin, particularly on the inner diameter of the specimen. This results in a visible porosity in the
sample. The increased weight of bamboo fiber per layer makes it difficult for the resin to penetrate through the fiber
layer, leading to incomplete coverage and increased porosity.
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(b)
Fig. 4.1 - (a) First sample; (b) Third sample

Figure 4.2 at X700 magnification shows the layers of epoxy with bamboo fiber. The void area in the second sample,
which contains 16 grams of bamboo fiber and epoxy resin, is slightly more than the first sample but less than the third
sample. This suggests that as the weight of bamboo fiber increases, the volume of epoxy resin also needs to increase to
ensure a sturdy bamboo fiber rod with minimal voids. The presence of voids can affect the structure of the rod sample.
This was evident during the production process when the third sample broke down while reducing the diameter using a
lathe machine. The void area on the inner diameter of the sample prevented the epoxy resin from fully gripping the
bamboo fiber, resulting in failure.

Fig. 4.2 - Second sample

4.3. Density of Bamboo Fiber Composite

The study used a Balance XS64 Mettler Toledo density kit available at a ceramic laboratory to calculate the density
of the samples. Density is the mass per unit volume and determines whether an object will float or sink in water. If the
density is greater than 1 gm/cm3, the object sinks, while objects with a density less than 1 g/cm? float. Table 4.2 presents
the density data obtained for the samples in the study. According to the data in Table 4.2, the average density of the
samples decreases as the bamboo fiber content increases. Sample S1 has a density of 0.9720 g/cm?, which is higher than
the densities of samples S2 (0.8440 g/cm?) and S3 (0.7790 g/cm?). However, all the sample densities are lower than that
of distilled water, which has a density of 0.9975 g/cm3. Therefore, the samples would not sink when in contact with
distilled water. The decrease in density with higher bamboo fibre content can be attributed to the presence of more pores
within the sample, resulting in less compact particles in the composite. Sample S3, with a lower epoxy resin content,
exhibits more pores, contributing to its lower density compared to S1 and S2. Comparing the density values to the density
of G. scortechinii bamboo (0.641 g/cm?), it can be observed that the S3 sample's density approximates that value [41].
The addition of epoxy resin improves the density of the bamboo fiber, but the resulting composite remains relatively
light, as it still floats on distilled water. In comparison to previous research on carbon fiber epoxy composites, which
typically have densities ranging from 1.4 to 1.8 g/cm?®, the bamboo fiber composite in this study has a lower density,
closer to that of water (0.997 g/cm?) [46].
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Table 4.2 - Density of samples

Sample S1 S2 S3

Diameter (cm) 2.0 2.0 2.0 2.0 2.0 2.0

Height (cm) 1.0 1.0 1.0 1.0 1.0 1.0
Weight in air (g) 3.8054 3.5790 4.0309 4.4976 2.5872 2.3569
Weight in liquid (g) -0.0460 -0.1478 -0.6748 -0.8896 -0.7804 -0.6181
Density AL (g/cm3) 0.9975 0.9975 0.9975 0.9975 0.9975 0.9975
Den“(tgy/;‘;l?fos‘te 0.9860 0.9580 0.8550 0.8330 0.7670 0.7910

Average Density (g/cm?) 0.9720 0.8440 0.7790

In terms of application in drones, choosing a lightweight material is preferable to enhance maneuverability and
increase flight time. To compare the weight of two materials, their densities are utilized. The average weight of the
bamboo fiber rod structure, with dimensions of 25 cm in length and 1 cm in diameter, is measured at 67.9369 g. By using
Equation (1) and Equation (2), the weight of a carbon fiber composite with the same dimensions can be determined. The
average density of carbon fiber is found to be 1.4667 g/cm?® [46]. Using the given dimensions, the volume (V) of the rod
structure is calculated as 78.5398 cm?. Multiplying the volume by the density of carbon fiber gives a weight (W) of
115.1943 g. Comparing the calculations, the weight of the carbon fiber composite is significantly heavier than that of the
bamboo fibre composite studied in this project.

5. Conclusion

The aim of this research was to produce a rod structure for unmanned aerial vehicles (UAV) using bamboo fiber as
reinforcement and epoxy resin as the matrix. The study also aims to evaluate the mechanical properties of the bamboo
fiber composite rod. The bamboo fiber content was varied while keeping the epoxy resin to hardener ratio constant.
Tensile and density tests were conducted to assess the strength and physical characteristics of the samples. The results
showed a decrease in both tensile strength and density as the bamboo fiber content increased, while the amount of epoxy
resin remained constant. The tensile strength of the bamboo fiber composite ranged from 22026.99 to 5474.92 N/m3,
which was found to be lower than the results reported in other studies. The density of the composite decreased as the
percentage of bamboo fibre increased. This decrease in density was attributed to the presence of more pores within the
sample, resulting in less compact particles in the composite. The densities of the bamboo fibre composites tested ranged
from 0.9720 to 0.7790 g/cm3, which was significantly lower than the density of carbon fiber composites that are usually
utilized as the material for UAV structures. The low density of the bamboo fibre composite is advantageous for UAV
applications as it improves manoeuvrability and potentially increases flight time. However, it should be noted that the
tensile strength of the bamboo fibre composite is lower compared to carbon fibre composites, which may be a
disadvantage in certain applications.
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