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ABSTRACT

This research presents the development of an optimized octocopter that emphasizes structural efficiency, reduced 
weight, and enhanced sustainability. The primary objective was to redesign the drone’s structure using additive 
manufacturing and topology optimization to minimize material usage while maintaining structural integrity. Wood-
PLA filament, a composite of polylactic acid and wood fibres known for its environmental benefits and weight 
reduction was employed throughout the study. Extensive material testing, flight trials, and a comprehensive analysis 
of the original design were conducted. Topology optimization techniques led to a 29.9% reduction in weight, and the 
use of Wood-PLA enabled a 31.25% increase in payload capacity, resulting in an overall weight reduction of 32.7%. 
Despite challenges associated with the hygroscopic nature of Wood-PLA, these findings demonstrate that advanced 
manufacturing techniques combined with innovative materials can significantly improve the performance and 
sustainability of unmanned aerial vehicles (UAVs). This initiative sets a new benchmark for sustainable drone 
technology in the rapidly evolving UAV sector.
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INTRODUCTION

The demand for drone technology is increasing rapidly 
across various industries, driven by advancements in 
commercial and industrial applications. With a projected 
compound annual growth rate (CAGR) of over 16% 
between 2021 and 2026, the commercial drone market is 
expected to reach $58.4 billion by 2026, highlighting its 
vast economic potential (Markets and Markets 2021). 
Additionally, the need for drones capable of carrying 
heavier payloads is anticipated to fuel a $8,795.43 million 
growth in the payload drone market between 2023 and 

2027 (Technavio, 2023). In sectors such as logistics and 
parcel delivery, drones offer a fast, cost-effective, and 
scalable alternative to conventional transportation methods, 
addressing the increasing consumer demand for reliable 
and timely deliveries.

Despite this growth, a critical challenge remains: 
current drone designs in Malaysia are limited in their ability 
to carry substantial payloads. Many existing models are 
too heavy, restricting their efficiency and scalability for 
delivery applications. This weight issue is further 
compounded by conventional drone manufacturing 
methods, which are resource-intensive, generate significant 
waste, and rely on environmentally harmful materials such 
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as metals and petroleum-based composites (Grand View 
Research 2021). These challenges highlight the urgent need 
for sustainable alternatives that can enhance drone 
performance while reducing their environmental impact.

To overcome these limitations, topology optimization 
offers a promising solution. This design strategy 
mathematically determines the optimal shape, size, and 
material distribution of a structure, enabling weight 
reduction while preserving mechanical integrity and 
performance. By minimizing material usage, topology 
optimization not only enhances drone efficiency but also 
lowers production costs, improves energy efficiency, and 
increases payload capacity, thereby enabling drones to 
carry more deliveries per flight (Liu et al. 2018).

Material selection is another crucial factor in the 
development of lightweight and sustainable drone 
structures. Recently, the use of agricultural waste and 
natural fiber-reinforced composites has gained traction as 
an eco-friendly alternative to conventional materials. 
Wood, in particular, is a lightweight yet strong reinforcement 
material due to its cellulose, hemicellulose, and lignin 
composition, making it suitable for structural applications 
(Goodman 2020). Studies have demonstrated the 
effectiveness of natural fiber-reinforced composites in 
aerospace and other high-performance applications, 
showing their potential to reduce environmental impact 
without compromising structural integrity (Goodman 
2020).

While research on topology optimization and natural 
fiber-reinforced composites has progressed, there remains 
a significant gap in their application to drone structures 
designed for high payload capacity. Most existing studies 
focus on drones for surveillance, agriculture, or recreational 
use, with limited research on structural optimization for 
payload delivery (Ray & Dey 2018). This lack of research 
restricts the broader adoption of drones in commercial 
logistics (Maghami et al. 2018).

Therefore, this study aims to bridge this gap by 
developing a novel octocopter design that integrates 
topology optimization and natural fiber-reinforced 
composites. The research prioritizes payload capacity, 
weight reduction, sustainability, and environmental impact, 
offering an innovative approach to drone manufacturing. 
By addressing both structural and material challenges, this 
study contributes to the advancement of high-performance, 
eco-friendly UAVs, setting a foundation for more 
sustainable and efficient drone logistics.

METHODOLOGY

The methodology outlines a systematic approach to 
designing and developing a sustainable and lightweight 

unmanned aerial vehicle (UAV). The focus is on utilizing 
natural fiber-reinforced composites and topology 
optimization to enhance the drone’s performance while 
minimizing environmental impact. Flowchart shown in 
Figure 1 illustrates the overall methodology, detailing each 
phase of the project from literature review to final testing.

FIGURE 1. Project flowchart

FRAMEWORK DESIGN

The drone frame was modelled using SolidWorks, focusing 
on aerodynamics and structural integrity. Key design 
features include dimensions optimized for weight reduction 
and strength. To ensure the revised design followed 
industry standards, the model was compared to the DJI 
Agras MG-1S, a basic octocopter model (Smith, Khan & 
Khan 2021) and every dimension complied with drone 
design guidelines (Chen, Shatnawi & Thelen 2020)

TOPOLOGY OPTIMIZATION

Specific algorithms, such as the Solid Isotropic Material 
with Penalization (SIMP), are employed to optimize the 
drone’s structure. The optimization criteria include 
minimizing weight while maintaining the necessary load-
bearing capacity. A comparison of initial and optimized 
designs is presented, highlighting improvements in material 
distribution.
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ADDITIVE MANUFACUTRING

The drone components were manufactured using fused 
filament fabrication (FFF) technology using a Prusa i3 
MK3 3D printer. The PLA material was printed with 
temperature control, which was achieved by setting the 
extruder at 215 ° C and the bed at 60 ° C. This was essential 
for warp-free extrusion and bed adhesion (Singh & Singh, 
2020). Each component’s infill percentage was customized 
to balance strength and material consumption; key load 
bearing elements, such as the leg bracket, used 100% infill 
for optimal strength, while most parts used a 20% infill 
(Noorani 2017). To control environmental conditions like 
humidity and avoid absorption of filament moisture during 
printing, which might affect print quality, the air 
conditioning was turned off throughout the printing process 
(Li, Wang & Zhou 2019). Furthermore, topology 
optimization was used to optimize printing times, reducing 
material excess and increased production efficiency 
(González-Henríquez & Cifuentes-Cisterna, 2021). The 
efficiency was demonstrated by the significant reduction 
in the printing times for components such as the cargo 
compartment, which reduced from 10.12 to 7.95 hours 
(Mujika-López et al. 2020) as shown in Table 1.

TABLE 1. Identification of selected muscle and electrode 
placement position

Drone Part
Before 

Optimisation 
Design (hr)

After 
Optimisation 
Design (hr)

Component Plate 3.23 2.90
Drone Arm 4.02 4.33
Leg Bracket 1.90 1.60
Cargo 10.12 7.95

Figure 2 depicts the schematic and interconnections 
of components commonly encountered in a multirotor 
drone, such as a quadcopter or an octocopter. The drone is 
powered by a 6000mAh battery, which is connected to the 
power distribution board. The power distribution board 
then distributes 30A of power to both the flight controller 
and the ESCs. The flight controller utilises inputs from the 
2.4GHz receiver, IMU, and GPS to regulate motor speed 
via ESCs, hence facilitating stable flight. Engines produce 
upward force and forward propulsion for motion.

FIGURE 2. Basic circuit connection of octocopter

COMPONENT INTEGRATION

The interior construction of the drone was constructed to 
integrate a variety of mechanical and electronic components 
necessary for its operation (Caminero, Rodríguez-Pérez & 
Chacón 2018). Among the components included were the 
flight controller, radio receiver, accelerometer, motors, 
LiPo battery, power distribution board, GPS, electronic 

speed controllers (ESC), propellers, wireless charging 
transceiver, and radio (Tao & Chen 2021). The meticulous 
construction of these parts was essential to guaranteeing 
the drone’s functionality and dependability while in flight 
(Zhang & Peng 2019). Each component’s weight was 
carefully measured because it added a substantial amount 
to the drone’s total mass, requiring a lightweight frame to 
make up for the extra weight (Chen, Wu & Zhang 2020). 
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The project’s approach to component integration placed 
equal emphasis on the mechanical fit as well as the 
calibration and tuning of the parts to function as a unit 
following the circuit above, which involved in building a 
load-carrying capability, environmentally friendly drone.

DRONE CALIBRATION

To capture magnetic field data from all angles, the drone’s 
compass needed to be calibrated using ArduPilot, which 
involved turning the gadget in different directions as shown 
in Figure 3 (Anderson 2018). The drone was first calibrated 
in a level orientation, which served as the baseline for all 

subsequent changes (He & Zhang 2021). After that, the 
drone was flipped to face its left side so that the calibration 
programme could read magnetic field readings from this 
angle (ArduPilot n.d.). Afterwards, the drone was oriented 
in both nose-down and nose-up directions to record 
magnetic fields along its pitch axis (Emling & Snyder, 
2019). In order to account for magnetic interference caused 
by hardware, the back side orientation was employed 
(Pasha, Singh & Siddique 2021). This thorough procedure, 
which included turning the drone 360 degrees at each turn 
and using software to offer real-time feedback, guaranteed 
the precision of the compass in respect to the Earth’s 
magnetic field, which is essential for the drone’s operational 
efficacy (Li & Lee 2018).	

FIGURE 3. Drone calibration

MATERIAL TESTING

Tensile and impact tests were performed on PLA and 
Wood-PLA materials as part of the material testing 
approach to evaluate their mechanical characteristics (Silva 
& Santos 2020). While impact testing assessed the 
materials’ resistance to abrupt pressures, tensile tests 
recorded important metrics including elongation at break 
and tensile strength (Alfares & Alkanhal 2017). The choice 
to utilize Wood-PLA for the drone’s construction was 
influenced by the testing, which yielded vital information 
about the materials’ compatibility (Li, Zhang & Wang 
2019). Wood-PLA offers the best strength-to-sustainability 
ratio.

RESULTS & DISCUSSION

TOPOLOGY OPTIMIZATION

Significant weight savings were achieved as a result of the 
topological optimization. Following topological 
optimization, the after optimized PLA-printed components 

weighed 1000.501g, which represents a 29.9% mass 
decrease over the before optimized design. The mass 
distribution research using finite element analysis (FEA) 
verified that this reduction was made possible by 
eliminating non-critical material without compromising 
structural integrity. These findings validate topology 
optimization’s promise for lightweight and effective drone 
design by showing how effective it is in reducing significant 
weight. 

A side-by-side comparison of drone parts using 
optimised design methodologies is shown in Table 2. 
Significant material reductions are demonstrated by the 
optimised designs, utilising the application of topology 
optimisation techniques. With the use of finite element 
analysis, which forecasts how each component will react 
to different loads during operation, this approach eliminates 
extra material while preserving the structural integrity of 
every component. The component plate is a comparatively 
solid object with symmetrically positioned holes and a 
consistent thickness in the original design. Only the 
material required for structural stability is included in the 
optimised form, which is drastically different from the 
before optimised version. 
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TABLE 2. Comparison before and after topology optimisation
Drone Part Before Optimised Design After Optimised Design

Component Plate

Drone Arm

Leg Bracket

Cargo Bay

This pattern, which frequently has an organic structural 
appearance, is the outcome of an algorithmic procedure 
that repeatedly eliminates low-stress regions to reduce 
weight without sacrificing performance. There has been a 
noticeable change in the drone arm. The original, 
consistent, rectangular shape is swapped out for a pattern 
that has several cutouts and a lattice framework. By making 
this modification, the drone arm’s weight is decreased while 
maintaining its ability to endure forces essential to the 
drone’s operation, such as lift, push, and torsion. The shape 
of the leg bracket has changed from being straightforward 

and block-like to being more intricate. This implies that 
the optimisation procedure found several areas where 
material might be eliminated since it was not improving 
the bracket’s performance under load. The final design 
should be lighter while maintaining or improving the 
bracket’s capacity to hold the drone’s weight and the forces 
involved in landing and take-off. A significant redesign has 
been made to the cargo component. The original design 
was boxy, with straight walls and sharp corners, which 
were regions where tension was concentrated. Over time, 
this form changed to become curved, almost topographical. 
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This suggests that the distribution of the material optimises 
the strength-to-weight ratio by reflecting the stress patterns 
that arise during flight when the cargo hold is loaded. The 
ensuing stress-strain analysis will offer a quantitative 
validation of these designs, guaranteeing that the structural 
requirements are satisfied even with the decreased material 
consumption. To ensure that the optimised design can 
sustain operating demands, this study will concentrate on 
the deformation under load, the distribution and number 
of stresses for each component.     

FINITE ELEMENT ANALYSIS

The finite element analysis (FEA) of the drone components 
shown in Figure 4, which includes the component plate, 

drone arm, leg bracket, and payload, confirms their 
resilience within safe operating limits for stress, strain, and 
displacement under load. Material mass optimization for 
each component enhanced structural efficiency without 
compromising strength, as evidenced by maximum stress 
values significantly lower than material yield strengths, 
suggesting a low likelihood of failure under normal 
conditions. Negligible engineering strain values (ESTRN) 
indicate minimal material deformation, preserving 
dimensional accuracy and functionality, which is crucial 
for the drone’s longevity. Additionally, the displacement 
values are within acceptable limits, ensuring the drone’s 
stability and performance through maintained structural 
stiffness and alignment. Overall, the FEA results validate 
the robustness and reliability of each component’s design 
in meeting operational demands.

TABLE 3. Finite element analysis (FEA)

FEA Analysis Component
Plate

Drone
Arm

Leg
Bracket

Cargo
Bay

Material mass (g) 47.43 100.23 13.41 162.42
Maximum Stress (N/m2) 5.722×103 6.311×104 1.028×103 6.154×103

Maximum Strain (ESTRN) 1.112×10-4 3.288×10-9 4.098×10-7 1.658×10-6

Displacement (mm) 1.972×10-3 2.904×10-2 2.906×10-6 1.556×10-4

The component plate, drone arm, leg bracket, and 
payload all remain within the safe operating limits for 
stress, strain, and displacement when subjected to loads, 
according to the overall study from the Finite Element 
study (FEA) performed on the drone components as shown 
in Table 3 and Figure 4 respectively. Every component had 
its material mass optimised for structural efficiency; the 
mass values indicate that the topology optimisation was 
effective in removing superfluous weight without 
sacrificing strength. 

Significant weight savings were achieved as a result 
of topological optimization. Following topological 
optimization as seen in Figure 5, the optimized PLA printed 
components weighed 1000.501g, which represents a 29.9% 
mass decrease over the unoptimized design. Mass 
distribution research using finite element analysis (FEA) 
verified that this reduction was made possible by 
eliminating noncritical material without compromising 
structural integrity. These findings validate topology 

optimization’s promise for lightweight and effective drone 
design by showing how effective it is in reducing significant 
weight.

Stress values are substantially lower than the material 
yield strengths, suggesting that, under typical loading 
circumstances, none of the components is anticipated to 
fail. Moreover, the strain values are negligible, especially 
the engineering strain (ESTRN), indicating that there will 
be any appreciable material deformation during operation. 
Ensuring the preservation of dimensional correctness and 
functioning of every part is crucial to prolong the drone’s 
service life. Furthermore, the stated displacement values 
are well within the allowed bounds. The stability and 
performance depend on the components maintaining their 
structural stiffness and alignment, which is shown by this 
little movement. In conclusion, the FEA results confirm 
that each component’s design is strong and able to 
withstand operational demands.
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FIGURE 4. Topology optimisation where a) computed mass after optimisation and b) static nodal stress simulation
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FIGURE 5. Stages of drone design where a) before optimisation and b) after optimisation

FILAMENT MATERIAL SELECTION

Wood-PLA composites and pure PLA were the main 
comparison materials utilized in testing and component 
selection for drones. Wood-PLA exhibited superior 
stiffness in tensile testing, as evidenced by its greater 
Young’s Modulus (20.01 MPa) in comparison to PLA 
(19.496 MPa). Nevertheless, decreased elongation at break 
accompanies this greater stiffness in Wood-PLA, indicating 
a ductility tradeoff. Impact tests showed that Wood-PLA 
(1.82 kJ/m2) had a little lower impact strength than PLA 
(1.96 kJ/m2), suggesting that the composite material had 
less impact resistance. This decline is explained by the 
PLA matrix’s wood fibers, which limit the mobility of the 
polymer chains and lessen their capacity to absorb shock 
and flex (Zhang & Xu, 2020). 

Despite these drawbacks, using Wood-PLA offers an 
eco-friendly substitute and is consistent with sustainability 
objectives. Its reduced weight helps the drone operate better 
and fly for longer periods of time. The choice of Wood-PLA 
is a result of balancing material innovation, sustainability, 
and drone technology’s operating requirement

ADDITIVE MANUFACTURING

When working with natural fiber reinforced composites 
(NFRC) such as Wood-PLA in additive manufacturing, 
printing quality might suffer greatly if the filament absorbs 
moisture (Chang, Liu & Wang, 2021). This is because 
NFRCs are hygroscopic, which means that moisture 
absorption can cause problems with the printed components’ 
surface, poor layer adhesion, and reduced mechanical 

capabilities. It’s essential to keep the filament in a dry, 
controlled environment, ideally with silica gel desiccants 
to absorb any ambient moisture. Furthermore, the 
printability of the filament can be restored by drying it 
before using specialist filament dryers or a conventional 
oven (temperature lower than 60°C, glass transition 
temperature of PLA). The integrity and quality of the 
components made using NFRCs in additive manufacturing 
methods are guaranteed by appropriate storage and pre-
printing preparation.

DRONE WEIGHT COMPARISON

This study used three different sets of components in its 
overall approach to weight reduction in drone design. Table 
4 tabulates the weight analysis. The initial benchmark 
weight of 1427.174g was established using PLA without 
topology optimization. The weight dropped dramatically 
to 1000.501g after topology optimization using PLA, 
representing a 29.9% mass decrease. The effectiveness of 
topology optimization in lightweight design is confirmed 
by this decrease. In comparison to the PLA set after 
optimization, the third set’s weight dropped by an 
additional 40g or 4% to 960.498g when Wood-PLA 
filament with the same improved design was used. This 
demonstrates how well composite materials work to reduce 
weight in comparison to standard materials, particularly 
when such materials contain lighter natural fibers. The 
combined advantages of material selection and design 
optimization are demonstrated by the optimized Wood-PLA 
components’ overall weight reduction of 32.7%, which 
helps promote sustainable manufacturing practices and a 
smaller carbon footprint. These weight reductions are 
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converted into useful benefits that meet technical 
requirements and sustainability objectives, such as 

enhanced flight dynamics, longer flight durations, and more 
cargo capacity.

TABLE 4. Weight analysis

WEIGHT-TO-LOAD COMPARISON

The weight-to-load analysis of PLA and Wood-PLA drones 
revealed important differences as shown in Figure 6. In 
comparison to the PLA frame, which weighed 1000.501 
grams, the Wood-PLA drone frame weighed 960.498 
grams. This crucial frame weight reduction makes it 
possible to incorporate components that improve the 
drone’s operation, including bigger batteries or more 
sensors. Remarkably, the Wood-PLA drone maintained its 

weight despite the addition of electronics. This steady 
weight reduction highlights how well Wood-PLA works 
to create lighter structures, achieving the goal of lowering 
the drone’s weight while utilizing an ecologically friendly 
material.

In terms of payload capacity, the Wood-PLA drone 
was able to carry up to 2100 grams, which is a 31.25% 
increase in payload capacity compared to the PLA drone’s 
1600 grams. The Wood-PLA drone’s lighter frame material, 
which enables it to devote more of its lift power to payload 
rather than its own mass, is responsible for this boost.

FIGURE 6. Weight-to-load comparison
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CONCLUSION

This project effectively combined cutting-edge engineering 
with environmental responsibility, revolutionizing the 
design and production of drone components. Through 
topology optimization, there was a noteworthy 29.9% 
weight decrease in PLA components as a result of the 
design optimization focus. The choice of material was 
essential, and Wood-PLA was selected because of its 
capacity to combine mechanical qualities with sustainability. 
Wood-PLA demonstrated a trade-off towards brittleness 
in spite of its improved stiffness. The use of additive 
manufacturing, or 3D printing, was crucial, particularly in 
managing Wood-PLA’s hygroscopic properties, which 
called for cautious drying and storing. By validating the 
design and material selections, performance testing of the 
drones—including test flights and mechanical tests—was 
able to produce a lighter drone with a 31.25% higher 
payload capacity for Wood-PLA drones. The initiative 
demonstrated a dedication to lowering environmental 
impact in drone manufacture and operation, which was in 
line with the Sustainable Development Goals. The project’s 
overall 32.7% weight reduction of drone components offers 
fresh insights into the integration of sophisticated material 
science and production processes for effective, 
environmentally friendly aerial vehicles. By striking a 
balance between technological efficiency, material 
sustainability, and operational efficacy, this establishes a 
benchmark for drone technology and directs future study 
in the quickly advancing field of unmanned aerial vehicles.

FUTURE RECOMMENDATION

The future drone technology proposals center on increasing 
performance, efficiency, and sustainability. Developing 
Rice Straw/PLA filament, which provides an affordable 
and environmentally friendly substitute for drone 
production, is one of the key topics. It is recommended to 
apply protective coatings on NFRCs to prevent moisture 
absorption and increase drone durability. It is suggested 
that surface modification by UV/O3 treatment enhance the 
strength and bonding of NFRC materials. By addressing 
load distribution and stability issues, adopting an octocopter 
design seeks to improve safety and cargo capacity. Adding 
autonomous flight capabilities is also expected to increase 
operational reach and efficiency. These tactical 
developments are about to completely reshape drone 
capabilities, establishing new benchmarks for airborne 
technology and expanding the range of uses for them.
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