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KEYWORDS ABSTRACT
Quadcopter design, ) The aim of this article is to select material for the components of the quadrotor drones with a time-
Time Dependent Dimensions, variable structure. Although the use of a time-variable structure provides the capability to

Mechanical design, " i AT . . . .
- 9 ! maneuver along various paths and exhibit diverse functionalities, dimensional changes may lead
High-performance materials,

QUL TEETE, to component failures due to loads, vertical forces, and drag forces from the motors. Therefore, in
the design process, in addition to considering weight and cost, parameters related to the durability
and load-bearing capacity of the robot's structure must be examined. There are various criteria for
selecting suitable materials for construction, and in this regard, the effectiveness of each criterion
is specified in the design tables. Ultimately, the optimal materials for use are identified. The results
indicate that by selecting Aluminum 7075-T6 and ABS+ Filament materials, the deformation of
the drone's body under maximum motor loads is minimal, and the factors of weight and total cost
are also optimized.

Extended Abstract

1. Introduction

accessibility and low depreciation costs. Although often limited to surface mobility [3], operational expenses

for these robots remain high owing to proliferating obstacles and complexities in reaching target locations
[4]. Despite advancements with flying robots [5], demand for ground robots persists — albeit shifted [6]. Flying
robots are now preferred for applications where their capabilities excel. However, limitations exist, like
dependence on open environments devoid of barriers. The intricate programming and constrained mobility of
aerial robots has attracted considerable research attention [7, 8].

I n recent times, the value of mobile robots has risen substantially [1, 2], mainly due to their increased

The energy constraints of flying drones are a pivotal concern [9, 10]. Though designed with defined energy
capacities for loading and movement, functional scopes are frequently restricted - stemming from reliance on
batteries and atmospheric impacts of wind and rain. These environmental factors impede the full potential and
applications of such robotic systems [11].

While battery innovations have partially mitigated energy limitations, investigations continue on optimizing
materials and dimensions [12]. The goal is attaining the ideal balance of efficiency, weight, and mobility through
novel methodologies and structural developments [13,14].
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Navigation versatility for obstacle avoidance is another limiting factor [15,16]. Early design stage definitions
of coverage spaces become essential, inherently restricting roles [17]. This entails either initial mapping to
constrain utility or complex real-time data gathering [18, 19]. Utilizing larger drones can enable energy-efficient
load transferal, eliminating size adjustments and higher energy needs through the flight [20]. However,
applications emphasizing motion stability and payload may necessitate periodic dimensional increases.

Mr. Karmi pour and colleagues, designed a robot that can adjust its height to cross obstacles. The aim of
building this robot was to enhance its capability to navigate paths seamlessly without deviating from its trajectory,
so that the robot can cross obstacles without changing its path by adjusting its height. The simulation conducted
in ADAMS software validated the effectiveness of the design, showcasing a high level of accuracy in the kinematic
equations obtained through the process [21, 22]. The key objective here is introducing an optimal adjustable flying
robot structure. While movement planning is vital, the material selections for components are equally significant
considering maneuverability and resilience across missions. Comprehensive evaluations of various materials have
been conducted on parameters such as cost, weight, and resistance indices to achieve this.

2. Methodology

This article details the design and simulation of a shape-morphing quadcopter using SolidWorks and ANSY'S
software. The key design challenge was enabling the smooth, vibration-free extension and retraction of the wings
using lightweight mechanisms. As seen in the concept image, servo motors control the linear motion of each wing
along threaded shafts, while smooth support shafts counteract propeller thrusts.

Servo Motor

Wing

Soft Shctf'r‘

Close Phase

Screw shaft

Open Phase

Figure 1. The overall schematic of the quadcopter in two open and closed states

As shown in the image, each wing is capable of linear movement with the help of its dedicated servo motor.
This movement is achieved as the servo motor applies torque to the threaded shaft, resulting in linear wing motion.
Additionally, a smooth shaft provides support for the wing's movement, allowing for easy counteraction of the
thrust force from the propeller motor.

3. Numerical Simulation

ANSYS software was used for simulation due to its advanced analysis capabilities and tools suitable for various
stress analysis types. The quadcopter model was simplified to streamline analysis and prevent delays from
components with minimal impact on results. The simplified model for simulation omits servo motors, propeller
motors, and propellers.

Since the open configuration is more critical than the closed one, the stress analysis from the open configuration
was used to analyze the closed configuration. The von Mises criterion was used to select an appropriate quadcopter
material due to its high reliability. ANSYS provides maximum von Mises stress values for components, which
was utilized. The quadcopter configuration was defined and simulated with applied forces to identify high-stress
components. Finally, required yield strengths for critical components were determined, with a 1.5 safety factor,
ensuring structural integrity by selecting materials with adequate yield strengths based on maximum von Mises
stress calculations.
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Figure 2. A simplified model of a quadcopter with the location of supports and powers.

Figure 3. Stress tensor on the shaft

Simulations showed the shaft experiences the highest stress. Therefore, the shaft material should have high
yield strength. Additionally, increasing shaft diameter can improve stress resistance. However, in aerospace
applications, weight is critical and diameter increases impact performance, efficiency, and safety. While larger
diameters improve strength, material selection is crucial to balance structural integrity and weight constraints.

In aircraft and aerospace applications, every gram of weight is carefully considered, as it directly impacts
vehicle performance, fuel efficiency, and overall safety. Therefore, while increasing shaft diameter can improve
strength, it must be done judiciously to maintain a balance between structural integrity and weight constraints.
Selecting the right high yield strength material becomes crucial to ensure component reliability while minimizing
weight.

Table 1. Maximum von Mises stress in the mechanism

(1.5) Maximum von Mises stress considering the reliability factor Forces
Screw shaft (MPa) Wing (MPa) Panel (MPa) Center mass(N) Trust force (N)
90 9 1/5 10 5
270 30 3 30 15
540 60 6 50 30
730 75 9 60 40
900 90 12 70 50

4. Conclusion

This article explores designing and constructing a flying robot with dynamic, changing dimensions. A key
issue is selecting appropriate materials that can adapt to mid-flight dimension changes and resulting dynamic and
static critical states. Using the maximum number of motors and achieving maximum carrying capacity introduces
structural complexity and vulnerability due to the inherent structure and material composition.

To address this effectively, parameters influencing performance were methodically defined and resistance
levels thoroughly assessed. This strategic approach not only meets the demands of a dimension-changing flying
robot but also ensures an optimal balance between structural integrity, material resilience, and operational
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efficiency. Completed investigations ascertain the minimum stress threshold for the chosen material, enabling
judicious selection from available market options. Various materials exist for different components, allowing
tailored choices based on project requirements. For instance, steel materials are advantageous for high-stress shafts
due to heightened stress resistance.

Alternatively, 3D filament printing is suitable for quadcopter parts. The optimal material and production
method depends on specific project needs and conditions. Aligning selection and processes with these needs
enhances both component performance and durability.

Table 2. Examples of materials that can be used for Arms and Panel

Suitable material for shaft Tensile yield (MPa) Density (gr/cc) Price per kilo($)
Steel AISI 304 215 8 1.5-35
Aluminum 7075-t6 503 2.81 2-4
Stainless Steel AISI 316 290 8 2-5

Prices in Iran and in 2023/11/4

Table 2 presents three common and accessible shaft materials. While impractical to examine every potential
material, these are frequently used and readily available, making them feasible choices. Other shaft materials likely
have similar characteristics.

Table 3. Examples of materials that can be used for shafts.

Suitable material for panel and arm Tensile yield (MPa) Density (gr/cc) Price per kilo($)
PETG filament 52 1.27 23
PLA+ filament 60 1.23 24
ABS+ filament 40 1.06 24
Nylon carbon fiber filament(ePA-CF) 140 1.24 53
ePA12-CF 108 1.24 90

Prices in Iran and in 2023/11/4

Table 3 outlines suitable quadcopter wing filaments. Sheet composites are also an option but introduce
construction complexity at smaller dimensions. Filament mechanical properties and pricing vary by manufacturer.
To simplify selection, a top manufacturer was used for representative data. Other manufacturers likely offer similar
options.

Table 4. General decision table for guadcopter

Shaft Materials(alloys) Mark Filament Materials Mark Total mark
PETG filament 34/6 58/2
PLA+ filament 38/4 62
Steel AISI 304 23/6 ABS+ filament 44/6 68/2
ePA-CF 38/3 61/9
ePA12-CF 37/9 61/5
PETG filament 34/6 69/79
PLA+ filament 38/4 73/59
Aluminum 7075-t6 35/19 ABS+ filament 44/6 79/79
ePA-CF 38/3 73/49
ePA12-CF 37/9 73/09
PETG filament 34/6 59/2
PLA+ filament 38/4 63
Stainless Steel AISI 316 24/6 ABS+ filament 44/6 69/2
ePA-CF 38/3 62/9
ePA12-CF 37/9 62/5

Ultimately, a comprehensive table compiled pertinent data to facilitate selecting the most suitable materials
based on decision criteria. Analysis revealed 7075-T6 Aluminum as optimal for the shaft and steel accessories,
while ABS+ filament was preferred for the panel and arms. The material selection utilized readily available
options, although the full range is too extensive to fully encompass here. For example, resin was omitted due to
its generally higher cost over filaments. Additionally, the steel assessment focused on three primary accessible
types. In conclusion, this quadcopter material selection method first examines steel components separately given
their higher strength. A table is then generated to facilitate selecting the optimal material based on defined decision
criteria.
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