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Abstract:

A drone 1s an unmanned aerial vehicle
(UAV) or unmanned aircraft system. It 1s

essentially a
controlled

this 1s
can fly

flying robot
remotely  or

autonomously with software-controlled
flight plans. This project explored the
ideas of drone system design that can
improve drone efficiency through a light
and strong frame and an appropriate

selection of propellers,

motors and

battery. This project aims to design a
light and strong 3D printed frame through
CAD modeling, structural simulation and
design optimization using Solidworks.

Objectives:

Conduct research 1n a cooperative
framework using ARG model

Understand flight behaviors of First-
person view (FPV) racing drone and
factors on the performance

Optimize drone performance through
selection of propellers, motors, and
battery, and mechanical system design

Optimize drone frame design through
Computer Aided Design (CAD)
modeling and engineering analysis,
including finite element analysis (FEA)

3D print optimized drone frame

Background Study:

-

T'here are many different types of drones
t]
delivery, military, medical usages. This

nat are used for various purposes, such as

design project focuses on First-person

view (FPV) racing drones, designed for
forward flight, and a camera positioned
on the front of the chassis. They are
designed for speed, agility, and durability
through appropriate designed of the

electrical
including electronic

(

and mechanical systems,
speed controllers

ESCs), motors, batteries, motors, and a

light frames.

An efficient frame 1s light, but also strong
and stiff enough to provide a safe housing
for electronics and carry payload. Many

design

considerations can change the

performance of a drone including its shape,

S

tructure, and material.
- 5 @

.“. -,‘3»

Figure 1. A First-person view (FPV) racing drone [1]
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Figure 2. Drone frame design 1deas: bone structure [2]
(left) and straight arm [1]

Frame Design Modeling:

The drone arm can be treated as a cantilever
beam for modeling purposes. Modeling the
drone arm as a cantilever beam allows us to
calculate maximum deflection and stress
with mathematical models from mechanics
of materials. Three commonly used

materials (ABS, PLA, and CFRP) were
studied. With this analysis, we were able to

study the effect of cross-sectional
parameters on beam strength and stifiness.
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Figure 3. Schematic of a cantilever beam [1]

The maximum deflection 1s at the free end

5 _F L3
max — BEI
The maximum bending stress at the fixed end
o — Mmaxymax — @
max I bdz

The safety factor
SF = —%

Omax

The mass of the beam
m = pbdL

Table 1: Material Properties [3-4]

i i .. | Young’s | Tensile
Density | Poisson’s
(kg/m®) | Ratio | Modulus | Strength
(GPa) (Mpa)
ABS 1200 0.36 2 30
PLA 1800 0.3 3.5 59
CFRP 1300 0.3 70 300

Table 2: Results with the same beam length (40 mm)
and width (10 mm) under a 5 N Load

Thickness| Mass [Deflection| Stress | Safety

(mm) (2) (mm) | (Mpa) | Factor

CFRP 1.54 0.8 0.5 50.6 15.8
ABS 5.00 2.4 0.5 4.72 6.4
PLA| 4.18 3.0 0.5 6.87 8.6
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Figure 3. Effects of variation of thickness/width on a
CFRP beam with a rectangular cross-section

Finite Element Analysis (FEA):

We use Solidworks for our CAD design
and FEA analysis. The FEA results of
simple beam geometry agree well with the
model results. FEA 1s used to analyze the
performance of complex geometry which
cannot be calculated with sitmple models.
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Figure 4. FEA results of a PLA arms with solid and
hollow cross-sections under a 5 N Load

Conclusions and Future Work:

This project has researched the design
requirements of drone system and gathered
the design specifications through reverse
engineering a FPV racing drone. The racing
drone has a solid cross-section frame
manufactured from CFRP by CNC

machining. Mathematical modeling using
mechanics of materials and FEA analysis
were conducted to design a hollow cross-
section drone arm to be made by 3D
printing with PLA. FEA analysis shows
that the hollow section design can achieve a
good performance and reducing weight by
34%. More CAD modeling and FEA
analysis will be used to further optimize the
arm design and other parts for 3D printing.
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