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Abstract

This study investigates a sizing tool for the preliminary design of an Unmanned Aerial Vehicle (UAV). The UAV is designed
with the aim to join and compete in the SAE Aero Design Student Competition. The sizing tool was developed in an excel
spreadsheet to calculate the general dimensions of the UAV. Different designs were generated and calculated using a
spreadsheet which was created to save time and effort in doing the calculations by hand. This sizing tool was used by
different groups of students following the rules and regulations given by the SAE Competition rules 2018 document. The
micro class aircraft must fit in a rectangular box with specific dimension in a disassembled condition. Moreover, the micro-
class criteria competition is scored based on which aircraft has the highest payload fraction while simultaneously the lowest
empty weight possible. In this scope, multiple alternative designs for the micro aircraft were created using the dimensions
obtained from sizing spreadsheet/tool. The sizing tool helped the students to explore design space with selected input and
output parameters, much faster and more reliable than individual hand calculations.
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1. Introduction

In the early design stages, high number of input and output parameters make the design process problematic
and relatively slow to explore the whole design space. Therefore, fast design tools are needed to make many
initial trials for the design concepts to be able to converge a design solution into a desired area. Preliminary
sizing tool is one of the tools needed for design studies. It helps to define the general dimensions of a design, a
product depending on the requirements. In this study, a sizing tool for the preliminary design of an Unmanned
Aerial Vehicle (UAV) was developed. The UAV is designed with the aim to join and compete in the SAE Aero
Design Student Competition. The Society of Automotive Engineers’ (SAE) Aero Design competition is a
competition held every year to prepare engineering students for real life engineering challenges [1]. The
competition is divided into three different classes: regular, advanced, and micro class. In this research paper
“Micro” class has been selected. A design and development process were needed for an operational aircraft
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with the aircraft having the highest payload with the lowest empty weight. The final score is the addition of the
sub-scores which are the technical report, presentation, flight score and penalties. The objective of this project
is to design and manufacture a working prototype of a UAV that can fit into a prescribed rectangular box. The
UAV design process is a typical engineering design process. The aircraft design depends on several factors like
competition requirements, safety protocols, and physical restrictions and in this case pandemic restrictions and
more.

2. Material and methods

Preliminary Design of an aircraft starts with its initial sizing, so the basic literature survey was performed to
find a baseline to start from when designing an aircraft. So, after literature survey was performed to get a glimpse
of the competition and gaining the knowledge required to start generating designs, a spreadsheet was developed
to speed up the process of calculating and preliminary designing. The spreadsheet was formulated to do the
calculations automatically, in order to save time and effort and to help future innovators generate their
preliminary designs for their aircraft if needed. A simplified algorithm and equations for aircraft size and weight
calculations was presented in a previous work [2]. This methodology was derived from many references in
literature [3-12]. Clearly, the design process is a trial-and-error process to get the best design per the
requirements such as highest flight score, the highest payload and the lowest possible empty weight while still
making sure that the aircraft still fits inside the given box physically. However, at the start of the design process
there are a few variables that need to be assumed from literature survey, then they can be changed if needed to
improve and reach the final design by many iterations. Those assumptions can be made using competitor study
analysis or benchmarking study [13-15]. The initial values for the input parameters are assumed based on the
literature survey as follows.

e Payload (PVC) length: assumed as 0.80 m

e Payload Fraction (F,;): assumed as 0.78

Wing Loading (WL): assumed as 6.5 kg/m2

Aspect ratio of wing (AR): assumed as 6

Aspect ratio of horizontal tail: assumed as 2.5
Aspect ratio of horizontal tail: as 1.5

Avrea ratio of horizontal tail to wing: assumed as 0.16
Avrea ratio of vertical tail to wing: assumed as 0.07

Payload was defined as White Polyvinyl Chloride (PVC) pipe in accordance with ASTM D1785 [1]. PVC pipe
outer diameter is 2.375 inches and nominal inner diameter is 2.000 inches. Total length of PVC pipes needs to
be assumed as an initial value for the design to be carried attached to aircraft. This determines the weight of the
total payload (PVC) to be carried, because the unit weight of PVC pipe is given as 0.680 Ib/ft (1.012 kg/m).

Weight of PVC = 1.012 x 0.8 = 0.81 kg
W,,=0.81 kg

The total weight of aircraft (W,) and empty weight (W,) can be found as follows:

]/|/O=ﬂ= E—l.OSBkg

Fpi 078

W, =W, — W, = 0.228kg

The wing loading (WL):
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Therefore, the wing area (S):

Wing length (b)

Wing width or chord length (c)

Tail calculation:

WL

N

Wo
wL

S =

Wo _

total weight of aircraft
wing area
1.038
—— = 0.16 m?
6.5

b=+vAR x5 =6 * 0,16 =0.979 m

c=3=0.163m

b

Horizontal tail: Assuming horizontal tail area is 16% of main wing area:
St =S5%0,16 =0.16 * 0.16 = 0.026 m?

Assuming AR for horizontal tail=2.5

%, IJRP.ORG

of Research Publicatia
ISSN: 2708-3578 (Online)

70

But = \/ARHT * Spyr =v2.5%0.026 =0.253 m

C =
HT =

SHT (0101 m
T

Vertical tail: Assuming vertical tail area is 7% of main wing area:
Svr=5%0.07 =0.16 *0.07 = 0.011 m?

Assuming AR for vertical tail = 1.5

bvr = /ARy * Syr = V15 % 0.011 = 0.129 m

_Svr _
Cvr=—"=
byt

0.086 m

.. Flight Score is (weights must be in pounds in the formula):

Score = Wy, ()% = 0.81 x 2.204(

1

0.228+%2.204

)05 = 2515

Parametric UAV Sizing Tool

WL (wing loading:Wo/S) (kg/m2) AR (aspect ratio of wing) Fpl (payload fraction: Wpl/Wo)
» Initial Assumptions based on 6.5 6 0.78
'5 literature survey AR (aspect ratio Vertical Tail) AR (aspect ratio Horizontal Tail) | Area ratio (Horz.Tail/Wing)
% 1.5 2.5 0.16
- Payl :uni ight of PVC (k IL h of PVC' Al io (Vert.Tail/Wi
Payload Selection/Design Choice ayload: unit weight of PVC (kg/m) total Length of PVC's (m) rea ratio (Vert.Tail/Wing)
1.012 0.8 0.07
payload Weight Wopl (weight of payload PVC) kg
0.810
. . Wo (total aircraft weight kg)=Wpl/Fpl Wempty (Wo-Wpl) kg
Weight of ft
eight of aircra 1.033 0.228
g Win S (wing area m2)=Wo/WL B (wingspan) (m) C (wing chord) (m)
> & 0.160 0.979 0.163
= S (area horizontal tail) (m2) B (span) (m) C (chord) (m)
2 Horizontal Tail
(@) 0.026 0.253 0.101
Vertical Tail S (area Vertical Tail) (m2) B (span) (m) C (chord) (m)
0.011 0.129 0.086
H A
Flight Score Flight Score (VZ\I;;I:{éWempty) 0.5)

Fig. 1. Preliminary sizing tool spreadsheet for UAV
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The above calculations are also done with “Fast Sizing Tool” which was prepared in excel. The general view
of the sizing tool or spreadsheet used for the preliminary design is given in Figure 1.

Another rule in the SAE aero competition was to fit the parts of the disassembled aircraft in a box with given
dimensions. The developed tool calculated the dimensions of the main parts so that it helped to estimate for the
fit in the box. After some trials with the tool, students generated a design to give a good flight score while being
not too big to fit into the box. After that students continued detail design process.

3. Conclusion

The early phases of design make the design process challenging and relatively time consuming to explore the
whole design space by a large number of input and output factors. Therefore, fast design tools are needed to
conduct numerous trials for concepts, so that a design solution may be converged to a desired target. Within
this study, a sizing tool was developed and used by students for design studies in the preliminary sizing. Tool
helps to define the general dimensions of a design, a product depending on the requirements. Additionally, the
tool calculated the predicted “flight score” based on the payload and empty weight of the airplane which is one
of the most important targets of the competition. In other words, this tool helped students to see the effects of
payload weight, payload fraction, wing loading, aspect ratio etc. on the predicted “flight score” in the
preliminary design. Another restriction in the SAE aero contest was that the dismantled airplane parts must fit
in a box with a constrained size. The created tool in this study, estimated the size of the main components of
airplane in order to check the fit into the box. The students were able to a reach a design configuration after
some trials with the excel tool to get a good flying score while being at the acceptable size to fit into the box.
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