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Executive Summary

As seniors at the FAMU-FSU College of Engineering ave granted the opportunity to
work on a year-long design project that will put pueviously attained knowledge on display to
the engineering public. Our team has been seldotedmpete in a national design competition
in which we will design and fabricate a remote-@ped aircraft for submission into the AIAA
Design/Build/Fly competition. This competition heeen ongoing since 1996, and involves a
myriad of different technical aptitudes in ordersiaccessfully compete. It is sponsored by the
American Institute of Aeronautics and Astronautidsch is the world's largest technical society
dedicated to the global aerospace profession. Ve&’'s competition gives students the
challenge of designing an aircraft capable of ¢agyoth internal and external payloads, in the
form of large model rockets, and the competitioh take place on the 19th-21st April, 2013.

In order to properly determine the aircraft's desighe team must consider the individual
mission requirements as well as actual scoring tempsto produce product specifications for
each portion of the plane. The aircraft must kextelcally powered, propeller driven and of
fixed wing orientation, with a motor circuit powkmitation of 20 amps. A takeoff zone of 90
square feet has been chosen by AIAA as the prestribkeoff distance and there is a
predetermined flight path for each of the threesmiss. Each mission entails a different degree
of optimization, ranging from speed of flight taalb carrying capacity, and combined with our
overall design report will heavily determine thesess of our efforts.

After choosing our electric motor, we will begin t@aal analysis based on the desired empty
weight of our aircraft. Given the predeterminedgih of the takeoff area, we can calculate a
range of weight tolerance defined by the lift/throapabilities present. This material analysis
will narrow down the possible combinations of builgl material based on strength to weight
ratios per material, as well as define the strattweak points of our aircraft design.



Management Summary:
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Figure 1- Breakdown for Management of Project

The design team for this UAV is based upon the imdael. The team leader acts as a
hub for communication. The faculty advisors sexéelp to provide useful feedback on design
decisions, and assist in securing funding for thgjget. They act as mentors and separate
themselves from any direct design decision that daé involve safety. The Team leader is also
in constant contact with the pilots. In the degiiyase, the pilots serve as a reference to a depth
of practical experience in constructing and opegatadio-controlled UAVs. During the time of
competition, both will be eligible to operate agyhare both AMA certified. The core design
team members have a dual responsibility. Each member of the team has a set of subsystems
in which they must make detailed design decisiofise section for aircraft structure is
responsible for the layout and weight distributiofishe aircraft (including internal and external
stores), as well as the material selection, andantéeufacturing methods. The electronics section
is responsible for design decisions involving comination between user and device, power
and controls capabilities, and electronic safetytlod unit. The aerodynamics section is
responsible for determining necessary lift and @ty moments from all control surfaces on
the aircraft. Each core team member for thesemecieads a group of underclassmen in these
specialized tasks.



Objective/Project Scope

The purpose of our senior design project is togieaind fabricate a fixed-wing aircraft
suitable to the missions outlined in the AIAA Deasiguild Fly Competition. The project will be
taken on initially with research into the benefa®d drawbacks of certain aeronautical
component combinations. The focus will then turn selecting the ideal structural and
aerodynamic forms. Once our preferred form is seteanaterials will be chosen to minimize
weight. While those materials are being delivergd;modeling will take place in order to
accurately fabricate the unit. While the modeliadgnappening, the electrical components will be
selected and purchased based upon weight and geomestrictions of previous selections.
Finally, fabrication will take place. The desigropess must be documented through a technical
report covering each aircraft decision and fabicathoice, and the report will be graded along
with each of the three flight missions to determihe overall winner of the competition. The
three flight missions each entail different desifleght characteristics, mission one is focused on
the speed of the aircraft, mission two is conceyrimernal payload capacity to weight ratio,
while the final mission adds external payloadshe flight in a random configuration to be
chosen at the competition.

Needs Assessment

General Mission Requirements:

The general requirements for this year's compmpetihave several design constraints and

specifications as listed below:

» Can be of any configuration other than rotary wandjghter than air.

* Must be propeller driven and electric powered bg&d or NiMH batteries.

* Maximum propulsion battery weight of 1.5 Ib.

e Maximum current draw of 20amps.

» Aircraft must take off from a static position fdf missions.

» Payloads must be secured; internal payloads mustomgletely inside the body of the

aircraft, and the external payloads must be sepauat at least three inches.



The absolute total score will determine the winokethe competition; the equation for the total

score is given in equation 1:

SCORE = (Written Report Score) * (W) (1)
The total flight score is given in equation 2:
Flight Score = M1 + M2 + M2 (2)

Where M1 is the flight score from mission one, M2he flight score from mission 2, and M3 is
the flight score from mission 3.

The written score report is determined from thealfidesign report that is due at the latest
February 25, 2013, the variable RAC stands for tRAfecraft Cost and is given by equation 3 :

VEWxSF

10

RAC =

3)

Where EW is the post flight weight with the payleagmoved, and SF is the size factor of the
aircraft and is determined by equation 4:

SF = Xmax + 2 * Yipax (4)

WhereX,,, .. is the longest possible dimension of the airdrathe direction of flight and,,,,, is
the longest possible dimension perpendicular talttextion of flight.
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Figure 2 - Flight course for all three missions.



Mission 1 - Short Take-off

In mission one the aircraft which has no paylaadst start from a static position and
from the time that the throttle is advanced forwtre plane has to take off from within a thirty
foot square on the runway and complete as manydapossible; the laps must be completed as
set by the flight course described in figure 1. ®oere for mission one is determined by
equations:

N aps own

M1=2*<—“’” ) (5)
Max Npapsfiown

Where Nigps riown 1S the number of laps flown by our team amx Nygpsri0wn 1S the

maximum number of labs flown by any team. Fromahteria of mission 1 the aircraft must be
light weight and highly maneuverable.

Mission 2 - Stealth Mission

In the second mission, the aircraft must completakaoff from the takeoff platform
described in mission 1 as well as carry a maximiaeuwunt of internal stores. The score for
mission two is given in equation 6:

M2 — 4 *< Nstores Flown ) (6)

Max Nstoresflown
Where Nsiores rrown 1S the number of stores flown by our team afidx Ngyoresriown IS the
maximum number of stores flown by any team. Theestohat will be flown for mission 2 are
the Estes Model Rocket kit Mini-Max which has dirsems of 9.75 inches in length and 0.98

inches in diameter. From the criteria of missioth@ aircraft must have room to place stores
securely inside the body of the aircraft.

Mission 3 - Strike Mission

In the third mission, the aircraft must takeoff withe same requirements listed in
mission one, except a random payload configurasodetermined by a roll of dice which is
shown in figure 3.



Stores Configurations:

1:;13]1110;; tgonﬁguratlon 1 2 3 4 5 6

Internal Mini-Max 4 - 2

Left Wing Mini Honest john - - - 2 - -
High Flyer - 1 - - 1 1
Der Red Max 1 1 1 - 1

Right Wing Mini Honest john - - 2 2 2 1
High Flyer - 1 1
Der Red Max 1 1

Figure 3 — Store Configurations for Mission 3.

Mission three is timed for three laps, the timartst when the throttle is advanced and
stops when the aircraft passes over the finishitirtae air for the third time. The flight score fo
mission three is shown in equation 7:

M3 = 6 % (FaSteStTime flown) (7)

Team Timefiown

Where Fastest time flown is the fastest time flavat of all competitors for three laps,
and Team Time flown is the time that it took for ¢@am to complete three laps.

Initial Parameters

In order to begin the design of the aircraft armihgj each component, guidelines must be
determined from the product specifications and dbieceptual design. The unmanned aircraft
required for the competition will have several caments to meet the requirements and to
accomplish the designed missions. The aircraftiwad a lifting device (wing), control surfaces,
landing gear, propulsion, and mechanisms for tteclaments of the internal and external stores
(simulated missiles). The weight of the aircraftie most critical part of the design, as it afect
every part of the aircraft design, and is limitgddompetition rules to just 55lbs of weight with
the inclusion of payloads. The aircraft will beh@hed on a fixed runway, so there are no human
limitations to consider for this competition.



Product Specifications

Scoring Analysis
In order to translate the needs of the competititoproduct specifications, analysis was
needed of the individual mission scoring processebtas and the total competition scoring.

Mission 1 Score Analysis

MaxNLapsFlown

NLapsFlown

Figure 4 - Mission 1 Scoring Analysis

Figures four through six gives the scoring breakd@ivmissions one through three respectfully.
For the first mission a high score is achievedlpynd a high number of laps in the allotted time
as compared to the rest of the field, if the tedies fthe highest number of laps out of all the
teams then the score for that team will be maxe@biwo points.

10



Mission 2 Score Analysis
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Figure 5 - Mission 2 Scoring Analysis

Mission two scoring analysis is similar to missione except the number of internal
stores is trying to be optimized in this missiors. tAe team carries a higher number of stores the
score will increase and as that number approatteesumber of the maximum number of stores
flown by any team the score for that team will aggwh the maximum score of four points.
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Mission 3 Score Analysis

FastestTimeFlown

0 05 1 15 2 25 3 35 4 45 5
TeamTimeFlown

Figure 6 - Mission 3 Scoring Analysis

Mission three score depends upon the time it tédkedeam’s aircraft to fly three laps
with the randomized payloads of internal and extkstores. The objective is to get the lowest
time flown out of all the teams. As the time of tteam’s aircrafts time decreases and thus
approaches the lowest time of all teams the teanmssion three flight score will approach the
maximum of six points.

Figure 7 below gives the total score analysis lierdompetition which depends upon the
total flight score times the written report scored ahe rated aircraft cost ( RAC ) which is
dependent upon the empty weight and the size dditbeaft. It can be seen that the RAC has the
highest impact on the total score; thus, it is inbgoat to have a low RAC, but the aircraft must be
able to complete all missions successfully andsibécause of this that the aircraft will be
designed to meet all requirements but also haegvaRAC.

12



Total Score Analysis

RAC

600
TFSWrittenScore

Figure 7 - Total Score Analysis

Table one below gives the product specificatiomsthe aircraft that will be built to
compete in this year's competition. With a maximpayload weight of 3.25 pounds in mission
three and an internal compartment capable of gotie internal stores for mission two, a
maximum value for the empty weight was set at $@5nds in order to still be able to take off
in the prescribed distance and be able to compitetive other teams.

Table 1 -Product Specifications

Specification Value
Empty Weight <3.75 Ibs
Propulsion Battery Weight <15Ibs
Maximum Current Draw 20 amps
Number of Internal Stores >=4

13



Conceptual Design

Our concept generation was be based upon figureseoit determined from mission
objectives outlined in the competition rules angbtigh extensive research on aerodynamics and
the physical dynamics of radio-controlled modetift. The explanation of each is explained
below.

Figures of Merit
» Weight - The weight of each component is veryamg@nt and must be minimized.

» Drag - Drag opposes the thrust force generatethéynotor which determines the amount of
energy that must be drawn from the batteries. Eh&other very important figure that must be
minimized.

* Lift - There must be sufficient lift to sustailight with the maximum desired payload.

« Stability - The aircraft must carry out each riegd task reliably with very little performance
fluctuation.

* Maneuverability - There must be effective conwwbthe aircraft such that each mission can be
performed with very little energy consumption aruble.

» Durability - The aircraft must sustain light tooderate handling and the occasional rough
landing.

» Storage Capacity - The payloads must securehe stathin the fuselage of the aircraft. It is
required that the aircraft hold a maximum payloatlimne for a given design.

» Complexity - All required assembly must be congdiewith the available expertise.
» Manufacturability - All manufacturing must be cpleted with the available facilities

* Cost - All components must be made such that mhay be replaced during prototype crashes.

14



Wing Configuration

The main wing must be able to accommodate extgragbads, as well as the loads of
the aircraft itself. Therefore, the main wing mbststrong. It must also allow the aircraft to be
aerodynamically efficient. The aspect ratio (wirgsgo area of the wing platform) and airfoll
are the key components when selecting a main wing.

The lifting device that we will implement will brequired to develop sufficient lift of the
aircraft in order to takeoff in the specified 3@fsquare. The lifting device will also have to be
limited on the induced drag that it produces suwdt it will be able perform the above stated
task. The lifting device structure will also hawesustain loads on the scale of 2.5 g’s in order to
pass the preflight test, this will consist of a rspanning the length of the lifting device’s
structure to guarantee that the lifting device pass the above stated test performed by the
competition judges. The material of the lifting a=vwill have to be light enough to reduce
weight but strong enough to provide a safe rangerder to prevent sufficient damage if an
accident does arise.

» Delta Wing - Triangular shaped single wing that broadens ftipnto tail. Rigid structure
and large carrying capacity are two major advarstalylost delta wing aircraft are used
in supersonic applications.

* Monoplane-A highly conventional single wing which runs noidnta the direction of
flow across the fuselage.

* Flying Wing—Integrated body and wing type aircraft. If consted ideally, it has very
high aerodynamic efficiency. However, it is a diffit type of aircraft to stabilize and
store internally, so it is simply wrong for thisnapetition.

e Canard-Two smaller wings positioned forward on the aifcrahich are intended to
provide more lift and more control characteristics.

* Biplane-Two full-sized wings placed above one anothemgi@atly increased lift. Greatly
increased weight is a concern.

/ P
|| Dett wt 4
) IAH.e 2 e 2

=AY TN

Figure 8: Wing Layout
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Table 2: Wing Type Decision Matrix

: Wing Types
FOM Weight Value Mono| Flying Wing| Delta Wing Biplane Carnafd
Weight 0.2 4 1 4 1 3
Drag 0.2 4 3 1 2 2
Lift 0.3 3 4 3 5 4
Stability 0.15 4 5 3 5 3
Complexity 0.15 5 1 3 4 2
Total 1 3.85 2.9 2.8 3.45 2.95

Table 2 illustrates the most effective wing type dor aircraft design is the mono-wing
type because of the simplicity in the design arel dkierall high score that it received in our
decision matrix.

Fuselage Configuration

Double Boom Single Boom Blended Body

Figure 9: Fuselage Configurations

The fuselage contains its own subsystem set. Tihelude a payload area, an
electronics/control systems bay, and other possiteo areas. The payload area will be strictly
dependent upon the minimum amount of payloadsHd) we must fit inside of the aircratft,
while maintaining a low structural weight. The efeaics bay is where the propulsion battery
pack, motor (all battery packs must have a combimeiht of no more than 1.5 pounds) and
fuse should be located outside of the body of treeadt.

16



Table 4: Fuselage Type Decision Matrix

: Fuselage Types
FOM Weight Value Single Boom| Double Boomp  Blended Body
Weight 0.4 3 1 4
Drag 0.2 4 2 5
Durability 0.1 4 3 5
Storage Capacty 0.3 4 5 1
Total 1 3.6 2.6 34

Table 4 demonstrates that the most effective fgeetgpe for this year's competition is
the single boom configuration because the design rietatively high storage capacity and
durability while maintaining low drag as shown b tdecision matrix.

Tail Configuration

The tail is largely responsible for climb rate grtth control. Its selection is a function of
balancing the lift and other moments generatechbyrést of the aircraft. In a word, stability is
the job of the tail. The tail needs to be rigidtasprevent any tail-induced instability of the
aircraft in flight. Weight is not as important hdrecause in comparison to the entire aircraft, the
tail section is relatively light.

» Conventional— Rudder normal to wing, vertical stabilizer phefatio wing.

* T-Tail — Rudder normal to wing, vertical stabilizer abovdder

* Twin Tail — Dual Rudder, vertical stabilizer at bottom besweudders

* V-Tail — Rudder and vertical stabilizer blended into Wvoonfigured rudders.

|

Conventional

o V-Tail . Twin tail

L v F

A
=)
I

Figure 10: Tail Layouts
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Table 5: Tail Type Decision Matrix

. - Tall Types

FOM | Weight Valuet 5TV Tai | Twin Tail [JCOMVETTONa
Weight 0.15 3 4 3 3

Drag 0.2 3 5 3 4
Stability 0.35 3 2 3 5
Control 0.2 4 2 4 5
Complexity 0.1 3 2 3

Total 1 3.2 2.9 3.2 4.4

Table 5 gives the decision matrix for selecting thest tail configuration given the
constraints and requirements for this year’s cortipef the conventional tail type exhibited high
stability and control which are very important iretabove described missions.

Engine Configuration
For the aircraft propeller layout, four propelleotor configurations were examined.

» Single Tractor — A single propeller is placed in front of the dlemye. The motor is
mounted behind the propeller and faces forwardngivan appearance that the aircraft is
"pulled” through the air.

» Single pusher— A single propeller is situated at the rear of faselage. Motor is
mounted forward of the propeller facing the reatirgy an appearance that the aircraft is
"pushed" through the air.

* Pusher-Puller — This configuration uses two propellers. One ipglland the other
pushing the aircraft through the air.

* Ducted fan— Propulsion configuration where a fan is mount&tiin a cylindrical duct.

Pusher-Puller Configuration Ducted Fan Configuration

Tractor Configuration Pusher Configuration

Figure 12: Propeller Layout

18



The most important FOMs to consider are weightfada efficiency, and complexity.
Each of these is evaluated among several configasain the following decision matrix:

Table 6: Engine Configuration Decision Matrix

Engine Configuration

FOM Weight Valu Tractor| Pusher Tractor-Pusher Ducted Top-Mounted ara
Weight/Balance 0.4 5 4 5 2
Efficiency 0.4 4 4 3 3
Complexity 0.2 5 4 2 3
Total 1 4.6 4 3.6 2.6

Table 6 illustrates the decision matrix for selegtithe most efficient engine
configuration for the competition; the tractor weedected because of the well maintained weight
and balance of the aircraft and the simplicityhia tesign as well as providing the propeller with

clean air for high efficiency.

Landing Gear Configuration
For the landing platform, four designs were consde

» Single Wheel- One wheel located at the center of gravity lher aircraft. This design is
simple and lightweight; however, it may not be sge@nough support the entire weight

of the aircraft. It would also be very unstable whanding.

» Bicycle — Two wheels are centered along the longitudiné af the body. Distributes

load through two shafts. The landing would be unista

» Tricycle — A single wheel is located toward the nose ofaheraft and two wheels are
located toward the rear of the aircraft on the saotational axis. This is a very stable

design but it is relatively heavy and will inducema drag.

» Tail Dragger — Two wheels located toward the nose of the direnad a single wheel
located toward the rear. The front wheels are oigdo shafts which cause the nose to
point upward and the tail to “drag”. This is a $éabesign but the majority of the load

would be supported by the smaller tail wheel. Thesy cause durability issues.

19
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The following matrix describes the design critefaa selecting the landing platform and the
respective scores of each design.

Table 7: Landing Gear Decision Matrix

Weighting
Figure of Merit Single Wheel | Tricwele | Tail Dragger | Bicvcle
Factor

Weight 0.30 4 3 3 2
Drag 0.10 4 4 3 3
Durability 0.15 2 5 4 4
Stahbility 0.10 1 5 3 3
Manufacturability 0.15 4 3 3 2
Efficiency 0.20 4 3 2 1
Total 1.00 3.40 3.60 2.95 2.30

As can be seen from the above decision matrixiritycle configuration was determined
to be the optimal landing platform design. It has best stability characteristics and is also very
resilient to high impact landings.

Payload Configuration
External Payload — This will be a function of oung manufacturing methods.

Internal Payload Configurations

The crux of this design is to optimize the plameund its missions. The performance on
these missions is contingent upon how efficiertly internal and external stores are configured
and arranged. The internal stores portion of thegadeis the first step in sizing the rest of the
aircraft. Minimizing the space and weight requitedully house the stores is what will allow the
aircraft to be optimized for size and weight, this fuselage is given a base volume to cover,
the wings and propulsion system have a known wedalift, the landing gear has a base weight
to support upon landing.

20



Option 1

The  competition lists
stringent requirements for thi
internal storage method of ot
aircraft's mandatory stores. Theg
constraints have been an evolvir
set of guidelines since the proje
began, and have eliminated a fe
of our best ideas. (The rules hay
been addressed already?) T
design shown in the figure to th
right shows one of our origina
applications, the model rocket
attach from the tip of the rocket’'s nose to thenfrof the payload housing and are in a
configuration such that they could be dropped dne ttme. However, this attachment method
has been ruled out by the committee, as the updates state: no alterations can be made to the
rocket aside from internal weight ballasting. Tonply with this constraint we can simply move
the mounting pins of the payload compartment ummount equal to the radius of the rocket,
and simply attach them around their cylindrical yp@dth appropriate strapping.

V 4

y

The attachment method itself is fairly limiteddesign, making the actual orientation of
the rockets a much more important consideratiohe 3coring of mission two is dependent on
total amount of internal stores carried; howevé&ilad flight mission will eliminate a team from
competition completely. With this in mind, we has@nsidered designing our plane around the
minimum required internal stores possible
(4). This configuration would, of course
put us at a disadvantage in mission tw
although when taking the overa
size/weight of the aircraft intg
consideration, it becomes increasing
important to manage the size of tt
fuselage appropriately.



Option 2

For this method an individual bracket or mountimyide would be used to hold each rocket.
This mount would be attached to the upper surfatieecfuselage and the store or payload
would be strapped to the mount with the use oflastie band in order to tension the rocket tot
eh mount and restrict movement. From the diagragpgcting this design below, the rockets are
on the same plane which allows for a shallowerlaggeand lowered drag on the plane as a
whole. The purpose of the mounting device is ttricgghe rockets from contacting each other
and placing the weight of the rock at a favorabtmtion relative to the weight of the aircraft in
order as not to modify the location of the cenfegravity too much. The dimensions of the box
are 9.5 x 15.5 x 5.5 inches.

22



Option 3

This method of internal stores attachment is basedne principle. The idea is to minimize the
box of space that is required inside the bay ofdaiheraft. Minimizing the volume will minimize
the amount of material required to surround it, anturn will minimize the weight and volume
of the aircraft, increasing its performance andiceficy given a limited power supply.

What was achieved here was to determine a configaraf stores that allows reasonable
proximity between the rockets, while still allowiegough distance so that they cannot touch in
flight. The volume required by this system is 4iBhes high by 7.24 inches wide by 15.57
inches long. This means that the fuselage may bémized along these parameters, and the box
is only 515.16 ifivolume.

The metallic figure holding the rockets in placessentially a cradle that suspends each store
from the top, and will be thickened to reduce dgiftan due to in-flight forces. This will attach
the stores to the aircraft, while preventing theomf coming in contact with one another.

23



Wing Design

Airfoil Selection

The process for wing design began with analyzimfpik sections and exploring the
characteristics that would best fit this year's petition requirements. From advice from
advising and time constraints, it was decided tplément a pre-existing airfoil design on this
year’s plane; thus, no radical new airfoil desigrmuld be developed. Research provided a basis
for choosing the fundamental airfoils to analyzéeTairfoils were analyzed in a 2D panel
method solver, XFOIL, where the drag polars V€. G), lift curves (G vs. a), and moment
coefficients were compared for each respectiveidirf

As required in this year’'s competition rules; gert take off and high payload weights,
the main wing should have high lift at low Reynoldsmbers, low drag at cruising state and
should also be relatively easy to manufacture. Festrmates of the weight of the aircraft with
payloads, an estimated speed range of the airanaftthe geometry of the aircraft a Reynolds
number of 200,000 was chose as the value at to a@mgrfoil characteristics at. Low drag
while at a cruising state or at a low alpha is inapige to increasing the speed of the aircraft as
well as reducing the overall drag, as there wilBb@assive amount of drag in the third mission
carrying the external stores. This is also impdréanthe maximum aerodynamic efficiency of an
airfoil occurs when it is at its design lift coeftnt and expected cruise velocities. An airfodtth
is relatively easy to manufacture is importantimgifying the design and reducing the empty
weight of the aircraft. In the following plots, sairfoils are compared and subsequently one is
chosen for the main wing of the aircraft.
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Figure 13 — Coefficient of Lift versus Alpha for arfoils under consideration for main wing.

All of the airfoils that were considered are higt) and as shown in figure 13 all expect
of two of the airfoils are grouped tightly togethrsembling the same characteristics in the
coefficient of lift versus angle of attack. Abovedan be seen that S1223 has a very high
coefficient of lift compared to the others and Eppl22 is above average while below S1223.
From figure 13 alone Eppler 422 and S1223 are eiaaindidates for the main wing of the
aircraft.
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Moment Coefficient versus Alpha
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Figure 14 — Moment Coefficient versus Alpha for aifoils under consideration for main
wing.

Shown in figure 14 are the moment coefficientshef airfoils under consideration versus
angle of attack for each airfoil. A negative momeoefficient acts to pitch the aircraft in a nose
down direction, a desirable moment coefficientgschbbse to zero as possible. The two airfoils
that were the best performing tin the coefficiehtifd versus alpha are the two worst in this
category; with S1223 being far worse than the Bp#&2 while the Eppler is grouped together
with the other airfoils. This suggests that Eppl22 is the optimal chose for the main wing of
the aircraft.
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Figure 15 — Drag Polars for airfoils under consideation for main wing.

Figure 15 displays the drag polars for the aisfedisted and analyzed for use in the main
wing of the aircraft that the team is designinga@polars show the relationship between the
coefficient of lift and the coefficient of drag amsl important in choosing an airfoil that will
exhibit a low drag condition while the aircraftitslow angle situations such as cruise. The plot
shows that the S1223 is less than satisfactorhis d¢ategory as well while the Eppler 422
exhibits quantities that are suitable for the maing when paired with the results of the other
plots.

The chosen airfoil to be implemented on the maimgvef the aircraft is the Eppler 422.
The airfoil has a high maximum lift while produciagmoment coefficient that can be balanced
by the tail of the aircraft and a drag polar thall veduce the drag on the aircraft while in a
cruising state. The aerodynamic characteristiah@fEppler 422 airfoil are displayed in Table 8
and the profile of the Eppler 422 airfoil is shoimrfigure 16.
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Table 8 Eppler 442 air foil Characteristics

Max G 1.8159
Stall Angle (deg) 15
Max G/Cyqy 60.0429
Ci at Max GQ/Cqy 1.2609
Angle at Max @Cy (deg) 5.5

Figure 16 — Eppler 422 Profile

Wing Geometry

In order to perform an initial sizing of the maining of the aircraft the total weight as
estimated in the product specifications section amdng loading value to fit the desired flight
characteristics of the aircraft. From this initvalue of the wing area, span and chord an iterative
process was used to determine if the sizing waquade for the estimated minimum stall speed
of the aircraft, this process was repeated untitable dimensions were reached. Basic
fundamental aerodynamic equations were used thomighe sizing process. With an assumed
loaded weight of seven pounds from the heavieslihgacondition in mission three which would
consist of five rockets in total and a wing loadirajue of 20 ounces per foot squared. Equation
8 shown below used these values to determine thereel wing area for the estimated weight.

— Weightaircraft (8)
Wingpoading

After the wing area was determined the aspeab ka#is chosen in the range of 6 to 8 as
is standard in almost all aircrafts that have tasired characteristics that we seek. The span of
the wing or the length of the wing was determineanf equation 9 shown below.

b =+VAR=%*S 9

The chord length was then calculated using equdioshown below using the wing area
and the wing span determined above.

c=2 (10)
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The required velocity of the aircraft was thencoddted using equation 11 shown below
using a required lift force of 31.138 Newtons, tweng area determined above, the max
coefficient of lift of the selected airfoil abovand the density of air at standard pressure.

2L
V= 5C, (11)

From the above equations the wing sizing and ciamatics are shown in table 9 below.

Table 9 - Wing Sizing and Characteristics

Wing Area (S) 806.4 in
Span (b) 77.77 in
Chord (c) 10.37 in
Aspect Ratio (AR) 7.5
Minimum Takeoff Speed 21.387 mph

Tail Design

Airfoil Selection

The main purpose of the tail section is to provide aircraft a means of control with
respect to the raw and roll of the aircraft. laiso necessary to design the tail to provide stabil
and trim to the aircraft in all flying conditionSimilar to the procedure in the main wing design
the tail section design will consist of an airfedlection and the geometry of the tail section with
respect to the size, weight and geometry of theafiras a whole. Through research it was found
that a symmetric airfoil for the vertical sectiondathe horizontal section will provide adequate
stability for the cruise conditions of the aircrafihe horizontal section is usually oriented at a
small incidence angle to offset the pitching momemised by the main wing. Many symmetric
airfoils have similar characteristics so a seleatnber of airfoils were analyzed for the tail
section; the airfoils that were analyzed are comgnaised on aircraft and RC planes. The
selection criteria was that the airfoil produce imial drag while being able to still control the
aircraft and have an adequate size for ease oftédion. For this analysis the drag polars were
examined to find the ideal candidate.
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Drag Polars for Tail Airfoils
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Figure 17 - Drag Polars for airfoils under consideation for the tail section

As shown in figure 17 the drag polars for the goed airfoils are very similar in nature,
but NACA 0008 was chosen because of the slightatemtuin drag at higher coefficients of lift
and the slightly higher percentage of thicknessatired to the chord will result in an easier
manufacturing of that airfoil. Figure 18 below givan outline of the NACA 0008 airfoil.
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Figure 18 - NACA 0008 airfoil profile

Tail Geometry
The sizing of the tail section was used from daliton form Raymer. The tail areas for
the vertical and horizontal tail were calculatethwaquations 13 and 14 respectfully.

S, :%Eﬁh—tﬁm (12)
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Sy = Cur [Cy [By (13)
I-HT

Where ¢r is the tail volume coefficient,pis the wingspan, & is the wing mean chord,
Sw is the wing area, andxk is the effective moment arm. The tail volume coefhts were
estimated through research from exiting data ols ti aircrafts similar to the proportions of
ours and were found to be 0.04 and 0.7 for thecagrand horizontal stabilizers respectfully.
The geometry of the tail section is given in tablebelow. According to Raymer, the tail aspect
ratio shows little variation through a wide rangeaocrafts and may therefore be determined
based on historical data. For aircrafts with simgeoportions to this one, the desired tail aspect
ratios are between 3 and 5 for the horizontal btaloj and between 1.3 and 2 for the vertical
stabilizer.

Table 10 - Tail Section Dimensions

Vertical Span 10.239 inches
Vertical Chord 7.9 inches
Horizontal Span 23.76 inches

Horizontal Chord 7.9 inches

Moment Arm 31.107 inches
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Control Surface Design

The control surfaces which consist of the ruddethanvertical stabilizer, the elevator on
the horizontal stabilizer and the ailerons on tte@mwing are used in the control, stability and
the maneuverability of the aircraft while in fligliccording to Raymer the ailerons, rudder, and
elevator should be at least approximately 20 péroérihe chord of the airfoil that that the
control surface is a part of. Similarly the sparira control surface should be at least 40 percent
of the span of the airfoil that the respective ooinsurface is on. Table 11 below gives the
minimum dimensions of the control surface for oucraft.

Table 11 - Control Surface Minimum Dimensions

Elevator Span >9.5 inches
Elevator Chord >1.575 inches
Rudder Span >4.1 inches
Rudder Chord >1.575 inches
Aileron Span >31.108 inches
Aileron Chord >2.075 inches
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Propulsion System

The propulsion system for this aircraft must bpatde of lifting seven pounds into the
air within the allotted runway space. It must basidered that the short take-off will be done in
Tuscon, Az, where the altitude is approximately @50 The combinations considered were
optimized first for static thrust, and then agaim éffect on RAC. The analysis was done by
considering an array of possible motors, propellensl batteries. The procedure was to analyze
numerous combinations of each of these, until sewdre found, and parameters could be
optimized. Due to constraints in programming, thesmbinations were analyzed one by one.
The following graph shows the general relationdig@pveen our two most restrictive parameters.
The propulsion system must pull no more than 20easyy and must generate at least 40 ounces
of force in order to successfully take off in thumway area, given a specific size estimate for the
aircraft and given the lifting capabilities of tieng which has been optimized for lift in this
short-take-off competition.

Combinations Possible
100
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80 L
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60 * o

>0 L B
0 s

30
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0 T T T T T 1

0 10 20 30 40 50 60
Amps to Motor

The figure above shows a representation of thtedesray of combinations. Some of which are
capable of successfully completing a take-off withine confines of the competition rules.
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Once a consistent relationship was found betweapesage input and thrust output, the
graph was truncated to show all combinations treaevsuited to generate the thrust necessary to
successfully lift the aircraft within the given sga The points on the graph below represent the
combinations of propellers, motors, and batteridsckv are capable of providing at least 40
ounces of thrust, while drawing no more than 20 aaofturrent.

60 Combinations Capable
L 4
50
. *
— *
§ 40
g
< 30
==
2
2 20
10
0 T T T T T T 1
18.8 19 19.2 19.4 19.6 19.8 20 20.2
Amps to motor

The figure above is a truncated version of the iptes/chart. This shows only the combinations
that would successfully lift the plane within thees of the competition.
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Motor Selection

Neu 1905-1.5Y/1350 Scorpion S 3020-14

These two motor selections are capable of provitlegrequired thrust to the aircraft, but both
need a specific motor controller in order to na@wlmore than 20 amperes. The current progress
on this front is the selection and ordering process

Propeller Selection

Because different propellers may be used for edd¢heothree missions, it is important to find
the optimal propeller for each mission. The pragrsllito order were selected based upon the
thrust that they could efficiently provide on paudfiar motor options. The propellers have been
considered for their advance ratio, pitch, diameteweight, and rigidity.
Propellers of varying dimensions have been seleeted will each be tested experimentally in
order to determine which combinations provide tlestbcombinations of thrust and energy
efficiency. The propellers considered are all AHEctic models between 6 and 8 inches in
diameter.
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Electronics and Controls
Accurate communication between the pilot, the aftcrand its respective components, is
paramount to a team’s success in the AIAA Desigiiddtly competition. The aircraft’'s
electronics system is composed of two subsysteomrals and propulsions. The control system
includes the servo battery pack, receiver, and

four control surface servos. The propulsionﬁb#ﬁrsc

system includes the propulsions battery pack; 2.96Hz

electronic speed controller (ESC), and motor.
Both the controls and propulsions systems
must employ a separate battery pack, to
power each on a separate circuit as per the
competition rules. Total circuit amperage
also cannot exceed 20 amps, which will be
governed by the simple addition of a 20 A
blade fuse in-line with the propulsion circuit.

Transmitter and Receiver

For the pilot-to-aircraft communications, our team
has selected a Hitec Aurora 9 transmitter because
of its low latency response time, as well as the
associated Hitec receiver, the Optima 7. This
combination provides simple flight programming
without the need of a separate microcontroller,
enabling our team to set the competition required
all channel “failsafe mode” without the
complicated coding usually associated with servo
movement.  An estimated wiring layout is
provided in the figure below to illustrate how thes

components will respectively connect.
-
l—i Servo Motor
Optima 7 Receiver CH1 -

DATA CH2 |
el i T L servomMotor

Receiver Battery — BAT/CH7 CH4 =
.—.\—‘ CHB CHS o] servo motor
—
> ‘ Servo Motor

HW‘I_, Phoenix 254 ESC _.l’lvlotor—‘l
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Servos
The control surfaces (ailerons/rudder) of the afitcare each manipulated by their own servo,
which will be electrically connected through thetioma 7
receiver as per the previous diagram. We haveechtse
HiTec HS325 micro servo based on its straightfodw:
compatibility as well as its weight to torque ratidhe servo
weighs 0.09 Ibs and is powered at 6 volts whichdees a
torque value of 0.25 ft Ibs.

Batteries

The competition rules dictate specific battery glirtes that each team must follow in order to
compete. Given a choice between Nickel Cadmiun€C@)ior Nickel Metal Hydride (NiMH)
type cells, we have selected NiMH batteries in otdeavoid the memory effect associated with
NiCd battery packs. This memory effect requires BhCd pack to be fully discharged before
recharging, which may not be possible given theineabf the competition. The NiMH cells
have a higher energy density in comparison to N&Sdwell, which is significant due to the
maximum weight limit (1.5 Ib) imposed on the pragah system’s power pack.

Controls Battery Pack
To power the receiver/servos that enable aircraft's N2 ,
flight maneuverability we have chosen the ProTek R/ K
5-Cell, 6.0V, 1600mAh NiMH Intellect Flat stick sty :
Receiver Pack. The pack is small and lightweli
(0.27 Ib) and provides the maximum power into t
Optima 7 receiver’s range of 4.8-6 volts.

Motor Controller
This is responsible for ensuring that the motorsdogt draw more amperage than is permitted by
the rules. It is also responsible for regulating &mount of power used by the motor, as decided
by the operator. The primary focus in choosing &CHs that the rated amperage is greater than
the highest amperage pull ever used by the matdhis$ case, a 25 amp ESC will suffice.
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Structures/Materials

Materials Selection

The primary goal in materials selection is to miiien cost and meet all product
specification goals that are outlined. For optirpalformance, it has been decided to select
materials that have a high Young’'s modulus (E), levhmaintaining relatively low weight
properties (m). In order to properly select suclmaterial, these two properties (mass and
Young’'s modulus) must be compared and proper empmtneed to be derived. Once the
equation is derived, the material properties musstidnlated and inverted to determine the
modulus (E). This may now be applied in the Youngisdulus-Density diagram shown in
Figure 19. From this, we are able to properly deitee which materials are best suited for the
aircraft structure.

P
Root m=pV; V=LAy o =—; A=

Q| o

pLP p
Solving: m = pV; Mm= - = a_ LP

Where'p’ is the density of the material. Also in this casg, is the fracture stress of the
material. Now we may analyze Figure 19 further.
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Figure 19 — Young’'s modulus — Density diagram

The Young's modulus defines the slope of the lioksterest, illustrated by the dotted
lines in the diagram. These results show thatehkrtical ceramics and composite materials are
the optimal choice to complete the job. A great posite material that is readily available in the
High Performance Materials Institute (HPMI) is aambfiber, and this asset will indeed be
utilized. Contrarily, we know that ceramic matésiare susceptible to brittle failure. As a result,
ceramics must be ruled out of any possibility ia ttesign. The next best results shown are for
wood and other natural materials. Balsa wood igragry choice for its strength and low weight.
Metals are not considered due to weight constraiith these primary materials selected, the
next job is to choose the proper methods of imptegimg them within the structure and perform
a stress analysis on the potential materials fomtimg under “worst case” conditions.

Materials Optimization

The efficient implementation of each material wdkult in a much lighter, must stronger
structure than would otherwise be achievable. kample, the yield strength of carbon fiber is
much greater in tension than compression. As altresarbon fiber should be placed under
tension whenever possible. Wood is far strongernatbaded in the longitudinal direction than
transverse. Therefore, wood will only be loadethimlongitudinal direction.
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Appendix

All Dimensions are in inches
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