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Abstract

In its present form this research and design report is a result of an investigatmelectric
unmanned aerial sysmsfor an UAWcompetitionwith prolonged flight capabilities\dditional
investigation in the field of remotely operated planes and off the shelf (OTS) vehicles led to an array of
challenges withn the current unmanned aerial vehicle systemdustry of which flight duration for
electricsystems was prominenin lieu of a grand variety of UAV platins in the market the UAV
aircraftdesignis focusedn developing an ultrdight weight and sturdy electric aircraft withtagh lift
airfoil andhigh peformance OTS control systems. The design entails a 10% increase in flight time over
commercial off the shelf counterpart The study will provide a detailed overview of the history,
challenges, current developments, design and growth potenpfitthe system itegration of custom
aerodynamic high lift aircrafiand OTS control systems with a prolonged flight toapabilities The
report also details the design, manufacturing and testing process used by the team in preparation for
the AUVSI SUAS 20Cbmpetition The goal bthe competition is to build anission readyinmanned

aerial vehicle for intelligence, surveillance and reconnaissance (ISR).

1. Introduction
The 2% century is marked as the beginning of aerial reconnaissance era which has paved the
way in thedevelopment of high tech aerial vehicles with video and global positioning capabilities.
Drones, aircrafts controlled from the ground, are an invaluable asset to soldiers in hostile environments.
These aerial systems, which once upon a time weighed husdredounds, have reduced significantly
in size. Still, improvements on drones are in high demand. The success of drones has prompted

governments to invest in making them more durable, lightweight, and autonomous. An overview of past
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developments, currenprojects and future projections of UAVs in the military presents an

understanding of the importance of continued resefain unmanned aerial vehicles.

1.1 Problem Statement
a! O2YLIh ye 2F !'{ alNAySa Aa O2yRdzOGAYy3 I LI (NP
supporting their sweep with intelligence, surveillance and reconnaissance [(ilSijler to support
them, the UAMMust comply with Air Tasking Order (ATO) Special Instructions (SPINS) for departure and
arrival procedures, and then remain within assignedce. It will be tasked to search an area for
typical targets, and may be tasked to conduct an immediate route reconnaissance for convoy support or
a point reconnaissance if requested. Immediate ISR tasking may be requested outside currently assigned

z A
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Thedesign of a electricstable andong lastinginmanned aerial vehicle capable of intelligence,
surveillance and reconnaissanisehe task In order to design and build a high performana&\ivith
such capabilities the design teaaims for preliminary feasible goals such m&dium level
maneuverability and high stability. We will also emphasize on the design of the internal spacing in the
fuselage to securely sustain a variety of electrazplipment on board the UAV. Furthermore, as a
senior design team we will be working collaboratively with aerobots@fiu mesvideo will assist in the

integration of target recognition hardware and software needed for the competition.

1.2 Motivation
The develpment of unmanned aerial systems (UAVS) is becoming a hot item in various
industries due to their potential versatility and compactness in a variety of scenarios. UAVs can be

utilized to gather intelligence, perform border patrol or even survey disaseasarMost military
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industries need UAVs for reconnaissance missions and require portable and dependable aircrafts with
accurate target detection and tracking capabilities. Unfortunately, UAVs that accomplish such tasks tend
to be mission specific and cogtlThus, one of the focuses in the UAV design for this project will be to
design &high performancdJAV affeasibly lowcost when compared to current UAVS in the industry.

Figure 1 displays a sample flight path in which a series of waypoints are provigettam must stay

within the area marked in red and assess the area for targets at an altitude between 100ft and 750ft.

The team must also stay in flight at least 20 minutes.

Figurel: Flight Parameters

1.3 Literature Survey
Unmanred aerial vehicles (UAVs), also known as remotely piloted vehicles or drones, have
Ffglea 0SSy LINILG 2F FPAIFLGAZ2Y KAAG2NRO® LYy ! YSNROL
explosive device was mounted to a balloon that would cross intarey lines and explode without

SYRFY3aASNAyYy3 | a2t RASNDRa ftAFTSo 5dz2NAy3 22NIR 21N L
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and blow them up on United States territory. Therefore, UAVs are popular for missions that involve a

high risk of mortaliy, which is why they are widely used in the military today.

The structural design criterion of a UAV has been developed over decades from serving a variety
of reconnaissance missions, surveillance services, to weather analysis. Features, such altitutight
and sustainability, are monitored by using a remote control orgmagrammed computer software.
tKSaS YSiK2Ra FINB OFLIoftS 2F O2y(iNRBttAYy3d yR FTfeAa
one. Currently, some UAVs are manufacturethwiutonomous flight capability. Autonomous flight
consists of reduced humagilot interaction and simple scripted navigational functions. The purpose of
using autonomous technology also aids in the development of air vehicles with capabilities tiegond

of-sight.

Unmanned Aerial Vehicles are a midillion dollar industry which is expected to grow
significantly in the coming years according to a 2010 market study made by Teal analysts. In order to
adequately see the array of challenges related to/gd& is only proper to first view the pros and cons of
different types of unmanned vehicles in the industry such as fixed wing aircrafts and vertical takeoff and
landing aircrafts (VTOL). Secondly, it is also suitable to record noteworthy UAVs digplagpdtable
national and international journals and/or magazines such as Popular Mechanics. Furthermore, the
current challenges facing Unmanned Aerial Systems around the world and proposed solutions will
finalize the literary investigative aspect of theview. Hence, the gathered information provides
sufficient foundation for an educated design oriented project related to enhancement toward

unmanned aerial vehicles.

The US Federal Aviation Administration has designated 7 aircraft categories whide inclu

Airplanes, Rotorcrafts, Gliders, Lighter than air vehicles, Powered Parachutes and Weight shift control
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vehicles. When comparing aircrafts it is important to keep the project motivation and constraints in
mind. For example, based on preliminary reseamt experimentation, fixed wing aircrafts tend to

have higher endurances, decreased vibrations and increased internal space for equipment yet lack the
ability to quickly maneuver, hover and remain stationary like most of its Verticalafilend landing

(VTOL) counterparts. Thus, it has been noted that heavier than air vehicles like airplanes, which are
designed specifically to generate enough force to permit forward speed and create a lift force greater
than the pull of gravity, can be designed for amriense variety of applications. Furthermore, they can
meet an array of functionalities while alternative vertical lift designs suffer from stability, complex

control mechanisms and reduced space for equipment storage.

Amongst the many noteworthy aerial vieles in the industry a few stood out amid the rest such
as aircrafts made by Draganfly Innovations Inc, BOEING, and AirRobotics. The draganfly vehicle is a
remote controlled quad copter system complete with a high definition 12.1 mega pixel camera and a
low light video camera. It is equipped with great portability and stability along with a hefty price tag of
approximately$8500 for base models. The UAV design by BOEING is modular UAV which has a modular
assembly of the empennage, fuselage and wings whintbe assembled and hand tossed in
approximately 5 minutes. Lastly, the AirRobotics airborne vehicle system is dshanathed UAV with a
payload capacity of 200 cubic inches. It focuses on a modular payload lifting system pod that can be

replaced on the latform or airframe.

The United States and Israel are the current leaders in UAV systems. UAVs provide solutions to
issues in countries like El Salvador, Colombia and Canada just to name a few. In 2009 Times Magazine
reported that counternarcotics offials were able to obtain sufficient evidence from a UAV to confirm
that a suspected nareship on their coast was indeed trafficking drugs. In Colombia the government is
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investing in UAVs for mine detection. With the aid of a US com@&A¢, Corporaciaie la industria
Aeronautica Colombiana S.A., plans to have the first mine detecting UAV prototype finished this year.
Lastly, in Canada one of the functions of UAV platforms is to conduct geophysical surveys.
2. Project Formulation
2.10verview
The gproach towaradthe UAV design includes primartihe selection of a high lift low Reynolds
number airfoilin addition to light and sturdynaterials asa means of prolonging flight duratiokJpon
selection of an appropriate higherformance airfoithe control,propellerandreconnaissancdevices
are selected and sized since the bulk of the fuselsifjdoe configured as to accommodate each

component accordingly

Table2: DesigriMetrics

Description Detail

Team Name aerobot@fiu

Mission Intelligence, Surveillance andBonnaissance
MaxOverall Length (cin 180 centimeters

Max Overall Wing Span (¢m 182.88 centimeters

MaxBody DiameteHeight (cm) 13 centimeters

Max ProjectedEmpty Weight (i 2200grams
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Power plant Electric

MaxWeight 6000gams

2.2Project Objectives
The primary objective of this project is to design an aircraft capable of competing in the student
unmannedaerialsystemgSUAS) 2011 competitiavhich is evaluated on factors suchfaght
readinessimageryandsafety. The aircraft must first pass various safety inspections prior to
autonomous taking autonomous flighilso, a set out goal for the aircraft desigrthat itmustsurpass
the flight time and efficiency of an electric UAV which normally gststhan 15 minuteof flight time

from a lithium polymer battery.

Perbrmance (Speed, Flight TimAJtitude Rangé

15 m/s, min 20 min. , 100 ft <A < 750ft

Goal: Flight Time>20min

The SUAS 2011 competition is tHeahnual competition in which national and internatimin
motivated universits come to compete for the title of best UAV. It is the third year FIU students
participate in this competition but it is the first time a team specifically designs the UAV to obtain
improved peformance. Tailoring the aircraft asespfically a UAV platform allows us to cut down on

unnecessary loads that patéally reduce the performance.
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2.3Design Specs
SUAS 2011 competition specifies various rules toward the system constraints and the
environmental conditions the aircraft may needundergo. Additionally the rules impose time

limitations related to assembly and disassembly.

Important Specifications

9 The air vehicle shall be capable of takeoff and landing in crosswinds to the runway of 8 kts with

gusts to 11 kts.

1 The system shall bepable of completing mission objectives in temperatures up to 110 deg F at

the surface.

9 The system shall be capable of operating in fog conditions of visibility of 2 miles or greater with

no precipitation.

1 The system shall be transported from the staganga to the mission site within 10 minutes of

notification and availability of competition provided transportation (if requested).

9 The system shall be disassembled and transported off of the designated mission site within 20

minutes from the end of the mssion.

2.4 Constraints and Other Considerations
The conceptual Designs for the aircraft includedsidarations intahe type of wing, the type of
empennageandwing placement that would best suit the needs of a high performance UaMe3

shows four typesf wing considered for the UAV design.
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Table3: Wing Configurations

) A
sla: Ay

Swept forward Swept back Conventional Delta

2.4.1 Swept Forward
The first theory of the forwargwept wings back was poosed during Second World War by
Germans. It became more popular in 1931 when some indel test illustrated that 20 degree of
forward sweep provided larger useful lift compared to swbptk wing. This useful lift is related to the
greater angle of atick. The forwargwept wings are good for high performance airplane, because
forward swept has the benefit of lowering compressibility effects at transonic speeds. In addition, the

forward-swept wing provides high lift advantages at lower speeds.

Analytial studies on forwargwept wing which were conducted by airframe companies
revealed higher ratio of lifto-drag in maneuvering flight and improved low speed handling
performances. In addition, the wirinnel studies discovered that lifelated drag andvave drag may
also be reduced. This means it requires less en@rgyeak the sound barriezraused by wave drag.

Furthermore, this design provides useful additional stabilitgudisonic or transonic flight.

On the other hand, at subsonic flight the has less time to verify the wing shape. Therefore,

the airflow on the edges eliminates the useful lift and increases the drag. Also, the wingspan and the
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surface area decrease around the wingtips. Based on thegimgs, it is noted that an aircraft withe

forward-sweptwing configuration should be manned rather than remotely operated

2.4.2 Swept BackWing
Instead of sticking straight out from the fuselage, the swie@tkwing is a winglan- form that

bendsback atan angle. Thenncipal behind the swepback wings is to reduce drag while flying at
KAIKSN) ONHzA 4SS aLISSR® Ly 20KSNJ g2NRx GKS Fy3aftsS 27
related to the parasitic drag of the wing. Thus, there were initially used on the military aircraft, but due

the several advantages of this design they become almost universal in all commercial jets.

The stability mechanism of the swept back is in a way that the total drag of the wing acts on a
AAy3AES LRAYG 6KAOK OF ft SR aof hesivepNdack & miciNgredterd® ¢ K S NS
than straight wing. When the airplane flies forward, the drag acts with equal lever arms on the both
sides of airplane. If the aircraft tend to move on the vertical axis (yaw), the drag of the forward wing has
a larger foce than the other sing. As a result, the aircraft realign itself to the original direction of the

flight.

The problem with the swepving occurs when the aircraft slow down for landing. The tips could
drop below stall point even at the velocity where $tal 8 K2 dzft Ry Qi 6 S KI LILISYSR® Ly
moves forward while the tip is swept to the rear. As a consequence, the aircraft will pitch up and leads
more part of the wing stalling. As a result of the North Americ&6 Babre crash, this problemdwin

I & IGO0 NB RIyOS¢ o

The other problem of swegback wing is the shorter size of wing span from tip to tip compared
to the non swept wing. The aspect ratio of the wing is significantly corresponded to the low speed drag.

This means that the airplane faxenore drag at lower speed. Also, the fuselage on the swepg

25



airplane is under more torque compared to non swephg. The design of main spars in the swbatk
wing is more complicated due to the angle of the joints connection compared to the dtwaiigdp which

the main spars passes through fuselage by single continuous piece of metal.

2.4.3 DeltaWing
The delta wing is a wing pldarm which the viewed shape from top look like a triangle. The

angle of the leading edge in the front of the wing is as lagB0° and the trailing angle of the wing
which is attached to the fuselage would be around 90°. The most significant disadvantage of the delta
wing is the lack of horizontal stabilizer. In addition, it has a poor performance at low speeds and often

time is unstable. Also the delta wing aircraft required long runaway for-tskand landing.

On the other hand, the most important advantage is high efficiency performance in supersonic
FEAIKGDP LYy adzZISNE2YAO &LISSR i thebKotkIvavié Wifich ig A y 3 Q&
generated by the nose of the aircraft. This concept is also applied to the swept back wing however; the
delta wing pladform passes across the entire aircraft which makes the structure of the aircraft to be

much stronger. In addon, the location of center of gravity will be firom the spar in the fuselage.

2.4.4 Straight Wing
The straght wing configuratioris a wing with no forward or backward inclination or anglé&als
desirable features for a low speed high performance aitératierms of stability and duration. Based on
preliminaryresearch the straight wing design is noted as the most viable and efficient wing type for a

stable UAV pladffiorm.
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2.4.5 Wing Position

Table4: Wing Positioning

Top Wing Middle Wing Low Wing

Another design consideration included the location of a wing. The main concern ineuded
configuration that would permit a camera mounting bracket with sufficient clearance and stability.
Preliminary observations deemed the top winghfiguration the most viable since in provides the least

interference with camera additions to the fuselage.

2.4.6 Empennage Configuration
Table5: Empennage Configurations

Right fin

’ Elevatar 3f§> ] Fin (vartical
T stabilizer)
\ Leftfin Fin A Rudder
Harizontal s Rudder
stabilizer g A Pe— Horizantal
; = stabilizer
\, Elevator

Twin Tail T-Tail V-Butterfly-Tail Standard Tail

9 The Twin tail configuration is includes a horizontal stabilizer directly connected to the fuselage
with two vertical stabilizers positioned perpendicularly at the tip of the horizontal stabilizer.

9 The Hail configuration contains a vertical stidiber connected to the fuselage whichth&n
connected to the horizontal stabilizer.

1 The Vbutterfly Tail configuration includes two angled stabilizers.

1 The Standard Tail configuration includes a horizontal stabilizer and a vertical stabilizer
connectedto the fuselage.

There are several tail arrangements in empennage design suctadsViail, Inverted V and
conventional tail. It was decided to make the empennage as a conventional tail because of having the
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Figure2: Propeller LocatioiTractors

Figure 3 on the other hand displays a wide variety of configurations for positioning propellers in such a\

the propeller thrusts the aircraft forward by pushing air hence the name pushers.

On Fuselag On Wing On top (pod) On Tail

Figure3: Propeller LocationTractors
d
<

On Fuselage On Wing On top (pod) On Tall

lightest weight among all arrangements.dddition, conventional tail configuration provides adequate
stability and control along with reasonable low dragble Sllustrates these common talil

arrangements.

2.4.7 Propeller Location
An important aspeatf the design of the UAV involved selecting the most adequatgitm for

the propeller. Figure displays a wide variety of configurations for positioning the propellers in such a
way that the propeller thrusts the aircraft forward by suctioning aingudir. Each configuration has a
number of benefits and disadvantages. For example, tractor type propeller locations enjoy undisturbed air

characteristics which can result in less vibration yet the pusher type reduces skin drag.
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2.4.8 Fuselage

Truss Monocoque Semimonocoque

Figure4: Fuselage

The fuselage is the section of the airplane thgtically hotls passenges, crew andor cargo
loadings. This definition of coursghangesfor unmannel aerial vehicles such that the principal payload
includes the power plant, power generation component, reconnaissance devices and the autopilot
system There are sevat parameters and considerations that need to be deliberated wdmriiguring
0KS | ANLX I yeQtndary BhjiedtiGefisitofli@ed fugekage \ith reduced aerodynamic drag,
maximum aerodynamic stabilignd sufficient space to accommodate efficigrthe electrical
components required by the missiomhe structure should be a structure capable of sustaining the
forces and moments cause by the wing and empennage during flight, as well as the support for forces
cause by the ground during landing. Fetmore, the strutural design should be configuréd save
weight while including protection against fatigue and corrosion.

The space inside of the fuselage should be large enough for housing a number of different
auxiliary power units such as the caragglobal position system, etc. Also, the space should be ample
enough for ease of payload arrangements in assembly and disass&baiigrallycommercial airplanes
require more consideration® be taken into account such as the comfort and attractiveriegsrms of

seat design, placement and storage spaedditionally, a commercidlisdage musbe equipped with
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safety devices for emergencies such as fires, cabin depressurization, ditching andgtacperent of
emergency exitsThe internal design coiterations between a commercial airplane and a UAYV differ

greatly such that the seating amdievatedsafety measures are negligible.

There are three main fuselag#sctures for subsonic aircraftsruss structures (rigid
framework), monocoque structureend semimonocoque structures. Trusses are lightweight structures
which consist of one or more triangular units constructed with straight members whose ends are
connected at the joints. When the structure is under a load, some of the members carry terislen
the other members carry compression. During instances of load direction changes, members under
compression are later subjected to tension stresses while the rest of members surrounding it are
subjected to compression stress. The truss fuselageigida stringlike and light structure because it is
composed of a configuration with a durable materials positioned as horizontal members and diagonal
braces. Thé&igures: Fuselage truss structushows and examp of the truss structure inside of the

fuselage.

LOMNGERONZ

Figureb: Fuselage truss structure

The monocogue and semi monocoque are used in most of the new aircraft and UAV designs.

The semi monocoque structure looks like a half singé#l s which the internal braces and the interior
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surfaces carry the stresses. The internal braces consist of longitudinal members also called stringers and
vertical bulkheads. Thus, the surface skin inside of fuselage is thicker at some points whéresthe s
concentrations are greater. In the case of monocoque structures, the exterior surface of the fuselage is
the primary structure

2.4.9 Communication HardwareConsiderations
The UAV will require gyroscopes, called gyros, a camera, sensors, and GPSsdreearen

GPS, however, are usually integrated within the autopilot system. All these eleatricaboents are
vital for successful mission completion set forth by 8idASompetition The gyrdunction will be to
keep the plane calibrated while in ftig the sensors are needed in order to evaluate the internal
integrated system within the UAV such as the speed, height,Fiture6: Gauge readings due to

sensors, gyros, and GBi®ws an example gfauge reaithgs of dJAV while in flight.

Figure6: Gauge readings due to sensors, gyros, and GPS

The GPS system will locate the UAV throughout the flight mission, and the camera will help locate the

targets for the competition as shown Kigure7: Sample Target
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Figure7: Sample Target

This brings the teanptdecide between three systems; Attopilotrddipilot and MicraPilot.
Each of thesystems facilitatethe system itegration of the major electrical components, as mentioned
earlier. However, there are major differences between them such as cost, the integration of
autonomous flight capability, and support. The autopdot! micropilot both comeready to plug and
play with the integration of autonomouight capability but lacks readily available online support in the

case troubleshooting is needed.

The Ardupilot on the other hand has the advantage of having a help community aidrgilot
users help other usemver an online forum The ArduPilot is a fefkatured autopilotsystembased on
the Arduino opersource hardware platform. It uses an IMArduiMU)or infrared (thermopile) sensors
for stabilization and GPS for navigation. In addition, its cost isk@dl@5(without including GPS,
sensors and wireless telemetrgihd due to the open source programming capability it lends itself to
work well with the other major electronic components as wallding the GPS, sensors and wireless

telemetry would increasethe cost to approximately $300+.

Table6: Autopilot Systems and Respective Interfadisplays the main autopilot systems in
consideration to meet the reconnaissance requirements of the competition. Each includes a display of

the interface, approximate weight and cost.
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Table6: Autopilot Systems and Respective Interfaces

Micro Pilot Ardupilot AttoPilot
System
isposable
control...

Interface 3 — =

1 —*

[ S

Weight 28¢ 45g 359
Cost ~$6,000 ~$300 ~$2000

2.4.10 Propulsion SystemConsideration
The first consideration in the selection of an appropriate propulsion system included a

thorough review of the potential hazards of both electric and mechanical systems. In the case of an
electric propulsion system the most hazardous comgrtrwas found to be the Lithium lon (LiPo)
batteries. Improperly charging LiPo batteries can result in overcharging which can cause the battery to
explode. Additionally, allowing the LiPo battery to discharge below the minimum critical voltage can
negativdy affect the performance of the battery. In the case of gas and glow engines the fuel is a much
larger issue. The main concern is the extremely flammable and toxic nature of fuel which is prolonged as
the exhaust contains the toxicity of the fuel in tharh of gas. Based on the previously mentioned

safety synopsis it was concluded that in terms of safety the preferred system was selected to be electric.
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The second consideration between the electric and mechanical system included the
maintenance requiremets of each system. In the case of the electric system the main consideration
goes back to proper care toward the LiPo batteries and motor. For instance, properly charging the
batteries and not overloading the motor in terms of heat nor voltage. In the oghe engines it is
important to follow a preflight and after flight procedure. For example, prior to take off it is important
to fuel and warm up the engine. Furthermore, upon landing it is imperative to completely drain the
engine and insert someldb avoid corrosion. Thus, in terms of maintenance the electrical system again

represented the best choice.

The third consideration between the electric and mechanical propulsion system was the overall
size. As previously mentioned the main componentnrelectrical system include the electric brushless
outrunner motor, the electric speed control (ESC), and LiPo battery. The dimension of the 350 rpm/V
brushless outrunner motor is 50mm x 65mm with an 8mm diameter. The dimensions of the ESC is
52mm x 34mnx 20mm. The dimension of a 5000mAh LiPo battery is 140mm x 51mm x 39mm. It should
be noted that in order to obtained a minimum of 30 minutes flight time the aircraft should
accommodate gty 2 LiPo 5000mAh batteries. A comparable mechanical propulsiem syigt a
minimum 30 minute flight time consists of a 0.61 cubic inch 2 stroke engine with mounting dimension of
44mm x 17.5mm and a 320z~907gram gas tank with dimensions of 177mm x 85mm x 82mm. Without
including the required muffler for exhaust the engisyestem already supersedes the dimension of the
electrical system in its entirety. For this reason the electrical system once again embodies the optimal

choice in terms of size and compactness.

The fourth consideration between the electric and mechanpcapulsion system was the power
to weight ratio. In the case of electric systems the average power to weight ratio iK\W& while in
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the case of engines the average power to weight ratio ik®/&g. In this scenario the engine notably
exceeds the erformance of the electric system. The flight time, which is a significant motivator within
this design, favors the mechanical system. It should be noted that electric systems are becoming more
and more competitive in terms of power to weight ratios. Ndmgess, in terms of power to weight

ratios engines are still more efficient and provide longer flight times.

The fifth consideration between the electric and mechanical propulsion system was the
miscellaneous disturbances such as vibration and resonanisgnwhich negatively affect the
reconnaissance and stealth aspect of the UAV design. In the case of electric propulsion system vibration
and noise is significantly lower than that of a glow or gas engine. Investigation into engine types also
revealed tha& noise and vibration is particularly higher in 2 stoke engines as compared to 4 stroke
engines. Regardless, the mechanical vibrations generated are too significant to be neglected. Therefore,

in terms of vibration and noise disturbances the electricalesyss deemed more efficient.

The last consideration between the electric and mechanical propulsion system was the overall
cost of implementation. For the case of the electric system the cost includes an initial investment of
approximately $200 that inctles a 350rpm/V brushless motor (outrunner), its respective electric speed
control, two 5000mAnh LiPo batteries and a LiPo battery charger. For the case of a glow engine the initial
investment is about $190 and it includes-atBoke 0.61 cu in nitro engine, 320z gas tank, 2 gallon of
fuel and an exhaust pipe. It should be noted that in the case of an electric system frequent purchases of
fuel are avoided due to the rechargeable nature of LiPo batteries. Hence, the total cost of the engine
propulsion systenover the span of a year would actually be $190 plus the cost of additional fuel needed

throughout the use of the aircraft. It should also be noted that gas engines were @doecto the
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significantly higher cost and lower efficiencies as compared tatits and electric counterparts. For this

reason, the electric system is the best option in terms of cost over a year of aircraft usage.

3. Design Alternatives

3.10verview
After assessingspects oexisting RC plane alternativestie market such as thail

positioning, fuselage structure, wing configuration and airfoil it was decided to narrow down the design
to a conventionatail and straight wing design with lightening features and enhanced aerodynamics
such that readily aircrafts could serve as a poiitomparisonin terms of flight timeand similar
manufacturing procedures could be followeédarious encounters with RC plane hobbyists provided
immense feedback in terms of the ease of use and performance of numerous popular models in the
market. There wre many mixed feelings with respect to electric vs. nitro aircrafts wttexenly
predominant feature of a nitro engine over that of an electric was its duration and somewhat lower
cost. In aims to make el&c a bit more competitive as compared mitro powered aircrafts it is

important to note the various design enhancements proposed below.

3.2Design Alternativel
Figure8: Design Alternative displays the preliminary design of the UAV with a straight wing

design anda streamlhed fuselageThis design entails a fully symmetrical airfoil shaped fuselage such
that the fuselage would cause the least amount of drag as possible. The advantages of this design
include a fuselage that provided the proparfoil likeshape could potenally give additional lift to the
structure. Among the disadvantagaglude the construction of an airfoil shap&gselage The
constructionfeasibility of this design is very low due to the highly edrieading edge of the fuselage
and a potentially coftictive motor placement region.
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Figure8: Design Alternative 1

3.3 Design Alternative 2

Figure9: Alternative Design @isplays a combination between a rourtleosecommon to many
popular models in the inditry and a flat plate surface as a more viablemative in terms of
manufacturinglt also aims at reducing dead weight by removing a portion of the fuselagerms of
aerodynamics the fuselage still presents airfoil like features and providestalfregion which can be
used to reinforcehe motor. The mddle wing design is considered to provide the benefit of compact
transportability yet stability is reduced. Furthermore additional reinforcements must be considered on
the sides of the aircraft taustain securely the wings on the fuselage. These reinforcements may reduce

the usable space for the electrical components on the aircraft and increase the weight of the aircraft.

Figure9: Alternative Design 2
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3.4Design Alternative3
FigurelQ: Alternative Design 8isplaysa concept aimeat reducing dead weight in the reaf o
the UAV such that only theecessary components are included in a minimal section of the fuselage.
Proposed design is in some wdike a powered glider in that the wing span is very long while the
fuselage proposed is minim&till, the design entails carryirgp electrical payloatistoricallycarried by
a trainerRCaircraftthat can hold immense amounts of weight ygbves excesive and wasteful for

such minor loads

FigurelQ: Alternative Design 3

3.5Feasibility Assessment
Table7: Feasibility Assessmedisplays a general overview related to thmain figures of merit
evaluatedas desirable. The main differences between each alternative design are the fuarthgéng
configurations. As previously mentioned the top wing configuration was considered most appropriate
from the beginning because it presents desirable stability attaristics, undisturbed access or
interruption to any kind of camera mounting and best of all it allows for rapid assembly and

disassembly.
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Table7: Feasibility Assessment

KTt NBFS Aerodynamics  Construction Stability and  Total(tally)

Contol
Design KKK K K K 6
Alternative 1
Design KK KK KK 6
Alternative 2
Design KK KK KK 7
Alternative 3

The airfoil selection of a high lift airfoil with sufficient wing loading for the communication,
control and reconnaissance rmponents ofthe aircraftis a major component of the UAV desitill,
another equally importantlesign considerationndertaken was that of the optimal propulsion system
for the aircraft. While maintaining the motivation of a reconnaissance mission ready ainaéin the
main the deciding factors for the propulsion system were influenced by a comparison of tihg safe
maintenance, size, poweareight ratio, miscellaneous disturbances and cost of a mechanical system vs.
an electric system. In the case of a meclkahpropulsion system the components include an engire (2
stroke or 4stroke), exhaust pipe, fuel tank and propeller. An additional consideration in the case of a
mechanical system is the type of fuel which could vary from gasoline to nitro methane, dgpuawn

as glow fuel, as a power source. In the case of an electric propulsion system the components include an
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electric motor, a propeller, and lithium polymer batteries as the power sourable 9 displays a side to

side feasibility assessment of tpeopulson system selection.

Table8: Side to Side Propulsion System Comparison

KTt NBFSNNEBI Electrick K K K K K K Glow Engink K Gas Engine X
Maintenance Required| Mediumk High High
Size(compactness) SmalK Large Large
Weight(g) ~105X ~1628 2000+
Power/Weight ratio ~5.68kW/kg ~2.8kW/kgK ~3.2kW/kg
Vibration LowK High High

Noise LowK High High

Plug and Play Feature | YeX No No

Min. Initial Cost ~$200 ~$19K $300+
Environmental Impact | LowK High High

3.6 Proposed Design
The proposd design is alternative 3. Many additional considerations must be taken into
account since the design involvessourceful means of improving the efficiency of a seemingly

conventional aircraft model to achieve both a low cost and high performance sototiammanned
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aircraft platforms.Since stability is a major factor in for uninterrupted clear imagery the aircraft is
proposed to have stability enhancement features such as dihedral and wing tips in the final design as

specified in table

Table9: Proposed DesigBpecs

Configuration Selected

Type: (power plant) Electric

Wing type: Straight

Wing Position: Top

Empennage type: Conventional
Fuselage: Fraction

Features: Dihedral & Wing Tips

Figurell: Proposeddesign

4. Project Managementroject Management

4.1 Overview
The aerobots@fiu team consists of 7 members who consist of 3 mechanical engineering

students, 3 electrical engineering students and a pilot. The team structure seen in figure 24 aims to
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creae optimal work and collaboration. There are primarily five sections; Aerodynamics, Structure,
Propulsion, Communications and Autopilot. In charge of the mechanical group is a graduate advisor who
reviews progress of the aircraft design and keeps the teara timely schedule. In charge of the

electrical group there is a pilot who aids in testing equipment and troubleshooting if necessary. The
logistics and fundraising leader ensures components arrive in a timely basis, schedules meeting times

between the eams and facilitates system integration.

4.2\Work Breakdown
The roles of the group advisors and the students involved in the AUVSI SUASIBPELition is
completely outlined infable10: Work Breakdowsinto Specific Task#n termsof the work break down

amongst the mechanical senior design team the following divisions where made amongst the team:

Seyed Maysam Alavi and Natalia Alejandra Posada were in charge of aerodynamic calculations and
Simulations of wing and empennage struetuSeyed worked on wing and empennaggbility analysis
structural simulationsnd construction whiléatalia worked orthe propulsion systemaerodynamic
simulations fundraising constructionand report editing. Ana Puentgas in charge of the electal
system, fuselagdesigndrawingsand assemblguchthat it could accommodate the electrical

components Ana was also in charge of the camera mounting bracket design and assembly.

Tablel0: Work Breakdowsinto Specific Tasks
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4.3Gantt Chart
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Figurel2: Ganttchart
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Title

Table11: Work Breakdown

Name

Faculty Advisor

Graduate Advisor
Aerodynamics Leader
Structure Leader
Propulson Leader
Communications Leader
Autopilot Leader
Logistics and Fundraising

Pilot

Dr. Tansel

Javier Palencia
Seyed Alavi

Ana Puente
Natalia Posada
Hassan Chaudary
Viurniel Sanchez
Natalia Posada

Javier Villareal
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5. Engineering Design and Analysis

5.1 Aerodynamic Design and Analysis

5.1.1 Introduction
The four pincipal forces related to flight are ljitirag thrust and gravity. In order to understand

the physical meaning of each of these forces pleasd-&parel3: Basic Forces on Airplane

=
=
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Figurel3: Basic Forces on Airplane

Lift is the main force needed to maintain an aerial system in the air. It is a force that is created
with the interaction of fluid flow and a surface like a wing. In order for an aircraft to stay aloft the lift
forces musbe greater than the gravitational force pulling the aircraft down due to its weight. It is
important to note that unlike gravitatiorldorces that take place withravithout the incidence of
movement lift forces require the fluid flonHenceit is clearto see that lift and gravity are opposing
forces that play an integral role in aircraft design. The lift force component is mainly influenced by the
aerodynamic qualities of airfoand can change drastically to accommodate or equip aircvaftsa

variety of functions lke mobility, speed, or liding depending on the purpose the aircraft.
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Equationl: Lift Coefficient

Dragforce on the other handehaves similar to a resistance. In the case of @itsdrag is the
resistance to forward movement through air. Like lift, drag is generated and also requires the interaction
of a fluid and a surface through movemebtrag, a typically undesirddrcein aerodynamicsis caused
by different factors. Due tthe nature of our design the main drag coefficients monitored are the lift
induced drag and parasitic drafydditional drag components which are mainly considerekigib

speeds include: wave drag and ram drag.

Figurel4: Total drag vs. Airspeatisplays the effect of airspeed on drag which clearly shows that as

speed increases induced drag decreases.

Total Drag
N
QQ

N b
. o S L.
:

Airs;)eed
Figureld: Total drag vs. Airspeed

For most aircrafts thrust is caused by propelldrattpush or as the term indicates thrusts the air
back. Thrust for rockets and other vertical tad# vehicles are accomplished with different methods yet

the thrust force in essence is simply the force pushing the aircraft in the forward direction.
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It ought to be noted that drag varietue toparameters like wing shape, angle of attack, effects
of air viscosity and compressibility but for very low speeds the compressibility effects of air are
negligible.

Equation2: Coefficien of Drag

Equation3: Reynolds Number

Re= /=&
m

Equatiord: Shear Stresdisplays the calculation for shear stress on the lifting surface jwihgch is

dependent on the dynamic pressure and Reynolds number.

Equationd: Shear Stress

_ 0.664,

JRe

t

WwWSYSYOSNI [ Aa GKS tATFGE /[ Aa GKS O2STFAOASY
which varies with the wing geometry.
5.2Wing Geometry Parameters

Tablel2: Aspect Ratio for Varying Wing Geometries

RectangulakVing Swept Wing Elliptical Wing

48

2 ¥



= == =4 =4 =2

Leading edge

Acy 125% of the wing chord )]

Take off velocity: The velocity needed for a vehicle to become airborne such that the lift force defeats the
forces due to weight andrag keeping the vehicle on the ground.

Cruise Velocity: The velocity once the vehicle is airborne and in steady flight.

Wing Loading: The ratio between the loaded weight of the aircraft and the surface area of the wing.
Span: The lateral distance fromeotip to the other of the wing.

Chord: The length between the leading edge and trailing edge of an airfoil with constant span.

Mean aerodynamic chord: The median chord length obtained from a wing whose chord length changes
span wise.

Aerodynamic Center:hE location on the wing where pitching moment coefficient remains constant
despite variations of the lift coefficient or angle of attack.

Center of Gravity (CG): The center of the airplane weight distribution.
Side View Top View
Mean Camber Line Thickness 1‘
I
P « I
Chord Line, ¢ Camber |
Span, b I \
railin e
I Trailing Edg
1= =<
| \ Chord
Symmetric Airfoil Leading Edge \
| I~ Wing Area
Y
Airfoil Geometry Wing Geometry

Figurel5: Basic wig geometry
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5.3 Initial Weight Estimation
The first step to make an accurate prediction of the aircraft design is to calculate the maximum
take-off weight. The designs for various parts of the airplane are depended on this fundamental factor.

Considering thiathe maximum takeoff gross weight of the aircrafi{g) can be found by adding the
empty weight Wampsy), payload weightWyayisag), crew weight We.,e) and fuel weightys,.1) as seen

in Equation9 we can obtain adir estimation of the weight necessary to take off.
Equation5: Preliminary Takeoff Weight

W,

fue

Wo = Wonge, W,

ayload

Based on the design requirement, the payload and crew weight are always known parameters.

Therefore, the totatake-off weight can be found from:
Equation6: Actual Takeoff Weight

w

— payload
VVO - quel V\ém t
1- () (™)
W, W

Since the nature of our design is to develop an unmanned aerial vehicle the crew weight of our aircraft

is negligible.
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Tablel3: Projected Total Payload

Components Weight
Motor Brushless Outrunner (g) 414
EScElectronic Speed Control (g) 60
LiPo 4P0 mAh (g) 578
Lumix Panasonic Camera () 154
Reciever battery () 5
Reciever (g) 17.58
Micropilot (g) 28
Max No Load Weight of Plane (g) 2000
Miscellaneous extra weight (g) 200
Total Projected Weight (g) 3456.58

5.4Wing Loading
In the UAV design it is important to keep in mind that the maximum allowable aircraft takeoff

weight is 55lbs. After calculatiod the initial airplane weight, it is important to determine the wing
loading. The wing loading is the ratio of the wing surface area to the weight of the airplane. The wing
loading (W/S) can be measuredfis/ft? or N/m?in Sl unit In addition, it is important to consider that

the higher wing loading, the higher the stall speeds. This is the main reason that trainer aircrafts have
lower wing loading. At the same, the higher wing loading is suitable for acrobatic airéraf#d/that

meets the requirements of the missiasito be designed to fly at slow speed in orderctapture high

guality images; it islsopreferred to have an airplane with lower wing loading. Furthermore, there are

many crucial parameters that are defined amaction of wing loading. For instance, the power
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requirement, cruise and takeff velocity, takeoff and landing distance are determined as a function of

wing loading.

This leads us to another important consideration which is the takeoff velocitytakbeff
velocity as previously mentioned is the velocity needed for a vehicle to become airborne such that the
lift force defeats the forces due to weight and drag keeping the vehicle on the ground. The takeoff
velocity, M, is simply a function of thewise velocity, Y of the aircraft such that¥= 1.2* Vs.
Furthermore, cruise velocity can be described as the airborne velocity of the aircraft and based on the

wing loading, air density, and maximum lift coefficient

Equation?: Cruise Velocity

‘[(—)( CLmax )]

5.4.1 Aspect Ratio
The aspect ratio can be defined as the length of the wing span (b) divided by the average length
of the mean chord (c) for a rectangular wing shape. In general, the aspect ratio is definathls ai
span divided by wing area. In other words, the aspect ratio defines how long and slender a wing is from
tip to tip. Remember the aspect ratio for non rectangular wings is defined as fol&w# /S and the
aspect ratio for rectangular wings ARb/c. A high aspect ratio wing can be defined as a long, narrow
wing suitable for lowspeed flight. The aspect ratios of wings vary in terms of their applications toward

efficiency, sturdiness and levels of maneuverability.

One of the main consideratiarfor wing development includes maintaining a balance and

efficient lift to drag ratio while maintaining sturdiness. A high aspect ratio wing tends to be more
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efficient at low speeds because it generate more lift as the chord length decreases. In agdttigo

high aspect ratio wing has less induced drag while it generates more parasite drag. Furthermore, it can
use smaller motors and requires less landing and-takeistance as compared to a low aspect ratio

wing. It should be noted that structural msiderations ought to influence the selection of high or low
aspect ratio wing. For example, a long wing span with small chord length needs more material and
bends more under the same load while a low aspect ratio wing is lighter and uses less mateegal hen

hold less weight.

Another factor that ought to influence the design of the wing is the purpose in terms of
maneuverability. A wing with low aspect ratio has shown to be more suitable for aerobatic applications
while airplanes with high aspect ratioeatypically designed for reconnaissance missions with expected
high altitude flight requirements. Hence, it was decided that a high aspect ratio wing type would suit

best the needs of the UAV design of this project.

5.5Wing Design
Based on the pay load weiglairfoil, aspect ratio, take off velocity and location of the wing the
preliminary dimensions of the UAV have been summarized iff tgel4: PreliminaryDimension

Summaryandare illustrated inFigurel6: Visual Aircraft Dimensions
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Figurel6: Visual Aircraft Dimensions

Tablel4: PreliminaryDimension Summary

Description Location Dimensionscm (Tol + %)  Dimensionsnches
a Distance: Propeller teebding edge ~30 11.75
b Wing Span ~188 74
c Chord Length ~30 11.75
d Aileron Length ~7.5 3
e Aileron Width ~46 18
f Distance: Trailing edge to empennag ~75 30
g Elevator area ~310(cn?) 48in/2
Dihedral ~3°-5°

For rectangular wing, th&ing ared5) has been obtained by multiplying the wing sgiér by
the chord lengtlic). Therefore, the wing planform area is determined to be 0.85with an aspect

ratio of 6.3. By knowing the wing area valueg thing loading was calculated to B8.98 NS. In



addition, the takeoff and cruise velocity are determined to be 14r86sand12.39m/s respectively. It
should be noted that the maximum coefficient of lift at this stage was chosen to be 1. The summary of

these values is shown in thHeblel5: Specifications and Performance Predictions

Tablel5: Specifications and Performance Predictions

Parameter Value
Wing Area 0.561m’
Aspect R&o 6.3

Wing Loading 93.98 N/S
Takeoff velocity 14.86m/s
Cruise velocity 12.39 m/s
Stall Velocity 3.65m/s

5.5.1 Airfoil Selection
The cross sectional shape of the wing is cilfe airfoil. The front of the airfoil which is tangent

to the lower and upper surface is identified as the leading edge while the back of the airfoihiscdas$
the trailing edge. Barp or nearly sharp leading edge airfoils are generally more suitabgipersonic
flow due to decements of wave drag which occduring supersonic reginse The longest straight line
from the trailing edge to the leading edge is defined as the chord length. The mean camber line is a
curvature line which is located betwa the upper and lower surface of the airfoil. This line is the
maximum distance between leading and trailing edge. Also, the maximum perpendicular distance
between the upper and lowethamber is calledhickness. All these aerodynangarameters are

illustrated inFigurel7: Airfoil Basics
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Figurel?: Airfoil Basics

Airfoils producdift by changing the velocity of the air passing over and under itself. By changing
the airfoil angle of attack the airlocity changes as it travels slower over the top of the wing and travel
FILaidSN) dzy RSNYSIFGK GKS gAy3ad . SNyz2dzfAQa tFg 2F LIN
pressure difference between the upper and lower surface of the aikidiienthe fluid passes through
the leading edge of the airfoil, it speeds up. This exerts less pressure on the top of the Eidoil

Bernoulli law of pressure can be illustratedHigurel8: Bernoulli's Law of Pressure

FASTER MOVING AR ...
... LESS PRESSURE

/—/K—\\

s

TT1
SLOWER MOVING AIR ...... IORE PRESSURE

Figurel8: Bernoulli's Law of Pressure

The performance of the airplane is associated with the airfoil selection. The lift force which is
produced by the wing and tail surfaces is directly related to the design of the airfoil. As a rasult, th
airfoil selection requires intensive computational efforts along with extensive research. For this matter,
Al 61 a8 RSOARSR (2 dzaS (g2 a2FaGsl NB LI O1F3Sa al NJ
provide wideranging collection of airfalalong with useful sets of data such as coefficients of lift, drag

and moment.
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It is extremely important to mention both these two software packages provide important
values for 2Dimensional coefficients of lift, drag and moment as well as their reldtgparameters
such as lift to drag ratios (L/D). Thelmensional results are for infinite wings where the induced drag
and the wingtip vortexes are ignored. As a result, XFoil and Profili provided valuable information in
deciding the best airfoil fathe application where the UAV in development yet it can never be enough

for the final wing design.

One of the most important parameter that affects the airfoil characteristics is the Reynolds

number. The Reynolds number is the function of vel@Eijly the length of the fluid that has traveled
down the surfaceL) and the kinematic viscosity of the fluit)( This relationship can be seen in

Equation8: Reynolds Number

Equation8: Reynolds Number

VL
Re= —
v

The Reynolds number can determine whether the flow is laminar or turbulent. The value of
Reynolds number for the wing can be obtained by dimension of the chord length, flight altitude and the
airspeed.

Tablel6: High lift airfoil evaluation parameters

Parameter Value
Flight Altitude (m) 229
Speed (M/s) 15
Chord length (cm) 30
Reynolds number 302567
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Based on the value of Reynolds number, the entire set of low Reynolds number and high lift

airfoils was evaluated. It was determined that the FX1&¥, the Martin Hepperle MH 112, the Drela

DAE31 and CLARK'Y airfoils will be carefully tested. This selection would consider parameters such as

airfoil lift and drag, pitching moment characteristics, Stak, thickness of the airfoil for structural

purpose, ease of manufacturing.

R,

Figurel9-Airfoil FX63137

o T

Figure21-Airfoil DAE 31

O T

Figure20-Airfoil MH 112

Figure22-Airfoil CLARK Y

In order to maximize the aerodynamic efficiency, the reconnaissance UAV should be designed

that flies close to its desired coefficient of lift. Thus, the first initial consideration in airfoil selection was

coefficientof lift. This is the lift coefficient which the airfoil provides the best lift to drag ratio (L/D). It

was determined that the FX @87 provides the highest coefficient of life while having the lowest

coefficient of drag. The coefficient of lift and draig6.6 degree angle of attack were determined to be

1.4743 and 0.0210 respectively.
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Another important factor in airfoil selection is the stall characteristics. There are some airfoils
demonstrate slowly reduction in lift throughout a stall, while ote@xhibit a significant loss of lift, along
with a quick change in pitching moment. Thinner airfoils ftaith leading edge while the thickairfoils
stall from trailing edge. The FX-&37 airfoil shows that has the lowest coefficient of moment among

the others.

The airfoil thickness has a direct effect on drag, maximum lift and structural weight. After
evaluating the characteristics of all airfoils, it was determined that the drag increase with increases of
the airfoil thickness. In addition, the miaxum lift and stall characteristics were affected by the airfoil
thickness mainly by its effect on the nose shape. Furthermore, the structural weight of the wing is
completely depended to the thickness of the airfoil. By taking into account and evautitne
factors, it was determined that FX-@37 has the lightest structural weight while provides the sturdiest
structure. The computational fluid dynamics studies confirm that FX3@3generates less wingtip

vortex than others. This result will bb®wn in the next section.

Figure23: Coefficient of Lift ath Drag vs. angle of attack ffwur different airfoilsillustratethe
coefficient of lift and drag with respect to the angle of attack. Alsgure24: Coefficient of lift, drag and
moment, L/D and power factor for four airfoils with the respect to the angle of aithadtrates the lift

to drag ratio (L/D) and the coefficient of moment with the respect to the angle of attack.
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Figure23: Coefficient of Lift ath Drag vs. angle of attack ffwur different airfoils
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Figure24: Coefficient of lift, drag and moment, L/D and power factor for four airfoils with the respect to

the angle of attack

Tablel7: Airfoil comparisonin terms of AoA, CL, Cd, Cm, L/D, and Power Fsltowsa side to side
comparison of the airfoils evaluatedhd best value of coefficient of lift, drag and moment, L/D and

power factor for all four airfds with the respect to the angle of attackn be viewed
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Tablel7: Airfoil comparisonn terms of AoA, CL, Cd, Cm, L/D, and Power Factor

FX 63137 DAE31 MH-112 CLARKY
AOA 6.6 7.2 7.2 54
G 1.4743 1.3546 1.3614 0.9422
G 0.021 0.0212 0.02585 0.01605
Gn -0.173 -0.1259 -0.1355 -0.0722
L/D 70.2 63.8962 52.7674 58.8875
Power Factor | 85.2432 74.3671 61.5685 57.1603

5.5.2 Dihedral Angle
Dihedral angle is the angle of the wing with the respect to the horizontal agisessin the
FANLI I ySQa FTNRYy(G OAS6d 5AKSRNIE |y3afS SyKFyoOoSa GK
tends toroll airplane level when it is subject to a briefly slight roll displacement. After analyzing the Keel
and Pendulum effect andso obtaining historical values, it was decided that 5 degree angle of attack

provides sufficient stability for the UAV
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5.5.3 Wingtip

Winglet Wing tip

Figure25: Winglets and Wingtips

Researcland wing design analysis show thhetstraight rectangular wing creates a
considerably large vortex on the tip of the wing. This vortex is due to the highpressureon the
bottom of wingthat escapes and goesound the tip to the topIn order to reduce the lateral spacing of
the tipvorticesA G 6 & RSOARSR (2 |RR (GKS gAYy3aGALI aKI LIS
permit the air flow easily around the tip. Therefore, it reduces the induced or pressure drag in the finite

wing.

TheHoerner wingtipwhich is the most comom low-drag wingtip in subsonic airplanesas
selected Hoerner wingtig havea sharp edge upper surface along with the lower surface under
cambered which islantingroughly45 degrees to the horizontal reference. Ting tipin Figure26:

Wing Tipillustrates the design of wingtip which is connected to the last rib.

Figure26: Wing Tip
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5.5.4 Wing Location
As previously mentioned dsed on the size of the wing span, structural analysis and
manufacturing cet, it was determined that the best location to mount the wing is the top of the
fuselage. This location provides a significant stability and control along with the ease of manufacturing
and attachment. Middle wing and lower wing configurations wouldrifgre with the most important

payload components such ddicro pilotand camera and its mount respectively.

5.6 Empennage Design

Empennage or tail is a small wing which is designed to operate at a portion of its lift while the
wing is designed to carry axtensive amount of liftHowever, the major task of empennage is to
provide trim, stability and control. Trim refers to balancing of the moment produce by liftaateng
through taiR & Y 2a¥idwjthithe respect to the center ofavity. The empennagdesigrconsisted
of vertical and horizontal tail. The horizontal stabilizer mostly balances the moment created by the wing.
Furthermore, thetail should provide sufficient control poweuringcritical conditiors. The critical
condition for the horizonthtail consistof low speed flight witrelevatorflap downand leading edge
nose liftoff.On the other hand for vertical tail the critical situation normally refers to maximum roll rate

and engineout flight at low speed.

It is very important to mount ta empennage in the appropriate location. For instance, the stall
characteristic othe airplane is directly related to the location of the horizontal tail. In Ray#rcraft

Design book, thboundary of the acceptable locations for the horizontal isillustratedin figure 29.
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Figure27- Aft tail positioning, Rayme? Aircraft Design pg7

As it can be seen Irigure27- Aft tail positioning, Rayme2 Aircraft Design pd7, for subsonic flight itsi
acceptable to have the tail approximately in line with the wihlerefore, it was decided to have the

location of empennage in line with the wing.

5.6.1 Horizontal Tall
The dimension of the chord length and the span of the tail are directly proportioriaéto
surface area of the wing and the airpiatakeoff gross weight. The surface area of the horizontal
atr oAt AT SNI g+a SaldAYIFIGSR o0& dzaAy3a GKS ac¢lk Af
that the moment generated by tail about themter of gravity is proportional to the force produced by
the tail and tail moment arm. In other wosdthe tail counters the moment which is generated by the

wingas previously mentionedrherefore, there is a consistent relationship from the resultarioraf
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the tail area over the wing area. This mathematreddtionship can be expressed in the equation

below.

Equation9: Horizontal Stabilizer Coefficient

Where,L .+ is the distance from 25% of the mean chord lémigom trailing edgeof the main
wing to thehorizontal tailup to 25% of thdts wing chordiength. The wing chord lengté;,- and wing
surface areaSy are the known parameters at this stage. Therefore, by using the historical walue f
horizontal stabilizer coefficient of volumE&r), equation above can be solve for the surface area of the

horizontals ;;v. The geometry of the horizontal tail can be seeifatie 18 Empennage Parameters

Talle 18 Empennage Parameters

Car  Cyp(m) Sy (m?) Lerm) Sgr(md) gzzgct Tail Spaifm)  Tail chord length (m)

0.5 0.29845 0.5609666 0.8763 0.095527 6 0.762 0.1524

5.6.2 Horizontal Airfoil Selection

There are two major considerations for selections of horizontal airfoil. First, the airfoil must

have an appropriate value of coefficient of moment to cancel the produced moment by wing. Second, it
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needs to createhe least amount ofirag as possiblevhile providing reasonable liftAfter analyzing
SYGANBE FANF2Af RFEGFOIF &aS3 A pvalue dondviithi réaNdridod @lke. G K G &

Figure 3a belowghows the shape andR2 performance of this airfoil.

S ——

Figure 3a: RAF 30

Re = 400000 RAF 30 = —— C:>—

Mach = 0.0000
MCrit = 6.00

Cl{alpha}: Cd{alpha):
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5.6.3 Vertical Tail
The wing yawing moments is directly related to the wing span.plingose of thevertical stabilizers to
provide sufficient stability and counter this momenttive yaw axis. This means that the vedi¢ail
prevents the airplane from skidding and unwanted turns in crosswind scenarios. The geometry and
RAYSyaArzy 2F GKS OSNIAOFt adGlroAft AT SNI gl a 20l AYSR

relationship in vertical tail can be seenkquation 10

Equation10: Vertical Stabilizer Equation

LVI"SVI'
bEFSEF

C'I-’l"

Where by, andSy, I NB GKS gAy3 ALIY | YV E 8 dANF | BSTAWER IND &
distance from quarter of the mean chord length from leadingkbaf the horizontal tail to the 25% of
the wing chord. Thus, by using the historical value for vertical stabilizer coefficient of valisme (
equation above can be solgéor the surface area of the vertic&l-. The geometry of theartical tail is
illustrated inTablel9: Vertical Stabilizer Parameters
Tablel9: Vertical Stabilizer Parameters

Cor by (M) Swm? Lyr(m)  Syr(md) Aspect Tapeed Tailspan Root Tiptaill Sweep

Ratio Ratio (m) span (m) Angle
(m)
0.04 1.8796 0.5609 0.9016 0.0467 15 0.4 0.254 0.1524 0.1016 35
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5.6.4 Vertical Airfoil Selection
¢KS GSNIAOLFE GFAf R2Say Qi LINPRdzOS f ATeésth ¢KSNBT
drag Gvalue. After analyzing entire airfoil database, it was decided to use NACA 0012 airfoil, which
illustrates very low dragg¥alue.The following figures shows the shape an performance of this

airfoil.

S
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Mach = 0.0000
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5.7 Computational Fluid Dynamics (CFD)

5.7.1 Computational Fluid Dynamics 3Dimensional
One of the most useful computational fluid dynamic tools for analysdslimensions was Open
Foam.This software contains variowpen source codslvers which cabe edited to accommodate a
broad range afcenariody modifyingspecific parameters in accordance with the specific setting under
analysis For analysis over the full wing airfoil FX €B37 selected duthe earlystages of research using
Profili & Xfoil the simpleFoam solver was us€pen Foam software uses an implicit solution to the
Navier Stokes Equations in order to calculate the pressure and velocity distributions around specific

components inserted in open foam under stl format which can be obhamedolidworks.

In order to use openFoaihis important to first partition a section @he computerthat will be
usedto includea linux interface if not done so already. OpenFoam can only be run by a terminal window

in the linux interface.

To begirthe analysis apecific folder calledsimulationg was created ta@ontaineach possible
simulation scenario used for the UAV design. Each fdlddtwo additional folders. One represented
parameters for meshing around an imported part such as the Viirsgglage and empennag@&he first
folder also contained a file in which one coalgate a concentrated mesh around regions on any given
surface of the predefined part for improved anassThe second folder represented the solver which
includedthe solve which equates values of interest such as the pressure and velocity distributions
around the predefined object. The objadhserted in open foanduring our analysis included multiple

airfoils in order to select an airfoil with superior 3D lift coeffi¢geand minimal drag and moment
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coefficients The following are a few basic procedures with special notesstipisowto properly run a
3D simulation on open Foam.

5.7.2 Mesh Generation Details
To obtain an adequate computational domain the mesh box was sipethd the selected 3

dimensional wing such that there was sufficient distance around the tips of the wing, the leading edge of

the wing, trailing edge of the wing and about and below the surfaces of the airfoil.

3D Full Wing Boursd

X range 11.4to 1.8e+3 (delta 1.88e+03)
Y range 194 to 237 (delta 43.1)
Z range 808 to 1.11e+03 (delta 298)

Figure28: Block Meskshows the resultant mesh box around the wing. The amount of grids can be

rapidly modified and refined to obia more accurate results.
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Figure28: Block Mesh

I ParaView 3.8.1 32-bit

Figure29: Coarse Concentrated Mesh on Wiigplays the prelinmary coarse mesh which provided

rapid calculation othe 3 dimensional performance of ¢hselected FX 6827 airfoil. Theip of the wing

displays uneven blocks that during the salgtep of the simulation significantly decreased the lift

coefficient The simulation using the coarse mesh for the FXBBairfoil resulted in a coefficient bft

of 0.53.

Figure29: Coarse Concentrated Mesh on Wing
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Figure30: Refined Concentrated Mesh on Widigplays aecond level of refinementhe level
of refinementcan be tuned withirthe snappyHemesh file. Th¢1E15,3) on the concentration and
Level 4,5 on the surface of the wing. Higher levels of refinement are achievable yet require higher
computational resources and time. As displayed the FX33airfoil achieved coefficient of lift 0.677 in

the 3D simulation using a finer mesh. Nearly a 28% increase through 1 level of refinement is significant.

Figure30: Refined Concentrated Mesh on Wing

5.7.3 SimpleFoamSolver
The solver in open foam wastge run up to 500 time stepsihe drag, lift and moment coefficients at

time step 114 and time step 5@@ere very closelt can be observed that convergence was achieved by

time step 114. The input parameteisr each case can be seenliable20: Input Parameters
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Table20: Input Parameters

Parameter Value units
rhoinf (density) 1.2; Kg/m3
CofR (center of mass) (114.814.48 940.05); mm
liftDir (lift direction) (010); N/A
dragDir (drag direction) (00-1); N/A
pitchAxs (100); N/A
maguinf (Airspeed) 14840; mm/s
Aref (Planform Area) 560966 mm~2
flowVelocity (0 0-14800) mm/s

Figure31: Final Open Foam Result Screensdtaiws the final results force coefficient results based on

the predefined approximate parameters specifiégdble20: Input Parameters

73374e-08, No Tterations 1
ExecutionTime = 1713.9 s ClockTime = 1726 s

0.0406253
0.677523
-8.11261

[1]+ Done simpleFoam = log
posadan@ubuntu:~/simulations/nodihedral/incomp_meshFull solvers D

Figure31: Final Open Foam Result Screenshot
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Table21: Force Coefficient8D Full wing Analysé AOA 0

Airfoil FX 63L37 OpenFoam D Profili 2D
Cl (level 1) 0.52 ~0.9
Cl (level 2) 0.68 -
Cl (level 3) 0.72 -
25% differenceD to3D

58 Rgs_ults

U Magnitude
7.511

Figure32: Coarse Mesh Pressure Distribution

Figure33: Pressure distribution around center of wHigX63137 airfoildisplays the unrefined pressure

distribution around selected airfoil FX-837 which outperformed in terms of simulation during the 2
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dimensional elimination processes in which it obtained a supdiftdo drag ratio when compared to

afore mentioned airfoils.

Figure34: Pressure distribution at wing tip of FX-837displays the pressure distribution around the

center portion of the wing where highest pressure occurs whijeré 37 showslower pressurearound

the tip.
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Figure33: Pressure distribution around center of wigX63137 airfoil
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Figure34: Pressure distribution at wing tip of FX-8637

Figure35: OpenFoam Reduwf 3D coarse mesh around fuselaggresents a trial analysis with a course
mesh of the fuselage design. The resulting lift and drag coefficéamear negligibly low. Additional
simulationsfrom solid workscan be seemip to Figure38: Velocity distribution around fuselage
SolidWorkswith tentative design consideration of removing a triangular cresstion in the trailing

edge of the fuselage.

[o}
1.028e+08
8e+07

|4e+07

(0]

-de+07
-59698800

Figure35: OpenFoam Redudf 3D coarse mesh around fuselage
77



10145932
10142930
10139228
101369.26
101339.24
101308.22
10127920

10145932
10142930
10130928
101369.26
10133924

10124918 10130822
10121918
10118914

10127920
10124818
10121816
10118814

Pressure Pal
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Flow Trajectories 1

Figure36: Solidworks simulation around fuselage

The figure on the left is a 3D representation of the external incompressible viscous flow going around
the fuselage. The pressures are caloded to represent highest pressure concentrations, in the red
regions, and the lowest concentrations, in the dark blue regions. As expected the highest concentration
of pressure occurred at the leading edge of the fuselage with a pressure of 101.4BHd”eut in the

rear of the fuselage aims at streamlining the fuselage in order to lower the turbulent flow and reduce

the drag. Therefore, the fuselage shows a decrease in pressure represented by the light blue color.

Pressure [Pa)

. 101470 Pa

|
l]l]]]]l] Pa

Min=101110 Pa Max=101470 Pa
Time =0.31816695s

Figure37: Pressure distribution around fuselag®lidWorks
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Figure37: Pressure distribution around fuselag®lidWorkss a 2D representation of the pressure

showing that the highest pressure occurs at the leading edge with a low peeastire back of the
fuselage body.

Velocity [m/s]

— ]

Min=0 m{s Max=19.8976 m{s
Time =0.0221553876 s

- 19.8976 mjs

...

Figure38: Velocity distribution around fuselagé&olidWorks

Figure38: Velocity distribution around fuselagé&olidWorksabove illustrates what occurs to the air
flow after hitting the stagnation point. After thfeee streamflow divides at the stagnation point, and
flows around the body, the fluid at the surface takes on the velocity of the body as a result of-gtip no

condition. In other words boundary laydm on both the upper and lower surfaces of the body

Equationll: Total Payload
VVO = V\émpty +\Npayloac

Based on the design requirement, the paylo&gelandgeneralweight are always known
parameters. Thus, updatgdquationll: Total Payloa& Equationl2: Actual Takeoff Weigheflectsthe
method of estimating the total payload and actual takeoff weight respectively. Since the propulsion

system in use will be electricig expected that the total weight will be equal to the takeoff weight.
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Value Units

Estimated Total Weigr‘ 3456.58 ¢ ‘

Knowing an estimate of the weight of the aircraft and the takeoff and cruise velocity values

permits calculation of approximate horseger requirements of the aircraft.

Equation12: Actual Takeoff Weight

w

_ payload
W, = —Bead

W,
1 (™)
0

In terms ofaerodynamic performance of a wing, it is essential to pay attention to the geometric
limitation imposed on the aircrafA helpful variable measurement of a wing is its aspect ratio (AR).
previously mentioned,hte aspect ratio can be defined as the length of the wing span (b) divided by the
average length of the mean chord (C) for a rectangular wing shape. In geheragpect ratio is defined
by square of span divided by wing area. In other words, the aspect ratio defines how long and slender a
wing is from tip to tip. Remember the aspect ratio for non rectangular wings is defined as follows

AR=B/Sand the aspectatio for rectangular wings isR=b/c.

FromEquationl3; Total Drag coefficient (Rlmad and load)it can be determined that the larger
wingspan length can produce more upward force (lift) compared to the smaligspan. In addition,
aerodynamic studies show that the smaller wingspan can produce more induced drag while having more

downward velocity. Also, it is noticeable that the magnitude of the aspect ratio is directly related to the
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length of wingspan. Asrasult, the higher value of the aspect ratio of a wing can produce more lift and

decrease the induced drag. This result can be illustrated in the following equation:

Equationl3: Total Drag coefficient (nlmad and load)

(CL)’
meAR

Ca= Cq +

Basedon the application of our UAV, it is crucial to have a stable wing which can provide a
useful amount of lift with a medium maneuverability capability. Research shows that the larger aspect
ratio has an inverse relationship with the maneuverability cajigsience it is important to investigate
the relationship and obtain a value that satisfies high stability and medium maneuverability. Based on
our research the value ranging of aspect ratio for small geraarialtion airplanes is from-80. By

consideringall conditions above, the aspect ratio with the value of 8 was chosen at this stage.

In addition to the geometric limitations imposed on the aircraft it is also important to consider
the wing loading on the aircraft. The wing loading is the ratio betwthe loaded weight of the aircraft
and the surface area of the wing which is the span x chord length for a rectangular wing. In our UAV
design it is important to keep in mind that the maximum allowable aircraft takeoff weight is 55lbs. This
leads us to aother important consideration which is the takeoff velocity. The takeoff velocity as
previously mentioned is the velocity needed for a vehicle to become airborne such that the lift force
defeats the forces due to weight and drag keeping the vehicle ogtbend. The takeoff velocity, VTo,
is simply a function of the cruise velocity, Vs , of the aircraft such that VTo = 1.2* Vs. Furthermore, cruise
velocity can be described as the airborne velocity of the aircraft and based on the wing loading, air

density,and maximum lift coefficient as seenkiguation14: Cruise Velocity
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Equationl4: Cruise Velocity

2

nﬂ(%)(

5.9 Other Design Considerations
5.9.1 Motor Selection
The Motor andPropeller selection is based on various parameters namely the amount of thrust
required by the aircraft, the amount of clearance from the nose of the aircraft to the ground, ambient

temperature, expected flight altitudes, and projected lift to drag .r&eifically in the case of the

motor selection it is important to obtain a motor with sufficient takeoff power to lift the UAV platform

and maintain it in level cruise flight.
Equationl5: Statistical Estimation of HorsepowterWeight Ratio relationship

h

P ax=Vt

WI}

Equationl5: Statistical Estimation of HorsepowterWeight Ratio relationshipepresents a statitical
calculation which permits a theoretical estimataion of the horpower to weight relationsipdoas

typical class of aircrafts designed for efficiency during cruisirahle 20 displays the calculated tadodf

and cruise velocity values used to calculation the minimum horsepower to weight ratios.

Table22: Velocity Considations

Velocity Consideration: m/s

Takeoff Velocity 14.84
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Cruise Velocity 12.9

Values fiado and ficd represent calibration coeffici

are only valid for aircrafts designed for average cruise speeds

a = 0.005 C = 0.57

The following display the resulting minimum power requirements for-tdkend cruising in
units of horsepower and watts. The values are calculated taking into consideration the expected lift to

drag ratio, cruise velocity, averagpkeoff horsepower, average cruise horsepower and expected weight.

Table23: Takeoff parameters

Results Values

Minimum takeoff (hp/W) ratio 0.361044
Minimum takeoff (hp) 0.095196
Minimum takeoff power (Watts) 70.98736

Since an electric system will be utilized instead of a fuel powered system the expected takeoff weight and

cruising weight is equal and thus its ratio goes to 1 as shoegjuistion 16

W, =W

cruise takeoff
1
Equation16: Horsepower to Weight rati
hp — Veruisey o 1 e 7 Werfise ~ BPtakeontt
W, = (Gson, ) [rl::l*::d}]'"'-“s‘!' (w )* Gpern,
o takeoff 13 WL thlzeoff Prruiss
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5.9.2 Propeller selection
In general a large diameter propeller has better efficiency overall. Still there are a few limiting

factors such atip speed and ground clearancEhe aircrafts forward speed based on the propeller is
calculated byequation 20 in which nrepresentthe rotational rate (rpm) and d represents the diameter

of the propeller.

Equationl7: Aircraft forward speed calculation

(Vip)static = 7nd /60 (ft/s)

(V;ip)helical =N Vtip +V

Typical propeller efficiency is Oﬁﬂp = 0.8). It should be notedhat since the inner diameter of

the prop provides little thrust and thusguiding cone (spinner) as seerFigure39: Spinnemwhich
pushes the air toward more productive sections of the propeller will be utilized as a toarease the

efficiency of the propeller.

Figure39: Spinner
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Estimated 2blade propeller diameter in terms of horsepowarggests a minimum propeller diameter of

12 inches

d =22~Hp
Propeller
Alternative 1 12 in
Alternative 2Sekcted 13 in
Alternative 3 17 in

5.10 Structural Design and Analysis
5.10.1 Introduction zMaterial Selection
Theairplane structure consisgrimarily of the wing, fuselage, empennage, power plant and
landing gear. The structure design of each component isgriiyrbased on ease of manufacturing,
material cost, factor of safety and modularity. In addition, all structural components were designed to
achieve the original design objectives such as, stability and increasing flight time. In the following

sections, ach component structure and its simulation analysis will be explained in details.

5.10.2 Wing
Based on the weight and cost of the material, it was decided to use balsa wood rihslwd

carbon fiber spar barfor the wing structure As it was mentioned iprevious section, the wing has a
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straight rectangular geometryfrigure40: Dihedralillustrates the geometry of the balsa wood material

wing.

Figure4Q: Dihedral

The wing is consisted of two symmetil parts that has the same airfoil. This means that the
physical geometry of the ribs is the same at each section. Also, since there is no tapered section in the
wing design, the ribs have the same dimension across the wing. The majority of the weigbd of
support is heldy the wingsparbars. There are two circular cross section carbon fiber spasibahe
wing. These two spar bar provide thgidity needed for the wing to fly sdife Initially the forcemaybe
transmitted from skin to the ribandlater to the spar bar. Thus, the entire load carried by the wing is

eventually taken by the spars.

Thus it was determinedhat acarbon fiber wing spar witg dzG SNJ RAF YSGUSNJ 2F dPpo
inch) isa suitablereinforcementfor the forces generated ly the weight of the airplane anadditional

payload. The selection of the material was based on weight, strength and stiffness of the material. Also,
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researches show thatarbon fiber has less resistaneimpact loadsvhencompared to aluminum or

other composite material.

In order to assure that stiffness and strength of wing spars, static analysis with Cosmosworks
was performed on thd83cm (74 inch) spars. The force which is generated by the wing is set to 60N
and it was distributed along the sud@a of carbon fiber spar. The sectianswvhichthe spar baswere
attached to the fuselage were set asdiikgeometriesFigure41l: Deflection Analysidlustrates the

restrainedsectionsand the direction of the force in the sphar.

Figure4l: Deflection Analysis

The factor of the safety and the deflection are shown inFigure41: Deflection Analysiand Figure42:

Deflection AnalysigFactor of Safetyespectively.
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Figure42: Deflection AnalysigFactor of Safety

Figure43: Deflection AnalysiStatic Displacement
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The factor of safety value for just one single spar baretdgined 1.25 By knaving that the
60N force will be applied along with two spar bars, it was determined that the spar will not fail under

any circumstances.

The construction of the wing design consist26 balsa wood ribs and 4 carbon fiber spar bars
The designed ribs iegrate the airfoil shape of the wing and the skin implements this shape when
extended over the ribsrigure44: Wing Rib Structurdlustrates the graphical reorientation of the wing

structure.

Figure44: Wing Rib Structure

Even though the balsa wood ribs are very light material, it was decided to add more lightening

holes in the designed ribs to achieve the lowest possible weight. There are two airfoil shape lightening
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hole in the front and back of #hrib and one small circular shape hole located at the dfigure45:

WingRibStructu®@ A @3a F 3ANI LIKAOFE NB2NASYydGl A2y 2F GKS N

Figure45: Wing Rib Structure

5.10.3 Fuselage Structure
One majo component to consider, when designing the aircraft, is the fuselage. The fuselage is

what will carry the equipment needed for the competition. These involve the electrical components
such as the batteries, autopilsystem servosmotor, and the camea. All these components must be
carefully placed within the fuselage while taking the center of gravity, C.G., into consideration. Analysis

and research has determined that what will most improve the efficiency of the aircraft is the.airfoil

The aircaft structure that will be modeled will be the semmionocoque system. This is a
common structure used in many RC planes but it is also a better structure needed to protect the
equipment that the aircraft will carry during the competition. This useslatructureto which the
FANLI I ySQa aiAy Aa Fadlk OKSR® LG tftaz2 O2yaraida 27

Please see Figufs®for more details.
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Figure46: SemiMonocoque[18]

5.10.4 Fuselage Design
Aircrdts, where payload is the most important parameter, the fineness ratio is an important

Ot OdzA FiAz2zy G2 20GFAYy® CKAa @FfdzS YI& @FNE FTNRY
aircraft over the diameter, 1422.4 millimeters divided t8/8millimeters, equaling 16. This fineness

ratio is significantly highahanthat of the recommended 4.5. However, if the fuselage length were

reduced it would require larger controls, which would create more drag and offset the C.G. This would

also nmess with the stability of the aircraft and would hinder the tendency of the aircraft to stabilize itself

once disturbed. The preferred material for the fuselage body is balsa wood do its light weight feature

but yet strong attributes.

Table24: Center ofGravity Calculatiodisplays the estimated center of gravity calculation based
on the projected position in which each component was placed on the design afore mentioned. The
center of gravity is a critical component of the desifuring testing the actual weight component is
obtained to acquire a more precise center of gravity calculation. The estimation considers the datum or

reference line as the leading edge of the aircraft.
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Table24: Center ofGravity Calculation
Components Estimated Weight (Ibs) Moment Arm (in) Moment
Vertical stabilizer 0.04 50.5 2.02
Horizontal stabilizer 0.12 48 5.76
Boom 0.3 33.5 10.05
Fuselage 2.3 11 25.3
Landing gear 1 10 10
Wing 0.94 15 14.1
Motor 0.4 0 0
Empenrage servos(2) 0.24 20 -4.8
Battery 1 10 10
Electrical component; 0.06 16 0.96
Camera 1.2 10 12

12176 1 a85.39
/ DI' 061 ak 2 ( 11.2355263mh
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5.10.5 Electrical components
The electrical equipment affects the structure of the flesge due to the C.Ghe following components,

after research and testing, have been selected accordiniggmeeds of the competitiommicropilot,

batteries, and camera.

Figure49 shows one of thdatteries that will be on board the aircraft, LiPo (Lithium Polymer) batteries.

Figured7: LiPo Batteries

The orderly organizatioof the electrical componentaas a main consideration when designing
the interior of the fuselage. In addition to easitig visualorganization the design also makes

provisions to have easy access to all the principal compondritsase see Figus& for the final design.

S Micro pilot
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Figure48: Proposed Layotfide View

Side View

Figure49: Proposed Layouifop View

Finally, one of the most important electrical components needed to achieve the misshan is t
camera. The Panasoglaimix camera was chosen due to its ability to take clear pictures and shock
resistanceeature. Figure50: Camerashows a physical representation of the camdrawn in

solidworks and figur&6is a samfe picture taken by the camera during a test mith anOTSRC plane

Figure50: Camera
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Figure51: Test: Aerial Picture at 5 Mega Pixels

As previously mentionedr) order to provide thecamerawith much neededmobility the team
opted for an external camera mountfter analysis and placement imfiportant electrical components
it was clear that the optimal location for the camera brackeis near the nose of the aircrafto Thake
the aircraft adight as possibléhe boom of the aircraftvas removed and replacesiith a hollow carbon
fiber rod placed under analysis to make sure it could support the stresses it would be expo3be to
most important benefit in placing the camera outside was the maneuwitia The figure below shows

the main position the camera will have while in flight.

Figure52: Camera Moun¥iew underneath the plane
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