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Abstract

The SAE Aero Design Competition is an international event for engineering
students. The design nature of the competition was planned for students to fte real
engineering problems where all phases of developing a product have to be taken into
account. The challenge is to design, create, build and test a Remote Control airplane.
With a set of restrictions and parameters to work by, and a specific industry motor to use,
everything else from the wing profile, dimensions, center of gravity, mistena every
other feature that comes into play when planning an aircraft have to be designed from
scratch. In the design processudents will face and perform a series of studies and
analysis to make compromising decisions in order to arrive to thefenasable design
solution. The most favorable design solution being that one that will perform to the best

of its abilities, be the most cost efficient, carry the most payloads possible and all this

without compromising the safety of the aircraft. Aveg | mport ant aspect

engineer s, besides their ability to find

op

come up with creative designs for tomorrowb

discern their ideas properly. In an effort to engibathis, part of the requirements of the
competition are to properly record all of the studies and analysis performed so that they

can be submitted in a design report and an oral presentation to the judges.



1. Introduction

1.1 Problem Statement

The SAE Aero Design competition has three different categories, each of which
has different objectives. The category in which this team has decided to participate in is
the Regular Class. In the Regular Class, the main objective is for the aircraft to lift as
much weight as possible taking into account the power delivered by the engine and the
limitations on the size of the aircraft according to the rules; an important aspect of this
objective is for us to be able to predict, based on final aircraft geommadrergine
power, the limiting weight that the aircraft would be able to carry. Besides the weight
objective, there are also requirementsatake off distance of 200 ft. In order to comply
with these requirements and objectives, a careful analysiewldation needs to be

performed on tentative designs to select the most effective one.

1.2 Motivation

The dream of flying to great heights is one loé bldest dreams of mankind. In
this day and agesuch adream is already a reality, but to get to vehé is, incredible
amounts of ingenuity and pioneering had to be used and innumerable failed attempts
preceded.It can be said that the development of heavier than air vehicles revolutionized
the way we live. It was a fundamental turning point in istince it redefined the way
wars were fought andolw travel and commerce were approached and attairfduls
pushed for a quicker development of newer technologies since nations depended on their

scientific and technical powers to stand against theime®and to get ahead of the



competition in commercial and economic affairscdimesto no surprise then that flight

is and will continue to be, one of humanki nd

Despite all the accomplishments that have alreaéy lmeade in flight, knowing
the great heights that it has been taken to and the immense opportunities that it has
brought to mankind, it is still an area of great interest for further research and
development. Given the still innumerable benefits of coirigp the progress and
efficiency of modern day aircraft, commercial and military, and also for aerospace travel,
the dream of flight is still undezonstruction and it is continuously pushing its limits

farther than it had ever been thought before.

The complexity of heavier than air flight has, since its beginniegsjtedthe
minds of impressively curious individuals, great thinkers, innovators and pioneers and
still to todayods engineers. Not | eft out si
individuals with a passion for flight, it has been taken as a challenge to design and
develop a remote control airplane. The scope of the project will #ieweanmto dig in
depth into the concepts of flight dynamics, aerodynamics, electronics, mechanics,
structural analysis, and system integration. As any engineering proaleeries of
studies and analysis will have to be performed to gain sufficient knowledge in all areas of
the design process of each of the key decisive factors of an aircrafteimtomketermine

the best solution for each.



This project will serve as an introduction to a fi#al engineering exercise, where
ingenuity, theoretical knowledge and craftsmanship Wwél combined in efforts to

experiencehe process aircraftdesiaqy, and all it takes to make a plane take flight.

1.3 Literature Survey

U History:

The dream of flying was perhaps the most desirable one by mankind for many
centuries. The first manned human flight was recorded back in China in the year of 559
whentheem@r or 6s son was | aunched on a kite
From then, all kind of crazy attempts to reach the skies were made by men until 1903
when history was made by the Wright brothers. It gave humanity the tools required to go

to the skes and beyonf2, 3.

The term radio control has been around since 1893 when the inventor and
engineer Nikola Tesla demonstrated the first remote control boat. A lot of experiments
with radio controllers were done during WW II. Through the war, GermadyAdired

forces kept experimenting with different kswdf remote controlled weapons.

Remote controlled airplanes as we know them today natrentroduced until the
1950s. At that time the models were very bulky due to the type of batteries available
back then. Also, those batteries were able to sustain its charge for veayfong time

making the digance capable of traveling for th@ane very short. Moreover, regular

r



maintenance was needed because of the low quality of construction radfaristhe

planesback then.

By 1970s RC airplanes had a huge improvement. A person could find radio
controllers with two directional movements on a single switch making the planes capable
of doing more maneuvers with fewer components. Also, the popularity o$pibue

started to grow more rapidly at that time making it more the way it is today.

In 1986 the first Aero Design competition was held in Kansas City, KS. At that
ti me, the contest was named the fARadi o Cont
event wa originally organized as a single category in which teams from engineering
schools around the United States were able to sign up and participate. The event as it is
today was created to promote the ingenuity of students, giving them some set of
preliminay parameters for which they needed to design the most efficient airplane

capable of lifing the highest weight possibj&4].

Throughout the history of the event as the number of participants and schools
increased, the competition was divided into twdoeg: East and West. As stated before
the rules and regulations sty almost the same for the rest of the years. The only
significantalterationon the rules othe evenhhasregardedhe materials alloed for the

construction of the plangvhich have vaed from time to timg1].

u RC Planes in the Military:



It all started before World War | when many inventors were intrigued with the
possibility of controlling an aircraft by using radio signals. Perhaps the most enthusiastic
one was Elmer Sperry who caneed the US Navy to invest time and money in such
technology. Thanks to the participation of the Navy in the project, in 1913 a flying boat
was provided by them in whi emsaedneawtiomppl eme!
put into a test. Without nofieg this new technology gave a starting point to what

autopilot systems anadio control vehicles are tod§4j.

A lot of research was made throughout the years but unfortunately, there was not
a single prototype capable of completing the job requivigd 100% accuracy It was
not until late 1980s and early 1990s that the technology started to catch up with this idea
of radio control airplanes. At that time, a new term was created for those devices; it was
the start of the @ Ua Buwetorhe greattadvantagds of Wawihgiac | e s 0
plane being controlled by remote and not by a pedenUnited States military started
to invest more and more in this idea until it became what it is today. Thanks to the
advances in the radio control technglpthe US armed forces have been able to save
many soldiersdé |ives by wusing the radio co

aircraft piloted by a soldier.

1.4 Discussion

It was a unanimous decision Hye team to participate in the SAE Aebesign
East Competition, when it wa®und that this would fulfill therequirements for the
Senior Design project This would allow the team to haven in a challenging and

interesting project to all, and on top of thatrepresent FIU in an international statle



design competiti n . As mechanical e n gave @veaysdeen t he t e
captivated with machines, speciatlgirs and airplanes. One of tieam members is also

currently enrolled in an Aero Spaémgineering track, and all of the membeeethe

airplane industry as potential future ideal employers. In efforts to gain some experience

and hands on training on airplanedesi and as means of polishing
resume ando make it stand out a little more wit employers of this indiry, it was

decided that this project could not be dmyty but beneficial to allas the amount of

experience learned after the conclusion of this project, about product research, design and
implementation issnormous. With this project the teamould dso be pursuing one of

mard greatest and oldest dreams, the dream of flying, and although this dream is already

a reality, the room available for further research and development is of superb
proportions. With continuous efforts for such improvement gp@ionstantly made by

commercial and military aircraft companidhjs project § the perfect stepping stone

from the class room into the corporate world.



2. Project Formulation

2.1Project Objectivesand Deadlines

1 Design, create, build and test a costumade RC airplane.

1 Develop an aircraft that must lift from ground within a takeoff zone of 200 ft.
1 Reduce the weight ratio of the aircraft in order to improve the lift.

1 Produce an aircraft capable to complete one 360° circuit of a field.

91 Develop amaircraft that must land within a landing zone of 400 feet.

1 Create an aircraft capable of carrying a block measuring 5 inches by 5 inches by
10 inches.

1 Comply with all rules and regulations thie SEA competition.

1 Work successfully in &gam environment.

OCompetition
OReport and Ll
Presentation - :

“"March 2010
Prototype :

Construction
February 2010
@Selection of Final
Design

January 2010

0Research and
Analysis of
Desizn
Alternatives
Mov. - Dec.
2009

Figure 11 Breakdown of Main Objective Deadlines



2.2 Design Specifications

The final selected design consists on aplane aircraft which has better
performancestability and lift compare to other designs alternatives mi@ned in this
project. The bplane design fulfills all the requiremerfts this competition and ibver
passed the other proposed design alternatives. iiteselection of the kplane the team
concentrated its attention on what wassider the mosmportant part of aircraft, the
wing. Several studiesvere performean wingsandit waslearnedthat the airfoil isa key
parameter that hae betaken on consideration for the wing design. Therefore, the airfolil
that met nost of the needs for this gextwas the S1223Jsing this airfoilthe wingspan
and cordwere calculated and thesults were:56 inchedor the wingspanand10 inches
for the cord,as it can be seen in Figure Phis obtained wing allowshe aircraft to
support and lift the desideb5 pounds of payload limit for this contpen. A tail neecd
to be designedsawell to aid in thedirectioncontroland naneuverability of the aircraft
andthis time the selectedirfoil was NACA0012 The final design of tail is commonly
usa in RC aiplanes because iis easy to construct and also increase the

maneuverability of the airplane as it can be seen in Fjure



Figure 21 Twin Wing

Figure 371 Airplane Tail

Neverthelesghe aircraft engineto be useds a O.S.61FX mandatedby the
competition rules. This engine is capato produce 1.9 HRRhough power to move the
aircraft fast enoughfor a safe takeoffind successful flightTaking inconsideration the
power of the engine in the sign, the chosen material to construcosh of the aircraft
was balsawood. The main reasdmeing becausevood compared to other materials is

cheapereasy to workad most importahy, i n t he case of bal

1C

s a

WO O



In addition amother impatant section of the airplane is the fuselag&he
dimensions of the fuselage were chosen dependinth® area need to fit a payload
bay with asizeob o X 50 X 100, servos, gas tank, al
fuselage has been desgghas stong as possible with several beams to support the
necessary forces and stresses ttatircraft will experience when flying, taking off and
landing as its show in Figuré¢ Taking in consideration the size of the fuselage the
landing gear was designed stand the entire airplane and provide the necessary
clearance at the moment lainding and taking off. As itanbe see in Figure5, the
landing gear is composed of thi@®@ s of t t i r e s ,heightigil@ incheslbya s e whi
15 inches on length. Thistructure wil support most of the airplaneAlso there is one
front tire that willhelp to maneuver the aircraft ¢ime ground. Other components such
the radio controller, servos, and fuel are provided by the compeditidrdo noheed to
be desigad Therefore thesecomponents are just being takienconsideration fothe

design ofall the othemparts

Figure 41 Fuselage

11



Figure 57 Landing Gear

Table 171 Aircraft Specifications

Aircraft Specification

Aircraft Dimension Requirement

Max 200 inches

Gross Weight Limit

55 pounds

Payload Bay Limit

50 x 50

X

Engine Requirements 0.S. .61FX
Fuel Tanks 350cc
Fuel 10% nitro methane
Radio 2.4 GHz radio
Battery 500mAh

12




2.3 Constraints and Other Considerations

Several constrains hao be considexd for this designproject Constrains are
divided in two groupsone group for the aircrafandarother group for the performance
on the competition. The first constraito take nto consideration is the weight of the
aircraft. The aircraft cannot be lighter than aor have rotary wing aircraft such as
helicopters or autogyros. Second, the aircraft maximum cwedblength, width, and
height can not be of more th2A0 inchs. If the desigmxceed these dimensionsit will
be disqualifiedrom the competition. Third, the gross weightiit for the entire aircraft
can notexceed fiftyfive pounds with payload and fuel. Fourth, the aircraft must be
capable of carrying a mimum fully enclosed rectangular block measuring 5 inches by 5
inches by 10 inches. This block must be easily inserted and rematmut application
of excessive force during insertion or extraction, and the aircraft must be structurally
airworthy with theblock installed. Aircraft not capable of carrying a fully enclosed cargo
block will be disqualified from the competition. Last but teds importantthe use of
FiberReinforced Plastic (FRP) is prohied on all parts of the aircraft. The only

exceptionis the use of a commercially available engine mount and propeller.

Constrains for the competition are also to be consdler this designproject
One of the first constraints of the competition is the takeoff, which is defined as the point
at whichthe main wheels leave the ground. The aircraft must lift from the ground within
a takeoff zone measing 200 feet (61m) in length. In addition to thig aircraft must
successfully complete one 3@@gree circuit of the field as Figuéeshows. During the

flight the aircraft must fly past the departure end of the takeoff zone, turn the aircraft
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through approximately 180 degrees of heading, and fly past the approach end of the
takeoff zone prior to landing. At the end aircraft must land in the same direxsio

takeoff within a designated landing zone measuring 400 feet (122m) in length.

Allowed

Mot Allowed

Figure 61 Diagram of the 360 Circuit

Table 21 Competition Constraints

Performance Requirements
Time Limit for tale off 3 minutes
Takeoff Zone 200 feet
Circuit 360°
Landing Zone 400 feet
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2.4Discussion

The final design of the airplane is the resilineeting all constrats provided by
the SAE competition. All components in tlagcraftwere designed with theurpose to
build a light but at the same time strong aircraft for the SAE competMoneover this
final designis also cost effective and feasiplehich is important in casthere is aneed
to duplicate parts and deeveral teston them Finally this final aircraft desigmomplies

with all therequirement and rules of the S&ABmpetition and we expect to succeed on it.
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3. Design Alternatives

3.1 Overview of Conceptual Design Developed

There are many parameters involved in the design of RC rméglaBesides the
basic shapes and components and a variety of such, the configuration of all of them
relative to each other play a very important role in the flight characteristics of the
airplane. Being able to understand these basic concepts grgatbves the outcome of
the final product, as every decision made through the design process will be based on
theoretical knowledge to maximize the performance of the desired objectives. The nose,
the fuselage, the wings, the tail and the propeller arenthie parts of an airplane. They
constitute the big picture but there is much more detail as you dig deeper into the design
world of airplanes. I&attention is paid onlpn the wings, not only their shape but also
their placement on the aircraft will mtoce several different flying characteristics which
all have to be thought of when trying to achieve the optimal design for the purpose of this
competition. For examplewings may be straight or curved, flat or rounded, elliptical,
triangular, or they cdd even have many other shapes. These variations from one to
another alter parameters such as surface area, angles of attack, mass distribution,

maneuverability, response to controls and the aerodynamics of the aircratft.

Now, the placement of the sartype of wings on the fuselage also alters vastly
the performance and flight of the aircraft. There are 4 basic wing placements; high wing,
mid wing, low wing and twin wing or biplane. As their name implies, high, mid, and low

wing refer to the relativposition of the wing to the fuselage. High wing translates into
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very stable and steady flyers. Mid wing normally offers better performance, and is
commonly found on jets and sports planes. Low wing on the other side is a configuration
which offers the b&t performance of all and it could normally be found on aerobatic

planes. For that same reason it is the most difficult and unstable configuration to fly. A
biplane is a two wing design usually having one wing above and one wing below the
fuselage. Comgred to the monoplane, the biplane offers twice as much surface area for
the same wing profile, doubling the lift characteristics of the plane. Since high wings and

biplanes are the most stable and easier to fly, they are ideal candidates for begitmer pil

The nose, fuselage, tail and propeller of the aircraft have to be all designed as
well. RC airplanes could normally be propelled from the front or the back, and this is
decided mostly based on the type of wings wantdoetused. Depending uptre wing
configuration and desire, models could also have one, two or more propellers. The
fuselage is normally designdalg enough to carry all theecessary components and
desired loading.Making it unnecessarily big adds additional weight for unusggice.

The tail is the stabilizer part of the aircraft, and it houses control surfaces such as the
elevators and rudder, or elevons. They come in many forms including conventional or T
tail, V-tail or flat. The nose is the front part of the airplanevéod of the wings. It

should be aerodynamically fit since it is the breaking surface to the incoming wind.

Having explained the basic conceptual parameters of RC airplane building, it is

now up to the design team to make strategic decisions in ardente up with the most

suitable design for the objectives and limitations given by the competition.
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The next few figures representnse of the design alternatives originally thought
of by the team All of these designs were basedsami symmetric afoil profile, as well
as in some of the most common wing shapes, such as triangular, straight, with and

without wingtip, and the biplane wing configuration.

Figure 71 Alternative Wind Design |

Figure 81 Alternative Wing Design Il
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Figure 91 Alternative Wing Design 11l

The next step will be to decide somewhat how the rest of the aircraft would look
like. Some of the factors to keep in mind when deciding the basic shape of the
fuselage is to determine the type of payload it will be carrying. Since it is known that
weight will be provided for in the form of rectangular weights to be stacked upon each
other, the best thing would be to make the fuselage somewhaigatzr as well in order
to maximize its carrying capabilities while diminishing extirenecessaryolume, and

therefore weight.

Figure 107 Alternative Fuselage |
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3.2 Design Alternatves for Airfoil

As stated before the &il is one of themain characteristics that affect the chosen
aircraft design. Basically, it is the shape or profile of the wing. It is very important
because one airfoil caresult intotally different performance comparing it to another
airfoil design.Through research, it wdsund out that there are different designs such as

the ones show below:

* Lowcamber, low drag, high
speed, thin wing

* Deep camber, high lift, low
peed, thick wing

* Deep camber, high lift, low
speed, thin wing

* Low lift, high drag, reflex
trailingedge

* Symmetrical (cambered top
and bottom)

M

Figure 117 Comparison of Airfoil Shapes

After goingthrough all the different options stated above the team decided to go
withthei Deep <camber , high | ift, |l ow speed, and
option from top to bottom. This airfoil design was selected because it is used in airplanes
that fly at low speeds and have very high lifting capabilities, and basically thes kind

of performance thas intended to be achieved

At this point, theteam encountered a little bit of a challenge since there are
di fferent airfoil designs for the fiDeep cam

had to be done in order toroe up with the optimum profile of the wing. After going
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back to the books and journals the team selected three possible options for the airfoll
which are supposed to give the best performance for the requissohéme competitia.

These airfoil desighsrer E211 E214, and S12223.

To determine which of the three designs willgithe best performance, it was
decidedto plot graphs for each one of the airfdilshe A Coef fi ci ent of
ACoef fi ci entFordhe fird sekedign widcthave t21® fibbe f ol |

resultswere obtained

E211 (10,96%) Re 200000 = Re 300000 = —————
Max thickness 10.95% at 33.2% of the chord

Max camber 2.57% at 55.1% of the chord

e

Clalphal: Cd{alphal:

Figure 121 C, and C; Plot for E211 Airfoil Profile
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Table 37 C, and Cp Values for E211 Airfoil Profile

E211 (10,96%) - Re = 200000

Cd
-0.5 0.2789 0.0112 | 24.9018 | -0.0873
0.0 0.3534 0.0107 | 33.0280 | -0.0902
0.5 0.4186 0.0104 | 40.2500 | -0.0914
1.0 0.4842 0.0101 | 47.9406 | -0.0928
15 0.5414 0.0101 | 53.6040 | -0.0924
2.0 0.5906 0.0101 | 58.4752 | -0.0904
2.5 0.6472 0.0101 | 64.0792 | -0.0900
3.0 0.7185 0.0103 | 69.7573 | -0.0939
3.5 0.7733 0.0106 | 72.9528 | -0.0941
4.0 0.8252 0.0110 | 75.0182 | -0.0934

Forthe seconddpi on whi c h tafsllowing esulfmer2 abtained

E214 (11,1%) Re 200000 = ——————— e 300000 = —
Max thidtness 11.08% at 21.4% of the chord
Max camber 4.03% at 52 4% of the chord

e

Cl{alpha}: Cd{alpha}:

Figure 131 C, and C; Plot for E214 Airfoil Profi le
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results

Table 41 C, and Cp Values for E214 Airfoil Profile

E214 (11,1%) - Re = 200000

Cd
-0.5 0.4924 0.0114 | 43.1930 | -0.1337
0.0 0.5512 0.0111 | 49.6577 | -0.1335
0.5 0.5998 | 0.0109 | 55.0275 | -0.1312
1.0 0.6483 0.0106 | 61.1604 | -0.1288
1.5 0.7141 | 0.0103 | 69.3301 | -0.1304
2.0 0.7761 0.0105 | 73.9143 | -0.1324
2.5 0.8364 0.0108 77.4444 | -0.1334
3.0 0.8906 0.0111 | 80.2342 | -0.1332
3.5 0.9447 0.0115 | 82.1478 | -0.1328
4.0 0.9954 0.0119 | 83.6471 | -0.1318
The final opt Do atyiddedthe followinghi S12 2 3

Max thickness 12.13% at 20.2% of the chord
Max camber 8.67% at 49.9% of the chord

%

Cl{alpha}: Cd{alpha):
0.04
Cd
R [ T
' ' ' ' '
' ' ' ' '
' ' ' ' '
.................................................
' I I ' '
' ' I ' I
-------------------------------------------------
0.00
- 0 5
alpha

Figure 147 C_ and Cp Plot for S1223 Airfoil Profile
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Table 57 C, and Cp Values for S1223 Airfoil Profile

S1223 - Re = 200000

-0.5 1.0788 0.0178 | 60.6067 | -0.2601
0.0 1.1645 0.0180 | 64.6944 | -0.2664
0.5 1.2190 0.0187 | 65.1872 | -0.2658
1.0 1.2836 0.0194 | 66.1649 | -0.2674
15 1.3426 0.0197 | 68.1523 | -0.2679
2.0 1.4042 0.0203 | 69.1724 | -0.2689
2.5 1.4692 0.0210 | 69.9619 | -0.2708
3.0 1.5276 0.0215 | 71.0512 | -0.2711
3.5 1.5798 0.0219 | 72.1370 | -0.2700
4.0 1.6290 0.0226 | 72.0796 | -0.2686

After analyzingall the information gathered, it wadecided to do a matrix
analysisin order to determine which of the different opt®rwould yield the best
performance. In aerto determine the best optioa,scale from 1 to Svas created to
gradeeach of the airfoils on their respective lift and drag, and easiness of construction.

On the given scald, was chosen ahe least desirablend 5 the most desirable

Table 617 Comparison between Airfoil Profiles

E122 | E214 S1223

Cl

Cd

Construction

Overall

5

9
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Thanks to the matrix, it wagery easythento determinethe exactairfoil to be
usel. AsitcanbeseaonTable6 , t1h2e2 3fi0S ai r f oi | I's the best

design.

3.3 Design Alternatves for Wing Shape

Another important characteristic that affe¢he design of thplane is the Wing
Shape. Througbut the research done for this projéue team found out thathere are
different wing $iapes that will end up yieldindifferent adwentages and disadvantages.

Thedesign options are shown in the figli®

* Rectangular C ] )
* Tapered . | i
* Rounded (or Elliptical) @}

Figure 157 Types of Wing Shape

As stited before, each shape yieldifferent claracteristic. For instance, the
rectangular design is good for aileron control and easy to construct. The problem
presented in this option is that it is not very efficient in terms of stall and Bli@gover
the tapered desigms ia little better in comp#on to the rectangular iierms of drag and
lift but it is harder to construct and less efficient in terms of stall. The final optiors that
available isthe elliptical or rounded design whick the best in terms of drag aadittle

better in terms o$tall efficiency compared to the other two.
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After gathering all this informationt was decided to make another matrix
analysis to detemine the best wing shape for the desuledign taking into consideration
all the performance characteristics and patens intended to be obtained. This time

again a scale from 1 to #as used to grade each wing shape as it had beemitbrtbe

airfoil.
Table 71 Comparison betweenwing Shapes
Tapered Wing | Elliptical Wing | Rectangular Wing
Efficiency 4 5 4
Stall Characteristic 4 5 4
Construction 4 2 5
Overal 12 12 13

After performingthe analysisjt was determined that the best design toe
proposed aircraft would be he A Recti aamguShaarp eW s i greate

performance ad the construction wouldot be very difficult.

3.4 Design Alternatves for Number of Wings

The number of wings to besel on the proposedesign was another important
characteristidhat needed to be determined@hroughoutthe researchperformed it was
found out that most of the RC planes use one, or three wings depending armat the

aircraft is going to be used for. These different options are shofigune 16
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* Monoplane 1

* Biplane ]
= E o3 |
S
* Triplane 1
B

Figure 161 Types of Wing Placementand Number of Wings

These three different alternativggeld different characteristicas well For
example, the monoplane is the lightest one but unfortunately it will produce the least lift.
The biplaneon the other hanawill result inbetter lift capabilities with a litd increase in
weight. The last option wth is the triplane will producthe best lift but unfortunately, it

will make the plane theavy.

In orderto determine the best option it wagcided to make another matrix

analysis with the same sealsed forlie previous ones performed

Table 817 Comparison between Numbers of Wings

Monoplane | Biplane | Triplane

Lift Capabilities 1 4 5
Weight 5 4 1
Construction 5 4 1
Overall 11 12 7
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As it can be seen on Table 8, the best option forettproposed design ihe
ABi pl ane o greatldteithiminimarf ekt weight. Also, the construction of
the wing will not ke too difficult so the time savingould be used in other important

parts.

3.5 Design Alternatives for Tail

The last impaant characteristimmvolved in the overall performance of the plane
is the tail. This time again, it wahcountered that there are di#nt designs which will
produce diverse flight conditions. Figure 4ows the different alternatives thatree

found.

Conventional Tail

T-Taill

H-Taill

Figure 171 Types of Tail

Taking these options into account and knowing that the tail stabilizer will not
provide any kind of lift to the plane, another matwas created to fin@ut the best
choice of tailfor the proposddesign. Also, it wasdetermined that a symmetrical airfoll

will be required to providgreaterstability to the aircratft.
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Table 91 Comparison between Types of Tails

T-Tall H-Tail Conventional
Construction 4 4 5
Surface Aea/Drag 4 4 5
Stability/Control 4 3 5
Overall 12 11 15

The matrix assisted in determininthe best optiores beingt he A ComaVveént i o
tail design. This type of tail provideghe best stability, the best ratio between surface area

and drag, and the cstmuction will not be difficult.

3.6 Feasibility Assessment

After analyzing 8 the possible alternatives, it was conaddthat even thah
only one choice would yielthe best performancas required by the competition rules
all the optims are feasiel. This can be said becausise design along with the
construction of the plane is possibte all cases and its building cost falls within an
accessible rangeAlso, in order to better visualize all the selectiomsde it wasdecided
to make a feasibily analyis from the alternative designs chodemm the previous

sectionsgiving the following result:
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Table 107 Final Selection of Airplane Components

Airfoil Design Wing Shape Number of Wings Tail Design
Deep Camber Thin Rectangular Biplane Conventional
Wing:
S1223

3.7Proposed Design

After extensive research and brainstorming, the main configuration and
components of the aircraft were decided upon, with hopes of delivering the best flying

performance and most weight cang capabilities as needed for the competition.

First and foremost, the type of wing was selected. Being that the real need is a
stable flight, without any need for speed or aerobatics, the option of having delta wings,
or low or mid wings was discaed. Between the remaining options, it was decided that a
biplane would provide the most lifting capabilities given the double surface area provided
by the two wings. These wings in turn, were decided to be straight maximizing again the
surface area of eh, and the wing profile was selectadcording to its lift capabilities
Both the top and bottom wing, are to be connecteddb ether by means of end plates
On the trailing edge of the wings, the ailerons will be placed. The ailerons will give
rolling capabilities to the airplane, which results in sharper turns and more

maneuverability than that provided solely by the rudder.
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The other design decisions came as a result of the selected wincatygpa
forward facing single propeller is to be ussdthe symmetrically rounded nose for best
air penetration results. The fuselage is to be squareature in order to house the box
to carry the payload as specified by the competition and also the motor and other
electronics. From the fuselagec@ventionaltail will extend sufficiently long enough to
provide balance and stability to the aircraft. Tdmventionaltail allows for perfect
housing of the elevators and rudder to provide control to the aircraft, and be able to fly it
in the desired dition. With the elevators and rudder, the aircraft will have the capacity

to ascend and descend, as well as turn on command.

Figure 18 depictshe proposedlesign of the main frame of tHeC airplanethat
will be built. As it can be seen on the pictuadl of the parameters previously explained
have been incorporated on the design, such as the wing profile (seen on lower wing on
the right hand side), the two wing configuration that denominates it as a biplane, the

squared fuselage, rounded nose tip @elodgatecconventionatail.

Figure 181 RC Airplane Proposed Design
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3.7 Discussion

The final design forthe prototype of thisproject is affected by different
characteristic such as: wing placement, airfoil design, wing slkaapetail design among
others. It was very challenging to come up with a final de&igrthe prototypesince
each charactetic has many various alternatives to sefeatn andmany of them were
highly plausible for the desired goals of this projeth order to make the selection
process a little bit less difficult, matrices were implemented to anaifz¢he design
alternatives. This processded in the selection for the best options to be used on the

prototype design that will yielthe best perforienceasrequired by the competition.
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4. Project Management

4.1 Overview

Time is a crua@l factor in every aspect of onéfe, and it is always one of the
resources that people lack the most in a deeelpfiast paced society like this one
Unlike any dher existent resource, time is the only one that cannot be replenished. For
this reason it is very impontato know and plan ahead how each of the team members
will be going to invest their individudagime since each one of them will beorking on a
seenngly endlessTo-Do-List during this semesterKnowing that on top of the already
immense work load created by the Senior Design project and all the pressure that comes
with it, having to juggle between the other classes and sometimes even work could be a
challenging situation. However, the only effective way to tackle this obstacle is by
effectively organizing all the tasks that have to be done andimliyvthem not only
amongst each othdyut dso among the total time disposed ofhis is very importan
since when dividing all the different tasks to be done in the specified time line, each and
every potential deviation has tried to be factored into the equation as well. This was done
as a preventive measure, allocating in advance some room for ethautvany real
repercussions on the final outcome. Although room for deviation from the suggested
timeline exists within its boundaries, it is very importemadhere as much as possible to
the set schedule, as no one can predict where and when prohléims encountered,
and finding obstacles when alreadut of time is not a situation that the teamuld
afford to be in. The following sections will describe the divisions of responsibilities
among each other, as Mvas the allocated timset for eab task considering the specific

level of difficulty of each, to allow enough time for each to be performed.
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4.2 Breakdown of Work into Specific Tasks

There are many different variables that involve designing and creating an RC
airplane, and as such theree many tasks that need to be performed in order to make the
outcome of the designed concept a successful reality. As in any other project, and in
order to be well informed about the matter under discussion, it is very imiptariaegin
with deep and troughresearch. This in turn givelse ability to pave a path in a given
direction,assessing the knowledge availabldnat needs to be done, and offering some
ideas as how to do it. This crucidly important in this situation as none of the team
memlers had anyrior experiencdo this project on the art of RC airplane flying, which

as expected goes far beyond what can be observed by the naked eye.

With a better understanding of the world of hobby and sports RC airplane flying,
it was also necessato develop this concept even more and extend the research into
future applications of this technology, what is being done in different areas of the
industry if any, implications or repercussions that it could have, and any other related and
/ or significant information that could further more enhance quality and foundations
of this project. For this, a literarynalysis was performed and to a great surprise, it was
found out that the concept behind RC airplane flying is being used to a great extent i

military and research applications.

For the aerodynamic analysis of the proposed conceptual designedia was

consulted and he provided the necesgsapundwork as to the parameters of drag and

thrust, lift and gravity and the things thedtect dl of these factorand the controls that
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are used to direct the necessary changes to overcome variations in eaety. special
value added to thiam, is the fact that one of tteam membés minor topic of study is
Aero Space engineering and as sowiking him more familiar with many of the terms
and equations used to representheaicthese physical phenomendmowledgethat has
benefited all It was based on all ¢hcalculations performed in thaalysis that better

approximatios for the finaldimensions of the proposedbdelwere obtained

Having some dimensions to work lgcording to thejiven restrictions et forth
by the competition, the intendeakpirations for performance of the aircraft and the
aerodynamic analysis performed, it wasd to start working on a conceptual design
which included further detailed research into specific areas of interest, analysis of pros
and cons of different options and possible alternatives to try and capture the best and
most appropriate fit of each toake the ideal conceptual design. This is how the idea to
create a biplane evolved. Now knowitite desired goalgshe teamhad to learn and
research also on the different controlling devices available, and ways to integrate it to the

system where they witd be used and applied.

A determining factor of the final constructed product is the material selection, as
this could have drastic effescon drag and lift. Alsoas specified by the competition
there are some materials that cent be usedurther imiting the materials available. At
this point it was necessary to consider many characteristics about the different materials
considered, such as strength, weight, workability and price and find the point in the curve

where the relationship between diltbese factors balance out and compare them to other
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materials. Based on this selection criteria it was determined that wood proved to be the

strongest and lightest, easier toldhand cheapest material tieatuld be usedl.

After thatit was time to adpt the conceptual design previously conceived and
making it inherit all the changes decided upon further examination. It was then that the

final design was established and created with the aid of SolidWorks.

The next stepsaken in the pgrammed flowof work wee to test the final
created design, and look for room for improvement by determfaihge or weak areas
and implementingchanges to the design that could solidifyfar reliability and

performance.With thisenhanceanodel finished, congtction awaited.

4.3 Organization of Work and Timeline

Based on the previously phined tasks that the group htdfit within the time
restrained by the end of the spring semester, theitienbélow represents tisehedule to
which the groupadhere to in order to accomplish all the necessary tasks on a timely

fashion.
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Number Task Start End Duration 2009 2010
September| October |November | December| January | February | March | April

1 |Research 9/1/2009 | 12/18/2009 72 | 1 1

x x x

2 |Literature 9/1/2009 | 12/1/2009 60 : :

x x

3 |Aerodynamics 10/1/2009 | 12/18/2009 53 1

x
4 |Structural Design 11/1/2009 | 12/31/2009 40
5  |Control Systems 12/1/2009 | 2/1/2010 41
6 Preliminary Design 11/1/2009 | 2/1/2010 60
7 |Material Selection 12/1/2009 | 12/31/2009 21
8  |Design Selection 1/1/2010 | 2/1/2010 20
9 Design Analysis and Testing | 2/1/2010 | 4/10/2010 47
10 |Construction 2/1/2010 | 4/10/2010 47
11 |Competition 4/15/2010 | 4/20/2010 4

Figure 191 Project Timeline

The importance of the timeline wao have a visual idea of all the tasks thed

to be completed inhe desired amount of ten It wa crucial for the team to be as

consistent as possible with this timeline as any time lost would not be able to be

recovered. Thisould haveput additional pressure in the remaining events since thk fin

date for completion wsalways dixed date

4.4 Breakdown of Responsibilities among Team Members

The table below represents how the taglse shared and divideamong the

group. Each task has its leader and other team members will work as assistants for the

job required. This in order t@€ilitate and improve the quality of each task performed as

well as to shorten the amount of time required for each.
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Table 117 Breakdown of Responsibilities among Team Members

Task Leader Assistants
Research Alan Abad Jose D. Gaon, Oscar Villatoro, Hernando Buendie
Literature Hernando Buendic Oscar Villatoro, Alan Abad, Jose D. Garzon

Aerodynamics Jose D. Garzon

Hernando Buendia, Oscar Villatoro, Alan Abad

Structural Design Oscar Villatoro

Jose D. Garzohlan AbadHernanddBuendia

Control Systems Alan Abad

Oscar VillatoroHernando Buendialose D. Garzon

Preliminary Design Jose D. Garzon

Alan Abad, Oscar Villatoro, Hernando Buendia

Material Selection Oscar Villatoro

Hernando Buendialose David GarzpAlan Abad

DesignSelection Jose D. Garzon

Alan Abad, Oscar Villatoro, Hernando Buendia

Design Analysis and Testir, Alan Abad

Jose D. Garzon, Oscar Villatoro, Hernando Buenc

Construction Hernando Buendic

Oscar Villatoro, Alan Abad, Jose D. Garzon

Table 1llrepresentshe division of responsibilities among the team members of

the main duties but another further subdivision with more specific tasks as to which parts

each is going to design and test and so on, is explained below:

Alan Abad
A Design of fuselage
A Stress analys of fuselage
A Construction of prototype
A Report and presentation development

Hernando Buendia
A Design of payload assembly
A Stress analysis of payload assembly
A Construction of prototype
A Report and presentation development

Jose D. Garzon

Design of wings

Flow analysis of wings

Construction of prototype

Report and presentation development

To To o Io

Oscar Villatoro
A Study and selection of materials
A Stress analysis of wings

38



A Construction of prototype
A Report angoresentation development

Table 127 Total Hours Worked by all Team Members on the Senior Design Project

DESIGN JOSE HERNANDO OSCAR ALAN
GARSON BUENDIA VILLATORO ABAD
RESEARCH 30 28 28 30
MATERIAL 10 12 10 11
SELECTION
SOLIDWORKS 35 25 26 31
TOTAL 75 65 64 72
MANUFACTURING JOSE HERNANDO OSCAR ALAN
GARSON BUENDIA VILLATORO ABAD
WINGS 40 43 39 30
FUSELAGE 22 24 30 40
LANDING GEARS 18 15 38 17
CONTRO SYSTEME¢ 29 33 27 22
TOTAL 109 115 134 109
TESTING JOSE HERNANDO OSCAR ALAN
GARSON BUENDIA VILLATORO ABAD
CONTRO SYSTEME¢ 33 35 27 30
ENGINE 26 25 22 29
GROUND TEST 10 10 10 10
FLIGHT TEST 8 8 8 8
TOTAL 77 78 67 77
TOTAL NUMBER OI JOSE HERNANDO OSCAR ALAN
HOURS GARSON BUENDIA VILLATORO ABAD
SPEN BY EACH TE 261 258 265 258
MEMBER
TOTAL OF THE TE/ 1042

4.5 Discussia

Ihtodayds busy society, with the rapidly ¢

need for immediate answers and results and deadlines to be met, the correct use of time is
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a skill that could easily determine the success of a project, of an individual as an
employee or of an entire corporation. That is why so much importance has been given to
the project managemesection. This section gave the tetlra ability to look into the
future, trying to anticipate not only all the required tasks to be performed with an
allocated estimated time for each, based on its expected level of complexity, but it also
accounted for any time lost due to unexpected obstacles and unwanted deviation from
the suggested timeline.  In this way andhlayingadheed as muchas possibldo the
schedule it waguaranted that given the logicaprocess flow of the tasks that were
performed it was anticipatel that thecompletion of the projectvould fall prior to the

established deadline.
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5. Engineering Design and Analysis

5.1 Kinematic Analysis and Animation

The kinematic analysis of an airplane can be very helpful in order to find out
important characteristics of performance such as the take off velocity for maximum

weight or design weight, and the take off distance for any other wanghtelocity.

Since the engine of the airplane is given, using the specifications for this engine,
0.S. 61FX, and the propeller used, the thrust force can be calculated. Knowing this force
and the design weight of 30 Ibshe acceleration that the aigple would havean be
found With this acceleration and the maximum allowable take off distance of 200 ft,

kinematic equations can be used to find out the take off velocity for the design weight.

It was found that the thrust produced by the engine aoefier was of 8 Ib, so

using Newtonb6és second | aw and a kinematic enq

WhereF+ is the thrust force generated by the engihé also important to note

that \p in the next equation is agl to zero since the airplane starts from rest.

vV =V7 + 2alx Y a = ﬂ—

L0

Combining both equations the take off velocity can be solved for.

F, V2 F. (28%)
- = —5 '[_3 = |
i 2Ax .\_’ 1
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Where, F=8Ib
&x = 200 ft
m = 0.9317 Ibm

It was found that the take off velocity is 58 ft/s or 40 mph.

This velocity is very important for the rest of the design because is one of the
parameters that will be used in order to find lifting area, which can give an idea of how
the dimensions of the airplane will be set. This calculation was done using thierequa

for lift force shown next.

1 . 2Lg,
L=—20CpV?4 = A4=—°%
2g. - C, oV
Where, L (Lift)=301b
g = 32.2 ft/$
} = 0.0%35 | bm/ ft
V = 58 ft/s

However, in order to find the coefficient of lift, other considerations needed to be
taken. Since the coefficient of lift is dependent upon the airfoil profile, angle of attack,
and Reynolds number, each of them hatbéadetermined first. The airfoil profile was
decided to be the-$223, which was found to have high lift. For the angle of attack it
was determined to be zero since for this calculation it is assumed that the aggkdhe
on the ground, meaning maclination or pitch. The Reynolds number used for this type
of conditions is of the order afx 10%. With these parameters, the coefficient of lift was

found to be 1.1645.
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Having all the terms in the equation for area, it was found that tHdiftortg area
was of 965.47 ih Knowing this area, an initial sense of the size of the airplane was
obtained. It is important to note that the area found was assumed to be the total area of
the wings alone, without the fuselage or tail, since it wasdaising the equation for lift,
and the most important contribution to the lift of the airplane is given by its wings. With
this in mind, and knowing that the designed airplane is a biplane with both top and
bottom wings exactly the same size, the acemd in the above calculation was divided
into 4. This was done in order to find out how big each section of the wing was going to

be, and it was found to be 241.3%.in

From there, it was a matter of deciding how much the chord length of the airfoll
will measure in order to find the length for each section of the wing and so the wingspan
of the airplane. The objective here was to obtain a well distributed airplane; the position
and dimensions for many components of the airplane depend on the dimengien o
wing itself, so the decision of the chord length will determine that. It was found that with
a chord length of 10 in, the airplane will be well distributed and the restrictions for the

dimensions of the airplane will be met.

With this 10 in chorddngth airfoil, the length of each wing was found to be about
25 in. In order to find the wingspan of the airplane, the length of each section of the wing
needs to be doubled and the width of the fuselage needs to be added. The fuselage width
was determing by taking into account the required dimensions for tAglgad bay

which neededo have a width of 5 in, so the width of the fuselage was decided t®be 6
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in, making the wingspan of the airplane to be 56 in. At the end of this analysis the take

off velocity, total lifting area, and wingspan of the airplane were found.

5.2 Structural Design

There are many compents that need to be considered when designing an RC
airplane. These components can be divided into four main parts: the wings, the fuselage,
the tail, and the landing gear. Careful attention has been taken when designing the
structure of each of these important components, so the airplane is able to sustain all the
loads pertaining to heavy lifting flights, amdpactflight stages such asnding. In this
section each of these components is further explained.

0 Wings

The wings are one of the most important components of the airplanettstyce
are the ones that provide the lift to the airplane, and so they sustain all the weight of the
aircrt. For this reason they need to haveeay strong andigid structural design that
allows the transmission of the forces that the wings carry all the way down to the
fuselage. But all of this has to be made with an important limitation in mind; thgs win

must be as light as possible without compromising gteucural integrity.

Probably the strongest and most reliabtel rigidwing structure will be if the
entire wing wasmade of one solid piece of wootpwever, this would drastically
increment tle airplané sveight, and would probably not be the easiest to build since a
very long piece of wood would have to be shaped in the form of the airfoil. For these
reasons,it was concluded that the structure of the wings should consists of ribs

throughoutthe wingspan, and should be connected to one another through horizontal
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beams located at different locations of the airfoil. This way not only the weight would be
reducedbut also in addition to thahe ribswould beeasier to build since they would

only have a fraction of an inch thickness, and the beams, which are long, would be of
simpler shapes such as circles and the extremes of the airfoil. InZi@anereliminary

rib with the shape of the chosen airfoil is shown.

Figure 2071 Preliminary Wing Rib of S1223 Airfoil

Next, the final rib with holes for the beams to go through is shown.

Figure 211 Final Wing Rib Shape
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Throughout the entire wing span of 56 inches, tlaeea total of 23 rils spacedat
intervals of2.5 inches from each otheilhey are connected to each other by means of
four beams going through all of them. The front and back beams have the shape of the
leading and trailing edge of the airfoil respectively, and they haviéesathroughout
their entire length in order for the ribs to be attached easier, also the back beam has the
spaces for the ailerons. The two middle beams are regular cylindrical beams. This beam

configuration is shown in the following figure.

Figure 227 Beam Configuration at the Wing

Since the design of the airplane has a twin wing, the method in which the two
wings are attached to each other is of great importance. Two possibilities were
considered, the first one to hamesystem of trussealong the wingspan connecting the
two wings, or the second method which is two have two endplates at both ends of the
airplane. The second one proved to be better not only because it serves the purpose of
giving the airplane its rigity along both wings but also because it is more feasible to

manufacture. The end plate designed for the airplane is shown next.
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Figure 237 End Plate of Wings

Finally, the entire assembly of the two wings looks as follows.

igure 247 Final Assembly of Wings
i Tail

The construction of the Tail began first bgciding what kind of design was
going tobe usal. After choosing the best option for the prototypedoing the analysis
made in tle design dérnative section, it wadecided that the best oagt was to use a

Aconventional 0 tail since it was going to
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made thinking that the horizontal stabilizer was going to produce zero drag and control of
the up anddown movement of the plane by making a horizontal aileron throughout the
whole stabilizer. Also, the vertical stabilizer played an important role in the design since
it is going to help maintain a stable flight. Moreover, it will also control the yawef t

plane by installing a vertical flap.

After determininghe basicxharacteristicof the Tail,it was then timdo look
for possible altmatives for the airfoil that wae beusel in this sectionTheresearch on
this matter yielded thahe airfoili N A C A 0 Wds 2hé best choice sineecording to
aerodynamic analysis they woybdovide a great grade of stability throughout the flight

and the turning of the plane.

After the sekction of the airfoil came the desigmrocess of the horizontal
stabilize. First, the cord length of the wingas calculated tbe 6 inchesThen it was
decided to make the construction of the Tail similar to the wings with ribs aslisp
the front and middle to give better rigidity to the stabilizer. The ribs were dekigrbe
of .25 inches and made of balsaod since the objective was to makem as light as

possible. The original design of the rib can bensedigure 25
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Figure 2571 Preliminary Tail Rib of NACA 0012 Airfoil

Since theibs needed to be connected to one another, we modified the #gsign
creatinga hole in the middle and cutting the edges. The final rib design is shdigara

26.

Figure 261 Final Tail Rib Shape

This design allowed for arasyconnedn of the ribs with théoeamsand on top

of that they made th@hole assembly very rigid.
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Figure 271 Front Beam of Tail

The beam showim figure 27was specifically desiggdto connect the ribs at the
front. Also,a beam was design to connect the beams through the middle and another one

to connect the ends and the horizontal flap.

Figure 281 Middle Beam of Tall
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Figure 2971 Back Beam of Tail

Figure 301 Elevator

After attaching all the components, the horizontal stabilizer was crested

depicted in figure 31.
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Figure 311 Lower Part of Tail

The vertical stabilizer was deskgphby creathg a structure o6 beams to make it
light weight which was a very important factor for the propodedgn since all the
weight thatcould be savel; could be thenuseal as payload. This structure which was
design mainly of pine wood was then conndcte the vertical flapyielding the final

result that can be observed in figure 32.

Figure 321 Vertical Stabilizer
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After all the components were designed the final assembly was created in order to

finish the final Tail design. The result the final design can be seen in figure 33.

Figure 337 Final Assembly of Tail

U Landing Gear

The landing gear has been degdronsidering the weight, the longitude, and the
width of the entiraircraft. Once knowing all these paraersthe dimension of the main
base for the landing gearas determined Defining asmain base the upper part of the
landing gear that will be attached to the fuselage and suppsttohthe airplane. The
longitude for the main base was obtained calowathe distance between the front wing
and the end of the second wing. Having that longitude the width of the mainvasse
calculated, which was simpler becaastanding gear to support the entire fuselages
what was neededhereforethe fuselage ad the main base of the landing geavé the
same width of 6 inchesAfter having thedimension of thanain basgthe next step to
take was to determinghe distance between the two tiresitthvould support the main

base. The distance betweetires was alculated taking int@onsideration the wingspan
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of 56 inches. It was determined thihe landing gear width or distance between tires
needed to be at least ¥ of the wingspan to maintain the aircraft stability when the aircraft
is at the ground. The finakidth of the gear including tires came to be 15 inches,
providing enough distance to have a stable airevhite taxing After finding the width

then theheight of the landing gednad to be calculatedThe height was a key parameter

in the design of th landing gear because without the correct height the aircraft would not
have sufficient clearanckom the groundfor the takeoff and landing.Taking into
accountthe need of clearance it waslculated that with a clearance of 10 inches the
aircraft woud be more than safe when takioff and landing. The landing gear assembly

is shown in figure34.

Figure 341 Assembly of Landing Gear

5.3 Force Analysis

Force analysis on an airplane is of great importance since in ordavea stable
flight, all the loads acting on it must be balanced to its center of gravity, which should
always be located between both wings when referring to a biplane. With the biplane

configuration that it was selected, fifty percent positive stagberdistance between the
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leading edge of the top wing and the trailing edge of the bottom wing was of fifteen
inches, so the location of the center of gravity should be within this region. However;
through research, and later on proved by software atiouk, it was found that the top
wing carried the most weight for a positive stagger configuration, meaning that the center
of gravity should preferably be shifted towards the top wing in order to counteract this

effect. With this in mind, a desired |d@ for the center of gravity was selected.

This center of gravity does not take into account the weight of the payload that
eventually will come into the airplane. For this reason, its location should be close to the
center of the payload bay in order it not to shift while more weight is added to the
airplane. Even though this is a crucial part of our design, it can be further modified after
the final construction of the airplane by effectively arranging the added weight in the

payload bay.

In figure 35 the lateral view of the airplane is shown with the location of the
desired center of gravity, as well as the loads exerted on the airplane by the weight of its
different compoents. The weight of each of these componentsmesasured using a low
weight scale and its values are presentedliie13. The objective of this analysis was to
determine the distance between the center of gravity and the tail. In this calculation the
weight of the connecting rods are assumed to be concentrated at #reofetst length,

which is also initially assumed since it is what is being calculated.
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* Desired Center of
Gravity

Figure 351 Desired Center of Gravity for the Proposed Prototype

Table 137 Mass and Moment Distributions on Proposd Prototype

Part Weight (Ib) Distance to C.G.
(in)
Engine (A) 15 -135
Front Landing Gear 0.4 -11.2
(B)
Fuel Tank (C) 0.7 -8
Electronics (D) 1 -6
Rear Landing Gear (E 0.8 55
Tail Connector Rods 0.5 20
(F)
Tail (G) 0.5 X

Having the weight beach of the elements and its respective distance to the
desired center of gravity, a balance of moments about the center of gravity was done in

order to find the distance from the center of gravity to the tail. The following equation

shows this procedar
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Z M., =(—135x15)—(11.2x04)—(8x0.7) —(6x 1)+ (55x038) + (20
Xx05)+(xx05)=0

0.5x = 2193

¥ = 4336 in

Knowing this distance, it can be checked that the first assumed distance of the
center of the connecting rods (20 in) are very close to the actual value (43.86/2 = 21.93

in). However another trial was performed.

z M. =(—135x15)—(11.2x04)—(8x0.7) —(6x 1)+ (55x 0.8)
+(21.93x0.5)+(xx05) =0

0.5x = 20.97

x= 4193 in

Using this distance for thail location would give the plane a good stability
overall, with some alterations depending on the payload as mentioned before. It is
important to note that these calculations are only for the balance afrgi@neon its
longitudinal direction, evehough the balance along its width is of equal importance.
The balance along this direction however, was assumed to be good based on the

symmetry of the airplane

5.4 Flow Analysis

Flow analysis was needed in order to find the lsésdger configuration ofthe

wings The stagger of the wingsfers to the configuration of the wings with respect to
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each other. There is positive stagger and negative sfgugtive is when the top wing
is place forward than the bottom wingnd negative is the opgite, the top wing is
shiftedback with respect to the bottom winghe distance of the stagger is expressed as

a percentage of the chord length

First, simulations for positive and negative stagger were done using Cosmos
Floworks. To testhte effect of the position of the win§0 percent positive and negative

stagger was simulatedrhe results are shown next.

Pressure [Ibffin"2)

.1 4.7587 Ibffin"2

14.6643 Ibffin"2

Min=14.6643 Ibffin"2 Max=14.7587 Ibfjin"2
Iteration = 54

Figure 361 PressureDistribution of 50% Positive Staggered Wings
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Pressure (Ibffin"2)

1 '14.??03 Ibffin"2

14.6607 Ibffin"2

Min=14.6607 Ibifin*2 Max=14.7708 Ibffin*2
lteration = 42

Figure 371 PressureDistribution of 50 % Negative Staggeed Wings

From these two figures, is clear thalift is generatedn both set of wings since
the pressure on the topf the wingis lower than the pressure below, generating a lifting
force. It is also clear that for the positive stagger arrangentbe top wing is the one
generatingthe mostlift, and for the negative stagger, is the lower wing generating the
most lift. However, the pressure difference bedw the top and bottom surface of the
wing is bigger for the positive staggarrangement, confirming what it was found

throughresearch that positive stagger was better for lift.

Knowing that the positive stagger arrangement was going to be used, it was
thought that othesimulation of a different percentage of positive stagger was necessary
in order to determine how shifted thengs must be with respect to each other. For this

simulation, a 284 positive stagger arrangement was used. The resultscare sext.

59



Pressure [Ibflin"2]

.1 4.7664 Ibffin"2

14.6592 Ibf{in"2

Min=14.6592 Ibffin“2 Max=14.7664 Ibffin"2
Iteration = 61

Figure 381 PressureDistribution of 25% Positive Staggered Wings

Comparing figure 36 and 38, it could be concluded that the bestonayange
the wings wasvith a 50 % positive stagger, sintsethe one that gemates the greatest
pressure on the bottom of the top wiegeatingmore lift, and has a very close pressure
distribution on the lower wingmaking it the best overall. Shown next, digures

showing isobaric lines along the twin wing, as well as velocity vectors.
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Pressure [Ibffin"2]

-1 4.7587 Ibffin"2

.1 4.6643 Ibffin"2

Sl

éi:m\

Min=14.6643 Ibf{in"2 Max=14.7587 Ibilin"2
Iteration = 54

Figure 391 Isobaric Lines Distribution of 50% Positive Staggered Wings

Velocity Yectors
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Figure 401 Velocity Vectors of 50% Positive Staggered Wings
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5.5 Cost Analysis

The following table is a tentative cost of the full spectrum of the project. For this
analysis many things had to laken into consideration such as the fact that the
competition has an expensive registration fee, that in order to fly RC airplanes a license
that provides insurance against liability from any accidents that could occur from a non
expected nose divis required, the cost of going to the actual site of the competition and

all other related costsecessaryo make this project a reality

Cost Analysis

Item Cost Per Unit Units Source Total Cost
SAE competiton Registration Fee for team %600.00 1 www.towerhobies.com $600.00
AMA membership $58.00 1 www.modelaircraft.org $58.00
Flight Ticket Miami to Fort Worth £300.00 4 www.expedia.com %1,200.00
Motor ©.5. .61FX with E-4010 Muffler £1580.00 2 www.towerhobies.com $360.00
Grates Plane ultra precion fule filter $3.30 1 www.towerhobies.com £3.320
Top Flite 11X7 Power Point Propeller $3.00 2 www.towerhobies.com £6.00
Air Plane Fule quart $8.00 1 www.towerhobies.com $8.00
Spektrum DX5 2.4 GHz control remote with recive £130.00 1 www .superdroidrobots.cor $130.00
Battery pack 500 mAh $30.00 1 redrocketshobbies.com $30.00
Muts and Spinners $30.00 1 Home Depot $30.00
Futaba S3004 Standard Ball Bearing Servo $15.00 4 www.nitroplanes.com $60.00
Balsa Sheet 1/32"x Sheet 3/8"x4"x36" %7.00 30 www .createforless.com %210.00
Great Planes Silicone Fuel Tubing Standard 3' $3.00 2 www.towerhobies.com %$6.00
Coverite 21st Century Film White &' £15.00 2 www.towerhobies.com %30.00
Hangar 9 PowerPro 12V Starter %$32.00 1 www.redrockethobbies.col %32.00
Landing Gear $15.00 2 www.shopatron.com $30.00

TOTAL $2,793.30

Table 147 Cost Analysis for the Full Spectrum of the Project

On the other hand, Tableb ¥ocuses only on the cost related to building the
prototype of the RC airplane. Everything from the basic building materials such as the
balsa wood to the covering film has been taken into account. Also all the mechanical and
electrical components like thmotor and controllehave been included. In some cases,
such as in the motor, its quantity has been calculated twice in the cost analysis due to the

fact that it is the idea to build one back up prototype in case the first few experimental
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flights do notgo exactly as expected. Another reason why it is necessary to think about

either a backup prototype or simply about a second one, is because prior to the building
stage all the concepts and theories would have only been tested analytically but not
expermentally. Although the idea is to have the analytical results be as close as possible
to the experimental, in the real world things often deviate from ideal calculations, and

based on those results, modifications should have to be implemented in order to
maximize the performance of the RC aircraft. All those unexpected changes and

alterations induce additional costs that have to be accounted for in our cost analysis.

Prototype Cost Analysis

Item Cost Per Unit Units Source Total Cost
Motor 0.5, .61FX with E-4010 Muffler %180.00 2 www.towerhobies.com %360.00
Grates Plane ultra precion fule filter $3.30 1 www.towerhobies.com £3.30
Top Flite 11X7 Power Point Propeller $3.00 2 www.towerhobies.com 36.00
Air Plane Fule quart $8.00 1 www.towerhobies.com $8.00
Spektrum DX5 2.4 GHz control remote with reciv $130.00 1 www.superdroidrobots.con $130.00
Battery pack 500 mAh $30.00 1 redrocketshobbies.com $30.00
Nuts and Spinners £30.00 1 Home Depot £30.00
Futaba S3004 Standard Ball Bearing Servo £15.00 4 www.nitroplanes.com £60.00
Balsa Sheet 1/32"x Sheeat 3/8"x4"x36" %7.00 30 www.createforless.com %210.00
Great Planes Silicone Fuel Tubing Standard 3' %$3.00 2 www.towerhobies.com %6.00
Coverite 21st Century Film White &' £15.00 2 www.towerhobies.com £30.00
Hangar 9@ PowerPro 12V Starter £32.00 1 www.redrockethobbies.cor £32.00
Landing Gear $15.00 2 www.shopatron.com $30.00

TOTAL $935.30

Table 157 Cost Analysis of Prototype Arcraft

55 Discussion

Based on the analysis performed in this section, many conclusions about the
design can be taken into consideration for further development of the prototype. Thanks
to these studies our team could realize that the selection of the components were correct
in terms of the performance desire to produce. For instance, having chose bigger

materials for the design of the wings and the fuselage, help to make the plane more
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resistance to stresses and loads, and the weight factor on the design with the current

seletions would not affect much on the performance of the plane.

Also, other important selections that were based in pure research such as the
stagger of the two wings were corroborated with the simulation analysis performed and
later include in this part ahe report. For our team, this was a very important factor in
our design since the wrong placement of the wings for the prototype could have been
resulted in a catastrophe or totaled of the plane.

Moreover, thanks to the study performed on the landirgsgand assuming the
conditions stated in such analysis, the design group could found out that the mechanism
were going to be able to withstand the loads excreted on them by the plane and the
payload. Even though the result gathered from the analysis soultbmpute a real life
situation since nature is constantly changing, the information recorded from this and

other studies help to the selection of the material and parts needed.

At the end of the section the study made for the cost analysis waat @gice to
determine an estimate of how much the whole process of machining and creating the
actual part could cost. Up to this point, the cost stated in the analysis reflects only the
necessary amount of materials to produce one prototype without asil@@tions in

terms of spare parts or extra material required to make any sort of fixing on the plane.
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6. Prototype Construction

6.1 Description of Prototype

The final prototype for the aircraft was the result of careful decisions made based
on extensie research and experimentation. All these decision were taken with the intent
to maximize performance, reliability, efficiency and easiness of construction as it was
required by the rules set forth by the competition. All without ever ignoring tha ther
was a budget t hat l' i mited the teambs spend
constraint that overruled many of other decision factors as the main goal was to conclude

with all the set goals in the allotted amount of time.

Although the final prottype deviates slightly from the original proposed design,

the main features and characteristics that were initially intended remained untouched.
Most of the adaptations that had to be made, especially during the construction stage,
were a result of the dergence from the computer models to the realistic range of
products, in shapes and sizes, which could be bought or made. For example, it is very
easy in Solidworks, the software that was mostly used for the modeling and testing of the
prototype, to creata beam of any desired diameter and length. In reality, it was found
impossible to find the desired combination of dimensions commercially available, as the
beams needed were very thin and long, and when the correct diameter was found, the
beam was verghort, and when the correct length was found, its diameter was too large.
Along the same lines, the machines available for the construction of the prototype had an

operating range far to small compared to that needed, and as so, the machining of those
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beans as one whole piece had to be discarded as a viable option and alternatives had to

be thought of and implemented.

As it was previously stated, the final prototype includes all of the main features
that were originally intended for the proposed desighe plane then includes the twin
wing or biplane design that was decided upon from the beginning in order to maximize
its weight lifting capabilities by doubling its surface area. The wings in turn where
composed of the semsiymmetrical deep camberedfail selected, the S1223, for its high
lifting capabilities and good response at low speeds. The squared fuselage remained
untouched as well, as the main purpose for the plane was to be able to carry a rectangular
box used as payload, which dimensionsvee 50 x 50 x 1006, and to F
electronics as well. The conventional tail also remained as originally planned, and
although its dimensions had to be enlarged once it was found out that its surface area had
been calculated using the surfaceaaof only one of the main wings, and not both, its
concept remained the same. The landing gear was also designed correctly from the
beginning and its main structure and dimensions stayed put for the final prototype. The
motor, as it had been discussa@viously in section 2.2, was mandated by the design

competition rules, and as such, the O.S. .61FX motor was the one used.

The main changes and adaptations that were made to the final prototype came at
the time of assembling each of the different poments into one structure as a whole.
Ways of attaching one component to the other, firmly and securely, had to be created and

adapted into the configuration trying to diminish to the maximum the negative effects
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that they could have on the overall penf@ance of the plane. For example, an attachment
was needed to bring the wings together with the fuselage. This attachment had to be very
strong and light weight as it would be from there that the wings would be lifting up the
entire fuselage and as sucthe rest of the structure of the plane but not for that did
excessive additional weight wanted to be introduced into the equation. This attachment
at the same time had to hold the wings firmly and at the correct angle at all times,
preventing any shiftig along any of its axis and of top of that, it could not be so big and
di sruptive that it would take to much of
airfoil. Many adaptations as such had to be created and implemented for both the main

wings,the tail stabilizer and the landing gear as well.

The final prototype deign was made as simple as it could be made, as long as it
complied with all the performance requirements desired to be obtained, and as long as it
obeyed all of the rules and restions set forth by the competition design rules. The

final prototype design for the RC plane is illustrated in figurél.

Figure41i Final Prototype Design for the RC Airplane
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6.2 Prototype Design

The final design of theprototypewas made in order to maximize the desired
performance of the RC plane, while keeping it as simple as possible to aiceasthess
of construction and abiding the whole time by the rules and regulations of the SAE Aero

Design East competition.

Many factors as time and cost played an important role in the decision making
process, and help steer some decisions one wayotnean The final prototype will be

explained in detail in this section.

Beginning with the materials selection, it was decided that most of the structure
would me made out of wood. Balsa wood was decided to be the most prevalent
component as it is vg easy to work with and it provides the perfect desired rigidity
while keeping the weight to the bare minimum, since its probably one of the lightest
woods, if not the lightest, found available in industry. Balsa wood was to be used on all
ribs forthe w ngs and stabilizer, on all attachmer
structural walls. Balsa wood is very expensive but it was a necessary expense to be able
to keep the overall weight of the plane to the minimum. Bass wood was the selected
wood to beused i n all of the structural beams o
component, as well as on the main beams of the wing, this because those were the parts
that required the most rigidity since they
The wood selected to cover the mainframe of the fuselage was a thin sheet of plywood

since it is light weight and rigid as well, and it can be found on large sheets as opposed to
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the balsa wood that is only available in strips of no more than 6 inches tim, with
various thicknesses and a length of up to 36 inches, limiting its use to this section of the

plane since larger sizes were needed.

Other components such as the landing gear were made of aluminum, since this
part was known to undergo increasachounts of pressure and stress, at times were
performance is of critical importance, such as when landing, and safety at this point could
not be overlooked by a desire to minimize costs. The motor is another one of the
components made out of an aluminumstcblock, but as a given parameter for the

competition, this can not be selected or modified.

The support beams that attach the fuselage with the tail stabilizer are made out of
plastic. These beams were actually part of driveway signaling lightsvdra sold at
HomeDepot, which were cut and adapted to serve the desired purpose. These beams
were the only ones that after extensive looking and research fitted the needed
requirements of strength, flexibility and light weight. Prior to selecting tbmp®ling
lights as the support beams, tests had been conducted with % inch aluminum hollow rods,
which proved to be very fragile to handle the weight requirements needed. After that
brass hollow rods with the same dimensions were tested as well,Houtghitharder than
the aluminum ones, they still were too fragile for the desired purpose. Going to the other
extreme, tests were also conducted afterwards with threaded iron rods but although hard
enough, indeed maybe too much, their excessive weighedaie airplane to sink

immediately on its tail.
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Metal screws and nails were also used in aiding in the attachment of the various
different components to the structure of the airplane as a whole. These metal screws and
nails though, were mostly very shhi size, trying to minimize again the weight effects
that they could signify to the airplane model as a whole. In cases were bigger screws and
nuts were needed, such as to hold steady the attachments for the wings and landing gear
to the fuselage, pléis ones were used instead of metal, reducing like this the weight by 5

times.

As for the controlling mechanisms, such as the servos, they were mostly made out
of plastic as well, although in some instances the push rods and mechanisms used to
transmitthe desired motion applied by the servo were made of both, plastic and metal
rods. The same in this case applies to the gas tank, which is mostly made out of plastic
but having some of the external an internal hose connections made out of brass and
stairless steel, in the case of the internal ones to avoid corrosion. The wings are covered
in monokote, which is a plastic paper that stretches and hardens when heat is applied
directly to it. This wrapping paper gives the illusion of having a wing madefaane
whole, solid structural piece. The propeller is also included in the list of materials made

out of plastic, and the wheels are made out of rubber.

As it had previously been mentioned, every part was made and designed to fulfill
a specific and ekired function. Starting with the wing, it was designed to be as light

weight as possible while still being rigidly sound, since it was from there that the rest of

the structure of the plane wil!/ be I'ifted
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of ribs was used to citown dramatically in the overall weight of the wing, and therefore
the plane, and to be able to manufacture the air profile through out the whole extension of
the wing. It also houses the ailerons, which will provide maneuveyatnlithe plane

when in flight. The fuselage was built with the smallest dimensions possible, in a way
that it would fit the payload bay designated by the competition, and to house the motor
and electronic components as needed. The landing gear wasarfédexactly on the
bottom part of the fuselage, and not only strong enough to be able to lift the airplane but
also to be able to resist any forced landings that may come unexpectedly. The tail was
designed in order to provide leverage and stabilitthto plane, and also to house the

control surfaces such as the rudder and the elevator.

Although the overall design of the prototype might look robust and too squared is
because the design was kept simple but efficient, and everything built into this RC
airplane has a reason for being and a duty to perform. A lot of detail was put into the
integration of all the components to ensure their correct and timely performance. This

was made in order to guarantee the overall success of the project.

6.3 Parts List

In this section each one of the parts incorporated into the construction of the final
prototype will be listed and explained thoroughly. Once they have been explained they

could be easily identified in the foll owi
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Figure 42 illustrates the final rib design that made it into the implementation of
the airplane. These ribs are made out of balsa wood, and they have an almost complete
airfoil profile, since the back part was left out on purpose, to accommodate sp#ue fo
ailerons. They also have two holes in the middle that were made to guide the supporting
beams through them. The supporting beams of the wingyrsio the upper part of
figure 38 are made out of bass wood, and have diameters of .75 in and .625 in
respectively when placed from the middle of the airfoil profile out. These beams are 56

inchesin length.

Figure 421 Final Rib Design for the Main Wings

To be complete the wing needed to have the remaining part of toi @iofile
incorporated, as well as the control surfaces if applicable, since only one of the two main
wings had ailerons. In order to provide consistency throughout the leading edge of the
wing, a very thin strip of wood was placed along the borddne final design of the

backbone of the upper wing is illustrated on figdige
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Figure 431 Final Design of the Back Bone of Upper Wing

This backbone structure was later on covered with monokote, a plastic wrapping
paper thateacts when heat is applied to it and it shrinks and hardens in order to make it
seal tighter to the surface which itds bei
as if it would have been constructed from a single solid piece and the monokote is
rigid, that it provides perfect deflection of the air, making it ideal to wrap around the
airfoil profile conserving its shape. In figuretdthe upper wing is shown as apparently
one solid piece in red, with its ailerons built in on its trailing eifigblack. The two
main wings have a wingspan of 56 in and their chord, or distance from the leading edge

to the trailing edge, is 10 in.

Figure 441 Final Version of Upper Wing
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The fuselage was designed to house areatdngr bl ock of 50 x 5
payload. The back part of the flesge, showed covered in figur®,4vas designed to
have such rectangular block fit inside it to perfection, with no extra room added as wasted
space. Its front made with an aerodynamd&sign, was made to house the motor
specified by the rules of the competition, the gas tank, the battery shown in fluorescent
green, the receiver and 6 servos used to power the control surfaces of the airplane, such
as rudder, elevator, front wheel ando2 the ailerons, as well as the one to control the
thrust of the motor. Thisan be clearly seen on figure 41 as wellin that same figure
the O. S. .61 FX motor with its exhaust and

propeller and the red nose,spinner, can be seen.

The dimension of the inside of the pagd bay can be seen on figur@ 4This
was one of the main requirements of the competition, to be able to fit in thegdara
box with the previously specified dimension within the payload bay. This shows that we
complied with the requirements that were set from the beginning of the design process as

one of the metrics that had to be achieved.
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Figure 461 Ifﬁ]er Dimensions of Payload ’Bay
The 6 servos shown on figud& had to be strategically placed within the fuselage
to be able to command the control surfaces as needed. The exact location of each was
determined after a successive set o&lgr until its perfect location was found,
considering that they would be transmitting the desired motion to the rudder, as an
example, via control rods to be able to turn it left and right from a distance greater than

35 inches.

Z o

Figure 471 Servos and their Location within Fuselage
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The gas tank on figurd8, was a 300 cc container used to house the 10% nitro
methane fuel used to power the motor. It had to be separated from the heat produced by

the motor by means of a firewall.

Figure 481 Gas Tank

Figure @ shows the receiver in action, which was the main tool to get all the
radio signals from the control and transmit them to each of the different servos according
to the given commands. This w#se electrical part of the project that had some
programming that came along with it, to ensure that each of the motions specified as
input in the controller could be reflected as well calibrated motions in each of the servos,
and therefore control surfaxeas it was needed and desired for the correct

maneuverability and guidance of the airplane.

Figure 491 Receiver
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The tail stabilizer was made in the same way as the main wings, composed of
balsa wood ribs that were supportagda long bass wood beam. The front of the airfoil
profile was covered by a very thin sheet of wood to extend this nicely curved shape along
the whole span of the leading edge, and the end of the airfoil profile left to house the
elevators. The wingspaof the tail stabilizer was of 30 in while its chord was of 6 in.
Just as the main wings, the tail stabilizer was then covered with monokote to give it the
nice finish look of a wing ready to fly. The process previously described can be seen on

figure 50.

Figure 5071 Tail Stabilizer Assembly

The vertical stabilizer was then added to the horizontal tail stabilizer, to give the
complete tail configuration, housing the control surfaces of elevators and rudder. These
were in tun moved by the motion generated by the servos some 35 in away. In order to
transmit this motion connector push rods were used. These can be seen as the yellow
tubing covered in a red supporting one on figite These were then connected to
control horrs, such as the one in figus2, which were the last adaptors along the chain

of transmission of motion, which redirected the force in the desired direction needed for
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the control surfaces, whose motion was not always on the same direction as the force tha

came originally from the servos.

Figure 511 Complete Tail Configuration

Figure 521 Control Horns

The endplates were the result of an extensive research and selection process in
which it was deermined that the best way to hold the wings firm and together was by
means of one of this. They were better than connecting cables, since those could only
prevent the wings from separating outwards, but provided no protection in case the wings

tried to kend inwards. Another advantage of the endplates was that it served as a
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protection guard against unwanted side impacts. These were designed from a thin sheet
of plywood and made perfectly to house and hold both the upper and lower wing in the

correct plaement and relative orientation.

Figure 537 Endplates
The last of the parts to be included in this section are the front and back landing
gears. The front wheel was the guiding wheel being controlled by one of the servos
order to be able to adjust direction as needed. It also provided support to the front part of
the fuselage as the motor sat directly on top of it. Its supporting beam is made out of a

strong aluminum while the wheel is made out mostly of rubber withsdic rim.

Figure 541 Front Wheel & Landing Gear
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The back landing gear is made out of a strong aluminum as well, but since this is
the part on which most of the force will be exerted at the time of landing, its striecture i
lot more robust than that of the front wheel. Its dimensions are to fit precisely on the

bottom part of the fuselage.

Figure 551 Back Landing Gear

The parts previously mentioned constitute the main parts of the proposed
prototype of the airplane. The list below describes fully all of the parts that were used in
the construction of the prototype, as many of the ones left unmentioned deal directly with
the types of attachments used to connect the main parts that together,unit,

constituted the main frame of the plane.

Table 167 Breakdown of Total # of Parts used on the Final Assembly
# of
Parts List units
0.S. .61 FX Engine

12" dia. Propeller

2 1/4" dia. Spinner

300 cc Gas Tank
Futaba S3004 Servos
9V Battery Pack

Futaba R617FS receiver

A R
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Back Landing Gear 1
Front Landing Gear 1
Wheels 3
42" Flex Cable Push Rods 2
20" Flex Cable Push Rods 2
U-clamps 10
Plastic attachement Rods 3
Control Horns 4
5/8" dia. X 3" lenh Plastic Screws 2
3/8" dia. X 3" length Plastic Screws 2
1/4" dia. X 3" length Plastic Screws 4
Plastic Washers 8
Plastic Nuts 8
6" Chord Ribs 15
10" Chord Ribs 46
.75" dia. X 56" length Bass Wood Bea 1
.625 " dia. X 56" length Bass Wood

Beam 1
.25" dia. X 30" length Bass Wood Bea 2
#18 X 5/8" Wire Brads +-30
#18 X 3/4" Wire Brads +-30
1/4" X 6" X 36" Balsa Wood Sheets 10
1/2" X 6" X 36" Balsa Wood Sheets 2
1/8" X 48"X 48" Plywood Sheets 2
1/4" X 4" X 36" Bass Wood Sheet 1
1/16" X 12" X 24 " Pinewood Sheet 1
2" X 4" X 36" Balsa Wood Beams 2
3/4" X 1" X 36" Bass Wood Beams 1
1/2" X 1/2" X 36" Bass Wood Beams 5
8" Plastic Black Tie Wraps 8

6.4 Construction

The construction of the prototype surely proved to be far more challengimg tha

expected. It could be said that the translation from the computer generated models to the

actual construction of it was not as straight forward as it could have been desired. As it

wa s preyv

iously mentioned
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create anything on SolidWorks, without any limitations to size or geometry, but
sometimes rather impossible to find those exact things available on the market and even
So to be able to machine them with the machines available at hanthisif@ason many
adaptations had to be made to some parts and components and as careful as possible, in
order to implement the changes and adjustments to each without affecting much their

intended purpose.

Another big issue with the construction of th@tptype was the learning curve.
What is meant by this is that as progress was made in each and every part that was
designed and intended to be built, it always took more than a few tries until the desired
outcome was finally achieved. A good examplethis is the ribs that were designed for
the main wings. As previously explained the main wings had a S1223 semi
symmetrical, deep cambered airfoil profile which has a delicate and complicated
geometry. At the beginning and as it was originally plantved,holes were going to go
through the middle of the airfoil making space for the long structural beams that would
compose the full wingspan, and the front and back ends of the airfoil were also going to
be cut. The front end was going to be cut inwasith the shape of a sernircle,
thinking that a long beam could be placed there having the outstanding part of it easily be
shaped or molded into the remaining part of the airfoil, and the end part to make space for
the ailerons. When it came to shapihgt front end beam into the remaining part of the
airfoil, many techniques were tried, by hand going down the entire beam little by little,
trying as hard as possible to achieve a somewhat similar shape throughout the whole

beam, filing it with an automigt grinder, being careful to not exert either excessive or too
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little pressure and still not obtaining results that were worth of making it to the actual
prototype. The ribs them selves were initially tried to be made in many different ways,
cutting themby hand with a regular cutter, then cutting them with an electric saw, filing
them down to the correct size and none of these techniques seemed to be making descent
results, and if 46 units had to be made, no 2 were exactly the same. This could be made

clear on figures6.

Figure561 Cr eat i ve and Manufacturing Process of the

After trying many different manufacturing options and techniques for the ribs and
front beam, and with no apparent success on anyasietlalternatives, and also after
finding out that the originally selected beam diameters did not really exist commercially,
the design had to be taken back to the drawing board. Taking into consideration all the
new knowledge acquired as far as the conemakravailability of products, and the
manufacturing capabilities of the machines available in the student machine shop the

design had to be changed drastically to something that could be made once or repeatedly
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with the same degree of precision and réligb The first step was to adjust the
diameter of the beams to standard measurements, so that the beams could be easily found
in stores. Second the front of the airfoil was decided to be left as part of the rib to avoid
having to replicate that tip wWitspecial geometry somewhere else. Third, it was decided
also that making the ribs by hand did not generate neither accurate results nor could the
same result be repeated twice so it was then decided that the ribs should be made by a
machine. A Gcode wa then written for the CNC machine to build the ribs, and as so,
precision and reliability were improved by 100% while the time required to make them
was cut by almost 10 times. The final result of the 46 identical ribs assembled on their

corresponding qapat beams can be seen on figuie 5

Figure 5771 Final Rib Design with Supporting Beam Assembly
Another one of these conflicts between the design and construction actually had to
do with those supporting beams as well. that because at the speci fi.
of .750 and .6250, which are relatively sma
560 could simply not be found anywhere. T h e

were 360 | ong. adapkton had tb laetmade & ghe lreams aswell. In this
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case the fix came by means of double sided screws and attachment plates that were

carefully placed on each of the sides of

a

-
~

sides, to obtainthereqeird 56 0 | ong beam. These adjust mer

hand sieé of the beams shown in figur&5

Figure 581 Adaptations to Supportive Beams

Similar issues came up along the way of the construction of the resk of th
airplane, and it was always through a trial and error method, that several different
alternatives or options of doing the same were tested out until one of them finally
produced the desired outcome, one that was worthy of being implemented on the final
prototype. The same held true when integrating the electrical components responsible of
the control movements of the aileron, rudder, elevators etc, and it was only until after a
series of tests and trials that the best method of implementing it wamiheter For
example, when trying to set up the servos for the control of the ailerons, it was originally
intended to have one that would power both ailerons on opposite ways to obtain the
desired controlling motion. In the first trial the control hornsenygaced on the far end
of the ailerons, and a system of pulleys was created with the push rodsambé seen

on figure ®, but the push rods had too much free play and it started bending in all



directions loosing its pushing power when it reachedditeron. In order to minimize

this diminishing effect of power the control horn was then placed on the middle of the
aileron, but still it appeared as if the servo did not have enough power to control its
movement as desired. A third trial came in wipdarcing the control horn on the inner
edge of the aileron, but then again, if not force being lost along the cable, this time
appeared to be friction that prevented it to move correctly. It was only then that the
decision to buy yet another servo andéaach of the ailerons be controlled by only one
servo was made. With the last configuration of the control horn, and the new servos
being placed along the side of the fuselage, the power provided was finally the required
to provide motion to the ailerors it was desired. This final configuration of the servo

aileron system can be observed in figbde

Figure 591 Pulley System from Servo to Aileron
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Figure 6071 Final Servo, Rod, Control Horn andAileron Configuration

6.5 Prototype Cost Analysis

The total cost of the prototype ended up to be more than anticipated since many
components have different prices when the team purchased them. Also, more material
was used for the construction of the hipd, making the final cost to go even higher than

calculated before any acquisition of the materials were made.

Since this projects not similar to othersit had to go through the process of
testing in order to determine if it can perforas expectedmany parts were damaged
while doing the testing procedures. One example could be the engine that had to be
replaced because it broke just seconds after beingdom Other materials such as ribs,

beams, and monokote paper among others had to be purchasethan anticipated.

To better understand how much regrand how much material wasirchased a

table clarifying all the components along with their respect values will be shown:
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Table 177 Final Prototype Cost.

Item Cost Per Units  Source Total Cost
Unit

Motor O.S.61FX & Muffler $180.00 2 www.towerhobies.com $360.00
Fule filter $3.30 1 www.towerhobies.com $3.30
11X7 Power Propeller $3.00 2 www.towerhobies.com $6.00
Air Plane Fule quart $8.00 1 www.towerhobies.com $8.00
2.4 GHz control remote with $130.00 1 www.superdroidrobots.com $130.00
receiver

Battery pack 500 mAh $30.00 1 redrocketshobbies.com $30.00
Nuts and Spinners $30.00 1 Home Depot $30.00
Futaba Ball Bearing Servo $16.00 4 www.nitroplanes.com $64.00
Balsa 1/32"x 3/8"x4"x36" $17.00 30 www.createforless.com $510.00
Fuel Tubing Standard $3.00 2 www.towerhobies.com $6.00
Coverite Film White 6' $15.00 2 www.towerhobies.com $30.00
PowerPro 12V Starter $32.00 1 www.redrockethobbies.com $32.00
Landing Gear $15.00 2 www.shopatron.com $30.00
Monokote Paper $20.00 4 www.towerhobies.com $80.00
Wood Beams of 3/8" $2.00 8 www.redrockethobbies.com $16.00
Extra Servo $16.00 1 www.towerhobies.com $16.00
Playwood of 4x6' $20.00 2 www. redrockethobbies.com $40.00

TOTAL $1,391.30

6.6 Discussion

Although only one prototype of the proposed design of the RC airplane was
actually built, it could almost be thought of as if several prototypes were built since each
and every part ahattachment implemented on the final assembly underwent a series of
trials and tests until the best and optimum construction result was obtained. This mainly
due to the complications stumbled upon when the computer models and designs did not
easily trankte into feasible products to be manufactured or bought. Even though it may
have been looked as a great limitation at first, it was on the other hand an opportunity to
stretch the creativity with which solutions were being looked for and each time lersimp
solution that exceeded the performance of the preceding alternatives was obtained. This

accounted also for more experience gained, and at this point, if faced against the same
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problem again, the prototype could be built in a fraction of the timeithabk this
opportunity to be made, since all the problems that could have been encountered, were

indeed encountered, and solutions for all those were already planned and solved.
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7. Testing and Evaluation

7.1 Overview

An important part of this projeds to test and evaluate the aircraft design. This
part ofthe project allowed physicéésting of the aircraft but also permitted to evaluate

the performance and functionality of the final prototype.

The testing and evaluation was separated in sevieigesto be able to evaluate
and test each component on the aircraft by it self. Taking in consideration that it is
important to prove the functionality and precision of each component in the aircraft, the
evaluation and testing of each component was esigar as permitted by the equipment
available. Having this in mind the first part to test was the engine following with the
landing gear, ailerons and servos. After performing the tests and evaluaticeeckor
component the aircraft had be tested as enTherefore for final testing several runs and
small flights were made to improve the flight stability of the aircraft. Testing and
evaluation of the airplane demonstrated the capability of the airplane to perform well at

the SAE Aerospace East competitio

7.2 Description of experiment

To begin with the experiments the first component to testth@®©.S. .61FX
engine First the engine was placed on a wood base that will form part of our fuselage as

Figure61 shows.
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Figure 611 Motor Testing Mount

Having the engine fix o this wood base the engine hadbe run at least 4 tanks
to prove that the engine will not have any failure or powes. [Blse first run consisted in
consuminga full tank of nitro with % of the throttle ep and recoiidg the time that the
engine will take to consume the entire tank of nitro. The second ouasisted in
consumingalso a full tank of nitro with a ¥z of the throttle open and also reugttie
time that the engine will take to consume therentank of nitro.This same procedure
had to be repeatetbr the third and fourth run with the only difference that each
following run the throttle open had be increased %. To have a more clear idea of the

performance of the test Tald& shows the redts obtained on this experiment.

Nevertheless the airplane needs to run smoothly on the ground to be able to

perform a safe take off and landing. Therefore, a test was perform to the landing gear to
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