
 

FFlorida A&M

AIAA/Ce

Desig

20

M Univers

College 

essna/Rayt

gn/Build/F

012-2013

ity - Florid

of Enginee

theon 

Fly 

a State Un

ering 

niversity 

 

 



 

Contents

1.0 Exec

1.1 

2.0 Mana

3.0 Conc

3.1 Mis

3.2 Mis

3.3 Sc

3.4 Co

3.4.1

3.4.2

3.4.3

3.4.4

3.4.5

4.0 Prelim

4.1 I

4.2 Wi

4.2.1

4.2.2

4.3 Ta

4.3.1

4.3.2

4.3.3

4.4 Pro

4.4.1

5.0 Deta

5.1 Dim

5.2 Es

5.3 Str

 

s 

cutive Summ

Design Proc

agement Su

ceptual Desig

ssion Requir

ssion and Sc

oring Analys

onfiguration S

1 Wing ........

2 Fuselage .

3 Tail ...........

4 Propeller C

5 Landing G

minary Desig

Internal Pay

ng Design ..

1 Airfoil Sele

2 Wing Geom

il Design .....

1 Airfoil Sele

2 Tail Geom

3 Control Su

opulsion Sys

1 Communic

iled Design .

mensional P

timated RAC

ructural Cha

mary ..............

cess and Ou

mmary ........

gn ................

rements and

core Summa

sis ................

Selection .....

.....................

.....................

.....................

Configuration

ear ..............

gn ................

load .............

.....................

ection ...........

metry ...........

.....................

ection ...........

etry .............

urface Desig

stem .............

cation Syste

.....................

Parameters ..

C of Final De

racteristics .

.....................

utcome .........

.....................

.....................

d Competitio

ary ................

.....................

.....................

.....................

.....................

.....................

n ...................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

n ..................

.....................

m .................

.....................

.....................

esign ............

.....................

......................

......................

......................

......................

on Rules .......

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

 

1 

....... 3 

....... 3 

....... 4 

....... 6 

....... 6 

....... 6 

....... 8 

..... 11 

..... 11 

..... 12 

..... 13 

..... 14 

..... 15 

..... 17 

..... 17 

..... 18 

..... 18 

..... 22 

..... 24 

..... 24 

..... 26 

..... 27 

..... 28 

..... 29 

..... 30 

..... 31 

..... 32 

..... 32 



 

5.4 Su

5.4.1

5.4.2

5.4.3

5.5 We

5.5.1

5.6 Dra

6.0 Manu

6.1 Ma

6.2 Fu

6.3 Wi

6.4 Ta

6.5 La

6.6 Inte

6.7 Ex

7.0 Com

7.1 Pro

7.2 Inte

7.3 Wi

8.0 Testi

8.1 Pro

8.2 Sp

9.0 Refe

 

 

 

 

 

 

 
bsystem De

1 Wing Mou

2 Tail Mount

3 Internal St

eight and Ba

1 Center of G

awing Packa

ufacturing Pl

aterials Selec

selage ........

ng ................

il ..................

nding Gear .

ernal Stores

ternal Store 

ponent Test

opulsion Tes

ernal Stores

ng Load Tes

ng Results .

opulsion Tes

ar Load Tes

rences ........

esign and Int

nting ............

ting ...............

ore Configu

alance ..........

Gravity ........

age ...............

lan and Proc

cted .............

.....................

.....................

.....................

.....................

s Attachment

Attachment

ing ...............

sting .............

s Securemen

sting .............

.....................

sting .............

sting .............

.....................

tegration ......

.....................

.....................

ration and M

.....................

.....................

.....................

cesses .........

.....................

.....................

.....................

.....................

.....................

t ....................

t ....................

.....................

.....................

nt Testing ....

.....................

.....................

.....................

.....................

.....................

......................

......................

......................

Mounting ......

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

.....................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

 

2 

..... 33 

..... 33 

..... 34 

..... 36 

..... 37 

..... 37 

..... 39 

..... 43 

..... 43 

..... 43 

..... 43 

..... 44 

..... 45 

..... 46 

..... 47 

..... 48 

..... 48 

..... 50 

..... 50 

..... 51 

..... 51 

..... 54 

..... 56 



 

1.0 Execu

 T

Of Engin

challenge

speed mis

payloads.

score. 

 

Pegasus 

Air: Hand

mission o

This year,

Pedestria

Named fo

1.1 Desig

 

 T

other team

rules ana

were used

aircraft th

with a hig

the wing w

as minima

all three m

 T

carbon fib

covered w

during co

composed

 
utive Summa

his report doc

eering’s Peg

e is to design

ssion, and the

 All of this m

was named 

 Ejected Rad

f that year. 

, we present P

n-Operable E

or its stealth m

gn Process a

he primary o

ms in the com

lysis to deter

d when analy

at we knew w

gh mono-wing

was decided 

alistic as poss

missions. 

he constructi

ber fuselage, 

with a light b

nstruction.  T

d of the weigh

ary 

cuments the d

gasus entry i

n an aircraft t

e final two m

must be accom

for its ance

dio Controlled

Pegasus: 

Electronically 

mission (Missi

and Outcome

objective for P

mpetition. Co

mine the des

yzing our cho

would perform

g design, conv

based on its 

sible, includin

on materials 

carbon fiber

bass wood. T

The aircraft’s 

ht of the airfra

detailed desig

into the 201

to successfu

issions requir

mplished whil

estor: the FA

d Ultra-Light E

Generated A

on 2) 

e 

Pegasus is t

nceptual des

sirable size of

oices to desig

m properly. To

ventional em

coefficient of 

ng batteries, m

that were us

r wing spars,

These materia

empty weigh

ame and prop

gn, testing, an

2-2013 AIAA

lly complete 

re a 3-lap flig

le minimizing

AMUFSU CO

Electronic Sy

rial “Stealth” U

o compete a

ign was deve

f the aircraft. 

gn Pegasus. 

o minimize w

pennage, and

drag and lift.

motors, prope

ed included: 

 and monoko

als are very s

ht is significan

pulsion system

nd manufactu

A Design/Bui

three differen

ght while equi

g weight in or

OE 2010 Tea

stem, which 

Unmanned S

and achieve t

eloped by ach

Mostly existi

By doing this

weight, a singl

d a single mo

. The entire a

ellers, sizing, 

balsa wood f

ote shrink wr

strong and li

nt to scoring 

m.  

uring of the F

ild/Fly (DBF) 

nt flight miss

ipped with int

rder to help m

am who ente

was named f

System 

the highest s

hieving a com

ing, conventio

s, we were ab

e-boom fuse

otor. The sha

aircraft has be

and structure

for the ribs in

rap. The top 

ghtweight, w

well in the c

FAMU/FSU Co

 competition

sions: the firs

ternal and ex

maximize the 

ered Air Her

for its hand la

score amongs

mplete scorin

onal configura

ble to constru

lage was sele

ape of the airf

een designed

e, while comp

n the wing an

of the fusela

which was our

competition, a

 

3 

ollege 

. The 

st is a 

xternal 

team 

cules: 

aunch 

st the 

g and 

ations 

uct an 

ected, 

foil for 

 to be 

pleting 

nd tail, 

age is 

r goal 

and is 



 

 T

span of 78

 

2.0 Mana
 

 

 O

redundan

communic

Team lea

procurem

of his res

served no

have the 

undergrad

 

 
he final desig

8 inches. Com

gement Sum

Our design te

cy in task d

cation betwee

d was respon

ent of worksp

pective subsy

ot only as res

most experie

duate team m

gn of Pegasu

mpetition pred

mmary 

eam structure

delegation. T

en the three 

nsible for stru

pace and ma

ystem, althou

sources in tes

ence in assem

members. 

 

us has a weig

dictions….. 

Figure 1

e was based

The team lea

other subsy

ucture of the 

terials. Subsy

ugh all final d

sting, but also

mbling small 

ght of 5.14 po

: Team Struc

d upon a sim

ad’s primary 

ystems leads 

design proce

ystem leads w

decisions wer

o as reliable 

aircraft. Muc

ounds withou

cture 

mple hierarc

function her

the pilots, o

ess, schedulin

were respons

re made by th

advisors in t

ch research a

t internal pay

hical model 

re was to se

our advisors, 

ng of meeting

sible for all re

he core four 

the fabrication

and testing w

yloads, and a

in order to 

erve as a h

and our spo

gs and large t

esearch in the

seniors. The 

n process, as

as aided in b

 

4 

a wing 

 

avoid 

ub of 

onsor. 

tasks, 

e field 

pilots 

s they 

by the 



 

The Gant

and/or up

 

 

tt chart above

dated estima

e shows the 

te in blue. 

 

Figure 2

team milesto

: Milestone C

one expected

Chart 

d completion dates in black, and the a

 

5 

 

actual 



 

3.0 Conce

 

T

missions, 

creating F

that would

wing with 

3.1 Missio

 

The m

the follow

 A

 A

ru

 M

in

 M

m

 M

 

The aircra

 H

pr

 H

 P

 H

3.2 Missio

 

T

missions, 

 
eptual Desig

he conceptua

as well as th

Figures of Me

d maximize th

a tractor prop

on Requirem

missions this 

ing requireme

Aircraft may no

Aircraft must s

unway. 

Must be able t

nside the aircr

Must be prope

motor. 

Motors may be

aft must also 

Have no more

ropulsion. 

Have a maxim

ass a structu

Have a fail-saf

on and Scor

he AIAA Des

a written rep

gn 

al design pha

he guidelines 

erit (FOMs) ba

he overall sco

peller. 

ments and Co

year will simu

ents: 

ot be rotary w

successfully ta

to carry intern

raft, while ext

eller driven an

e any comme

meet the follo

 than 1.5 pou

um propulsio

ral safety test

fe mode for th

e Summary 

sign/Build/Fly 

ort, and Rate

Score = Writt

ase of design

set by the co

ased on the c

ore of our tea

ompetition R

ulate a Joint 

winged or light

ake-off before

nal and extern

ernal stores m

nd electric pow

rcial brush or

owing safety r

unds of over t

n current draw

t where the fu

he aircraft. 

2013 Compe

d Aircraft Cos

ten Report Sc

ning the aircr

ompetition ru

competition m

m. The result

Rules 

Strike Fighte

ter than air. 

e crossing an

nal payloads,

must be at lea

wered with an

r brushless ele

requirements:

the counter N

w of 20A. 

ully loaded air

etition will aw

st (RAC) usin

core * Total F

raft was deve

les. By evalu

missions, we w

ting configura

er aircraft. The

y edge of a 3

, or “stores”. 

ast 3 inches a

n unmodified 

ectric motor.

: 

NiCad or NiM

rcraft is suppo

ward a winner

ng the followin

Flight Score/R

eloped using 

uating the com

were able to 

ation is a light

e final design

30x30 ft2 squa

Internal store

apart. 

over-the-cou

H batteries w

orted at the w

r based on th

ng formula: 

RAC    (1) 

the three req

mpetition rule

develop an a

tweight, high-

n will need to

are, marked o

es must comp

unter model e

with shrink wr

wing tips. 

hree different

 

6 

quired 

es and 

aircraft 

-mono 

 meet 

on the 

pletely 

lectric 

ap for 

t flight 



 

The writte

Total Fligh

Missions 

the RAC, 

using the 

Where EW

and is det

Where Xm

possible d

affect the 

require th

T

determine

greatest p

times for e

 
en report scor

ht Score (TFS

1-3 are each 

which a fun

equation: 

W is the post 

termined by th

max is the longe

dimension pe

overall poss

e aircraft to c

he orientation

ed by the Fli

possible safet

each mission

re is given ba

S) is calculate

scored differe

ction of the e

flight weight 

he equation: 

est possible d

erpendicular t

ible score, w

complete fligh

Figure

n (direction) o

ight Line Jud

ty to personn

. 

sed upon the

ed by the sum

TFS = M1 + 

ently, and wil

empty weight

RAC ൌ

with the pay

SF = Xm

dimension of t

to the directio

while the miss

t along the sa

e 3: Flight Co

of the flight c

dge.  This wa

el and facilitie

 quality of the

m of the individ

M2 + M3      

l be discusse

t (EW) of the

ൌ √୉୛∗ୗ୊

ଵ଴
       (3

yloads comple

max + 2 * Ymax  

the aircraft in

on of flight. T

sions will be c

ame pattern d

urse For All T

 

course will be

ay, the flight

es in the area

e written repo

dual flight sco

        (2) 

ed below. The

e aircraft and

3) 

etely removed

 (4) 

 the direction

Therefore, the

comprised int

displayed belo

Three Mission

e adjusted ba

t course will 

a. The patter

ort and is scor

ores, using th

e final compon

d size factor 

d. The size fa

n of flight and 

e size of the a

to one score.

ow. 

ns 

ased on the p

be positione

rn is flown a d

red out of 100

e equation: 

nent of the sc

(SF), is calcu

actor of the a

Y-max is the lo

aircraft will d

. Each missio

 

prevailing win

ed to maintai

different num

 

7 

0. The 

core is 

ulated 

aircraft 

ongest 

irectly 

on will 

nds as 

in the 

ber of 



 

M

possible d

The numb

score, the

Mission 1

M

with intern

number o

stores is n

shown by

M

with a pos

the team, 

roll of one

shown by

3.3 Scori
T

missions. 

percentag

 
Mission 1 – S

during a 4 mi

ber of laps is

e number of l

, shown by th

Mission 2 – St

nal stores. Th

f payloads de

normalized by

the equation

Mission 3 – St

ssible mixture

as outline in 

e dice. To yie

the equation

ng Analysis 
he scoring an

Shown in th

ge of teams re

Short Take-of

nute flight tim

s counted to 

laps is norma

he equation: 

M

tealth Mission

his number is

emonstrated a

y the maximu

: 

M2

trike Mission 

e of internal a

Mission 2. T

ld a score, th

: 

M3

nalysis provid

he following 

eceiving score

ff – The airc

me, with the t

the last full l

alized by the 

M1 ൌ 2 ∗	
୑ୟ୶୧

n - The aircra

s determined 

at the time of

um number o

ൌ 4 ∗	
୒୳୫

୑ୟ୶୧୫୳୫

- - The aircra

nd external s

he number, p

e fastest time

ൌ 6 ∗	
୊ୟୱ୲ୣୱ୲	୘

୘ୣୟ୫	୘୧

des a visualiz

three figures

es in each mi

craft must the

ime beginnin

lap completed

maximum nu

୒୳୫ୠୣ୰	୭୤	୐ୟ୮ୱ

୧୫୳୫	୒୳୫ୠୣ୰	୭୤

aft must the a

by the team,

f tech inspect

f internal stor

୫ୠୣ୰	୭୤	୍୬୲ୣ୰୬ୟ୪	ୗ

୫	୒୳୫ୠୣ୰	୭୤	୍୬୲ୣ୰

aft must the a

stores. The nu

placement, an

e flown is nor

୘୧୫ୣ	୊୪୭୵୬

୧୫ୣ	୊୪୭୵୬

ation of what

s, the desired

ssion.  

e aircraft mu

g when the t

d within the f

umber of laps

୊୪୭୵୬

୤ ୐ୟ୮ୱ	୊୪୭୵୬

aircraft must c

 must not be

tion. To yield 

res completed

ୗ୲୭୰ୣୱ

୰୬ୟ୪	ୗ୲୭୰ୣୱ

aircraft must c

umber of inter

nd type of ext

malized by th

t it takes to o

d scores are 

ust complete 

throttle is adv

four minute i

s completed 

(5) 

complete 3 la

e zero, and m

a score, the 

d by any team

(6) 

complete 3 la

rnal stores is 

ternal stores 

he by any tea

(7) 

btain a top sc

 achieved by

as many la

vanced for tak

nterval. To y

by any team 

aps while equ

may not excee

number of in

m flying Miss

aps while equ

still determin

are decided b

m flying Miss

core in each 

y being in th

 

8 

ps as 

ke-off. 

yield a 

flying 

uipped 

ed the 

nternal 

sion 2, 

uipped 

ned by 

by the 

sion 2, 

of the 

he top 



 

        Figu

 

E

each of t

competitio

 

 

re 5: Mission 

ach of the fig

these figures

on performan

F

2 Scoring An

gures show th

s, we were a

ce the most a

 

Figure 4: Miss

nalysis            

he potential s

able to dete

and they are d

sion 1 Scoring

 

                   F

score distribu

rmine the fig

displayed in t

g Analysis 

Figure 6: Miss

ution based o

gures of me

he following t

 

sion 3 Scorin

n each missi

rit (FOMs) th

table. 

g Analysis 

on equation. 

hat will affec

 

9 

 

From 

ct our 



 

 

 E

some time

specificat

compartm

weight wa

compete w

four intern

 

Each design d

e during conc

ions. With a

ment capable 

as set at 5.5 p

with the other

nal stores in o

Figu

Co

D

Ef

Mane

Manu

S

Stora

W

decision did n

ceptualization

a maximum 

of storing th

pounds in ord

r teams. We w

order to ensur

ure of Merit 

omplexity 

Cost 

Drag 

Durability 

fficiency 

Lift 

euverability 

ufacturability 

Stability 

ge Capacity 

Weight 

Table 1

not involve ea

n. Based on t

payload weig

he internal st

der to still be 

were also ab

re a good Mis

: Figures of M

ach of these F

this analysis w

ght of 3.25 

tores for mis

able to take o

le to determin

ssion 2 score.

Assemb

expertis

Fit withi

 

Oppose

 

Aircraft 

and the

The ove

Must su

payload

Effectiv

with ver

Manufa

availabl

Carry o

perform

Payload

the airc

Total we

 

Merit 

FOMs, but all

we were also

pounds in m

ssion two, a 

off in the pres

ne that it wou

. 

bly must be c

se 

in the team b

es the thrust f

must sustain

e occasional r

erall effective

ustain flight w

d 

ve control of th

ry little energy

acturing must 

le facilities 

out each requi

mance fluctuat

ds must secu

craft 

eight of the a

l of these wer

o able to dete

mission three

maximum va

scribed distan

uld be best to

Description 

completed with

udget 

force generat

n light to mode

rough landing

ness 

with the maxim

he aircraft; pe

y consumptio

be completed

ired task relia

tion 

rely store with

aircraft 

re of importan

ermine a few 

e and an in

alue for the e

nce and be a

o have no less

h the availabl

ed by the mo

erate handling

 

mum desired 

erform missio

on 

d with the 

ably with very 

hin the fusela

 

10 

nce at 

more 

nternal 

empty 

able to 

s than 

le 

otor 

g 

ns 

little 

age of 



 

3.4 Confi

 

A

would allo

Using a d

design fig

score for a

3.4.1 Win

 

T

accommo

we will im

runway ar

the above

order to p

guarantee

compared

superior to

 

 M

th

 F

ae

it 

 D

ca

ap

 B

in

 C

lif

 

 
guration Sel

After determin

ow us to con

decision mat

gures by a com

a component 

ng 

he wing affe

odate the exte

mplement will b

rea. It must a

e stated task. 

pass the pre

e that it can p

d to each othe

o the other la

Monoplane - A

he fuselage. 

lying Wing –

erodynamic e

is simply wro

Delta Wing - T

arrying capac

pplications. 

iplane - Two

ncreased weig

Canard - Two 

ft and more co

ection 

ning the FOM

nsider all pos

rix for each 

mponent weig

is the summa

ects all of t

ernal payloads

be required to

also be limited

The lifting de

flight test, th

pass the test

er based on th

ayouts are com

A highly conv

– Integrated b

efficiency. How

ong for this co

Triangular sha

city are two 

o full-sized w

ght is a conce

smaller wings

ontrol charact

 

Ms and requir

ssible aircraft

subsystem d

ghing factor a

ation of this p

the competit

s, as well as 

o develop suf

d on the induc

evice structur

is will consis

performed b

he FOMs as s

mplexity and w

entional sing

body and win

wever, it is a 

ompetition. 

aped single wi

major advan

wings placed

ern. 

s positioned f

teristics. 

rements, the 

t solutions w

decision, the 

and a configu

product for all 

ion mission 

the loads of t

fficient lift of t

ced drag that

e will also ha

st of a spar 

by the compe

seen in Table

weight. 

le wing which

ng type aircr

difficult type 

ing that broad

ntages. Most 

 above one 

forward on the

next step w

ithin the sco

choices wer

uration weight

goals. The h

goals. The 

the aircraft its

the aircraft in 

t it produces 

ave to sustain

running the l

etition judges.

e 1. The two F

h runs norma

raft. If constr

of aircraft to s

dens from tip 

delta wing a

another for 

e aircraft whic

was establish

pe of this sp

re quantified 

t for each des

ighest score 

main wing 

self. The wing

order to take

such that it w

n loads on the

length of the

. Five wing c

FOMs that ma

al to the direc

ructed ideally

stabilize and 

to tail. Rigid s

aircraft are u

greatly incre

ch are intende

ing a method

pecific compe

by multiplyin

sign goal. The

is then select

must be ab

g configuratio

eoff in the spe

will be able pe

e scale of 2.5 

e wing structu

configurations

ake the mono

ction off low a

y, it has very

store interna

structure and

used in super

eased lift. G

ed to provide

 

11 

d that 

etition. 

ng the 

e final 

ted. 

ble to 

on that 

ecified 

erform 

g’s in 

ure to 

 were 

o wing 

across 

y high 

lly, so 

d large 

rsonic 

Greatly 

 more 



 

W

S
Co

Its simple

when it c

Despite th

comparab

3.4.2 Fus
 

T

systems 

minimum 

weight. W

 D

in

 S

 B

w

 

 

Weight
Drag
Lift

Stability
omplexity

Total

WFOM

e design make

comes to kee

he lift charact

ble to other op

elage 

he fuselage c

bay, and oth

amount of p

Weight and sto

Double Boom 

nternal volume

ingle Boom –

lended Body

wings are smo

0.2
0.2
0.3

0.15
0.15

1

Weight Valu

es the mono 

eping low dra

teristics of th

ptions. 

contains its ow

her possible 

payloads that

orage capacity

– Two single

e is its greate

– A traditional

y – A flattene

oothly blended

 

Mono
4
4
3
4
5

3.85

ue

Table 2: W

wing ideal fo

ag. Lift was c

e mono wing

wn subsystem

servo areas. 

t we will fit i

y are the prim

e fuselages a

est advantage

, single fusela

ed, airfoil sha

d into the bod

Flying Wing
1
3
4
5
1

2.9

 

Wing-Type De

or this compe

chosen as the

g being lower

m set. They in

The payload

nside of the 

mary concerns

re connected

e. 

age. This is th

aped body. T

dy. Great redu

g Delta Wi
4
1
3
3
3

2.8

Wing Type

ecision Matrix

etition. It outc

e most impor

r than 3 of th

nclude a payl

d area will b

aircraft, whi

s in the select

d together, en

he most conv

The wing and

uced drag and

ing Biplane
1
2
5
5
4

3.45

es

x 

classes the ot

rtant factor in

he other confi

oad area, an 

be strictly de

le maintainin

tion process. 

nabling great 

ventional desig

d fuselage ar

d high lift cha

e Carnard
3
2
4
3
2

2.95

ther configura

n deciding a 

igurations, it 

electronics/c

ependent upo

ng a low stru

storage area

gn. 

re distinct, bu

racteristics. 

 

12 

 

ations 

wing. 

is still 

control 

on the 

uctural 

a. The 

ut the 



 

T

“single bo

storing ca

competitio

concern, a

3.4.3 Tail

 

 T

balancing

must prov

flight. We

relatively 

 C

 T

 Tw

 V

 

Weight
Drag

Durability
Storage Capa

Total

FOM

hree differen

oom” fuselage

apacity of th

on. The doub

and therefore

he tail is lar

 the lift and o

vide stability. 

eight is not a

light. 

Conventional –

-Tail – Rudde

win Tail – Du

V-Tail – Rudde

y
actiy

Wei

t configuratio

e won over th

e blended is

ble boom con

e leaves it with

gely respons

other moment

The tail need

s important h

– Rudder norm

er normal to w

al Rudder, ve

er and vertica

0.4
0.2
0.1
0.3
1

ight Value

Table 3: Fus

ons were exa

e blended bo

s very poor, 

figuration has

h the worst ov

sible for climb

ts generated 

ds to be rigid 

here because

mal to wing, v

wing, vertical s

ertical stabiliz

al stabilizer ble

 

Single Boom
3
4
4
4

3.6

elage Decisio

 

amined during

ody due to the

and that is 

s great storag

verall score.

b rate and p

by the rest of

as to preven

e in comparis

vertical stabili

stabilizer abo

er at bottom b

ended into tw

Double Bo
1
2
3
5

2.6

Fuselage 

on Matrix 

g the selectio

e fact that it h

a large part

ge potential, 

pitch control. 

f the aircraft d

nt any tail-ind

son to the en

izer parallel to

ove rudder. 

between rudd

wo V-configure

oom Blen
Types

on of a poss

has more stor

t of getting h

but the weigh

 Its selectio

during flight. 

uced instabili

ntire aircraft, 

o wing. 

ders. 

ed rudders. 

nded Body
4
5
5
1

3.4  

sible fuselage

rage potentia

high marks i

ht limitations 

on is a functi

Simply put, th

ity of the airc

the tail sect

 

13 

 

e. The 

al. The 

in the 

are a 

ion of 

he tail 

craft in 

tion is 



 

 

O

which are

conventio

 

3.4.4 Pro

 

 T

very impo

thrust sin

significant

 T

fo

 P

w

 T

T

ce

 D

w

 

Weight
Drag

Stability
Control

Complexit
Total

FOM

Of the four con

e very impo

onal tail easily

peller Config

he propulsion

ortant here. Bu

ce there is a

tly increase th

ractor – The 

orward part of

usher – The 

would be more

ractor-Pushe

his design em

enterline, crea

Ducted Fan – T

way of the line

0.1
0.2
0.3
0.2

ty 0.
1

Weight 

nfigurations co

ortant in the 

y outscores th

guration 

n system is es

ut it must be 

a limit to how

he overall we

propeller is 

f the plane. Th

propeller is m

e storage cap

r – There is 

mploys “cent

ating more th

The propeller

 of motion of 

T-T
15
2
35
2
1

3

Value

Table 4: T

onsidered the

above desc

em. 

ssential to pro

kept in mind t

w much curren

ight. 

mounted on 

his is the mos

mounted at th

acity in the fu

both a front 

er-line thrust

rust. 

r is inside of a

the fuselage.

Tail V-Ta
3 4
3 5
3 2
4 2
3 2

3.2 2.9

Tail Decision M

 

e conventiona

cribed missio

oviding the th

that having m

nt can be dra

the nose of t

st convention

he tail of the 

uselage. 

mounted pro

”, enabling th

a cylindrical d

. 

ail Twin Ta
3
3
3
4
3

3.2

Tail Typ

Matrix 

al tail type exh

ons. Compar

hrust to the air

multiple motor

awn from ea

the aircraft. T

al design. 

aircraft. With

peller, as we

he power to 

duct. This mov

ail Conve
3
4

4
4

pes

hibit highest s

red to the o

rcraft. Weight

rs does not ne

ch battery. A

Thrust is prod

h a rear mou

ell as a rear m

be maximize

ves the flow t

 

entional
3
4
5
5
4

4.4  

stability and c

other options

t and efficienc

ecessarily inc

All this would 

duced by the

nted engine, 

mounted prop

ed along the 

rajectory out 

 

14 

control 

s, the 

cy are 

crease 

do is 

 most 

there 

peller. 

plane 

of the 



 

A

a pusher 

multiple m

design is 

3.4.5 Lan

 

 W

durable a

four config

 S

an

w

 B

D

co

 T

to

re

 T

to

th

sm

 

 

Weight/Balance
Efficiency

Complexity
Total

FOM

A tractor propu

because the

motors (tracto

also a plus, a

ding Gear 

When selectin

nd efficient e

gurations wer

ingle Wheel –

nd lightweigh

would also be 

icycle – Two

Distributes the

ould possibly 

ricycle – A s

oward the rea

elatively heav

ail Dragger –

oward the rea

he tail to “dra

maller tail wh

e 0.4
0.4
0.2
1

Weight Valu

T

ulsion system

e tail structur

or-pusher) be

as well as pro

g the landing

enough for tak

re considered

– One wheel

ht; however, it

very unstable

o wheels are

e load throug

be seen as u

ingle wheel is

ar of the aircr

vy compared t

– Two wheels

ar. The front w

g”. This is a 

eel. This may

 

Tractor Pus
5 4
4 4
5 4

4.6 4

ue

Table 5: Prop

 was selected

re does not i

ecause only 

viding the pro

g gear, weigh

ke-off within t

d. 

 located at th

t may not be 

e when landin

e centered a

h the two sh

unstable. 

s located tow

raft on the sa

to other config

s located tow

wheels are on

stable design

y cause some

sher Tractor-P
4 5
4 3
4 2
4 3.6

Eng

pulsion Decisi

 

d for its light w

ntersect the 

a single mot

opeller with cl

ht was the m

the prescribed

he center of g

strong enoug

ng. 

along the lon

afts, making 

ward the nose

ame rotationa

gurations and

ward the nose

n longer shaft

n but the maj

e durability iss

Pusher Ducte

6

gine Configuratio

on Matrix 

weight and ef

propeller are

tor mount is 

lean air for hig

major point of 

d area on the

gravity for the

gh support th

ngitudinal axi

this design v

e of the aircra

al axis. This i

d will induce m

e of the aircr

ts which caus

jority of the lo

sues. 

ed Top-Mounte
2
3
3

2.6

on

ffectiveness. W

ea and the w

required. Th

gh efficiency.

emphasis. B

e runway. Dis

e aircraft. Thi

e entire weig

is of the bo

very stable, t

aft and two w

is a very stab

more drag. 

raft and a sin

se the nose to

oad would be

ed Tractor

 

Weight is less

weight is less

he simplicity 

 

But it also mu

splayed in Ta

is design is s

ht of the airc

dy of the ai

though the la

wheels are lo

ble design bu

ngle wheel lo

o point upwar

e supported b

 

15 

s than 

s than 

in the 

ust be 

able 6, 

simple 

raft. It 

rcraft. 

anding 

ocated 

ut it is 

ocated 

rd and 

by the 



 

 

 

 

T

best stabi

 

 

 

 

 

 

 

 

 

 

 

W

D

D

S

M

E

T

 

he tricycle co

lity character

Figure of Mer

Weight 

Drag 

Durability 

tability 

Manufacturabi

fficiency 

otal 

Ta

onfiguration w

istics and is a

rit 
Weight

Facto

0.30

0.10

0.15

0.10

lity 0.15

0.20

1.00

able 6: Landin

was determin

also very resil

ting 

or 

Sin

Wh

0 4

0 4

5 2

0 1

5 4

0 4

0 3.4

ng Gear Decis

ed to be the 

lient to high im

gle 

eel 
Tri

4 

4 

2 

1 

4 

4 

40 3

sion Matrix 

 optimal land

mpact landing

icycle 
D

3 

4 

5 

5 

3 

3 

3.60 

ding platform 

gs. 

Tail 

Dragger 

3 

3 

4 

3 

3 

2 

2.95 

design. It ha

Bicycle 

2 

3 

4 

3 

2 

1 

2.30 

 

16 

as the 



 

4.0 Prelim

4.1 Intern

 

 T

these mis

arranged.

space and

and weigh

and thrus

the aircraf

 It 

design is 

navigation

attached 

Rocket. 

 

 

 
minary Desig

nal Payload  

he crux of th

ssions is con

 The internal

d weight requ

ht, thus the f

t components

ft weight as d

was determ

centered on

n. The design

to solid polym

gn 

his competitio

ntingent upon

l stores portio

uired to fully h

fuselage is gi

s have quant

determined by

ined to utilize

n securing th

n encompass

mer housings

 

on is to optim

 how efficien

on of the des

house the sto

ven a base v

ifiable marks 

y other param

e a frame de

he internal s

es a carbon 

s which will f

mize the plan

ntly the intern

sign is the fir

ores is what w

volume to cov

to meet. The

meters. 

esign for the 

stores and pr

fiber frame w

fully encase a

ne around its 

nal and exte

rst step in siz

will allow the 

ver, With this

e landing gea

fuselage in 

roviding a lig

with lightweig

a section of t

missions. Th

rnal stores a

zing the aircr

aircraft to be

s parameter d

ar can then be

order to min

ghtweight hu

ht wood walls

the diameter 

he performan

are configured

raft. Minimizin

e optimized fo

determined, t

e designed a

nimize weight

ll for stable 

s. These wal

of each Min

 

17 

nce in 

d and 

ng the 

or size 

the lift 

round 

t. The 

aero-

ls are 

i Max 



 

4.2 Wing 

4.2.1 Airf

 

 T

character

time cons

radical ne

airfoils to 

(Cl vs. Cd)

 A

wing sho

relatively 

speed ran

the value 

imperative

massive a

maximum

cruise vel

reducing 

subseque

  

 

 

 

 

 

 

 

 

 
Design 

foil Selection

he process 

istics that wo

straints, it wa

ew airfoil desi

analyze. The

), lift curves (C

As required in 

uld have hig

easy to man

nge of the airc

at to compa

e to increasin

amount of dr

m aerodynamic

ocities. An ai

the empty 

ently one is ch

n 

for wing d

ould best fit t

s decided to 

gns would be

e airfoils were

Cl vs. α), and 

this year’s co

h lift at low 

ufacture. Fro

craft and the 

re airfoil char

ng the speed 

ag in the thir

c efficiency o

rfoil that is re

weight of th

hosen for the 

design began

this year’s co

implement a

e developed. 

e analyzed in 

moment coe

ompetition rul

Reynolds nu

m estimates 

geometry of 

racteristics at

of the aircraf

rd mission ca

of an airfoil oc

elatively easy 

he aircraft. I

main wing of 

n with anal

ompetition req

a pre-existing 

Research pro

a 2D panel m

efficients were

les; the short 

umbers, low 

of the weigh

the aircraft a 

t. Low drag w

ft as well as 

arrying the ex

ccurs when it

to manufactu

n the follow

the aircraft.

lyzing airfoil 

quirements. F

airfoil design

ovided a basi

method solver

e compared fo

take off and 

drag at cruis

t of the aircra

Reynolds nu

while at a cru

reducing the 

xternal stores

t is at its des

ure is importa

wing plots, s

sections a

From advice 

n on this yea

is for choosin

r, XFOIL, whe

or each respe

high payload

sing state an

aft with paylo

umber of 200,

uising state o

overall drag,

s. This is also

ign lift coeffic

ant in simplify

six airfoils ar

and exploring

from advising

ar’s plane; thu

ng the fundam

ere the drag p

ective airfoil.

d weights, the

nd should als

oads, an estim

,000 was cho

r at a low alp

, as there wil

o important a

cient and exp

ying the desig

re compared

 

18 

g the 

g and 

us, no 

mental 

polars 

e main 

so be 

mated 

ose as 

pha is 

l be a 

as the 

pected 

n and 

d and 



 

 

 A

the airfoils

angle of a

and Epple

viable can

‐1

‐0.5

0

0.5

1

1.5

2

2.5

C
o
ef
fi
ci
e
n
t 
o
f 
Li
ft
 (
 C

l
)

 

Figure 7 – Co

All of the airfo

s are grouped

attack. Above

er 422 is abo

ndidates for th

1

5

0

5

1

5

2

5

‐10

oefficient of L

ils that were 

d tightly toget

 it can be see

ove average 

he main wing 

‐5

Coeff

ift versus Alp

considered a

ther resemblin

en that S1223

while below 

of the aircraf

0

Alpha ( d

ficient o

ha for airfoils 

are high lift, a

ng the same 

3 has a very h

S1223. From

ft. 

5

degrees )

f Lift ver

under consid

and as shown

characteristic

high coefficie

m figure 7 alo

10

rsus Alp

deration for m

n in figure 7 a

cs in the coef

ent of lift comp

one Eppler 42

15

pha

main wing. 

all expect of t

fficient of lift v

pared to the o

22 and S122

Eppler 4

DEA 51

FX 60‐1

NACA 4

S1223

SD 7062

 

19 

 

two of 

versus 

others 

23 are 

422

26

4412

2



 

F

 S

attack for 

desirable 

performin

worse tha

Eppler 42

 

 

‐0

‐0.2

‐0

‐0.1

‐0

‐0.0

M
o
m
e
n
t 
C
o
ef
fi
ci
e
n
t 
( 
C
m
)

 

igure 8 – Mom

hown in figur

each airfoil. 

moment coe

g tin the coef

an the Eppler 

2 is the optim

0.3

25

0.2

15

0.1

05

0

‐10

ment Coefficie

re 8 are the m

A negative m

efficient is a

fficient of lift 

422 while the

mal chose for 

‐5

Mome

ent versus Al

moment coeff

moment coeffi

as close to z

versus alpha

e Eppler is gr

the main wing

0

Alpha ( d

ent Coeff

pha for airfoil

ficients of the

cient acts to 

zero as poss

 are the two 

rouped togeth

g of the aircra

5

degrees )

ficient v

s under cons

e airfoils unde

pitch the airc

sible. The tw

worst in this 

her with the o

aft. 

10

versus Al

sideration for m

er consideratio

craft in a nose

wo airfoils th

category; wit

other airfoils. 

15

lpha

main wing. 

on versus an

e down direct

hat were the

th S1223 bei

This suggest

Eppler 4

DEA 51

FX 60‐1

NACA 4

S1223

SD 7062

 

20 

 

ngle of 

tion, a 

e best 

ng far 

ts that 

422

26

4412

2



 

 F

the aircraf

the coeffic

aircraft is 

this categ

paired wit

 T

has a hig

aircraft a

aerodyna

422 airfoil

 

‐1

‐0.5

0

0.5

1

1.5

2

2.5

C
o
ef
fi
ci
e
n
t 
o
f 
Li
ft
 (
 C

l
)

 

Figu

igure 9 displa

ft that the tea

cient of drag a

in low angle 

gory as well w

th the results 

he chosen ai

gh maximum 

nd a drag p

mic character

l is shown in f

1

5

0

5

1

5

2

5

0 0.02

ure 9 – Drag P

ays the drag 

am is designin

and is import

situations suc

while the Epp

of the other p

rfoil to be imp

lift while pro

polar that wi

ristics of the 

figure 10. 

 

2 0.04

C

Polars for airf

polars for the

ng. Drag pola

ant in choosin

ch as cruise. 

pler 422 exhi

plots.  

plemented on

ducing a mo

ill reduce the

Eppler 422 a

0.06 0.0

Coefficient o

Dra

foils under co

e airfoils teste

rs show the r

ng an airfoil th

The plot show

ibits quantitie

 the main win

ment coeffici

e drag on t

irfoil are disp

08 0.1

f Drag ( Cd )

ag Polars

nsideration fo

ed and analyz

relationship be

hat will exhib

ws that the S

es that are su

ng of the aircr

ient that can 

the aircraft w

layed in Tabl

0.12 0.1

s

or main wing.

zed for use in

etween the co

it a low drag 

S1223 is less t

uitable for the

raft is the Epp

be balanced

while in a c

le7 and the p

14 0.16

 

n the main w

oefficient of li

condition whi

than satisfact

e main wing 

pler 422. The 

d by the tail o

ruising state

profile of the E

Eppler 4

DEA 51

FX 60‐1

NACA 4

S1223

SD 7062

 

21 

 

wing of 

ift and 

ile the 

tory in 

when 

airfoil 

of the 

. The 

Eppler 

422

26

4412

2



 

 

 

 

 

 

4.2.2 Win

 

 In

the produ

aircraft. F

determine

was repe

used thro

loading co

20 ounces

area for th

 A

standard 

the length

 

ng Geometry 

n order to per

uct specificatio

From this init

e if the sizing

ated until sui

ughout the si

ondition in mi

s per foot sq

he estimated 

After the wing

in almost all a

h of the wing w

Tab

form an initia

ons section a

tial value of 

 was adequa

itable dimens

izing process

ission three w

uared. Equat

weight. 

S

 area was d

aircrafts that h

was determin

b ൌ √

An

ble 7 Eppler 4

Figure 10 –

l sizing of the

and a wing lo

the wing are

ate for the es

sions were re

s. With an ass

which would c

tion 8 shown 

S ൌ 	
୛ୣ୧୥୦୲ఽ౟౨ౙ౨
୛୧୬୥ై౥౗ౚ౟

etermined th

have the des

ed from equa

√AR ∗ S 

Max C

Stall Angle

Max Cl/

Cl at Max 

ngle at Max  C

442 air foil Ch

– Eppler 422 

e main wing o

oading value 

ea, span and

timated minim

eached. Basic

sumed loaded

consist of five

below used t

౨౗౜౪

౤ౝ
  

e aspect rati

ired characte

ation 9 shown

Cl 

e (deg) 

/Cd 

 Cl/Cd 

Cl/Cd  (deg) 

haracteristics

Profile 

of the aircraft 

to fit the des

d chord an 

mum stall spe

c fundamenta

d weight of s

e rockets in to

these values 

(8) 

o was chose

eristics that we

n below. 

 (9)

1.8159

15 

60.0429

1.2609

5.5 

the total weig

sired flight ch

iterative proc

eed of the air

al aerodynam

seven pounds

otal and a win

to determine

en in the ran

e seek. The s

) 

ght as estima

aracteristics 

cess was us

rcraft, this pro

mic equations

s from the he

ng loading va

e the required

ge of 6 to 8 

span of the w

 

22 

 

ated in 

of the 

sed to 

ocess 

 were 

aviest 

alue of 

d wing 

as is 

wing or 



 

 T

the wing s

 T

required l

selected a

 F

 

 

 

 

 
he chord leng

span determin

he required v

ift force of 31

airfoil above, 

rom the abov

 

gth was then

ned above. 

c ൌ
ୗ

ୠ

velocity of the 

.138 Newtons

and the dens

ܸ ൌ	

ve equations t

Tab

A

Mini

n calculated u

  

aircraft was t

s, the wing ar

ity of air at st

ට
ଶ௅

ఘௌ஼೗
 

the wing sizin

ble 9 - Wing S

Wing Area ( 

Span ( b )

Chord ( c 

Aspect Ratio ( 

imum Takeoff

using equatio

then calculate

rea determine

andard press

ng and charac

 

Sizing and Ch

 

 

 

 

 

 

 

 

S ) 

) 

) 

AR ) 

f Speed 

n 10 shown 

 (10

ed using equa

ed above, the

sure. 

 (11

cteristics are s

haracteristics

806.4 in2

77.77 in

10.37 in

7.5 

21.387 mp

below using 

0) 

ation 11 show

e max coefficie

) 

shown in tabl

2 

ph 

the wing are

wn below usin

ent of lift of th

e 9 below. 

 

23 

a and 

ng a 

he 



 

4.3 Tail D

4.3.1 Airf

 

 T

the raw a

aircraft in 

consist of

geometry 

section an

The horiz

by the ma

analyzed 

planes. Th

aircraft a

examined

 
Design 

foil Selection

he main purp

and roll of the

all flying con

f an airfoil se

of the aircraf

nd the horizo

ontal section 

ain wing. Man

for the tail s

he selection c

nd have an 

d to find the id

n 

pose of the ta

e aircraft. It is

ditions. Simil

election and t

ft as a whole.

ontal section w

is usually ori

ny symmetric 

section; the 

criteria was th

adequate siz

deal candidate

ail section is t

s also necess

ar to the proc

the geometry

. Through res

will provide a

ented at a sm

airfoils have 

airfoils that w

hat the airfoil 

ze for ease 

e. 

to provide the

sary to desig

cedure in the 

y of the tail s

search it was 

adequate stab

mall incidence

similar chara

were analyze

produce min

of fabricatio

e aircraft a m

n the tail to p

main wing de

section with r

found that a 

bility for the c

e angle to offs

acteristics so 

ed are comm

nimal drag wh

on. For this a

means of cont

provide stabi

esign the tail 

respect to the

symmetric ai

cruise conditi

set the pitchin

a select num

monly used o

hile being able

analysis the 

trol with resp

lity and trim t

section desig

e size, weigh

rfoil for the ve

ons of the ai

ng moment ca

ber of airfoils

on aircraft an

e to still contr

drag polars 

 

24 

pect to 

to the 

gn will 

ht and 

ertical 

rcraft. 

aused 

s were 

nd RC 

rol the 

were 



 

  

but NACA

slightly hi

airfoil. Fig

 

‐0.8

‐0.6

‐0.4

‐0.2

0

0.2

0.4

0.6

0.8

C
o
ef
fi
ci
e
n
t 
o
f 
Li
ft
 (
 C

l
)

 

Figure

As sho

A 0008 was c

gher percenta

gure 12 below

8

6

4

2

0

2

4

6

8

0

e 11 - Drag Po

own in figure 

chosen becau

age of thickn

w gives an out

F

0.05

C

Dra

olars for airfo

11 the drag 

use of the slig

ess relative t

tline of the NA

Figure 12 - NA

0.

Coefficient o

ag Polars

ils under cons

polars for the

ght reduction

to the chord w

ACA 0008 airf

ACA 0008 air

1

of Drag ( Cd )

s for Tai

sideration for

e analyzed ai

n in drag at h

will result in a

foil. 

rfoil profile 

0.15

l Airfoils

r the tail sectio

irfoils are ver

igher coeffici

an easier ma

0.2

s

on 

ry similar in n

ents of lift an

anufacturing o

S1010H

GOE 44

NACA 0

 

25 

 

ature, 

nd the 

of that 

 

HPV

4

0008



 

4.3.2 Tail 

 

 T

vertical an

 W

wing area

research f

and 0.7 fo

table 10 b

aircrafts a

to this on

1.3 and 2 

 

 

 

 

 

 

 

 
Geometry 

he sizing of 

nd horizontal 

Where cxT is th

a, and LXT is 

from exiting d

or the vertical

below. Accord

and may there

e, the desired

for the vertic

the tail sect

tail were calc

V
VT

c
S 

H
HT

c
S 

he tail volume

the effective

data on tails o

l and horizon

ding to Raym

efore be dete

d tail aspect 

al stabilizer. 

T

Vertical Sp

Vertical Cho

Horizontal S

Horizontal Ch

Moment Ar

ion was used

culated with e

VT

WWVT

L

Sb 

HT

WWHT

L

SC 

e coefficient, b

e moment ar

of aircrafts sim

tal stabilizers

mer, the tail a

ermined base

ratios are be

Table 10 - Ta

an 

ord 

pan 

hord 

rm 

d from calcu

quations 13 a

 

 

bW is the wing

m. The tail v

milar to the pr

s respectively

spect ratio sh

ed on historica

etween 3 and

ail Section Dim

 

 

 

ulation form R

and 14 respec

gspan, CW is 

volume coeffi

roportions of 

y. The geome

hows little va

al data. For a

 5 for the ho

mensions 

10.239 inc

7.9 inch

23.76 inc

7.9 inch

31.107 inc

Raymer. The

ctively 

(12) 

(13) 

the wing mea

icients were 

ours and wer

etry of the tail 

ariation throug

aircrafts with 

rizontal stabi

ches 

hes 

ches 

hes 

ches 

 tail areas fo

an chord, SW

estimated th

re found to be

section is giv

gh a wide ran

similar propo

lizer, and bet

 

26 

or the 

is the 

rough 

e 0.04 

ven in 

nge of 

ortions 

tween 



 

4.3.3 Con

 

T

horizontal

maneuver

should be

of. Similar

respective

our aircra

 

 

 

 

 

 

 

 
ntrol Surface

he control su

l stabilizer a

rability of the

e at least appr

rly the span o

e control surfa

ft. 

Ele

Ele

Rud

Rud

Aile

Aile

e Design 

urfaces which

and the ailer

e aircraft whi

roximately 20

of the control 

ace is on. Ta

Table 1

evator Span 

evator Chord 

dder Span 

dder Chord 

eron Span 

eron Chord 

h consist of t

ons on the 

le in flight. A

0 percent of th

surface shou

ble 11 below

11 - Control S

the rudder on

main wing a

According to 

he chord of th

uld be at least

 gives the mi

Surface Minim

n the vertical

are used in 

Raymer the 

he airfoil that t

t 40 percent o

nimum dimen

mum Dimensio

>9.5  inch

>1.575  i

>4.1 inch

>1.575  i

>31.108 

>2.075 in

l stabilizer, th

the control,

ailerons, rud

that the contr

of the span of

nsions of the 

ons 

hes 

nches 

hes 

nches 

inches 

nches 

he elevator o

 stability an

dder, and ele

rol surface is 

f the airfoil th

control surfa

 

27 

on the 

d the 

evator 

a part 

at the 

ce for 

 



 

4.4 Propu

 

 T

the allotte

the altitud

of motors

provide fo

in determ

of possibl

each of th

analyzed 

restrictive

amperes, 

area, give

for lift in th

Figure 13

successfu

0

10

20

30

40

50

60

70

80

90

100

St
at
ic
 T
h
ru
st
 (
o
z)

 
ulsion System

he propulsion

ed runway spa

de is approxim

s, propellers, 

or a maximum

ining whether

le motors, pro

hese, until tre

one by one

e parameters 

and must ge

en a seven po

his short-take

3 shows a re

ully completin

0

m 

n system for t

ace. It must b

mately 2500 ft

and batteries

m of 20 Amps

r it provides a

opellers, and

ends were fo

e. The follow

(Thrust and

enerate at lea

ound aircraft a

e-off competiti

presentation 

g a take-off w

10

this aircraft m

be considered

t. The propuls

s that were c

. The effect o

adequate stat

 batteries. Th

ound, and pa

wing graph s

d Amperage)

ast 40 ounce

and given the

ion.  

of the tested

within the conf

20

Combi

must be capab

d that the sho

sion system w

considered w

on RAC due t

tic thrust. The

he procedure

rameters cou

shows the ge

). The propu

s of force in 

e lifting capab

d array of co

fines of the co

30
Amps to Mo

inations 

ble of lifting s

ort take-off wil

was designed

were selected

to the Motor w

e analysis wa

e was to anal

uld be optimi

eneral relatio

ulsion system

order to succ

bilities of the w

ombinations. 

ompetition ru

4
otor (A)

 Possible

seven pounds

ll be done in T

d as a function

d first for stat

weight must a

as done by co

lyze numerou

zed. These c

onship betwe

m must pull 

cessfully take

wing which h

Some of whi

les.

40

e

s into the air 

Tuscon, Az, w

n the combina

tic thrust that

also be consi

onsidering an 

us combinatio

combinations

een our two 

no more tha

e off in the ru

has been optim

ich are capa

50

 

28 

within 

where 

ations 

t they 

dered 

 array 

ons of 

 were 

most 

an 20 

unway 

mized 

 

ble of 

 

60



 

 O

was trunc

lift the air

propellers

drawing n

Figure 14

successfu

4.4.1 Com

  
  T
chosen b
understan
many co
satisfacto
chosen th
friendly d
receiver in
to our airc
channel w

 

1

2

3

4

5

6

St
at
ic
 T
h
ru
st
 (
o
z)

 
Once a consis

cated to show

rcraft within t

s, motors, an

no more than 

4 is a truncat

ully lift the pla

mmunication

 
he commu

based upon 
nding that for
ompeting m
ry service to
he Spektrum 
igital screen,
n the event t
craft. Althoug

will suffice for 

0

0

0

0

40

0

60

18.8

stent relations

w all combinat

the given sp

nd batteries w

20 amps of c

ted version o

ne within the 

n System   

nications/Con
the preferen
r the purpose

models that 
o our commu

DX-7 2.4 G
 and we cho
hat we decid

gh we only ne
projects in th

 

19 19

ship was foun

tions that wer

ace. The po

which are ca

urrent. 

of the previou

rules of the c

 

ntrols elect
ce of our te

e of this aircr
would pro

unication nee
Hz transmitte
ose a spektru
ed to add co
eed four chan
e future.  

9.2 19.

A

Combi

nd between a

re suited to g

ints on the g

apable of pro

us figure. Th

competition. 

ronics were
est pilot, with
raft, there are
vide equally

eds. We have
er for its use
um 6-channe
ntrol surfaces
nnels, the six

.4 19.6

Amps to motor

inations

amperage inp

enerate the t

graph below 

oviding at lea

is shows onl

e 
h 
e 
y 
e 

er 
el 
s 

x-

6 19.8

r (A)

 Capable

put and thrust

thrust necess

represent th

ast 40 ounce

ly the combin

20

e

t output, the 

ary to succes

e combinatio

es of thrust, 

nations that w

Figu

20.2

 

29 

graph 

ssfully 

ons of 

while 

would 

ure 15 



 

5.0 Detail

 

With the 

aircraft int

Figure 16

 
led Design 

preliminary d

to a final proto

design comp

otype for con

pleted, the gr

struction.  

roup began w

 

 

 

 

 

 

 

 

 

 

 

 

work on integrating the ssubsystems o

 

30 

of the 



 

5.1 Dimen
 

 

Ve

Ve

Ho

Hor

M

R

T

St

 

nsional Para

Fu

Length (cm

Width (cm)

Height (cm)

Tai

ertical Span (

ertical Chord 

rizontal Span

rizontal Chord

Moment Arm (

W

Airfoil 

Span  (cm) 

oot Chord (cm

Tip Chord (cm

Area  (cm2) 

Aspect Ratio

tall Angle (de

ameters 

uselage 

) 

) 

) 

l Section 

(cm) 

(cm) 

 (cm) 

d (cm) 

cm) 

Wing 

m) 

m) 

o  

eg) 

106.67

20.32 

15.24 

25.0 

19.62 

61.0 

19.62 

79.01 

Eppler 422 

197.54 

26.34 

26.34 

5202.57 

7.5 

15.0 

 

 

 

 

 

C

Elevator Sp

Elevator Cho

Rudder Spa

Rudder Cho

Aileron Spa

Aileron Cho

Ov

Length 

Width (

Height 

 

ontrol Surfac

an (cm) 

ord (cm) 

an (cm) 

ord (cm) 

an (cm) 

ord (cm) 

verall Aircraft 

(cm) 

(cm) 

(cm) 

e  

61.0

4.0

25.0

4.0

52.0

4.5

Size 

158.5

198.1

59.99

 

31 

0 

0 

0 

0 

0 

5 

55 

2 

9 



 

5.2 Estim

          
Once the

aircraft wa

overall ex

 

At the cu

product of

 

5.3 Struc

   
The “Join

both inter

will be ad

and trans

The way o

the intern

well as th

mounted 

main wing

upper por

wing and

stores.   

attachmen

stores to 

The carb

direction 

between t

 Figures 1

 
mated RAC of

 final design

as possible th

xterior dimens

rrent weight 

f the team’s w

tural Charac

t Strike Fight

nal and exter

dded and rem

slates to a ne

our team cho

al assembly a

he wing atta

to a basswoo

g and carbon

rtion of the fus

 also creates

  A similar te

nt design, co

the wing wit

bon composi

of flight an

the main and 

17 and 18 are

f Final Desig

 was comple

hrough the us

sions of the pl

ܴ

and size, thi

written report 

cteristics  

ter” mission r

rnal loads dur

moved as dict

eed for high s

se to tackle t

as part of the

achment poin

od plate that w

n composite f

selage to be 

s a firm mou

echnique is e

ombining the 

th an added 

te attachme

d also prov

secondary sp

e to the right, 

n  

etely modeled

se of Pro Eng

ane, can be u

ܥܣܴ ൌ
ඥݐ݌݉ܧ

ݎ݋ݐܿܽܨ	݁ݖ݅ܵ

s aircraft des

score and tot

requires a pla

ring flight mis

tated by the 

structural rigid

his issue was

e actual fusela

nt.  The inter

will be sandw

uselage fram

reinforced by

unting platfor

employed for 

ability to ad

structural co

nt bars are 

vide a point 

par on the ma

illustrating the

d, determinin

gineer’s analy

used to predic

ݐ݄ܹ݃݅݁	ݕݐ ∗ ܵ
10

ݎ ൌ ܺ௠௔௫ ൅ 2

sign will yield

tal flight score

ane that can 

ssions, these 

individual mis

dity at flight s

s through des

age construct

rnal stores w

wiched betwee

me.  This allow

y the strength 

rm for the in

the external 

dd a wide arr

omponent as

slim line in

of reinforce

ain wing. 

e internal and

ng an estimat

ysis system.  

ct the “Rated 

ݎ݋ݐܿܽܨ	݁ݖ݅
 

∗ ௠ܻ௔௫ 

d an RAC of 

e.  

house 

stores 

ssions 

speed.  

signing 

tion as 

will be 

en the 

ws the 

of the 

nternal 

 store 

ray of 

s well.  

n the 

ement 

d external (res

te for the em

This weight, 

Aircraft Cost

0.483, effec

spectively) sto

mpty weight o

combined wi

t” of the aircra

tively doublin

ores attachm

 

32 

of the 

th the 

aft. 

ng the 

ents. 



 

 

5.4 Subsy

5.4.1 Win

 

As previo

Small L-

reinforcem

Sandwich

composite

flat bassw

the wing 

fuselage c

 

 

 

 

 

ystem Desig

ng Mounting 

ously discusse

brackets an

ment strips o

hed between 

e frame.  The

wood plate yie

to contact th

contact points

F

n and Integr

 

ed, the one-p

d associated

on the top of 

the two is 

e carbon mou

elds a large s

he fuselage.  

s over a sizea

Figure 19 sho

ration

piece wing a

d hardware 

the fuselage

a basswood

nting strips p

surface area 

This orienta

able surface a

ws how the ri

 

ttaches to th

will connec

e frame to th

 plate that i

rovide a solid

for the flatten

ation spreads 

area minimizin

ibs are spars 

he upper port

ct the two 

he main and 

is permanen

d point for the

ned portion o

 the reaction

ng their overa

mount to the

tion of the co

horizontal c

 secondary s

tly mounted 

e L-brackets t

f the undersid

n forces betw

all magnitude

e fuselage. 

omposite fuse

carbon comp

spars of the 

to the fuse

to attach, whi

de of the cen

ween the wing

. 

 

 

 

 

 

 

 

 

 

 

33 

elage. 

posite 

wing.   

lage’s 

ile the 

nter of 

g and 



 

 

 

 

 

 

 

 

 

5.4.2 Tail 

 

In designi

The tail’s 

performed

section.  B

the tail se

through th

 

Figure 2

Mounting 

ng an attachm

general purp

d adequately 

By employing

ection, this tw

his tail tube’s 

0 shows the w

ment method 

pose lies in th

it is importa

g a carbon fib

wisting motion

center. 

wing attachm

for the tail, th

e stabilization

ant to elimina

er tube as th

n can be lim

 

ent from the u

 

he team objec

n of overall fli

ate any unne

e connection 

ited greatly b

underside of 

ctive was to c

ight character

ecessary flex 

point betwee

by running th

the fuselage 

combine simp

ristics, to ens

between the

en the main fu

he horizontal 

roof. 

plicity with stre

sure this funct

e fuselage an

uselage fram

and vertical 

 

34 

ength.  

tion is 

nd tail 

e and 

spars 



 

F

With both

axial mov

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21 sho

the tail conne

ement during

ows how the t

ection tube a

g flight should 

tail is connect

nd tail-section

be minimal.

ted through th

n spars being

he spars of th

g composed o

he rudder and

of carbon fibe

 

d elevator. 

r, the amount

 

35 

t of 



 

5.4.3 Inte

 

One of th

internally 

tolerances

maximum

consider t

and mane

which pre

ensure a 

prove a s

catastroph

Figures 22

 

          The

diameter 

around a 

area whic

basswood

comparab

 

 
ernal Store C

he greatest c

within the fu

s that restrict 

m amount of i

the amount o

euverability of

evious team’s 

safe and sta

sacrifice in si

hic failure.  

2 and 23 sho

e internal stor

of one inch, 

large portion

ch prevents 

d plate acting 

bly large footp

onfiguration

hallenges of 

selage during

the possible 

nternal stores

of space requ

f the aircraft. 

crash, due to

ble aircraft by

ngle mission

w the interna

res are held in

matching the

n of its circum

any moveme

as the ceiling

print provided

 

n and Mounti

the 2013 de

g flight.  The

methods of a

s carried will 

ired for such 

 After observ

o poor flight c

y carrying on

 scoring, it s

l stores moun

n place inside

e external dia

mference whil

ent during fli

g of the fusela

by the 1 ¼” o

ng   

sign competi

e rules dictate

attachment w

achieve a hi

capacities an

ving footage 

conditions or o

ly the minima

should ensure

nt without and

e the fuselage

ameter of the

le also sprea

ght.  The ot

age, yielding 

outer diamete

ition is carryi

e specific orie

ithin the fuse

igher score in

nd how that a

of past comp

overloading, 

al amount of 

e the comple

d with rockets

e by four thin

e “MiniMax” r

ading the con

ther end of t

a  very stable

er plastic tubin

ng the large 

entations, as

lage’s interior

n competition

added size wi

petitions and 

the team coll

internal store

etion of the c

s inside respe

-wall plastic t

rocket.  This 

tact patch ov

the tubes ar

e attachment 

ng.    

“MiniMax” ro

s well as pos

r space.  Whi

n, it is import

ill affect the w

the frequency

ectively decid

es.  While this

competition w

 

 

 

 

 

 

ectively. 

tubes with an

clamps the r

ver a large su

re attached t

point thanks 

 

36 

ockets 

itional 

ile the 

ant to 

weight 

y with 

ded to 

s may 

without 

 inner 

rocket 

urface 

to the 

to the 



 

5.5 Weigh

 

Upon com

2.334 kg (

factors, ho

5.5.1 Cen

 

Througho

in both ho

wingtip, a

position o

The CG p

provides e

and miss

prescribed

slightly off

 
ht and Balan

mpletion of mo

(5.14 lbs).  Th

owever more 

nter of Gravit

out the three m

orizontal and v

nd sits firmly 

of the C.G. is a

position for m

equal weight 

ion two.  W

d at competit

f center. 

nce 

odeling our fin

his is within th

mass efficien

ty        

mission profile

vertical refere

under the win

also within 1 m

Figure 24 sho

missions two a

balance for e

hile this may

ion, it is know

nal design, an

he proposed b

ncy is hoped t

e, the current 

ence frames.  

ng’s seconda

mm of the pro

U

ows a weight 

and three are

each side of th

y not always 

wn that an un

n estimate of 

boundaries th

to be achieve

aircraft desig

The C.G. is w

ry spar near t

opeller’s cent

nits – (cm) 

and balance 

e shown below

he wing yieldi

be the case

even arrange

total empty w

he team set o

ed during fabr

gn provides a 

within 1mm o

the center of 

ter during all t

diagram for m

w, the orienta

ng an identic

e, depending

ement of rock

weight was de

ut with prelim

rication.  

 well-balance

of centerline fr

the fuselage.

three mission

mission 1 

ation of exter

cal CG locatio

g on the exte

kets will result

etermined to b

minary design 

ed center of g

rom wingtip to

  The vertical

n scenarios. 

rnal rockets s

on for mission

ernal arrange

t in the CG m

 

37 

be 

ravity 

o 

l 

shown 

 three 

ement 

moving 



 

Figure 24

 

 

 

 

 

 

 

 

 

 

 

 

 

 

shows a weight and balannce diagram ffor missions 22 and 3 

 

38 

 



DOCUMENT TITLE

REPORT TITLE

SCALE

NOTE:
ALL DIMENSIONS 
IN CENTIMETERS

FAMU FSU COLLEGE OF ENGINEERING
CESSNA-RAYTHEON-AIAA DESIGN/BUILD/FLY 2013

DRAWING PACKAGE
SIZE

B
SHEET NUMBER

DATE APPROVED

DRAWN BY

TEAM NAME

PEGASUS 02/19/2013

61

15.62
4

26.69

12.27

5.4

13.6552

27.35

15.01

38.75

198.12

26.36

25

4
15.62

5.08
45.72

25.4

158.55

19.75

15.24

44.79

Three View

Lee Becker 0.07 1 of 4

Primary Componants
A
B
C

D
E
F

G
H
I

Tail Section

Main Landing Gear

External Store Mount

Main Wing Nose Gear

Fuselage/Tail Connector

Propulsions System

Fuselage

Battery Compartment

A

B

H

C
D

E

F

G

I

0.090SCALE  



DOCUMENT TITLE

REPORT TITLE

SCALE

NOTE:
ALL DIMENSIONS 
IN CENTIMETERS

FAMU FSU COLLEGE OF ENGINEERING
CESSNA-RAYTHEON-AIAA DESIGN/BUILD/FLY 2013

DRAWING PACKAGE
SIZE

B
DATE APPROVED

SHEET NUMBERDRAWN BY 

TEAM NAME

PEGASUS 02/19/2013

0.100

Propeller Chuck
Propeller
Electric Motor
Motor Mount
Battery Pack (Servo)
Battery Pack (Motor)
20 Amp Fuse Holder
External Store Att.
HiFlyer Rocket
DerRedMax Rocket
Aileron
Aileron Servo

1
2
3
4
5
6
7
8
9
10
11
12

14
15
16
17
18
19
20
21
22
23
24
25

Secondary Spar
Primary Spar
Rib - Wing End
Rib - Regular
Rib - Aileron
Rib - Fuselage
Fuselage Top
Internal Store Att.
MiniMax Rocket
Tail Tube
Fuselage 
Elevator
 

NAME MATERIAL QTY.
Aluminum
Plastic
n/a
Carbon Composite
n/a
n/a
n/a
Carbon Composite
n/a
n/a
Balsa
n/a

NAME MATERIAL QTY.
1
1
1
1
1
1
1
4
2
2
2
2

Carbon Composite
Carbon Composite
Balsa
Balsa
Balsa
Balsa
Basswood
Plastic
n/a
Carbon Fiber
Carbon Composite
Balsa

1
1
2
12
14
4
1
4
4
1
1
1
 

26
27
28
29
30
31
32
33
 

Rudder
Secondary Tail Spar
Primary Tail Spar
Rib - Tail
Elevator Servo
Rudder Servo
Rib - Servo (Wing) 
Rib - Servo (Tail)

MATERIAL QTY.NAME

Balsa
Carbon Composite
Carbon Composite
Balsa
n/a
n/a
Balsa
Balsa

1
1
1
12
2
1
2
3

STRUCTURAL ARRANGEMENT 

WILL WATTS 2 of 4

# #

#

1 2

3

4

5
6

7

8

9

10

11
1415

12

16

17 18

19 20

21

22

23

12 11

24

25

26

27

28

29

30

31

33

32



DOCUMENT TITLE

REPORT TITLE

SCALE

NOTE:
ALL DIMENSIONS 
IN CENTIMETERS

FAMU FSU COLLEGE OF ENGINEERING
CESSNA-RAYTHEON-AIAA DESIGN/BUILD/FLY 2013

DRAWING PACKAGE
SIZE

B
DATE APPROVED

SHEET NUMBERDRAWN BY 

TEAM NAME

PEGASUS 02/19/2013

20.32

45.72

3.18

13.49
8.41

18.57
22.41

8.26 10.16
0.32

12.3

0.400
 

Internal Store Configuration

ITEM

1

2

3

MiniMax Rocket

Attachment Tube

Upper Fuselage 

WILL WATTS 3 of 4

0.400SCALE  

1

2

3

0.300SCALE  



DOCUMENT TITLE

REPORT TITLE

SCALE

NOTE:
ALL DIMENSIONS 
IN CENTIMETERS

FAMU FSU COLLEGE OF ENGINEERING
CESSNA-RAYTHEON-AIAA DESIGN/BUILD/FLY 2013

DRAWING PACKAGE
SIZE

B
SHEET NUMBER

DATE APPROVED

DRAWN BY

TEAM NAME

PEGASUS 02/19/2013

1.27 TYP
0.64

6.356.03

8.26

6.15

1.31.02

3.39
0.32

0.83
1.15

2.57

66.9°

1.27

0.32

1.27

1
2
3
4

External Store Bracket
Main Spar
Secondary Spar
Alerion Servo

Item

External Store 
Attachment Method

0.75Lee Becker 4 of 4

0.100SCALE  

SEE DETAIL  A

0.300SCALE  
ADETAIL  

1

1

3

2

4



 

6.0 Manu

6.1 Mater

 

T

goals that

Young’s m

materials 

materials 

low weigh

character

6.2 Fusel
 
 T

internal st

keeping 

Figures 25

6.3 Wing 

 

 T

sheets. Th

forward sp

that is do

while trun

ailerons. A

 
facturing Pla

rials Selected

he primary g

t are outlined

modulus, whi

that could be

are the optim

ht. It has als

istics, but is s

age 

he fuselage i

tores to have

the weight 

5 and 26 sho

he main wing

he spars wer

par was made

ouble the heig

ncating some

After all of th

an and Proce

d 

goal in mater

. For optimal 

le maintainin

e manufactur

mal choices to

so proven eff

stronger. 

s made of a c

e an attachme

low. The fu

w the basic fr

g was compos

re hand cut fr

e by epoxying

ght of the oth

e ribs to lie o

he ribs were c

esses 

rials selection

performance

ng relatively lo

red easily, du

o complete th

fective for pa

carbon fiber f

ent point. Th

uselage will 

rame for the f

sed of two pr

om a longer s

g two carbon 

her. The wing

over top the 

cut with hole

n is to minim

e, it has been 

ow weight pr

ue to limited r

e job. Balsa w

ast competiti

frame, topped

e frame will b

be accessib

fuselage, des

incipal mater

square profile

fiber tubes to

gs were cons

fuselage, an

s to reduce w

mize cost and

decided to s

roperties. It w

resources. C

wood is a prim

ons. Carbon 

d off by a she

be covered w

ble from the

igned primari

rials. The wing

e .25 inch by 

ogether in ord

structed by c

nd truncating 

weight and to

d meet all pro

elect materia

was also con

omposite ma

mary choice f

 fiber compo

eet of basswo

with Monokot

e bottom, p

ily to secure 4

g ribs were la

.25 inch carb

der to create o

creating (34) 

others to m

o make room

oduct specific

als that have a

nsidered to ch

aterials and n

for its strengt

osite shares 

ood in order f

e, further aid

per contest 

4 rockets. 

aser cut from 

bon fiber tube

one ultra-rigid

EPPLER 422

ake space fo

m for the spar

 

43 

cation 

a high 

hoose 

natural 

th and 

these 

for the 

ding in 

rules.  

 

balsa 

e. The 

d spar 

2 ribs, 

or the 

rs, the 



 

system w

wrap cove

of the win

could tear

pieces we

applied to

Figures 2

included) 

6.4 Tail 

 T

Fuselage.

instead. E

carbon fib

leave spa

 

.  

 

 
as bound tog

er more effec

ng. This helps

r the shrink w

ere attached 

o the wing, the

5 and 26 sho

he tail, which

. In this case

Elevator is m

ber tube. The

ace for the tub

gether using s

ctively, a shee

s in adding da

wrap in the ev

spars and th

ereby comple

ow our Prelim

h is made up 

e the Balsa w

ade up of tw

e manufactur

bes 

standard sma

et of 1/32 inc

amage resista

vent of the wi

he structure o

eting its fabrica

 

inary wing mo

of the rudde

wood ribs wer

wo equal sized

ing is a simil

all aircraft adh

h balsa was 

ance to the w

ing flexing too

of the wing w

ation.  

odel and a ph

er and elevato

re formed int

d carbon fibe

lar process. T

hesive. In ord

steamed and

wing in transpo

o hard. Next,

was complete

hoto of its con

or, is made u

to a NACA (S

er tubes, and

The ribs wer

der to properl

d form fitted to

ort and helps

 the external 

e. Finally, the

nstruction (wi

up of the sam

SOMETHING

d the rudder i

re cut to redu

y apply the s

o the leading

s reduce shea

stores attach

e shrink wrap

ith control sur

me materials a

G) symmetric 

is made up o

uce weight, a

 

44 

shrink-

 edge 

ar that 

hment 

p was 

 

rfaces 

as the 

airfoil 

of one 

and to 



 

 

6.5 Landi

 

 T

was selec

deflection

and need

single thin

to house

Figure 28

minimize 

 

ing Gear 

he landing ge

cted was for i

 at landing s

ds to be repla

n steel bar an

e the ultra-li

8 shows a 3-d

taxi roll resist

ear is compo

ts high elastic

uch that it is 

aced (like all

nd bending it t

ght wheels 

d model of o

tance at take-

osed of a sma

c modulus. A

reliable for m

 aircraft com

to fit the eight

which sit i

ur landing ge

-off. 

Fi

se

 

 

 

 

 

 

all quantity o

A steel bar is 

multiple landi

mponents). Th

t-inch base of

n their plac

ear, which sh

gure 27 sho

ection.  

of steel piano

capable of ab

ngs before it 

he landing ge

f our fuselage

ce plainly o

hows a toe of

 

ows a 3-d ren

o wire. The re

bsorbing ade

t begins to sh

ear was fabr

e, and the be

on the non-r

f zero and a 

ndering of ou

eason this ma

quate energy

how signs of 

icated by tak

nding it once

rolling steel 

camber of ze

 

45 

ur tail 

aterial 

y in its 

strain 

king a 

 more 

axle. 

ero to 



 

 

 

6.6 Intern

T

the inner 

stores att

several p

cylinder n

composite

 

nal Stores At

he internal st

roof of the a

tachment fab

ieces of 1-1/

near the base

e material, wh

ttachment 

tores will be a

aircraft and c

brication meth

/4” inner diam

e. This allows 

hich will snap 

attached to th

can be loaded

hod was sim

meter tubing,

for the rocke

back into pla

he plane by f

d from the b

ple. To crea

 and drilled 

et to be pushe

ace when the 

F

fitting into a p

ottom bay do

ate the intern

a 1” hole th

ed into place

rocket has cr

 

Figur

Figur

store

config

desig

profile

 

igure 29 

plastic tube w

oor of the air

nal stores att

rough the ce

 by lightly dis

rossed its thre

re 30 

res 29 and 30

s sitting in

guration wh

gned to min

e of the hous

which is attach

rcraft. The in

tachment, we

enter profile o

splacing the e

eshold. 

 

 

0 show the in

n their inte

hich has 

imize the s

ing for them.

 

46 

hed to 

nternal 

e took 

of the 

elastic 

nternal 

ended 

been 

quare 



 

6.7 Exter
 

 T

bracket th

composite

order to fo

small hole

takes to a

Figures 3

spars at th

 
nal Store Att

he external s

hat is connec

e strips. It wil

orm the desir

es placed in t

attach the stor

31 and 32 re

he top, and a

tachment 

tores will be a

cted to the m

ll be compos

red shape, so

them so that 

res. 

spectively sh

llow for a zip 

attached to th

main and seco

ed of three s

o that they can

the rockets c

how the exter

tie to the rock

he underside 

ondary spars

separate strip

n be put toge

can be zip tie

rnal store att

ket through th

of the main w

s. The bracke

p segments, e

ether using an

ed to the brac

tachment dev

he holes at th

wing by the u

et will be ma

each cut at th

n epoxy resin

cket. This will

vices, which 

e bottom. 

se of a “U-sh

ade of carbon

he proper an

n. There will b

l reduce the t

will adhere t

 

47 

haped’ 

n fiber 

ngle in 

be two 

time it 

 

to the 



 

7.0 Comp

7.1 Propu
 

Figures 3

 

 In

is a consi

the boun

 T

propellers

manufactu

and rathe

amps was

 

 

 

ponent Testin

ulsion Testin

33 and 34 res

n order to ens

derable amou

dary in our 

he testing fo

s. The motor

urer tested pr

er than orderin

s used.  

ng 

ng 

spectively sho

sure that the 

unt of optimiz

full weight t

or the propu

rs were cho

ropellers. Our

ng an array o

ow two angle

system is cap

zation that mu

take-off. Safe

lsion system

sen for their

r testing meth

of batteries, a

  

es of the mot

pable of succ

ust be comple

e and contro

 began with

r rated static

hod was to as

a BK Precisio

tor that we h

cessfully takin

eted in order t

olled taxiing 

h purchasing 

c thrust whe

ssemble the p

on brand pow

have chosen 

ng off in a 30

to minimize ri

is also test

a small arr

en combined

propulsion sy

wer supply rat

(Turnigy 132

’x30’ square, 

isk of overste

ted in this p

ay of motors

d with a ran

ystem via a te

ted for over tw

 

48 

  

20 Kv) 

there 

epping 

phase. 

s and 

ge of 

est rig, 

wenty 



 

 

Figure 35

In

propeller o

battery) a

propeller 

transfer a

digital sca

 

 

shows a pho

n the test dep

on a fixed mo

and the system

dimensions 

a force throug

ale shown. 

oto of our prop

picted in the p

otor. In this te

m was tested

and two mot

gh 1:1 mecha

 

pulsion test ri

photo above, t

est, the propul

d in order to m

tors. The tes

anical advanta

g with the pro

thrust was m

lsion was hoo

measure stat

st was done 

age from aer

opeller remov

easured on a

oked up to a p

ic thrust and 

by using an

ro thrust to ve

 

ved. 

a digital scale

power supply

amperage dr

n equal lengt

ertical weight

e due to a rev

y box (rather t

raw due to va

th moment a

t pressing on

 

49 

versed 

than a 

arious 

arm to 

to the 



 

 7.2 Intern
 

Figures 3

unit. 

 In

internal a

land with 

 T

could be d

 

Safety Te

 T

propulsion

it was de

electrical 

7.3 Wing 

 

 G

fiber spar

will remai

 T

measuring

deflection

 
nal Stores Se

6 and 37 sho

n order to par

nd external s

the aircraft. 

his testing wa

determined th

sting	

his is a simp

n electronics 

etermined by 

components. 

Load Testin

Given the load

rs. These spa

n intact and w

he wing was 

g the deflecti

 of the square

ecurement T

ow the interna

rtake in the c

stores secure

as done by in

hat they would

ple inspection

system must 

multiple witn

g 

d the wing wil

ars will minim

will not crack d

tested by tak

on (in centim

e profile carbo

Testing 

als stores and

competition, w

ely. This testin

spection. Afte

d come loose

n that will de

be limited by

nesses that t

l be subjecte

ize wing defle

due to acroba

ing the spar i

meters), and a

on fiber tube.

d fuselage, illu

we must be 1

ng will ensure

er inserting th

e from any forc

etermine that 

y a 20-Amp fu

there were n

d to, our wing

ection, ensuri

atic loading in

tself and subj

analyzing the 

 

ustrating how

00% confide

e that what t

he rockets into

ce that flight o

all battery p

use.  This testi

no tears in a

g was equipp

ing that the m

n flight. 

jecting a stat

gram load at

w the two fit to

nt that our ai

takes off with

o their attachm

or a hard land

packs are sh

ng was done

ny shrink wr

ped with two v

materials that 

ic load to the 

t center's effe

ogether in a s

rcraft can ho

h of the aircra

ment device, 

ding could su

rink-wrapped

e by inspectio

rap seams fo

very strong c

make up the

center point,

ect on the an

 

50 

 

secure 

old the 

aft will 

it 

bject.  

d. The 

on and 

or any 

carbon 

e wing 

 while 

ngle of 



 

 
8.0 Testin

8.1 Propu

 

Figure 37

1100 Kv m

 

 F

amperage

will contin

the 7 pro

(those wit

the prope

the fact th

with a hig

 

0

100

200

300

400

500

600

G
ra
m
s 
R
e
co
rd
e
d

 

ng Results 

ulsion Testin

shows the re

motor by an a

or each prope

e increased. I

nue to rise. Th

opellers tested

th a small dia

llers with the 

hat these pro

her diameter 

0

0

0

0

0

0

0

0

Thrust 

ng 

elationship be

array of prope

eller tested o

It is safe to s

he propeller w

d, maxing ou

meter) did no

lower pitch p

opellers have 

and low pitch

 

2 4

vs Ampe
Motor

etween thrust 

ellers. 

n the 1100 K

ay that as the

with the 11 in

ut at 524g of

ot fare as wel

performed bet

a shorter dis

h is desirable

6

Amperes To

erage fo
r for vari

generated an

v motor, the a

e amperage a

nch diameter 

f thrust while

l as the large

tter overall, th

stance to com

8

Motor

or 11.1 V
ious pro

nd the ampere

amount of thr

approaches t

and 4.7 inch 

e running on 

er propellers. 

han the other

mplete a 360

10

Volts on 
opellers

es pulled by t

rust increased

the maximum

pitch perform

10.4A. The 

Another notic

r propellers. T

0° turn. There

12

1100 Kv

the motor for 

d as the amo

m of 20A, the 

med the best 

smaller prop

ceable trend i

This is attribu

efore, the pro

v 

8x4

8x6

9x4.7

9x6

10x4.7

11x4.7

12x10

 

51 

an 

ount of 

thrust 

out of 

pellers 

is that 

ted to 

opeller 



 

  

Kv: 

Voltage: 

Prop Len

Prop Pitc

Amperag

Static Th

Amperag

Static Th

Amperag

Static Th

Amperag

Static Th

Table 12 s

consisten

 

Figure 38

1320 Kv m

 

0

100

200

300

400

500

600

G
ra
m
s 
R
e
co
rd
e
d

 
Tr

1 

 1

 1

ngth:  8 

ch:  4 

ge 1: 

hrust 1: 

ge 2: 

hrust 2: 

ge 3: 

hrust 3: 

ge 4: 

hrust 4: 

shows the da

t results. The

shows the re

motor by an a

0

0

0

0

0

0

0

0

Thrust

rial 
Trial 2 

100  1100 

1.1  11.1 

8  

6  

1.1 1.

78 6.

2.1 

150 17

4.3 6.

268 32

7.8 8.

382 39

ata that has be

 trend is gene

elationship be

array of prope

2 4

t Vs Amp
Moto

Trial 3 

 1100 

 11.1 

9  

4.7  

.1 1

.9 81

3 3.3

74 238

.5 6.6

28 384

.9 10

93 476

een truncated

erally logarith

etween thrust 

ellers. 

4 6

Amperes T

perage f
or for var

Trial 4 T

 1100 

 11.1 

9  

6  4

1

72

3.1

220

6.6

364

10.3

449

d before the p

mic. 

generated an

8

To Motor

for 11.1 V
rious Pro

Trial 5 Tr

1100  1

11.1  1

10  10

4.7  7 

1.1

91

3

236

7.4

415

10.2

482

point where th

nd the ampere

10

Volts on
opellers

rial 6 Trial

100  110

1.1  11.1

0  11  

4.7  

1.3

92

3.9

237

7.7

360

10.4

409

he equipment

es pulled by t

12

n 1320 Kv
s

l 7 Trial 8

00  1100

1  11.1

12  

10  

1.7 1

162 8

3.8 4

302 22

7.6 8

465 33

10.4 10

523 36

t could not pro

the motor for 

Kv 

8x4

8x6

9x4.7

9x6

10x4.7

10x7

11x4.7

12x10

 

52 

8 

.2

82

4.2

22

8.2

38

0.3

69

ovide 

 

an 



 

F

the amou

diameter 

thrust whi

for all of 

desired to

100 Kv m

handle, th

  

Kv: 

Voltage: 

Prop Len

Prop Pitc

Amperag

Static Th

Amperag

Static Th

Amperag

Static Th

Amperag

Static Th

Table 13 t

consisten

 

 

 

 
or each prope

unt of thrust i

and 4.7 inch 

ile running on

the propeller

o have a moto

motor. Since th

he 1320 Kv m

Tria

 11

 11

ngth:  8 

ch:  4 

ge 1: 

hrust 1: 

ge 2: 

hrust 2: 

ge 3: 

hrust 3: 

ge 4: 

hrust 4: 

the data that 

t results. The

eller tested o

ncreased as 

pitch again p

n 10.4A. Acro

rs. Since the 

or that will allo

he trends are

otor has been

al 1 Tria

00  11

.1  11

8  

6  

1 

88 

1.9 

153 

4 

281 

7.7 

390 

has been trun

 trend is gene

 

n the 1320 K

the amount 

erformed the 

oss the entire

competition 

ow a high thru

e much of the

n chosen ove

al 2 Trial 

00  1100

.1  11.1

9  

4.7  

1.9

81

3.4

182 2

6.3

321 3

9.1 1

401 4

ncated before

erally logarith

Kv motor, ther

of amperage

best out of th

e sample, this

requires tha

ust. The smal

e same and w

er the former.

3 Trial 4

0  1100 

 11.1 

9  

6  

1.1 1.

83 8

3.5

252 23

6.8 6.

395 35

0.4 10.4

492 46

e the point wh

mic. 

re was a simi

e increased. 

he 7 propeller

s motor allow

t takeoff hap

ller propellers

we need the m

Trial 5 

 1100 

 11.1 

10  

4.7  

5 1.1

8 97

3 3.4

0 281

3 7.5

0 421

4 10.3

8 491

here the equip

lar trend as t

The propelle

rs tested, ma

wed the static

ppens within 

s showed the 

most thrust th

Trial 6 T

 1100  

 11.1  

10  1

7  4

1.4 

101 

4.2 

257 

7.6 

370 

10.4 

443 

pment could n

the 1100 Kv m

er with the 11

xing out at 52

c thrust to inc

a small area

same trend a

hat our aircra

Trial 7 Tri

1100  11

11.1  11

11  12

4.7  10

1.9

181

4.3

352

8.4

481

10.4

529

not provide 

 

53 

motor: 

1 inch 

29g of 

crease 

a, it is 

as the 

aft can 

al 8 

100 

1.1 

 

 

1.1

90

4.6

247

8.9

401

10.4

450



 

8.2 Spar 

 

T

was done

made of 

double sp

deflection

double sp

desired to

1 Tube 

g 

175

225

275

350

400

Table 14 s

our spar a

B

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

C
e
n
ti
m
e
te
rs
 D
e
fl
e
ct
e
d

 
Load Testing

he single spa

e in order for t

a carbon fibe

par displayed 

 as the doub

par running th

o use the conf

cm 

 1.016 

 1.76 

 2.54 

 3.81 

 4.572 

shows a sma

and the linear

elow in Figur

0 200

S

g 

ar and double

the team to s

er, and were

less elasticit

ble spar in m

hrough the rib

figuration that

2 Tubes 

g C

300 

450 

550 

700 

900 

all set of data 

r deflection fro

e 39 are the d

0 400

Grams App

Spar Loa

e spar were te

simulate how 

e predicted to

ty with the ap

most cases. W

bs. Since the 

t is best suite

m 

0.254

0.635

0.889

1.27

1.905

that indicated

om the zero p

deflections of

600

lied To Center

ad vs Def

ested using va

the wing wou

o respond fai

pplied forces,

With this bein

aircraft can e

ed to sustain t

d the relations

point of the sp

f the spars sh

800 10

r

flection

arious weight

uld respond u

irly well to ap

, with the sin

ng the case, 

experience th

these forces d

ship between 

par. 

hown in centim

000

1 

2 

ts at the cente

under bending

pplied loads.

gle spar disp

the main win

he most forces

during flight. 

load applied 

 

meters 

Tube

Tubes

er of the spar

g. These spa

 As expected

playing 4 time

ng will conta

s during turns

at the center

 

54 

r. This 

rs are 

d, the 

es the 

in the 

s, it is 

r of 



 

 

1 Tube 

g 

175

225

275

350

400

Table 14 s

our spar a

Figure 40

deflection

 

The result

were not l

 

0.00

0.0

0.0

0.0

0.0

0.0

0.0

A
n
gl
e
 D
e
fl
e
ct
e
d
 (
D
e
gr
e
e
s)

 

degrees 

 0.006441 

 0.011158 

 0.016103 

 0.024154 

 0.028984 

shows a sma

and the angul

shows the re

 from the (fixe

ting graphs a

loaded to the

0

05

01

15

02

25

03

35

0 2

2 Tubes 

g d

300 0

450 0

550 0

700 0

900 0

all set of data 

ar deflection 

elationship be

ed) endpoint 

bove are prin

ir respective l

 

200 400

Grams App

degrees 

0.003221

0.005767

0.008051

0.011449

0.014492

that indicated

from the zero

etween force a

under static lo

ncipally linear.

limits. 

600

plied To Cente

d the relations

o point of the 

applied at the

oading. 

. This is to be

800 10

er

ship between 

spar. 

e center of ou

e expected du

000

1 T

2 T

load applied 

 

r spar and the

ue to the fact t

Tube

Tubes

at the center

e angle of 

that the spars

 

55 

r of 

s 



 

9.0 Refer
 
Raymer, D
and Astro

 

Airfoil C

 

Anderson

Personal A
 
Aircraft De
 
http://www
 
http://loke

“ATMOSP
Septembe
 

C., Niculiţ
Transilvan
Search Co

Ewans, J.
1951. pg. 
<http://ww
 
Kermode,
Limited, 1

Arunkuma
Aircraft St
Structure 
<http://sci

 

 
rences 

Daniel P. Airc
onautics, 2006

Comparison. 

, John. Funda

Aircraft Drag 

esign: A Conc

w.aeroflight.co

e.as.arizona.e

PHERIC FLIG
er 29, 2012). 

ţă, A. Bencze
nia University
omplete, EBS

.R. “AERODY
172-174 (acc

ww.flightgloba

, A.C. FLIGHT
989. Print.  

ar, K.N, N. Lo
tructure for A
for Aluminum
ialert.net/fullte

craft Design: A
6. Print. 

XFOIL. 

amentals of A

Reduction. B

ceptual Appro

o.uk/aircraft/ty

edu/~ckulesa/

GHT: AERODY
<http://quest.

, and I. Când
y Of Brasov, S
SCOhost (acc

YNAMICS OF
cessed Septe
al.com/pdfarch

T WITHOUT 

ohith, and B.B
luminum Mate

m Material.N.p
ext/?doi=jas.2

A Conceptual

Web. 07 

Aerodynamics

Bruce Carmich

oach. Daniel 

ypes/dornier-

/propulsion.ht

YNAMIC LIFT
nasa.gov/aer

ea. "AIRCRA
Series I: Engin
cessed Septe

 THE DELTA
ember 28, 201
hive/view/195

FORMULAE.

B Ganesha. "E
erial."Effect o
p., n.d. Web. 3
2012.1006.10

l Approach. V

Nov. 201

s. Fifth. New Y

hael, page 19

P. Raymer. A

-do-335.htm

tml 

T”. NASAQue
ro/planetary/a

AFT WINGS: P
neering Scien
mber 27, 201

A”. Accessed f
12). 
51/1951%20-%

 5th ed. upda

Effect of Ribs 
of Ribs and St
30 Sept. 2012

012>. 

Virginia: Amer

12 <http://a

York,NY: McG

95, Propeller b

AIAA Educatio

est, NASA, 9 
atmospheric/a

PRESENT AN
nces 1, no. 50
12). 

from the Fligh

%201545.htm

ated by Bill Gu

and Stringer 
tringer Spacin
2. 

rican Institute

airfoiltools.co

Graw-Hill, 201

behind tail - p

on Series. 

February 201
aerodynamicl

ND FUTURE"
0: 41-46. 2008

ht Global Arch

ml> 

unston. Longm

Spacings on 
ngs on the W

 of Aeronauti

om/compare/in

11. Print. 

pros and cons

12. (accessed
ift.html>. 

". Bulletin Of 
8. Academic 

hive, 11 Augu

man Group U

the Weight o
Weight of Aircra

 

56 

cs 

ndex> 

s. 

d 

The 

ust 

UK 

of 
aft 


	cover
	2013DBF_[FAMU_FSU_COE]
	2013DBF_[FAMU_FSU_COE1]
	2013DBF_[FAMU_FSU_COE1]
	Drawing_package
	3_view
	Sheet 1
	Views
	new_view_5
	new_view_1
	bottom_2
	right_4



	full_explode
	Sheet 1
	Views
	new_view_3



	internal
	Sheet 1
	Views
	new_view_6
	new_view_9
	new_view_3
	bottom_7
	new_view_11



	external_assembly
	Sheet 1
	Views
	new_view_3
	A
	new_view_10
	right_11





	2013DBF_[FAMU_FSU_COE2]


