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1.0 Executive Summary 
This report outlines the entire process of creating the University of Arizona’s entry for the 2007-

2008 AIAA Design/Build/Fly competition.  The project’s aim is to produce a remote-controlled aircraft that 

maximizes the total score according to the rules set forth by the contest organizers.  The mission this year 

is to design a “short field reconfigurable transport.”  The main objective is to lift up to 7.2 pounds of 

“passengers” (simulated by ballasted water bottles) and “cargo pallets” (simulated by half-size clay 

bricks).  The aircraft spot size cannot exceed 4 feet by 5 feet, and the craft must takeoff within 75 feet. 

The competition this year consists of two flight missions: 

• Delivery mission: The airplane must fly without any payload and complete as many 

laps as possible in 5 minutes.  The score is based on the battery weight and number of 

laps completed within the time limit. 

• Payload Mission: The aircraft must carry a randomly assigned combination of 

passengers and cargo for two laps of the course.  The score is determined by the empty 

weight, battery weight, and payload loading time. 

The team started the competition by conducting a thorough analysis of the competition scoring 

guidelines.  This analysis allowed the team to prioritize the design factors as follows: minimum battery 

weight, minimum load time, minimum empty weight, and maximum number of laps.  This priority list 

formed the basis for the conceptual design phase and all subsequent analysis. 

The conceptual design phase was completed by weighing various configurations against a 

baseline case using figure-of-merit analysis.  Through these qualitative decision matrices, the team 

narrowed down the list of possible solutions and was able to settle on a final configuration.  The airplane 

this year will be a biplane with a single tractor propeller, conventional empennage, and tricycle landing 

gear.  The biplane design was selected primarily due to the ability to takeoff within the required distance 

without compromising stability or total wing area within a fixed span. 

Once the conceptual design was completed, the team moved on to the preliminary design phase.  

Various algorithms were developed for airfoil selection, wing sizing, tail sizing, and fuselage sizing.  

Preliminary analysis was conducted using a vortex-lattice program called AVL9.  This allowed optimization 

of key aircraft parameters and prediction of stability parameters and flight performance. 

The aircraft was manufactured using a combination of conventional and modern techniques.  The 

primary fuselage structure is balsa wood and birch ply, while the wing spars, tail boom, and firewall are 

constructed from carbon fiber.  This combination is a compromise between strength and reparability.  The 

airframe has been optimized to reduce weight without compromising strength in order to maximize the 

competition score. 

The Phlying Fugoid flew for the first time in early February and has since completed successful 

flights with and without the payload.  The team has made some design modifications to improve stability 

in preparation for the expected high winds in Wichita, Kansas.  After numerous test flights, the team has 

high expectations for the competition in April. 
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2.0 Management Summary 
2.1  Team Organization 

The team this year consisted of 6 aerospace engineering seniors and several other 

undergraduates.  Each student was responsible for a particular aspect of the design as outlined below.  

All 6 seniors worked together to integrate ideas into the final aircraft design. 

 David Hahs was the Lead Engineer and Team Manager. His duties included coordinating 

group meetings, preliminary conceptual design, and coordinating the report writing process.  

He also worked closely with the team pilot and sponsors to keep them updated as to the 

team’s progress. 

 Eric Hoffman-Watt was chief aerodynamicist.  His responsibilities included initial sizing, wing 

optimization, airfoil selection, and simulation using Mark Drela’s Athena Vortex Lattice (AVL) 

program9.  He calculated all the stability parameters at each phase of the design and verified 

that the geometry in the SolidWorks and AVL models agreed. 

 Jason Desmarais researched and designed the electric propulsion system of the aircraft 

including batteries, motors, and propellers. To assist with this process Jason utilized 

MotoCalc, a computer software package for analyzing electric propulsion systems.  He 

investigated various combinations of propulsion components and aircraft configurations while 

selecting components optimal for the flight missions. 

 Quang Ho spearheaded modeling the aircraft in SolidWorks, a three dimensional computer 

aided design program.  An accurate model was crucial to the design because it combined a 

visual representation with precise measurements, weights, and mass moment distributions. 

With the ability to specify the construction materials within SolidWorks, the airframe was 

easily analyzed, permitting the group to predict (through simulation) the strength and 

durability of the structure. 

 Jeremy Blackketter led the payload integration team.  He was responsible for developing a 

fast and effective way of loading and securing the payloads for each possible combination.  

Jeremy also created a payload loading schematic for each combination to ensure that the 

center of gravity of the airplane remained fixed for all possible payloads. 

 Kelly Dougherty led the procurement and manufacturing team.  Her responsibilities included 

quantifying material requirements, ordering all parts, and coordinating the manufacturing 

process. 

 Numerous other undergraduates were involved with the airplane from the onset of the 

project.  Their RC aircraft experience, insight, and manufacturing suggestions were 

invaluable resources to the team. 

 

Figure 2.1a shows the management structure of the team.  Due to the small size of the team, many 

responsibilities overlap.  Each team member was involved in all aspects of design and manufacturing. 
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Figure 2.1a Organizational Chart for the University of Arizona DBF Team 

 
2.2  Schedule 

The milestone chart below shows the proposed and actual schedule followed throughout the 

design, manufacturing, and testing phases of creating the Phlying Fugoid.  As can be seen in the figure, 

the design phase took longer than originally anticipated.  The primary reason for this schedule lapse was 

the insight gained when the team transitioned into the manufacturing phase of the project.  As the team 

began to construct the airplane, it became apparent that many of the design parameters would be 

decided by manufacturing ability and resources.  The detailed design and manufacturing occurred 

simultaneously so that the design could be modified as the team learned more about what it took to 

construct an RC aircraft.  More details of these lessons and changes can be found in the Manufacturing 

section of this report. 

Despite this schedule lapse, the team was able to complete the first flight test on Saturday, 

February 9th, 2008.  This is the earliest date that any U of A DBF team has flown the aircraft within recent 

memory.  That significant accomplishment now leaves the team with two months to complete flight testing 

and make improvements to the airframe and systems to better prepare for the competition in April. 
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Figure 2.2a Milestone Chart 

 

3.0  Conceptual Design Analysis 
3.1  Summary of Mission Requirements 

A project of this magnitude requires intricate knowledge of the rules of the competition. Before 

beginning the conceptual, preliminary, and detailed design phases, each mission requirement was 

carefully examined.  

 

3.1.1 Delivery Mission 
For the delivery flight, the airplane must fly the maximum number of complete laps in a 5 minute 

time period with no payload.  The mission score is based on the number of complete laps divided by the 

battery weight.  The team will select the battery pack to fly when entering the staging box and all payload 

restraint systems must be carried.  As with both missions, the aircraft must land on the runway for the 

score to count.  However, the landing does not have to occur within the 5 minute time period (last lap can 

be completed in the air).  The aircraft must complete the delivery flight before attempting a cargo flight.  

The delivery flight cannot be repeated in order to improve the flight score. 

 

3.1.2 Payload Mission 
The Payload Flights require the plane to fly two laps of the course while carrying payloads of 

“Passengers” and “Cargo” ranging from 6.8 to 7.2 lbs.  The passengers are simulated by half-liter water 

bottles with foam collars.  Cargo is simulated by half-size clay bricks.  Examples of each payload are 

shown in Figure 3.1a.  The particular challenge this year is that the exact dimensions and weights of the 

payloads are not specified.  The aircraft must be designed to accommodate a range of possible payloads 

and combinations of payloads. 
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Figure 3.1a Examples of Passenger and Cargo Payloads 

 

The team must select a battery pack while entering the staging box, before being told which 

payload they will be carrying.  Payloads will be assigned randomly from the list of possible combinations.  

The timed payload loading phase begins immediately after the payload is provided.  There is no time limit 

for this mission, although the airplane must take-off within the first 5 minutes.  The mission score is 

determined by the inverse of loading time multiplied by the Rated Aircraft Cost.  (RAC = empty weight X 

battery weight). Teams will receive a score for their first two successful payload flights. Figure 3.1b shows 

the general course layout. 

 
Figure 3.1b Scale Diagram of Competition Course 

 

3.1.3 General Requirements 
In addition to the requirements for each of the missions, additional criteria were mandated: 

• The aircraft must fit within a 4 foot x 5 foot footprint in a normal ground attitude 

• The payloads must be mechanically secured within the fuselage 

• The aircraft must be electrically powered (brushed or brushless motor) 

• The propulsion batteries (NiCad or NiMH) cannot weigh more than four pounds 

• The motors are limited to a forty amp current draw through use of an external fuse 

• The aircraft must be able to take off within a maximum distance of 75 feet 
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3.1.4 Competition Score Analysis 
The overall competition score is calculated from Equation 3.1.4a.  

 

Score = Written Report Score × Total Flight Score   (3.1.4a)   

  

This score was further broken down for each mission, including normalizing factors: 

 

1 2
1(50* ) (100* )R

b l e b

NScore S C C
W t W W
⎡ ⎤

= +⎢ ⎥
⎣ ⎦

  (3.1.4b) 

 

Where RS  is the report score, N  is the number of laps for the delivery flight, bW  is the battery 

weight for each mission, eW  is the empty (system) weight, and 1C and 2C are normalizing factors based 

on the best team’s performance.  From this equation, the relative importance of each of the factors was 

determined using partial derivative analysis.  The score was found to vary with the following parameters, 

listed in order of effectiveness: 

1. Battery Weight 

2. Loading Time 

3. Empty Weight 

4. Number of Laps 

  This set the priority list for all subsequent design decisions.  The most important information to 

come from this analysis was that it was more important to use very light battery packs and load the 

airplane quickly than it was to have an extremely light airframe and a high number of laps.  This allowed 

the team to focus its optimization procedure on specific aspects of the design. 

 

3.2 Conceptual Design Analysis 
During the conceptual design phase, many of the initial design decisions were based on 

qualitative figure-of-merit (FOM) analyses. Important design parameters were chosen as a result of basic 

knowledge of aerodynamics and a familiarity with the competition’s requirements. The parameters were 

assigned a weight factor based on the significance of the parameter to the overall design. Several 

assumptions were made for each FOM analysis; if one design did not score significantly higher than the 

others, the assumptions were reevaluated. For each selection matrix, one configuration was chosen as a 

baseline, with a total score of zero.  The other configurations were then weighed against the baseline.  

The configuration was given a value of one if it exceeded the expectations listed in the parameter’s 

definition. If the design simply met the expectations, it was given a score of zero. Finally, if the design 

featured did not meet the expectations, it was given a score of negative one. The results from each 

parameter were summed and the design with the highest score was chosen to continue on to the detailed 
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design phase. FOM analysis was completed for the overall aircraft configuration, propulsion configuration, 

motor placement, payload loading location, and empennage design.  The parameters chosen for 

evaluation in the following FOM were: 

 Empty Weight – Since the score this year is based heavily on the empty weight of the aircraft, this 

was one of the factors with the highest importance. 

 Takeoff Distance – The takeoff distance is considerably shorter this year than in previous 

competitions, so the ability to generate enough lift for flight in a short takeoff roll is critical. 

 Payload Integration – The payload should have minimal interference on the aerodynamics of the 

airplane.  The fuselage should not have to be significantly bulky to accommodate the payload. 

 Stability – To simplify stability calculations and make them more accurate, an uncomplicated 

design is preferable to a complex aircraft requiring more rigorous evaluation.  

 CG Control – For the payload flights, the team will not know which payload will be carried until the 

mission begins.  Therefore it is imperative that all possible combinations can be loaded without 

significantly changing the location of the center of gravity. 

 Ease of Loading – Since the score for the payload mission is inversely proportional to the loading 

time, effortless access to the interior of the fuselage is imperative. Any internal mechanisms of 

the aircraft should not interfere with the loading of payloads.  

 Ease of Implementation – A simple design eases construction.  For the propulsion system, ease 

of implementation implies precisely controlling the voltage, and therefore the RPM of each motor. 

 Drag – To minimize the battery weight for each flight, the aircraft should have a minimal amount 

of drag.  This corresponds to faster flight speeds for both missions as well as lighter batteries. 

 Thrust – Sufficient thrust is required to fulfill all mission requirements.  

 Weight Distribution – The distribution of individual components ensures proper location of the 

center of gravity, important for stability calculations. 

 Endurance – The propulsion system must be capable of providing necessary power for the 

duration of both missions. 

 Rotation on Takeoff – With the short takeoff distance, the airplane must be capable of rotating 

without damaging any components. 

 Structural Integrity – The team must ensure that any modifications to the fuselage in order to load 

payloads do not adversely affect the structural integrity of the aircraft. 

 Controllability – The control surfaces of the airplane must be easily manipulated and trimmed for 

all flight conditions.  The response to control inputs should be predictable. 

 Payload Restraint – All payloads must be mechanically restrained to the aircraft.  This will be 

demonstrated by holding the airplane with the hatch removed and facing downward. 
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3.2.1 Overall Aircraft Configuration  
In order to define a fuselage shape and payload distribution, different aircraft types were 

qualitatively compared. In this case study, multiple assumptions were made, including the idea that each 

configuration would have similar fuselage length and wingspan.  Six aircraft types were considered in this 

analysis: canard, conventional, flying wing, biplane, boom plane, and twin-fuselage. The illustrations 

included in Table 3.2.1a demonstrate each configuration. 

 

Table 3.2.1a Overall Aircraft Configuration Matrix 

 

      

FOM Importance Canard Conventional 
Flying 
Wing Biplane Boom 

Twin 
Fuselage 

Empty Weight 0.20 0 0 1 0 1 -1 
Takeoff Distance 0.20 -1 0 1 1 0 0 

Payload Integration 0.13 0 0 -1 1 0 1 
Stability 0.12 -1 0 -1 0 -1 -1 

C.G. Control 0.10 -1 0 -1 1 -1 -1 
Ease of Loading 0.10 0 0 -1 0 1 1 

Ease of Implementation 0.10 -1 0 -1 0 -1 -1 
Drag 0.05 1 0 1 -1 0 0 
Total 1.00 -0.49 0 0.01 0.15 -0.04 -0.44 

 

A biplane configuration scored the highest due to the short takeoff distance, payload integration, 

and CG control. Coming in second, the flying wing had potential in minimizing the RAC due to reduced 

weight and drag; however, designing, constructing, and stabilizing this aircraft configuration would be 

difficult with the small team having relatively little RC aircraft experience.  The boom configuration had the 

advantage of reducing weight by eliminating unnecessary fuselage structure.  However, the single wing 

as originally imagined could struggle to produce enough lift for the payload mission. For these reasons, 

the team selected the biplane configuration for further study.  
 

3.2.2 Propulsion Configuration and Type 
Propulsion was an important consideration in the design of this aircraft.  Initially, conventional 

propeller systems were compared to ducted fan propulsion.  When compared to a traditional propeller, a 

ducted fan created more thrust per cross-sectional area.  However, the cost of a ducted fan large enough 

to propel this relatively heavy aircraft was excessive.  Also due to its shape and inlet airflow requirements, 

the fan was limited to installation along open areas of the fuselage.  Ducted fan units are typically more 

efficient in higher amperage applications, exceeding our 40 amp limit.  For these reasons, a conventional 

propeller was chosen as the propulsion system for the aircraft. 
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In addition to examining different kinds of propulsion systems, single and multiple motor and 

battery combinations were also investigated.  The decision matrix, Table 3.2.2a, was created to assist 

selecting the desired motor and battery configuration.  In this analysis, an assumption was made that the 

sum of the propulsion batteries would weigh the same amount regardless of how the battery pack is 

distributed.  A single motor with a single battery pack was selected as the baseline. 

 

Table 3.2.2a Motor and Battery Configuration Matrix 

 
 

FOM Importance SM - SB SM - DB DM - SB DM – DB 
RAC (weight) 0.40 0 0 -1 -1 

Thrust 0.30 0 0 1 1 
Ease of Implementation 0.10 0 -1 -1 -1 

Weight Distribution 0.05 0 1 1 1 
Endurance 0.15 0 0 -1 0 

Total 1.000 0 -0.05 -0.3 -0.15 
 

A single motor/single battery pack configuration (SM-SB) was the lightest of all configurations and 

according to rough calculations still produced sufficient power. A single motor/double battery pack (SM-

DB) was advantageous since the batteries could be run in series or parallel, and the weight could be 

distributed across the aircraft.  A double motor/double battery pack (DM-DB) allowed for more power to 

the aircraft but at the expense of increasing the weight. A double motor/single battery pack (DM-SB) 

configuration increased the power of the aircraft, but the predicted endurance and weight suffered 

drastically. The single motor and single battery pack combination was chosen because it produced the 

highest total score from the decision matrix. 

In conjunction with the motor and battery pack matrix, a propeller configuration matrix was also 

created, Table 3.2.2b. The four general configurations determined to be the most appropriate for this 

competition were pusher, tractor, multi-tractor, and pod.  

 

Table 3.2.2b Propeller Configuration Matrix 

 

 
FOM Importance Pusher Tractor Multi 

Tractor Pod 

Rotation on Takeoff 0.400 -1 0 0 -1 
Weight Distribution 0.200 -1 0 1 1 

Ease of Implementation 0.200 0 0 -1 -1 
Drag 0.200 1 0 -1 0 
Total 1.000 -0.4 0 -0.2 -0.4 
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The tractor configuration consisted of a single motor and propeller at the nose of the airplane.  

The propeller is most effective in this location because it always enters undisturbed airflow. Though it 

reduces the power needed to propel the airplane, it also decreases tail effectiveness and increases 

fuselage skin friction.  Implementing a pusher propulsion system on a conventional aircraft is difficult, as 

the location of the center of gravity would be placed far aft of the aerodynamic center of the wing. A 

multiple tractor configuration required two motors located within the wing structure. While this may be 

beneficial for payload placement, it would increase the weight due to the additional motor and the 

additional wing structure required.  The pod location of a motor and propeller would increase fuselage 

volume for the water bottle payloads, but complicate the motor’s thrust vector.  Additional weight would 

also be necessary for the motor mount structure. Using the propeller configuration matrix, a single tractor 

propeller arrangement was agreed to be the best decision for the aircraft.   

 

3.2.3 Payload Loading Location 
Since the score for the payload mission is inversely proportional to the loading time, the location 

and method of loading was considered in the conceptual design phase.   The various possibilities for 

loading locations are illustrated in Table 3.2.3a.  The top loading configuration was used as a baseline. 

 

Table 3.2.3a Loading Location Configuration Matrix 

 
 

FOM Importance Top Bottom Hinged 
Tail 

Hinged 
Nose 

Speed of Loading 0.500 0 -1 -1 -1 
Ease of Implementation 0.200 0 0 -1 -1 

Structural Integrity 0.200 0 0 -1 0 
Payload Restraint 0.100 0 -1 0 0 

Total 1.000 0 -0.6 -0.9 -0.7 
 
The hinged tail and hinged nose configurations both scored low due to the difficulty of loading 14 

water bottles quickly through the small opening.  A bottom loader could be beneficial as it would 

automatically satisfy the requirement that the payload must be secured with the hatch removed and 

facing down.  However, the plane would either have to be lifted or flipped over for loading, so the loading 

time would most likely be higher than a conventional top loading configuration.  The top loading 

configuration was selected based on the speed of loading advantages and ease of implementation. 
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3.2.4 Empennage 
Three empennage configurations were studied: a T-tail, V-tail and conventional.  

 
Table 3.2.4a Empennage Configuration Matrix 

 

 

FOM Importance T-Tail V-Tail Conventional 
Stability 0.400 0 -1 0 

Controllability 0.300 0 -1 0 
Ease of Implementation 0.200 -1 -1 0 

Drag 0.100 0 1 0 
Total 1.000 -0.2 -0.8 0 

 
A T-Tail configuration has the advantage of potentially reducing downwash on the horizontal 

stabilizer.  However, it also requires more structure to support the raised horizontal surface, which in turn 

adds unnecessary weight.  A V-tail has the advantage of reducing form drag on the tail, but the coupling 

between yaw and pitch controls leads to complicated and uncertain stability calculations.  For these 

reasons, a conventional configuration was selected for the empennage. 

 

3.2.5 Landing Gear Configuration 
Two possible landing gear configurations were considered: tail-dragger and tricycle.  A tail-

dragger could reduce weight by requiring a less-substantial tail wheel, but it also is more difficult to handle 

on the ground.  Experience from previous years has led the team to prefer a tricycle configuration for this 

reason.  Consultation with the team pilot reinforced the decision to use a tricycle configuration for the 

landing gear. 

 

3.2.6 Conceptual Design Summary 
Based upon the figure of merit analyses outlined above, the Phlying Fugoid will consist of a: 

 Biplane aircraft configuration 

 Single motor/ single battery propulsion system 

 Tractor propeller 

 Top loading payload compartment 

 Conventional empennage 

 Tricycle landing gear 

These fundamental design decisions became the basis for the preliminary design analysis calculations.  A 

conceptual design model is shown in Figure 3.2.6a.  This model includes additional options explored 

during the preliminary design phase, including a boom tail and box-wing structure. 
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Figure 3.2.6a Conceptual Design Model 

 
3.2.7 Conceptual Design Review 
A Conceptual Design Review was held on Tuesday, November 27, 2007.  The team invited 

engineers from industry, faculty, and DBF alumni to review the conceptual design and offer any 

comments and advice.  The list below is a summary of comments received: 

• A fixed tail would save weight over a stabilator configuration 

• Use smaller batteries than sub-C to save weight 

• Be prepared for high winds in Wichita (Drag could be a problem) 

• Use balsa wood structure instead of foam core for reparability 

• Use Raymer’s7 tail volume method to size tail surfaces 

• Consider different propulsion systems beyond last year’s motor 

These suggestions were incorporated in the detailed design phase for the airplane. 

 
4.0  Preliminary Design   

4.1 Preliminary Design Analysis 
The preliminary design analysis of the aircraft began upon completion of the conceptual design 

phase.  In order to optimize vital aircraft dimensions and perform stability analysis, calculations were 

performed on the biplane configuration chosen through FOM analysis. Various algorithms were 

constructed to simplify the iterative procedures used to define many of the aircraft parameters.  

 
4.1.1 Site Analysis 
In order to maximize competitive advantage, the team spent time analyzing the wind and weather 

conditions for the competition site in Wichita, Kansas during the weekend of April 18 – 20.  The team 

referenced weatherunderground.com to compile the historical wind speeds from the last ten years.  This 

data is presented in Figure 4.1.1a. 
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Figure 4.1.1a Average Winds in Wichita, Kansas 

 

The average wind speed for the three days is 13 mph with a range of 4 mph to 24 mph.  There is 

a 57% chance of a day with winds over 10 mph.  With this data, the team made the assumption of a 6 

mph wind for subsequent analysis.  This allows for smaller and lighter wings without relying completely on 

wind to make the aircraft fly.   

In addition to the weather analysis, the team noted that Cessna Pawnee Field, at an elevation of 

1378 ft, is lower than the test field in Tucson, which is at 2643 ft.  This slight difference in altitude 

suggests that the team can expect slightly better performance from the plane at the competition 

compared to test flights in Tucson. 

 

4.1.2 Wing Sizing and Optimization 
The main tool used in the sizing of the aircraft lift and control surfaces was the computational 

fluids program AVL9.  AVL is based on a vortex lattice model developed by Dr. Mark Drela at the 

Massachusetts Institute of Technology.  To use the program an input file is created that models the 

aircraft as a series of flat plates as shown in Figure 4.1.2a.  Each input file accounts for model geometry, 

cg location, and mass distribution.   

 
Figure 4.1.2a AVL Visual for the Phlying Fugoid 
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In order to accurately predict the behavior of the biplane wing configuration, the team spent time 

researching the subject.  An explanation of biplane theory was found in von Mises’ book6.  The biplane 

configuration is modeled as a pair of finite wings separated by a fixed distance as shown in Figure 4.1.2b. 

 
Figure 4.1.2b Biplane Model 

 

The primary use of the theory was to estimate the effect on induced drag of the biplane.  Von 

Mises defines two important ratios: 

2

1

B
B

μ =  2
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L
L
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Where B is the span of each wing and L is the lift of each wing.  These ratios were then used to 

calculate Munk’s span factor M : 

( )
2 2

1

2
M

ν μ

μ μνσ ν

+
=

+ +
 

Munk’s span factor is defined such that 1MB  is the equivalent monoplane span.  This adjustment 

factor was then applied to the calculation of the drag coefficient: 

( ) ( )
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= =  

The modification with Munk’s span factor was incorporated into the wing sizing algorithm. 

Before the wing sizing of the aircraft was started, an approximation of the take-off speed of the 

aircraft was needed.  To do this, approximations of the empty weight and thrust produced by the motor 

were made based on last year’s aircraft.  Using these approximations, the acceleration of the aircraft was 

estimated.  In order to get an appropriate value for the induced drag from the wings, a wing sizing 

algorithm was incorporated into the program.  This program used wingspan and the maximum section lift 

coefficient for an airfoil and iterated to find an appropriate chord length, the associated wing lift coefficient, 

and the induced drag from the wing.  These values were then used to find the velocity of the aircraft as a 

function of distance from the start of the ground roll.   A schematic of this logic can be found in Figure 

4.1.2c. 
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Figure 4.1.2c Wing Sizing Algorithm 

 

From this program it was possible to find the approximate speed of the aircraft at 75 feet. These 

values were then run back through the program to iterate a closer approximation to the take-off speed.   

Figure 4.1.2d shows a plot of the airplane velocity versus horizontal distance on the runway.  The vertical 

line marks the speed required at 75 feet to takeoff.  The average thrust was assumed to be 8.0 pounds 

for the payload mission and 3.3 pounds based on the recorded performance from previous years.  

Additionally, a conservative drag estimate of 0.1 was assumed based on the team’s prediction of a large 

fuselage section.  The plot shows the assumption of an 8.8 ft/s (6 mph) headwind.  The figure shows that 

a significantly lower speed is required for takeoff on the delivery flight. 

 
Figure 4.1.2d Takeoff Speed Determination 
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 The values for the wing size were input into Athena Vortex Lattice (AVL) in order to confirm the 

results of the wing sizing program.  AVL confirmed the results from the wing-sizing program.  

 After the initial wing sizing was complete the feasibility of a joined wing was studied for the 

aircraft.  The joined wing was studied primarily for structural reasons.  AVL showed that joining the wing 

tips with a thin plate fixed parallel to the flight path reduced induced drag and improved the lift distribution 

of the wing.  With a non-tapered joined wing AVL shows a nearly elliptical lift distribution.  Table 4.1.2a 

shows the parameters of the wing. 

 

Table 4.1.2a Wing Characteristics 

Wing Characteristics 

AR 5.56  

Span 48.00 In 

Co 8.64 In 

SW 622.08 in2

 

4.1.2.1 Airfoil Optimization  
Airfoil selection was accomplished through the use of XFOIL15.  A series of low speed and low 

Reynolds number airfoils were analyzed at a range of angles of attack.  After initial analysis, the top 

candidate airfoils were the LS-413, S-7055, and SD-7062.  A NACA 4412 was used as a baseline airfoil.  

Figure 4.1.2.1a shows the lift coefficient curves for all four airfoils.  
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Figure 4.1.2.1a Airfoil Selection Lift Coefficient vs. Alpha 

 

Drag polars were compiled for the top airfoils and compared to find the optimum airfoil.   Figure 

4.1.2.1b shows the drag polars.   
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Figure 4.1.2.1b Airfoil Selection Drag Polar 

 

The drag polar plots showed that the SD7062 airfoil had the highest maximum lift coefficient and 

highest critical angle of attack but the form drag on the airfoil was higher then most of the other airfoils at 

lower lift coefficients. Despite this the SD7062 was chosen for this aircraft because the high lift was 

needed and the drag was significantly lower than the other airfoils at high angles of attack.  Figure 

4.2.1.1c shows a plot of the SD 7062 airfoil. 

 

 
Figure 4.2.3.1c SD-7062 Airfoil 

 

4.1.2.2 Improved Wing Efficiency 
In order to improve the efficiency of the wing, various wingtip devices were investigated.  In a 

finite wing, the higher pressure air on the underside leaks outward towards the lower pressure areas 

above and outside of the wing.  When these two streams of air meet, they roll into turbulent wingtip 

vortices.  This vortex system drains energy from the aircraft as it increases the induced drag on the wings.  
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Therefore, if the trailing vortex system downstream can be mitigated, the aircraft will see an improved 

efficiency from decreased induced drag. 

The biplane configuration presents a unique opportunity to use a box-wing structure.  The box 

structure creates both structural and aerodynamic benefits.  Some of the load from the top wing can be 

transferred to the lower wing, allowing the upper wing structure to be reduced.  Without a continuous spar 

on the upper wing, the payload section can be left open to allow for quick loading.  In addition to structural 

advantage, the box wing configuration has aerodynamic benefits.  By presenting a physical barrier to 

wingtip vortex formation, the box wings have the potential to reduced induced drag.  The endplates were 

designed to produce these benefits with minimal weight.  Therefore, the structure was sized to provide 

the necessary load transfer with minimal weight.  A load transfer diagram of the box structure shows that 

the wingtip devices are kept in tension under positive lift conditions in order to transfer the load between 

from the top wing.  The tension is a result of the upper wing having a higher angle of incidence than the 

lower wing. 

 
Figure 4.1.2a Load Transfer Diagram of Box-Wing Structure (Front View) 

 

4.1.3 Empennage Sizing 
The empennage provides the stability of the aircraft in the longitudinal plane. Therefore, it is 

crucial to ensure the aircraft’s tail assembly has appropriately sized horizontal and vertical components. 

The horizontal stabilizer sizing used a similar process as the wing. The moment coefficient was 

taken for the wing and used to find the total moment it created on the aircraft during cruise flight. The 

static margin was then multiplied by the weight of the aircraft to find the moment due to gravity. These 

moments were added and the required force was calculated to counteract this moment using the distance 

between the aerodynamic center of the horizontal stabilizer and the aircraft neutral point.  XFOIL was 

used to determine the coefficient of lift at the maximum lift-over-drag for a NACA 0012 airfoil. Based on 

this section lift coefficient a required chord was iterated for the horizontal stabilizer. This horizontal 

stabilizer was compared to the tail volume coefficient from Raymer7. The tail volume coefficient for the 

horizontal stabilizer was 0.73 which is the average value listed in Raymer.  

The average vertical stabilizer coefficient (CVT=0.055) was taken from Raymer and used to 

determine the size of the vertical stabilizer.  
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4.1.4 Tapering Trade Study 
Tapering of the lifting surfaces in order to increase the efficiency of the surface was studied for 

our specific design.   Based on preliminary analysis, it was determined that the wings would not be 

tapered.  The Reynolds number for the wing was so low that tapering the wing may have adverse effects 

on separation near the tips of the wing which could cause an unwanted tip stall during low speed 

maneuvering.  The AVL analysis indicated that the lift distribution is nearly elliptical, so the potential lift 

distribution benefit of tapering the wing is limited.  In addition, the structural and manufacturing concerns 

are better served with a constant-chord wing. 

 AVL showed that the horizontal stabilizer would benefit from tapering. As with the wing there is 

the issue with separation from low Reynolds at the stabilizer tips but the lift produced by horizontal 

stabilizer is not as critical to the takeoff distance of the aircraft.  A taper ratio of 0.7 was chosen for the 

horizontal stabilizer based on the tail volume coefficient as suggested by Raymer7. 

 
4.1.5 Control Surface Sizing 
Control surface sizing depends on the weight distribution of the airplane as well as other 

aerodynamic considerations.  An iterative process was developed to size the control surfaces.  

Preliminary design indicated that roll will be controlled by ailerons on the lower wing only.  This allows for 

adequate roll control while minimizing weight of the control servos and hinges.  It also allows for a slightly 

higher lift coefficient when used as flaperons. 

Initial design focused on using a stabilator for pitch control in order to get more effectiveness from 

the horizontal stabilizer.  It also would decouple the tail angle of attack from wing angle of attack.  Further 

analysis will be conducted to determine elevator and rudder sizing. 

 
4.1.6 Stability and Control 

4.1.6.1 Static Longitudinal Stability 
Longitudinal static stability is satisfied by the following requirements. 

 

1. Cm0 >0 

2. ∂Cm/∂α < 0 

 

These conditions were checked for both the loaded and unloaded flights.  AVL was used to determine the 

stability derivatives for both conditions and the results became part of the iterative process to size the 

control surfaces.  Table 4.1.6a below shows the longitudinal stability derivatives for the loaded and 

unloaded flights. 
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Table 4.1.6a – Longitudinal Stability Derivatives 

Item Unloaded Loaded 

mC
α

∂
∂

 -0.7379 -0.9806 

mC
q

∂
∂

 -11.91 -11.86 

 

4.1.6.2 Dynamic Longitudinal Stability 
 Dynamic stability is defined by the equilibrium state and longitudinal modes of the aircraft.  A full 

dynamic simulation was developed in AVL and Matlab to analyze the dynamic response of the aircraft to 

various control inputs.  The equilibrium solver in this program was used to determine the required thrust 

for various flap and elevator deflections to maintain level flight (glide slope near zero degrees).  The thrust 

requirement was then crosschecked with the propulsion estimates to ensure sufficient dynamic thrust was 

available.  

The second portion of the dynamic simulation calculated the longitudinal modes of the aircraft.  

AVL and Matlab were used to calculate the modes of the aircraft.   An iterative process was used to 

ensure proper longitudinal stability in the final design.  Figures 4.1.6.2 a-c show the short period of the 

final design for both the loaded and unloaded configurations referenced to body-fixed stability axes. 
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Figure 4.1.6.2a Short Period ∆u/u0 vs. Time (seconds) 

(Where u is the aircraft’s velocity) 
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Figure 4.1.6.2b Short Period ∆α vs. Time (seconds)  

(Where α is the angle of attack of the aircraft in degrees) 
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Figure 4.1.6.2c Short Period ∆θ vs. Time (seconds) 

(Where θ is pitch attitude of the aircraft in degrees) 

 

The phugoid response of the aircraft was analyzed from a qualitative point of view.  Typical 

timescales are in the range of 30 seconds for light aircraft and up to 1 to 2 minutes for large commercial 

airliners.  For this application it was determined that a heavily damped phugoid with a timescale of 

approximately 10 seconds would be desirable.  The heavy damping will hopefully reduce the likelihood of 

any pilot induced oscillations.  The results coincide with the classical phugoid where the airplane 

exchanges airspeed with altitude at a nearly constant angle of attack. 
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Figure 4.1.6.2d Phugoid ∆u/u0 vs. Time (seconds) 
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Figure 4.1.6.2e Phugoid ∆α vs. Time (seconds) 
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Figure 4.1.6.2f Phugoid ∆θ vs. Time (seconds) 
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Table 4.1.6.2b Summary of Eigenvalues for Longitudinal Modes 

Summary of Eigenvalues 

 Loaded Unloaded 

Short Period -5.46 ± 5.01i -6.50 ± 6.07i 

Phugoid -0.23 ± 0.72i -0.29 ± 0.82i 

 

In order to visualize the longitudinal stability of the aircraft, plots were produced showing the dynamic 

response to positive and negative elevator deflections.  The response is for the fully loaded aircraft during 

the payload mission.  These plots are shown in Figures 4.1.6.2g and 4.1.6.2h. 
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Figure 4.1.6.2g – Angle of Attack and Pitch Attitude Response to Elevator Input 
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Figure 4.1.6.2h – Altitude and Velocity Response to Elevator Input 
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The above plots reveal some interesting characteristics about the aircraft.  With a positive 

elevator input, the aircraft settles into an equilibrium steep descent at approximately 45 m/s (147 ft/s).  

Conversely, a negative elevator input results in a shallow climb at approximately 20 m/s (65.5 ft/s).  Under 

these conditions, the angle of attack of the aircraft approaches the estimated stall of 15 degrees.  

Therefore, for the payload mission, the pilot must be cautious to avoid stalling the aircraft in climb. 

 

4.1.6.3 Lateral Stability 
To ensure static lateral stability, the two following parameters must be met: 

 

1. Cnβ > 0 

2. Clβ < 0 

 

For this aircraft, these requirements are satisfied as shown in Table 4.1.6.3a below. 

 

Table 4.1.6.3a Lateral Stability Derivatives 

 Unloaded Loaded 

nC
β

∂
∂

 0.0744 0.1039 

lC
β

∂
∂

 -0.0954 -0.1333 

 

 The table below summarizes the eigenvalues for the lateral modes of the aircraft when it is both 

loaded and unloaded. 

Table 4.1.6.3b Summary of Eigenvalues for Lateral Modes 

 Loaded Unloaded 

Spiral -0.0506 -0.0587 

Roll -2.5488 -2.6689 

Dutch Roll 0.0230 ± 2.45i -0.0562 ± 2.79i 

 

All the lateral modes are stable for the unloaded airplane; however the loaded configuration has a 

positive Dutch Roll mode.  This slight instability is on a time scale of 45 seconds, so the pilot will be able 

to compensate with control input before it becomes a problem. 

 

4.1.7 Wing Loading 
With a biplane configuration, wing loading becomes a concern because each wing should ideally 

have similar loads.  However, wing loading changes as a function of flight speed, so it is impossible to 

have equal lift distribution during all phases of flight.  The airplane was designed to have equal loading at 



 

 
The University of Arizona   Page 27 of 57 

UA DBF ’07-’08 

cruise, which results in unequal loading at takeoff.  This characteristic can be seen in the Trefftz-Plane 

plots below for the unloaded and loaded flights. 

 

 
Figure 4.1.7a Trefftz-Plane Plot of Loaded Aircraft 

 

 
Figure 4.1.7b Trefftz-Plane Plot of Unloaded Aircraft 

 
As shown in the figures above, the wing loading difference between the top and bottom wings is 

greatest at takeoff with the full payload.  However, this analysis does not account for flaps and the 

increased lift from the flaperons on the lower wing is expected to narrow the gap in wing loading.  

Additionally, the box structure of the wing is designed to perform better in tension than compression.  In 

order to maintain tension in the wing tips, the upper wing should have higher loading than the lower wing. 

The difference is smallest under cruise conditions when flaps will not be used. 

 
 
 
 
 

Takeoff Cruise 

Upper Wing

Lower Wing Upper Wing 

Lower Wing



 

 
The University of Arizona   Page 28 of 57 

UA DBF ’07-’08 

4.1.8 Propulsion Optimization 
4.1.8.1 Motor 

The detailed motor design began with the decision to use a brushless motor over a brushed 

motor.  A conventional brushed motor has metal windings on the rotor which contact magnets on the 

stator.  A brushless motor is constructed in the opposite sense.  The magnets are incorporated on the 

rotor while the stator contains the metal windings.  The two do not physically touch; instead, power is 

transmitted through the close proximity of the magnets and windings.  Since there is no physical 

connection between the brushes and windings, a brushless motor can generate more peak power, has 

better heat dissipation, and does not wear out like the brushed counterparts.   

Based on preliminary analysis, Hacker was selected as the preferred supplier.  The company 

offered a wide range of motors and is also located nearby (Phoenix, AZ) for service and support.  The 

team initially focused on the Hacker B50 10L motor with 6.7:1 gearbox that was used by the DBF team 

last year.  The motor was proven to work with a similar aircraft and mission profile and there is test data 

from the previous year’s tests on the motor. 

The team utilized an analysis program developed by the RC community called MotoCalc to 

evaluate all aspects of the propulsion system.  The full line of Hacker motors was run through the 

program with a generic set of 3600 mAh batteries.  Table 4.1.8.1a shows the motor selection criteria.  The 

motor had to be able to provide enough thrust with minimum number of cells and require a current less 

than 50 A on takeoff. 

 

Table 4.1.8.1a Motor Selection Criteria 

Motor # Cells Thrust (oz) Current (A) 
Hacker A20 22L 30 108.2 14.7 
Hacker A30 22S 23 130.2 27.6 

Hacker A30 12XL 30 89.9 11.5 
Hacker B20 26S 22 133.4 64.5 
Hacker B20 18L 26 132.5 57.2 
Hacker B40 4S 13 130.1 159.9 
Hacker B40 21L 23 131 26.5 
Hacker B50 6S 10 130.2 115.8 

Hacker B50 26XL 30 59.3 5.5 
Hacker B50 10L 14 129 45.3 
Hacker B50 10S 12 138.5 72.7 

Hacker B50 10XL 20 137.2 31.3 
Hacker B50 11L 15 129 40.8 
Hacker B50 11S 12 131.4 62.8 

Hacker B50 11XL 21 130.4 27.1 
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 The results indicated that the B50-10L performed ideally for these two specific missions.  Larger 

motors required too many cells to produce enough thrust, while the smaller motors required a much 

higher current than 40A.  For these reasons, the team selected the Hacker B50-10L as the motor for the 

Phlying Fugoid. 

 
4.1.8.2 Propeller 

The motor was analyzed with standard batteries to determine which propeller gave the lowest 

number of battery cells for the required static thrust needed to get the plane off the ground in 75 feet.  The 

number of cells was the driving factor for the propeller selection because of its high importance in the 

rated aircraft cost.  The current through the batteries also had to be considered and closely monitored in 

relation to the 40 amp limit.  Previous experience and laboratory testing have shown that the slow-blow 

fuse is capable of a 55 amp load for approximately ten seconds before the fuse is compromised.  All 

thrust calculations were adjusted to compensate for the altitude in Wichita, Kansas.  Table 4.1.8.2a 

shows the propeller selection matrix for the payload flight 

 

. Table 4.1.8.2a Propeller Selection (Payload Mission) 

Propeller Cells Thrust (oz.) Current (A) 
18 x 10 20 191.5 65.7 
18 x 11 20 190 68.9 
18 x 12 20 187.1 71.8 
18 x 13 20 184.1 74.5 
18 x 10 19 180.9 62.2 
18 x 11 19 179.7 65.2 

 

 

The 18x10 propeller produced the required amount of thrust with the least number of battery 

cells.  This propeller will be flight tested to ensure that performance meets expectations.   

Propellers were also analyzed for the delivery mission.  The delivery mission requires significantly 

less thrust than the payload mission due to the lower takeoff weight.  In order to get an estimate of the 

thrust needed, the same thrust to weight ratio (.54/1) was applied for both flights.  Table 4.1.8.2b shows 

the selection matrix for the delivery flight. 

 

Table 4.1.8.2a Propeller Selection (Delivery Mission) 

Propeller Cells Thrust (oz.) Current (A)
16 x 13 19 136 55.6 
16 x 13 18 128 52.1 
16 x 12 19 138 53 
16 x 12 18 129 49.7 
15 x 12 16 93 36.3 
15 x 11 16 93 34 
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Based on the analysis, the 15x12 propeller was most suitable for the delivery flight as it required 

the least amount of cells for the required amount of thrust and current draw. 

 
4.1.8.3 Batteries 

The third component of the propulsion system was the batteries.  The team performed detailed 

research into different types of batteries.  From the start, NiMH cells were chosen over NiCad cells due to 

the higher charge density and better charge performance.  The baseline used for analysis was the pack 

from last year which consisted of 19 Elite 3600 mAh sub-C cells weighing approximately three pounds.  

Since one of the driving factors this year is battery weight, the team concentrated on reducing the size 

and number of cells that would be required to complete the missions. 

Table 4.1.8.3a shows the battery cells that were considered after many candidates were 

eliminated based on size, cost, and performance.  The team was concerned with the voltage drop that 

occurs as the batteries are drained.  Many smaller cells cannot handle the high current demanded by this 

application.  The team found a useful website called Diversity Model Aircraft that provided actual 

performance measurements of many commercially available cells.  After consulting with the company, the 

team identified that the Gold Peak 2200 mAh 4/5 sub-C cells were the smallest cells that could handle up 

to 60 amps on takeoff for the payload mission.  The results from current drain experiments are shown in 

Figure 4.1.8.3a.  To provide adequate thrust, 19 cells were required, for a total pack weight of 1.92 

pounds.   

Table 4.1.8.3a Battery Selection (Payload Mission) 

Name Cell Capacity V Run Time Weight (oz) Total Weight (lbs)
Gold Peak GP3300 3300 1.2 4:30 2.19 2.32 

Sanyo RC3300HV NiMH 3300 1.2 4:30 2.01 2.13 
Sanyo CP-2400SCR 2300 1.2 2:58 2.02 2.27 

Gold Peak 2200 2200 1.2 3:00 1.62 1.92 
 
 

 
Figure 4.1.8.3a Battery Drain Data for GP2200 Cells 
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For the delivery flight, a smaller thrust of approximately 3 pounds is required to meet the takeoff 

requirements.  Diversity Model Aircraft helped to identify the Gold Peak 2000 mAh cells as the lightest 

cells that could handle the current.  To produce the necessary thrust, 16 cells are required, for a total 

pack weight of 1.23 pounds.  With the smaller propeller, the motor will not draw as high a current during 

cruise, so the endurance at cruise will be able to extend to the five minute time limit. 

 

4.1.9 Servo Selection 
In order to select the appropriate servos for each control surface, analysis of the hinge moments 

was completed for the expected range of deflections.  This analysis was completed using AVL.  Table 

4.1.9a shows that the maximum hinge moment of 54.7 ounce-inches occurs on the flap servos when they 

are fully deflected.   

 

Table 4.1.9a Control Surface Hinge Moments at 60 ft/s 

Control Surface 
Deflection 
(Degrees) 

Moment       
(oz-in) 

Flap 
10 24.5 
20 39.5 
30 54.7 

Aileron 
10 10.1 
20 25.9 
30 38.8 

Elevator 
10 2.3 
15 3.5 
20 4.8 

Rudder 
10 5.7 
15 11.5 
30 17.3 

 

After consultation with the team pilot, it was decided that slightly oversized servos would be used 

to compensate for any gust effects.  Additionally, the pilot recommended using the same servos for all 

controls so that they would be easy to repair or swap if damaged.  Hitec HS-475HB servos were provided 

because they provided the required hinge moment and weighed approximately 30% less than full-size 

servos that could provide the same torque. 

 

4.1.10 Payload Compartment Design  
A biplane configuration with a top loading payload section presented special challenges in 

structural design and manufacturing. A box wing design was implemented to allow the payload section to 

be fully accessible without disassembly.  The lower wing spars run the full length from wingtip to wingtip, 

but the upper wing spars are made in two pieces and are structurally connected to the fuselage at the 
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wing root.  This allows full accessibility to the payload section for ease of loading, while maintaining a 

structurally sound wing design. 

4.1.10.1 Payload Research 
Before designing the payload compartment, the team spent time researching possible water 

bottle brands and sizes.  From a survey of local grocery stores, the team found four different bottle 

configurations and sizes: 

Table 4.1.10.1a Water Bottle Dimensions 

Bottle Type Height (in.) Diameter (in.) Cap Height (in.) Cap Diameter (in.) 

Arrowhead 8.13 2.00 – 2.60 1.00 1.15 

Kirkland 7.63 2.60 1.00 1.15 

Aquafina 8.25 2.60 1.20 1.18 

Generic 7.50 2.60 1.00 1.15 

 

This data shows that the diameter and cap geometry are virtually identical for all four 

configurations, but the height varies substantially.  Therefore the payload restraint system must be able to 

accommodate different water bottles with up to a 0.75 inch height difference. 

4.1.10.2 Payload Compartment Sizing 
The 2008 DBF competition rules outline five different payload combinations that may be assigned 

during the competition. The payloads will consist of ½ liter water bottles – partially filled – weighing 

approximately ½ pound each, and bricks measuring four inches square by 2-2/3 inches thick, weighing 

approximately 1.8 pounds each. The possible payload combinations are as follows: 

 

  Payload 1: 14 bottles, 0 bricks 

  Payload 2: 10 bottles, 1 brick 

  Payload 3: 7 bottles, 2 bricks 

  Payload 4: 3 bottles, 3 bricks 

  Payload 5: 0 bottles, 4 bricks 

 

Of all the possible configurations, Payload 1 requires the largest cargo volume and is the one with 

which the size and shape of the payload section was determined. The frontal area of the fuselage needed 

to be minimized, while also making the fuselage as streamlined and compact as possible. Table 4.1.10.2a 

shows the spreadsheet that was used in considering different shapes for the payload section of the 

aircraft. N is number of water bottles; L is length of payload section in inches; Area is the frontal area of 

the fuselage in square inches; and CG is the center of mass of the payload section measured aft from the 

firewall.  The first 7 columns indicate different possible configurations. 
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Table 4.1.10.2a Payload Compartment Sizing 

Row     

1 2 3 4 5 6 7 N L Area C.G. 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 14.0 28.0 8 14.0 

2.0 3.0 3.0 3.0 2.0 1.0  14.0 24.0 12 10.9 

3.0 3.0 3.0 2.0 2.0 1.0  14.0 24.0 12 10.0 

3.0 3.0 3.0 3.0 2.0   14.0 20.0 12 9.4 
 

Once the general shape of the payload section was determined, a specific loading plan for each 

payload needed to be developed. Table 4.1.10.2b shows the spreadsheet that was used to position each 

payload so the center of mass of the airplane remained stationary regardless of which payload was 

installed. This was achieved exactly on all but one payload configuration, in which the CG moved forward 

0.17 inches. 

 

Table 4.1.10.2b Payload Loading Configuration (B = Bottle, Br = Brick) 

 Row   

Payload 1 2 3 4 5 6 2W CG
14 B 3.0 3.0 3.0 2.0 2.0 1.0 14.0 10 

4 Br  7.2  7.2   14.4 10 

10 B, 1 Br 2.0 2.0 5.6 2.0 2.0  13.6 10 

7 B, 2 Br 1.0 3.0 7.2 2.0  1.0 14.2 10 

3 B, 3Br  3.6 8.2 1.0 1.0  13.8 9.83 
 
Each of the payload configurations are illustrated in Figure 4.1.10.2a. 

 
Figure 4.1.10.2a Payload Loading Diagrams 

CG: 9.83” CG: 10.00” 

CG: 10.00” CG: 10.00” 

CG: 10.00” 
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4.1.10.3 Payload Restraint System 
The payloads must be mechanically restrained within the fuselage in such a way that the airplane 

can be turned upside down with the hatch removed and they will not fall out.  Also, it is important that the 

payloads will not shift in flight, and that all the payloads can be quickly installed and restrained. Figure 

4.1.10.3b shows the payload restraint system in exploded view. Built into the floor of the fuselage is a 

sheet of foam with round and square holes cut out to accommodate all the different payload 

configurations. This will prevent the payloads from shifting side to side or fore and aft. A second sheet of 

foam with cutouts for the water bottle lids will be bonded to a 1/8 inch sheet of plywood. This will 

accommodate various water bottle heights, and will hold the bottles securely in the fuselage as it is held 

in place by sliding latch mechanisms. The bricks will be held securely in place with zip ties which will be 

pre-installed into the floor of the fuselage.  Another, non-structural hatch will be closed over the payload 

compartment to comply with the competition rule that the hatch cannot be part of the payload restraint 

system. 

 
Figure 4.1.10.3b Payload Restraint System 

 
4.1.11 Weight Estimate 
An approximation for the overall weight of the aircraft must be established in order to complete 

the sizing calculations.  The weights of the fuselage, empennage, and wings were inferred based upon 

past DBF aircraft and on the estimated size and density of the construction material. Other critical 

components were weighed separately and then summed.  A safety margin of 1.2 was used on this 

estimation to account for any parts that needed to be ordered, or were unable to be weighed. This 

resulted in the weight breakdown shown in Table 4.1.11a. 



 

 
The University of Arizona   Page 35 of 57 

UA DBF ’07-’08 

 

Table 4.1.11a Weight Estimate 

  Part Weight (oz) Number Total Percentage 

CONTROL 
SYSTEM 

Servo 1.50 6 9.00 8.2% 
Control Batteries 4.00 1 4.00 3.7% 

Receiver 0.60 1 0.60 0.6% 
Speed Controller 1.40 1 1.40 1.3% 

Total ----- ----- 15.00 13.7% 

LANDING GEAR 

Main Gear Strut 3.00 1 3.00 2.7% 
Nose Gear 3.10 1 3.10 2.8% 

Wheels 3.00 3 9.00 8.2% 
Axles 0.50 3 1.50 1.4% 
Total ----- ----- 16.60 15.2% 

POWER 
SYSTEM 

Motor 11.70 1 11.70 10.7% 
Prop 1.50 1 1.50 1.4% 

Engine Mount 1.92 1 1.92 1.8% 
Fuse 0.25 1 0.25 0.2% 

Fuse Box 1.50 1 1.50 1.4% 
Cut-off Switch 1.50 1 1.50 1.4% 

Total   ----- 18.37 16.8% 

STRUCTURE 

Upper Wings 3.00 2 6.00 5.5% 
Lower Wings 6.50 1 6.50 5.9% 

Horizontal Tail 1.50 1 1.50 1.4% 
Vertical Tail 1.50 1 1.50 1.4% 
Fuselage 44.13 1 44.13 40.3% 

Total   ------ 59.63 54.4% 

BATTERIES Delivery Flight 1.23 16 19.68   
Payload Flight 1.62 19 30.78   

Empty Weight 
109.6 Ounces 
6.85 Pounds 

Delivery Flight 
129.28 Ounces 
8.08 Pounds 

Payload Flight 
255.58 Ounces 
15.97 Pounds 
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5.0 Detailed Design 
5.1 Detailed Sizing Parameters 

Table 5.1a below shows the detailed sizing and performance characteristics of the Phlying Fugoid. 

 

Table 5.1a – Size and Performance Characteristics 

Mass Horizontal Stabilizer 
Airframe Weight 59.6 oz Airfoil Flat Plate 

Propulsion System 63.7 oz Root Chord 0.58 ft 
Control System 15.0 oz Tip Chord 0.42 ft 
Landing Gear 16.6 oz Span 2.5 ft 

Payload 115.2 oz Horizontal Tail Area 1.25 ft2

Delivery Mission 
Weight 129.3 oz (8.1 lbs) Elevator Chord 0.125 ft 

Payload Mission 
Weight 255.6 oz (16.0 lbs) Angle of Incidence -1 deg 

Wing Other Dimensions 
Airfoil SD7062 Location of CG 

1.5 ft Wingspan 4 ft (from nose) 
Wing Area 4.44 ft2 Fuselage Dimensions 

Aspect Ratio 5.41 Maximum Width 1.0 ft 

Angle of Incidence 
 0 deg top             

1 deg bottom Maximum Height 0.83 ft 
Flaperon Span 3 ft Length 4.91 ft 

Flaperon Chord Length 0.167 ft Vertical Stabilizer 

Aircraft Performance Airfoil Flat Plate 
CLmax, flaps in 1.14 Height 0.75 ft 

CLmax, flaps extended 1.31 Chord 0.7 ft 
L/D max 8.04 Vertical Tail Area 0.525 ft2 

Empty Weight Performance Rudder Length 0.166 ft 
Stall speed w/o flaps 33 ft/sec Systems 
Stall speed w/ flaps 28 ft/sec Motor Hacker B50-10L 

Max speed 65 ft/sec 
Battery Configuration

 GP 3300 mAh NiMH Pack (20 
cells) Take-off field length 45 ft 

Gross Weight Performance Speed Controller Jeti Advance 77 Opto Plus 

Stall speed w/o flaps 45 ft/sec Propeller APC-E 16 X 10 
Stall speed w/ flaps 40 ft/sec Transmitter Spectrum JR DX-7 (2.4 GHz) 

Max speed 60 ft/sec 
Receiver Spectrum AR7000 

Servos Hitec HS-475HB Take-off field length 74 ft 
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5.2 Structural Analysis 

 Structural analysis was completed on the critical components using the COSMOS feature of 

SolidWorks.  The landing gear, wing structure, and tail boom were analyzed independently for deflection 

and maximum von Mises stress.  The models were reduced to meet the node limit of the COSMOS 

Education Edition used.  Plots of this analysis can be seen in Figures 5.2a – 5.2c. 

 

 
Figure 5.2a Structural Analysis of Main Landing Gear 

 

The analysis assumed a load factor of 2.0 with the full payload weight at landing.  The gear 

deflects approximately 0.5 inches under these worst-case loading conditions while the stress is well 

below the ultimate strength of the carbon fiber used. 

 

 
Figure 5.2b Structural Analysis of Wing-Box Design 



 

 
The University of Arizona   Page 38 of 57 

UA DBF ’07-’08 

The wing analysis shows that the endplates can be kept in tension as long as the lift on the top 

wing exceeds that of the lower wing.  This is accomplished by setting a higher angle of incidence on the 

upper wing.  The analysis also shows that the reaction stresses of the upper wing spar are minimized by 

the load transfer through the endplates to the lower carry-through spar.  

 

 
Figure 5.2c Structural Analysis of Tail Boom Structure 

 
The tail boom analysis confirmed the structure could adequately support the forces produced by 

the maximum elevator deflection.  The original structure without the angle braces was not able to support 

the bending load on the carbon fiber rods without significantly deflecting the tail boom. 

 

5.3 Propulsion/Control System Architecture 
Figure 5.3a shows the wiring schematic for the control and propulsion system.  Five independent 

servos are utilized to provide independent movement to the four control surfaces as well as the nose 

wheel.  The receiver power is regulated by a switch while the motor power is limited by the 40A fuse. 
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F
Figure 5.3a Wiring Diagram 

 
5.4 Weight and Balance 

Weight and balance analysis provides the gross weight and cg location for all possible missions.   

Table 5.4a shows that the range of gross weights is 8.08 to 15.97 pounds.  The cg remains fixed at 18.0 

inches from the nose-cone apex for all possible combinations except the odd-numbered payload.  For this 
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case, the cg shifts 0.2 inches forward.  It is possible to negate this change by repositioning the battery 

pack, but this will be based on flight testing. 

 

Table 5.4a Weight and Balance Table 

Configuration Weight 
(lbs) 

CG Location (in.) 
 (From nose apex) 

Empty (Delivery) 8.08 18.0 

14 Passengers 15.77 18.0 

4 Cargo 15.97 18.0 

10 Passengers, 1 Cargo 15.57 18.0 

7 Passengers, 2 Cargo 15.87 18.0 

3 Passengers, 3 Cargo 15.67 17.8 

 
5.5 Rated Aircraft Cost 

The rated aircraft cost is defined by: 

 

( ) ( )*RAC Aircraft Empty Weight Propulsion Battery Weight=  

 

Table 5.5a shows the RAC for both the Delivery and Payload missions, where weight is in pounds. 

 

Table 5.5a Rated Aircraft Cost 

Mission Empty Weight (lbs) Battery Weight (lbs) Rated Aircraft Cost 

Delivery 6.85 1.23 8.43 

Payload 6.85 1.92 13.15 

 
5.6 Mission Performance 

The mission performance of the aircraft was estimated from the flight characteristics from the 

preliminary design phase.  For the delivery flight, the estimated number of laps was determined by 

dividing the five-minute time limit by the time it takes to complete one lap.  From the course diagram, a 

total lap distance of one-half mile was inferred.  At a cruise speed of 65 ft/s (44 mph), the airplane can 

complete 6 laps considering the extra time required for takeoff.  With a battery pack weight of 1.23 

pounds, the mission score for the delivery flight is estimated at 4.88. 

For the payload missions, the score is determined by the loading time and RAC.  Based on initial 

testing, a maximum loading time of 30 seconds was used for performance analysis.  With an estimated 

RAC of 13.15, the mission score for the payload flights is estimated at 0.0023 (with seconds as time 

measurement).  In order to determine the effect of loading time on the mission performance, the team 
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compared loading time to a normalized score using a baseline of 30 seconds.  This plot is shown in 

Figure 5.6a. 
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Figure 5.6a Effect of Loading Time on Payload Mission Score 

 

This analysis indicated that in order to be competitive, the team must minimize the loading time.  

Otherwise, the score decays rapidly.  The team plans to spend much of the next two months leading up 

to the competition practicing and improving the loading procedure. 

 

 

5.7 Drawing Package 
 
See the following pages for the complete drawing package: 

1. Flight Configuration 

2. Structural Arrangement 

3. Systems Layout 

4. Payload Placement 
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5.8 Human Factors Analysis 
Human factor science is the study of the properties of human aptitude. This is becoming 

increasingly important for AIAA DBF teams due to the amount of human tasks that must be performed 

within a certain time limit. After the design, construction, and testing of the plane are completed, the last 

element to the competition is the execution.  The inevitable by-product of human involvement is human 

error.  Human factor science applied to this challenge involves studying the ways in which human error 

will impact AIAA DBF teams and how this impact can cause decreased performance and scores.  The 

following table outlines the events that will be timed during the competition, the potential human error that 

could result from each event, and how our team can avoid or decrease this error. 

 

Table 5.8a Human Factors Analysis 
Timed Event Potential Human Error Avoidance Methods 

Get payload assignment sheet 
Slow if unfamiliar with where to 
retrieve sheet and/or confusion 

among team members 

Learn competition area early and 
assign one person to retrieve 

assignment sheet to avoid 
confusion 

Determine the payload 
elements required 

Slow due to being unfamiliar with 
payload configurations 

Review all configurations and be 
familiar with them prior to 

competition 

Retrieve elements from 
storage 

Slow retrieving elements due to 
confusion among team members 

Assign one person to retrieve 
payload elements to avoid 

confusion 
Open cargo hatch and 

configure payload restraint 
system 

Damaging cargo hatch or plane if 
rushing 

Practice opening hatch and 
handling plane. 

Load and secure payload 
Slow and/or sloppy loading and 
securing, not executing correct 

payload configuration; both 
resulting in repeating loading 

Practice loading all 
configurations 

Return and secure un-used 
restraint system components 

into aircraft 
N/A 

Design eliminates the need to 
return or secure un-used 

components 

Secure cargo compartment 
Time lost for water bottles not 
aligning with payload hatch; 

damaging cargo hatch or plane if 
rushing 

Practice securing hatch and 
handling plane 

Return to starting line 
Slow if unfamiliar with where 

starting line is and/or what is the 
fasted route to get there 

Learn competition area early and 
map out route from loading area 

to starting line 
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6.0 Manufacturing Plan  
6.1 Manufacturing Methods 
Certain design constraints, such as weight and construction capability, are directly determined by the 

materials available to the University of Arizona DBF team. Although exotic materials may be difficult to 

obtain, some routes are available to attain these supplies, mainly through donations and online 

distributors. Many of the more traditional materials for the aircraft are available at local hobby stores.  

A figure of merit was created to compare and contrast different methods for constructing the 

fuselage. The parameters chosen for study were: 

 Cost – The AIAA student section has a limited budget, so cost must be carefully monitored.  See 

Appendix A for a detailed budget for the program. 

 Durability – If the aircraft takes a hard landing, the fuselage must withstand the impact and 

maintain structural integrity.  

 Material Availability – Access to the required materials is vital for construction. Materials may be 

donated, bought locally, or ordered online. 

 Required Skill Level – Since the most of the University of Arizona DBF team has minimal 

experience with constructing radio-controlled aircraft, a simple technique allows many students to 

assist in construction.  

 Time of Construction – If the fuselage needed to be replaced before the competition, parts could 

be rebuilt and exchanged quickly.  

 

Table 6.1a – Fuselage Manufacturing Matrix 

FOM Importance Carbon 
Fiber Kevlar Balsa 

Frame 
Cost 0.25 -1 -1 1 

Durability 0.15 1 1 -1 
Material Availability 0.20 -1 0 1 
Required Skill Level 0.20 0 -1 1 
Time of Construction 0.20 -1 0 1 

Total 1.00 -0.50 -0.30 0.70 
 

Several materials and construction methods have been considered for the fuselage. Initially, carbon 

fiber was considered to emulate past year’s entries.  Raytheon Missile Systems was willing to donate 

carbon fiber; however a metallic mold of the fuselage was needed to utilize their facilities.  Attaining this 

metal mold is far too expensive and time-consuming to realistically consider.  An alternative to carbon 

fiber is Kevlar. Kevlar has a greater impact resistance than carbon fiber, so the fuselage could weigh less 

while still retaining the structural properties needed for the aircraft. However, the knowledge and time 

needed to lay up this composite surpasses the resources of the team. A balsa framework is the best 

option since balsa is readily available on the market and some of the team members have previous 
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modeling experience. This implies that the fuselage could be built rapidly and interchanged if it is 

damaged or destroyed during flight testing.  

 

6.2  Actual Construction Methods 
6.2.1 Wing and Fuselage Construction 

The frames of the wings are constructed from 1/16 inch thick balsa wood.  Using an X-660 Laser 

Cutter, the SD-7062 ribs were precisely cut.  A 1/2 inch carbon fiber rod, acting as a spar, runs through 

the span of the wing to ensure adequate structural strength. To minimize the twist of the wing in flight, 

another spar runs along the trailing edge of the wing, as shown in Figure 6.2.1a and 6.2.1b. In addition to 

these rods, balsa stringers were placed along the span to maintain the integrity of the airfoil shape. The 

horizontal and vertical tail surfaces are constructed of simple balsa wood frames. Each of the control 

surfaces (both of the wing and the tail) are made of solid balsa.  The wings, horizontal tail, and vertical tail 

were covered with MonoKote, a heat shrink plastic wrap, to create a suitably smooth surface. 

 

 
Figure 6.2.1a Fuselage and Wing Construction 
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Figure 6.2.1b Detail of Wing Design 

 

The fuselage consists of a balsa frame covered partially in aircraft plywood and thin balsa sheets.  

Plywood reinforces the bottom and sides of the fuselage and is the main structure that carries the most 

loads throughout the fuselage.  Bulkheads in the fuselage consist of thin plywood sheets and an eighth-

inch carbon fiber and honeycomb sandwich panel.  The honeycomb structure provides a solid mounting 

point for the motor and front landing gear.  The top external hatch is created with a small balsa frame and 

a sheet of aircraft plywood.  The interior payload compartment is fabricated from insulation foam.  The 

fuselage walls overhang the floor by an inch to allow space for the batteries and receiver without 

interfering with the payload compartment.  This also allows the team to precisely position the batteries for 

each possible payload combination to maintain a constant CG location. 

 

6.2.2 Other Components 
The motor mount, shown in Figure 6.2.2a, is constructed of machined aluminum. This minimizes 

weight while still maintaining the strength needed to support the motor’s weight and torque during flight. 

 
Figure 6.2.2a Motor and Motor Mount 

 

 The nosecone was constructed using high-impact polystyrene that was vacuum formed over a 

foam mold.  The team created the mold by hand and built a vacuum box that was the same size as the 

mounting frame.  The plastic was heated to 300 degrees Fahrenheit in a laboratory oven and then rapidly 
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placed over the mold and tightened until vacuum was established.  Pictures of this process can be seen 

in Figure 6.2.2b below. 

 
Figure 6.2.2b Nosecone Construction 

 

 The tail boom was constructed from four high-strength carbon fiber tubes.  The tubes were sized 

to provide adequate support of the tail surfaces while minimizing weight.  Pictures of the final boom 

construction can be seen in Figure 6.2.2c. 

 

 
Figure 6.2.2c Tail Boom Configuration 

 

6.3 Manufacturing Schedule 
 Figure 6.3a below shows the manufacturing milestone chart with scheduled and actual progress.  

 

Foam Mold Plastic Forming 
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Figure 6.3a – Manufacturing Milestone Chart 

 
 The manufacturing phase of the project proceeded nearly as scheduled leading up to the first 

flight in February.  The major schedule lapse occurred with material procurement as the team 

continuously ordered material as the design was modified throughout manufacturing. 

 

7.0 Testing Plan  
7.1 Propulsion Testing 

 In order to statically and dynamically test the propulsion system, a wind tunnel model to 

accommodate the Hacker B50 10L motor and control systems was built by the team last year.  The model 

was constructed to fit into the low speed wind tunnel at the University of Arizona, which can reach speeds 

upwards of 90 mph.  The wind tunnel mount was designed to accommodate the motor, electronic speed 

controller, receiver and batteries.  To record amperage, the batteries were kept outside of the wind tunnel 

with an inline ammeter throughout all testing.   

 The first phase of testing was performed to test static and low speed thrust produced.  The motor 

was able to produce roughly 7.5 lbs of thrust up to approximately 25 mph pulling between 50-60 amps. 

Future testing is planned to verify these results and expand the envelope of known results.  This 

series of tests will make dynamic thrust measurements at the aircraft’s estimated stall, cruise top speeds.  

Simultaneous documentation of battery performance will be made.  These results will be used to calibrate 

and interpret the motor predictions from MotoCalc.  As of this writing, the team is still awaiting a time slot 

in the wind tunnel for these tests. 

 

        
Figure 6.1 Wind Tunnel Test Stand 



 

 
The University of Arizona   Page 52 of 57 

UA DBF ’07-’08 

7.2 Flight Testing 
Actual field testing provides valuable information about the aircraft that no equation or model can 

simulate.  Careful observation can affirm successful aspects of the design and also draw out weaknesses 

to improve.  Testing plays a key role in the validation of the calculations and assumptions that went into 

the aircraft design process.  

 

7.2.1 Flight Checklists 
The testing schedule outlined in table 7.3.1a has been coordinated with a test pilot.  To maximize 

the time allotted for flight testing, pre-flight and in-flight checklists were created.  The preflight checklist is 

designed to ensure that the plane has been configured properly at the flying location.  The in-flight 

checklist along with pilot feedback will be used to evaluate each test flight.  This checklist will then be 

reviewed following the flight to identify adjustments that should be made before the next test. 

The testing plan starts with structural and component testing to ensure the airframe is capable of 

lifting the payload weight.  The first flight occurs with no payload in order to better adjust the handling 

characteristics without draining the batteries excessively.  This also simulates the conditions of the 

delivery mission.  Once the aircraft is proven in flight, the team will focus on the payload mission.  Testing 

must be done to ensure that the aircraft can takeoff within the 75 foot limit.
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Table 7.3.1a Testing Schedule 

Test Objective Date 

Wing Tip Test Verify that aircraft can be lifted by wingtips without 
sustaining damage. 2/1 

Static Testing Check electrical connections, mechanical structures, and 
functionality of control surfaces. 2/1 – 2/9 

Initial Flight 
Testing 

Test aircraft performance and modify design as needed.  
Become familiar with flight handling characteristics. 2/9 

Internal 
Payload Test 

Verify that internal payload bay can be loaded into the 
fuselage without difficulty and top hatch can support weight 2/20 

Payload Flight 
Test 

Test aircraft performance with all possible payload 
configurations.  Test operation of flaps.  Measure takeoff 
distance for each flap and power combination.   

2/23 

 

Additional 
Flight Testing 

Fly aircraft on all simulated missions and optimize 
performance for the competition. 2/23 – 4/16 

Pit Crew 
Practice Team members practice aircraft loading and configuration. 2/23 – 4/16 

 
 

Table 7.3.1b Pre-flight checklist 

Item Completed 

Wings secured  

Landing gear condition  

Propeller mounting  

Electrical connections  

Payload loaded properly  

Receiver power  

Control surfaces operational  

Emergency procedures  
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Table 7.3.1c In-Flight Checklist 

 

 
8.0 Performance Results 

8.1 Flight Testing 
The first flight of the Phlying Fugoid took place on Satruday, February 9th in Tucson, Arizona.  

The aircraft nose-cone was not completed at the time, so the aircraft had excess drag.  Upon rotation, the 

pilot noted that an excessive amount of elevator trim was required to maintain level flight.  The aircraft 

had a pitch-up tendency.  Upon landing, the team noted that there was a large gap between the elevator 

Taxi/Ground Operation Real-Time Comments 

 Low/High speed taxi  

 Straight tracks  

 Control surfaces operational  

Flight 1 (No Payload) 

 Takeoff and landing control  

 Control while turning  

 Control while climbing and diving  

 Check airplane condition  

Flight 2 (With Payload) 

 Max power takeoff  

 Takeoff distance < 75’  

 Repeat Flight 1 test  

 Full deflection of control surfaces  

 Full stop landing  

 Check airplane condition  

Additional Testing 

 Simulate competition mission, 
study performance  

 Ground crew speed and reliability  
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and horizontal stabilizer as shown in Figure 8.1.1 below.  It was inferred that the gap was causing 

separation, decreased elevator effectiveness.  This was corrected by sealing the gap with flexible tape.   

 
Figure 8.1.1 – Elevator Gap 

 

Additionally, the motor was unintentionally mounted with a slight positive angle on the trust 

vector.  After consultation with RC modelers, this was changed to a slight negative angle for better flight 

characteristics. 

The second flight of the airplane proved that the small changes to the elevator and motor mount 

created large improvements in the stability characteristics.  The airplane was able to complete multiple 

laps around the field and the pilot expressed satisfaction with the handling characteristics.  Figure 8.1.2 

shows a picture of the Phlying Fugoid in flight. 

 
Figure 8.1.2 – Flight Testing 

The first payload flight took place as scheduled on February 23rd.  The first flight carried one brick 

to simulate half the maximum payload weight.  The airplane performed well, but with some stability 

problems that were remedied by moving the cg slightly forward and securing the payloads better.  The 

second flight carried 10 water bottles using heavier batteries than are planned for the competition.  This 

resulted in the maximum gross weight expected for the competition.  With the stability issue solved, the 

airplane preformed very well.  The aircraft was able to take off fully-loaded in approximately 50 feet with a 
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10 mph headwind and no flaps.  On the last flight, the flap system was tested in flight with no noticeable 

change to the stability characteristics.  

The team plans to continue flight testing during the next two months leading up to the 

competition.  Further testing will be performed to optimize mission performance. 

 

8.2 Subsystem Testing 
After each test flight, the battery packs were recharged and the total energy required for the 

charge was recorded.  This allowed the team to measure the actual energy used by the motor in flight.  

Table 8.2.1 shows the results of these flights 

 

Table 8.2.1 Motor Performance Data 

Date Flight # Description T/O Weight Flight Duration mAh Used 

2/9 1 First flight, 2 t/o 151.1 oz. 2.0 min 1331 

2/9 2 1 t/o, ~4 laps 151.1 oz. 3.5 min 1775 

2/23 1 1 t/o, 4 laps 202.3 oz. 3.0 min 2243 

2/23 2 1 t/o, 2 laps 231.1 oz. 2.0 min 1589 

 

 Based on these preliminary test results, the team is confident that the GP2200 cells will provide 

enough energy to propel the airplane for the Payload Mission.  Once the new cells arrive, the team plans 

to test the endurance of the batteries in incremental flight tests.  This data will allow the team to monitor 

the battery drain at the competition and ensure successful completion of both missions. 

 

9.0 Conclusion 
 The University of Arizona DBF team has worked for the last six months to design, build, and fly 

an airplane with competitive advantage for the DBF contest in April.  Throughout the entire process, care 

has been taken to optimize the most relevant characteristics of the airplane in order to maximize the 

competition score.  The team has enjoyed early success in flight testing and plans to continue testing 

right up to the competition.  The airplane may be modified before the competition to reduce even more 

weight or gain more cruise speed.  The team looks forward to the competition in Wichita. 
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