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1.0 Executive Summary 

The objective of the University of Colorado Design Build Fly (CUDBF) team is to design a remote 

controlled aircraft to compete in the 2011-2012 American Institute of Aeronautics and Astronautics 

(AIAA), Cessna Aircraft and Raytheon Missile Systems Design Build Fly competition. The presented 

design, the H2BuffalO, has been created for optimal performance under the provided competition rules 

and restraints. The H2BuffalO will be designed to complete the three missions of this year’s competition 

so as to maximize points earned.  

The two payloads consist of eight aluminum block simulated passengers, and a Time End Indicating 

System (TEIS). This document presents the detailed design, analysis, testing, manufacturing, aircraft 

performance and management plan employed to ensure a successful flight system. 

1.1 Design Summary 

Several aircraft configurations were considered for the design of the H2BuffalO including conventional 

monoplane, flying wing, canard, and dual wing. The conventional monoplane configuration was ultimately 

selected due to the available wealth of knowledge about the design and manufacturing processes, as well 

as the high volume payload capacity. The conventional design also allowed for a high wing placement, 

allowing less structural interference with the internal payload volume. A conventional tail layout was also 

selected for its longitudinal stability and simplicity. The structure weight of the aircraft is critical to the 

scoring for each mission. Therefore, the aircraft was designed with lightweight construction in mind. In 

order to decrease the maximum flight weight of the aircraft, the fuselage was designed to be waterproof, 

thus eliminating the need for extra component and weight for mission three.  

1.2 Mission Requirements and Design Solutions 

The ferry flight and loaded missions require that the system allow for set up and loading in a five 

minute time period. The aircraft must also carry the aluminum passengers or TEIS payload while 

withstanding a 2.5 g load maneuver, and must land on the runway after completing each flight. Mission 

two requires the aircraft to complete three laps while carrying eight aluminum passengers. The payload 

restraint system for the aluminum passengers was designed to securely hold the passengers while 

allowing for the installment of the TEIS payload. Aluminum block passengers will be held in place by a 

light foam insert. In mission three, the water payload must be released upon reaching 100 meters in 

altitude as indicated by a CAM-f3q altimeter which will actuate a servo operated dump valve.  Following 

these requirements, in addition to constraints imposed by the 1.5 lb battery limitation, the aircraft was 

designed to have a low stall speed of 24.7 ft/s and a cruise speed of 86.5 ft/s at maximum gross take-off 

weight.  
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A sensitivity analysis was performed on the mission scoring equations. It was determined that the 

most sensitive parameter of this competition is the maximum total mission weight of the aircraft. The time 

to climb is the second most important parameter.  

1.3 Performance and Capabilities 

The aircraft is designed to have the lowest possible structure weight while remaining sufficiently rigid 

to endure the stresses of flight. Because the aircraft must carry 2 liters of water during mission three, the 

internal payload compartment of the fuselage is waterproofed so that no water is released before 

reaching 100 meters and no electrical components are subjected to moisture. Since the payload 

compartment must also serve as a passenger cabin, the access hatch and restraints accommodate 

aluminum blocks.  

 The estimated flight weight of the aircraft for Mission 1 is 3.44 lb. For Mission 2 and Mission 3 it is 

7.34 and 7.85 lb, respectively. Mission 1 consists of an empty aircraft. The Mission 2 weight includes the 

weight of the passengers, and the Mission 3 weight includes the weight of the Time End Indicating 

System. 

2.0 Management Summary 

2.1 CUDBF Organization 

CUDBF consists of approximately 25 undergraduate students. Of these students, 11 are juniors and 

of these, 7 are veteran CUDBF participants. There are two veteran sophomore participants. The 7 

veteran juniors are fulfilling leadership roles within the team as shown in Figure 1 below. The team is 

advised and supported by two faculty advisors and several alum advisors. 

 

Figure 1: CUDBF Hierarchy Chart 
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At the administrative level, CUDBF is organized with a Project Manager and Systems Engineer: 

 Project Manager: Garrett Hennig 

o Represents the team through correspondence with DBF officials.  

o Organizes team meetings and keeps communication flowing among team members  

o Procures funding for the team 

 Systems and CAD Engineer: Grant Boerhave 

o Organizes interfacing among sub-teams.  

o Maintains CAD model and presides over the CAD Sub-Team 

Five technical sub-team leaders support the administration of CUDBF and preside over their 

respective sub-teams: 

 Aerodynamics: Jacob Varhus 

o Wing and empennage design 

o Determination of external configuration  

o Conducts analysis of stability, flight characteristics 

 Missions: Matthew Zeigler 

o Score analysis and strategy optimization 

o Payload design and configuration 

 Propulsions: Cameron Trussell 

o Optimizes aircraft propulsion based on competition requirements 

o Selects motor, propeller, and electronic components 

 Structures: Dominique Gaudyn 

o Optimizes structure material and configuration for competition missions 

2.2 Design and Fabrication Schedule 

The design and fabrication of the H2BuffalO was a complex iteration process. Many of the tasks along 

the design process are interdependent and occur simultaneously. The project schedule was designed to 

keep the design and fabrication process at an appropriate pace in order to deliver a final aircraft on time. 

The design phase of the H2BuffalO was broken into three distinct phases: Conceptual Design, 

Preliminary Design, and Detailed Design. Manufacturing is also divided into three phases: Aerodynamic 

Prototype, Manufacturing Prototype, and Competition Aircraft. Testing will occur throughout the design 

and manufacturing phases. Shown in Figure 2, below, is a Gantt chart illustrating the flow of the aircraft 

design. 
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3.0 Conceptual Design 

During the conceptual design phase, the team considered competition requirements along with the 

mission scoring formulas to guide general understanding of how to maximize the overall score. By 

analyzing each mission score independently then calculating the total score, the relative sensitivity of 

various aircraft characteristics on score were determined.  

3.1 Mission Requirements 

This year’s aircraft is required to successfully complete three unique missions in order to complete 

the competition. After completing each mission, the team will receive a score based on the performance 

of the aircraft during that mission. The final score is calculated using the following formula: 

      
                                       

√   
 

Total flight score is the sum of the three mission scores as shown below: 

                            

Legend 

Predicted  

Actual  
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The final score is inversely proportional to the rated aircraft cost (RAC), which is equal to the 

maximum empty weight of the aircraft as measured following each of the three missions.: 

                     

3.1.1 Mission 1: Ferry Flight 

In mission 1, the aircraft must demonstrate superior straightaway speed and maneuverability. The 

aircraft flies along a designated flight course and attempts to complete as many laps as possible within 

four minutes of initial throttle-up. Mission one flight score is linearly dependent on the number of laps 

completed as shown in the equation below: 

     
     

 
 

3.1.2 Mission 2: Passenger Transport 

The second mission is an exercise in construction of aircraft with low structure to payload weight 

ratio. In order to successfully complete the mission, the aircraft must carry eight simulated passengers 

represented by 1”x1”x5” aluminum blocks. The total weight of the passengers must be no less than 3.75 

lb. The score for this mission is inversely proportional to the total weight of the aircraft including the 

structure, batteries, and the simulated passengers. An aircraft with high mission 2 score must have a low 

structure to payload weight ratio: 

       
    

    
 

3.1.3 Mission 3: Time to Climb 

Mission three is a demonstration of both engineering creativity and high aircraft performance. Teams 

begin mission 3 by loading 2 liters of water into the aircraft’s Time End Indicating System (TEIS). Judges 

will measure the time from initial throttle-up to the aircraft’s release of the water payload upon reaching 

100 meters in altitude. The TEIS will use a CAM-f3q altimeter to automatically actuate a servo-operated 

dump valve at 100 meters above ground level. The challenge of mission three is in the nature of the 

payload. The water must not leak between loading and staging which may take 20 minutes or more.  The 

score for mission two is normalized by the average time to climb of all the teams that successfully 

complete the mission. To do well in mission three, the aircraft performance must minimize time to climb: 

         (
    

     
) 

3.2 Design Requirements 

Using the scoring criteria of each mission, the most sensitive design parameters were determined. 

The aircraft design as well as each of the subsystems design was optimized within the other design 

system constraints of the competition. 
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3.2.1 Sensitivity Analysis 

In order to optimize the design on the aircraft for the highest possible final score, a sensitivity 

analysis was performed. This analysis evaluated the increase of each mission parameter and its effect on 

the total competition score. In order to accomplish this, a baseline model was chosen and a final score for 

the model was calculated. Then, for each mission, the baseline model’s characteristics were varied and 

the resulting percent change in total score was plotted. Figure 3 displays the results of this analysis. 

 

Figure 3: Mission Score Sensitivity Plots 

The baseline model’s mission characteristics used for this analysis as well as a description of why 

each one was chosen can be found in Table 1. 

Table 1: Description of Baseline Model Used in Sensitivity Analysis 

Mission 
Characteristic 
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Number of Laps 5 
Chosen because it was the number of laps obtained by last year’s 
CU DBF team with similar aircraft design and payload weight 

Structure Weight 4.4 lbs. 
Same weight as maximum payload, resulting in competitive structure 
weight to payload ratio of 1 

Climb Ratio 1 
Represents the value equivalent to a climb time equal to average 
climb time of all teams 
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From the sensitivity analysis it was determined that structure weight was the most sensitive 

parameter. This makes sense as the weight of the aircraft affects both the Mission 2 score, as well as the 

RAC which affects the total score.  

The number of laps and time to climb parameters were thus deemed less sensitive and therefore less 

important than structure weight. However, in order to obtain a competitive score, these parameters could 

not be ignored. Figure 4 , given below, illustrates this fact. 

 

Figure 4: Effect of Time to Climb Ratio and Flight Weight on Total Score 

As shown in Figure 4, though decreasing flight weight increases total score most effectively, the effect 

of time to climb ratio on total score cannot be ignored. Also, it is important to note that due to time to 

climb’s dependence on velocity, the time to climb and the number of laps completed by the aircraft is 

coupled, meaning a faster climb time should result in more possible laps. 

For these reasons the team designed an aircraft that would be the lightest possible while still 

remaining competitive in the ferry flight and time to climb missions.  

3.2.2 Mission Driven Design Requirements 

From the competition rules and previous year’s DBF results, more design requirements were derived 

which include the following: 

 The fuselage must be internally waterproofed. 

 The water payload release mechanism must be servo-operated. 

 The aluminum passengers must be fully secured during flight. 
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 All mission specific payloads must be secured in a fashion such that the center of gravity 

of the aircraft is unchanged with the addition and removal of each respective payload. 

 All payloads must be carried fully internal to the aircraft mold lines. 

3.3 Aircraft Configurations 

In order to design the mission optimizing aircraft that provided the potential for the maximum 

achievable mission score, a variety of generic aircraft configurations were compared and contrasted 

against one another in the form of a trade study.  A basic description of the advantages and 

disadvantages provided by each aircraft configuration is described below: 

 Conventional: Often used in large payload applications, an extensive knowledge base is 

available, and the configuration of such an aircraft involves simple and reliable fabrication 

techniques. 

 Canard: Employs a horizontal stabilizer forward of the aircraft’s main wing. The canard may 

be designed to provide positive lift in trimmed flight, however, canard designs can be less 

stable. 

 Flying Wing: Without a fuselage, this configuration has little potential to carry a high-volume 

internal payload. There is a limited knowledge-base for this configuration, and the 

manufacturing is complex. 

 Dual Wing: This configuration places a lifting wing section both above and below the 

aircraft’s fuselage, allowing for a shorter wingspan at the expense of increased drag. 

3.4 Concept Weighting and Results 

As described previously, a series of trade studies were performed to decide on the overall 

configuration of the aircraft.  The most important configuration considerations that were analyzed were 

quantified in terms of a Figure of Merit (FOM).  The FOM’s employed in these trade studies were chosen 

based on their relevance to the mission, the knowledge-base surrounding each proposed configuration, 

and the benefits to the aerodynamic performance of the aircraft.  As such, each FOM was weighted 

based on relative importance to the mission requirements and to give each possible aircraft configuration 

an overall score. 

3.4.1 Aircraft Configurations 

It should be noted that of the four aircraft designs proposed, only three were actually considered for 

trade study: the conventional, the canard, and the dual wing. Flying wing was eliminated because of 

payload sizing requirements. The categories chosen to weight the overall effectiveness and feasibility of 

each configurations were: knowledge-base surrounding the aircraft with regards to ease of design and 

manufacturing; maximum internal payload volume; aircraft structure weight; and lift-to-drag ratio.  These 

categories were weighted individually at 15, 15, 50, and 20 percent, respectively.  Each considered 
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configuration was given a figure of merit on a scale from 1-10 in each of the four categories considered, 

relative to the comparative advantage or disadvantage of all known aircraft configurations.  These FOM’s 

were then weighted and summed to ultimately score each aircraft configuration, also on a scale of 1-10.  

The results of the performed trade studies are seen in Table 2. 

Table 2: Aircraft Wing Configuration Trade Study 

 Conventional Canard Dual Wing 

Attribute Weight Score Weighted Score Score Weighted Score Score Weighted Score 

Knowledge Base 15 10 1.5 5 0.8 8 1.2 

Payload Volume 15 9 1.4 8 1.2 9 1.4 

Aircraft Weight 50 7 3.5 6 3 5 2.5 

Lift vs. Drag Ratio 20 7 1.4 7 1.4 5 1 

Total 100  7.8  6.4  6.1 

 

As seen above, the conventional monoplane has the largest knowledge base, making the design and 

manufacture of this configuration more reliable and less complex. The conventional design also allows for 

a large payload volume in the fuselage and good payload accessibility. The wings are placed above the 

longitudinal axis, and the avionics may be easily placed in the nose of the aircraft to aid in optimizing the 

center of gravity location of the aircraft without the use of ballast. The conventional design also scored 

highest in terms of aircraft weight. This was ultimately the most important factor in choosing the 

conventional configuration, as weight is explicitly factored twice into the mission and overall score of the 

competition aircraft. 

 
3.4.2 Empennage Configuration 

The aircraft’s tail assembly configuration was weighted on three characteristics: weight at 50%; 

ground clearance at 25%; and complexity of manufacturing at 25%. Because of the mission scoring 

scheme, weight of the empennage was determined to be the most critical attribute. The configurations 

considered for the empennage included H-tail, T-tail and V-tail configurations. Table 3 shows the 

weighted and total score of each empennage design; all scores are on scale of 1-3. 

Table 3: Aircraft Tail Configuration Trade Study 

 

 

 

   

Attribute Weight Score 
Weighted 

Score 
Score 

Weighte
d Score 

Score 
Weighted 

Score 
Score 

Weighted 
Score 

Weight 50 3 150 2 100 3 150 1 50 

Clearance 25 3 75 1 25 3 75 3 75 

Complexity 25 3 75 2 50 1 25 2 50 

Total: 100  300  175  250  175 

Conventional Cross Tail V Tail T Tail 
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From the weighted scores, it was determined that the conventional empennage assembly provided 

the best combination of low weight, clearance, and ease of manufacturing out of the three configurations. 

3.4.3 Fuselage and Payload Layout 

The design and layout for the fuselage was driven almost entirely by the need to carry rectangular 

blocks in mission 2 as well as water in Mission 3.  The payload was designed such that the loading and 

dumping of water was efficient, reliable, and fool-proof while allowing for passenger constraints. The 

requirement of the use of a servo to operate a hatch mechanism that releases the water motivated a 

fuselage design which is rectangular with planar sides. The need to secure all passengers for Mission 2, 

while adhering to the spatial requirements listed in the rules for that mission, also justified the need for a 

rectangular, block shaped fuselage. 

3.4.4 Landing Gear 

Three landing gear configurations were considered for the H2BuffalO: tricycle gear, bicycle gear, and 

tail dragger.  The description of each and encompassing trade study are seen below: 

 Tricycle Gear: This configuration has predictable ground behavior, but having three landing 

gear components in the free stream increases the total drag on the aircraft. 

 Bicycle Gear: This gear configuration provides a lightweight solution, and the wheels could 

easily be recessed into the fuselage to reduce drag.   

 Tail Dragger: By having only two wheels in the free stream, the drag on the aircraft is 

reduced and increased ground clearance allows for the use of a larger diameter propeller 

Table 4: Landing Gear Configuration Trade Study 

 Tricycle Tail Dragger Bicycle 

Attribute Weighting Score 
Weighted 

Score 
Score 

Weighted 

Score 
Score 

Weighted 

Score 

Weight 35 1 35 3 105 2 70 

Drag 20 1 20 2 40 2 40 

Complexity 10 1 10 3 30 1 10 

Stability 20 3 60 1 20 2 40 

Prop 

Clearance 
15 2 30 3 45 1 15 

Total: 100  155  240  175 

The tail dragger configuration was selected as the best option for the H2BuffalO for several reasons.  

It requires the least amount of structure weight on an aircraft, it is the simplest to manufacture, and allows 

for the greatest amount of propeller clearance and, in turn, the greatest amount of available thrust. 
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3.4.5 Motor Configuration 

The initial considerations for the design of the propulsion system were the location and quantity of the 

motors.  Single- and multi-motor configurations were explored.  A two-motor configuration inherently 

includes two speed controllers, additional wiring, and two structural attachment points.  A two-motor 

configuration would allow the motors to be placed on the wings, and would allow for the use of smaller 

diameter propellers.  These factors all contribute to an increased aircraft empty weight.  A single-motor 

configuration limits the placement of the power plant.  Primarily, the payload of the aircraft drove the 

placement of the motor.  Ground clearance was not a design constraint as the estimated power output of 

the weight-limited battery size capped the propeller diameter at approximately 16”.  

As the empty weight of the aircraft is the most sensitive element of the scoring matrix, a single motor 

in a tractor configuration was selected to reduce overall propulsion system weight and keep electronic 

components out of the water plume.   

4.0 Preliminary Design 

4.1 Design Analysis/Methodology 

4.1.1 Fuselage Shape 

The fuselage was required to endure multiple takeoffs and landings, restrain passengers, as well as 

contain two liters of water without leaking. Given these parameters and the arrangement of the 

passengers in the fuselage, a rectangular, conventional fuselage was chosen. It was found that the best 

passenger layout was to have two rows of four passengers running longitudinally through the fuselage. 

This brought the center of gravity within the required envelope and the configuration also made the 

fuselage the right size for the two liter water mission.  

4.1.2 Weight Prediction 

A comparison of payload-to-weight ratios of previous CUDBF aircraft as well as competitive aircraft 

placing fifth and above at the DBF competition was used to estimate the structure weight based on 

maximum payload weight.  This weight estimate was then used to determine a wing area and power 

required estimate. 

4.1.3 Wing Area 

Performance constraint plots were created to determine the required wing area given thrust and 

weight predictions. Wings were sized to produce the required lift with minimum induced drag. Minimizing 

wing area both decreases weight and drag of the aircraft. Minimizing weight is paramount since weight is 

the most sensitive scoring parameter. Decreasing drag will increase the rate of climb.  

4.1.4 Airfoil Selection 

Selection of an airfoil for the wing emphasized two main requirements. The first requirement was for 

an airfoil that had a high coefficient of lift.  This was the most important parameter as the most sensitive 
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score factor was weight.  By having a high coefficient of lift the wing size can be reduced, decreasing the 

overall weight. The second most sensitive parameter was the lift-to-drag ratio. A high lift-to-drag ratio 

decreases the drag produced by the aircraft for the same lift.  This allows the aircraft to fly faster for the 

first mission, increasing the amount of laps that can be completed, and for the third mission a decrease in 

drag allows the aircraft to climb faster, increasing the overall score.  A number of airfoils were examined 

based on the aerodynamic characteristics stated above and analyzed to determine which provided the 

optimal combination of high lift-to-drag and coefficient of lift.  

4.1.5 Empennage/Tail 

The required tail volume was calculated in order to achieve the desired stability and control authority. 

Since weight was determined to be the most sensitive score parameter linear density of the tail boom and 

area density of the horizontal and vertical tail surfaces were taken into account to determine the lightest 

combination of tail length and surface area to achieve the necessary tail volume. The center of gravity 

(CG) of the tail was also taken into account as it played a major role in the longitudinal CG location of the 

entire aircraft. Optimum tail dimensions were chosen considering tail weight, CG location and tail volume.  

4.1.6 Battery Type and Quantity 

With the third mission of the competition being dependent on quick time-to-climb, the rate of climb 

had to be maximized.  The largest factors contributing to the aircraft’s climb rate are thrust, weight, and 

drag.  Therefore, cells were chosen to maximize power output while minimizing weight.  The cell’s ability 

to draw high current for a large time interval, as well as maintain a nominally constant output voltage, 

were all major design constraints. The quantity of cells was optimized through static testing for endurance 

and power output.   

4.1.7 Speed Controller 

The speed controller selection was primarily driven by the operational characteristics of the other 

components of the propulsion subsystem, taking into account the battery voltage and estimated current 

draw. After satisfying these requirements, a lightweight, reliable programmable speed controller was 

selected. 

4.1.8 Motor Selection 

The selection of a motor is extremely important as to the overall performance of the aircraft.  The 

motor selection was primarily based on the efficiency of the motor, as well as the weight and electrical 

output of the system.  The motor was selected to fit the power ratings, efficiency, and weight restrictions 

to optimize the cruise speed and time-to-climb performance variables.   

4.1.9 Propeller Diameter and Pitch 

The propeller is one of the most inefficient elements of a propulsion system.  The pitch and diameter 

of the propeller were selected to meet the needs of the mission requirements.  A highly pitched propeller 
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is ideally suited for improved efficiency at higher speeds, while a lower pitch is ideal for maximizing static 

thrust.   A larger diameter propeller effectively displaces more air, but requires additional power from the 

system.  Current limitations and battery weight constrained the selection of a propeller; therefore, the 

selection was based primarily on current draw of the system, in addition to the estimated output voltage of 

the battery pack.    

4.2 Design/Sizing Trades 

4.2.1 Fuselage Shape 

The first thing to be considered while designing the fuselage was its payload volume capacity. As the 

payload bay had to be able to hold both 2L of water was well as accommodate the eight passengers and 

their spatial restrictions, a two by four passenger configuration was chosen.  This configuration 

constrained the inner dimensions of the fuselage to 3 “x 5 “x 8.5”. The shape of the payload bay was left 

rectangular to better hold the rectangular blocks. In order to internally contain the batteries as well as the 

CAM-f3q altitude sensor, a second smaller payload compartment was designed and placed directly above 

the payload chamber with a foam plate of thickness 0.5 inches. With both chambers, the preliminary outer 

dimensions of the fuselage were 4 “x 6.5” x 10”. 

The material chosen for the fuselage construction was medium-density insulation foam as it was both 

light-weight and structurally stable if reinforced with a front firewall and rear bulkhead. Further support 

was added by using balsa/plywood blocks to support the landing gear and wing spar. These additional 

blocks were implemented to keep the foam from deflecting due to flight and landing forces. The outer 

surfaces of the fuselage were coated with Monokote™ in order to reduce skin friction drag. 

There are a number of advantages that come from this design. First, the foam chosen for 

manufacturing allows for easy construction using a template and a hot wire. Also, the landing and wing 

blocks along with the front and back bulkheads provides a structure able to handle all aerodynamic forces 

from flight as well as the impulse forces from landing. One slight disadvantage of these materials was the 

difficulty waterproofing the internal payload bay. 

4.2.2 Weight Prediction 

The CUDBF final competition aircraft from last year is in many ways comparable to this year’s 

design. The materials and payload weight are remarkably similar and therefore the weight properties of 

that aircraft can be used to estimate the weight of this year’s aircraft. Last year, the heaviest payload 

weighed 4 lb while the empty aircraft weighed 3.13 lb, making the empty weight to payload weight ratio 

0.78. This weight ratio is compared to historic averages and is shown to be on the lower end of these 

ratios. The results of this comparison are shown in Table 5, below. 
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Table 5: Historic Aircraft Weight Ratios 

 
WE/WPL 
Ratio 

Empty Aircraft Weight (lb) 

Mean 1.12 7.0 

Lower Limit 0.78 3.13 

Upper Limit 1.35 8.44 

The heaviest payload that the H2BuffalO will have to carry is the water at a total of 4.4 lb. Using the 

empty weight to payload weight ratio from last year, the empty aircraft is predicted to be 3.44 lb. The 

aerodynamic prototype was found to weigh 4.4 lb.  Ideally, further prototypes will significantly decrease 

this ratio as the manufacturing processes are perfected.  

4.2.3 Wing Area 

Figure 5 shows a constraint tradeoff plot to find the optimal wing area of the aircraft, as a function of 

wing loading (W/S) and weight to power ratio (W/P). The optimal design point occurs at the intersection of 

cruise speed, stall speed, and maneuvering loading as shown in Figure 5.    

 

Figure 5: Performance Constraint Plot 

This design point gave a wing loading, W/S of 1.60 lb/ft
2
 and weight to power ratio, W/P of 0.0170. 

Using an estimated gross takeoff weight of 8.0 lb the necessary wing area was determined to be 5.2 ft
2
. 

With a chosen aspect ratio, AR of 6.0 this area results in a span of 5.6 ft and a chord of 11.2 in. The 

power required was calculated from the weight to power ratio to be 470W. The performance constraint 
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shown in Figure 5 demonstrates an envelope of design points that meet all the performance requirements 

for stall, takeoff and cruise. An optimum point was chosen that would maximize the cruise speed while 

keeping weight to power ratio small. Lower weight to power ratios would result in more excess thrust and 

would further improve the time-to-climb mission. 

4.2.4 Airfoil Selection 

A selection of over 60 airfoils were chosen for analysis based on a number of airfoil characteristics, 

the most important being coefficient of lift and lift-to-drag ratio.  The aerodynamic coefficients were found 

using thin airfoil theory, a theory that produces accurate results for incompressible and in viscid flow. The 

top ten airfoils analyzed are shown below in Figure 6 in a plot that compares their coefficient of lift to lift-

to-drag ratio. A program called XFOIL (4), was used to determine the coefficients shown below. 

 

Figure 6: Lift-to-Drag Ratio versus Coefficient of Lift for Various Airfoils 

The Eppler 216 airfoil was chosen due to its high coefficient of lift, about 0.84 at the cruising 

angle of attack.  Along with the Eppler 216’s high coefficient of lift, its lift-to-drag ratio at cruise was the 

highest of any airfoil at 87.32.  The only downside to the chosen airfoil is its extremely high coefficient of 

moment when compared to the other airfoils analyzed shown below in Figure 7.  
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Figure 7: Coefficient of Moment versus Coefficient of Lift for Various Airfoils 

The coefficient of moment for the Eppler 216 was -0.1975, -0.0255 higher than the Eppler 395. To 

counteract its higher coefficient of moment a larger tail is needed to keep the aircraft stable.  It was 

ultimately decided that the high coefficient of lift and high lift-to-drag ratio outweighed the downside of a 

larger tail and increased weight and drag associated with it.   

4.2.5 Empennage/Tail 

Tail size was chosen using tail volume ratios in order to achieve the desired neutral point location for 

required stability and control authority. Since weight was determined to be the most critical parameter the 

tail was designed to optimize weight while still providing the appropriate stability characteristics. A 

program was written to iterate through various tail lengths. For each tail length the necessary tail area 

was calculated to maintain a constant tail volume. The structural weight was then calculated for each tail 

area and tail length combination. Results from this iteration can be seen in Figure 8.  
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Figure 8: Tail Mass as a Function of Tail Length for a Constant Tail Volume 

Lengthening the tail and increasing the tail area adds mass aft of the aircraft center of gravity, thus 

moving the total aircraft center of gravity aft. Therefore the center of gravity from the leading edge was 

also calculated for each tail length. Figure 9 shows how the center of gravity location changes with 

different tail length and tail area combinations.  

 
Figure 9: Center of Gravity Location for Each Tail Length 

Given that weight is being optimized, inspection of Figure 8 reveals that a tail length of 45 inches 

would be optimum since it results in the lowest overall structural weight. However inspection of Figure 9 

reveals that this tail length also results in a far aft CG. Therefore stability had to be considered. The static 

margin was calculated for various CG locations to determine the CG envelope that would result in the 

desired longitudinal stability. The shaded region on Figure 9 defines the forward most and aft most CG 

locations necessary for the desired stability to create tail length bounds. This region was then translated 

to Figure 8 based on the tail length at which the CG envelopes intersected the CG vs. tail length curve. 

The tail was then sized to minimize weight while remaining within the CG envelope. A tail length of 30 in 

was chosen to provide for a reasonable safety margin.  
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4.2.6 Battery Selection and Cell Quantity 

The propulsion system had a variety of constraints; however, with the aid of several design tools, 

knowledge heritage, and numerical computations, the components of the system as well as the flight 

operations were selected to optimize the score.  The propulsion system has several fundamental 

requirements: provide power enough to complete laps for ferry flight, provide adequate power for the 

passenger flight, and maximize the rate of climb of the aircraft for the time to climb mission, all while 

maintaining a low system weight.  The first component necessary for the preliminary design of the 

propulsion system was the battery type, and quantity. 

The battery chemistry is limited to nickel-metal hydride (NiMH) and nickel cadmium (NiCad) 

compositions. A NiMH chemistry provides a high-capacity density and a very repeatable charge and 

discharge cycle, allowing for consistent performance from well-conditioned cells; however, NiMH cells do 

experience a small voltage drop when under high amperage loads.  As the empty weight of the aircraft is 

the most sensitive scoring attribute, the capacity density of the selected cells was of utmost importance; 

therefore, NiMH chemistry was selected. The size of the cell was then optimized using the values 

provided in Table 6.  

Table 6: NiMH Cell Comparison Matrix 

Cell (NiMH) 2/3A 4/5A AA AAA Sub C 

Capacity [mAh] 1600 2000 1700 1000 3300 

Weight [oz] 0.81 1.16 1.00 0.46 1.93 

Capacity [mAh/oz] 1975.31 1724.14 1700.00 2173.91 1709.84 

 

The matrix provides the average weight and capacity density for five different cell sizes and 

capacities.  As previously stated, the capacity density is the driving variable for cell selection; however, 

the 2/3A, 1600 mAh cell was selected.  The AAA, 1700 mAh cell possess the ideal desired attributes, but 

lacks the ability to output high current for extended periods of time, as determined from experimental 

heritage.   

Following the investigation of the cell size, the number of cells required to power the propulsion 

system was determined.  In order to generate the most power from the system while keeping the pack 

weight under the 1.5 lbs and not blowing the 20 A slow-blow fuse mandated by the competition rules, the 

voltage was sought to be maximized to allow a lower current draw (per Ohm’s Law, P = I*V).  Additionally, 

the required power values provided by aerodynamic analysis dictated the power output of the system.  

Assuming a 70% system efficiency, it was determined that a 14 cell battery configuration was well-suited 

for the aircraft.   
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4.2.7 Speed Controller 

The purpose of the electronic speed controller (ESC) is to regulate current output and timing to an 

electric motor. Selection of the speed controller was derived from the estimated peak demand of the 

propulsion system. Since this system is limited by a 20 amp slow-blow fuse by the competition, the 

capabilities of the fuse must be known. By varying the current through the fuse and recording the time 

until it breaks down a relationship was established. This information can be found in Figure 10. As shown 

the fuse can actually sustain an amperage greater than 20 amps for an extended period of time. The 

power portion of the figure shows that for a flight time of approximately 425 seconds the power output of 

the motor is 470 W. Knowing that 25-30 amps could be drawn without blowing the fuse during a 1-2 

minute climb, a speed control rating of 35 amps was chosen.  

 

Figure 10: Power and Amperage Testing Data 

 Most Castle Creations ESCs have a built-in data logging system that can be accessed via a user 

friendly USB interface. The Castle ESCs offer throttle timing, range, and a motor break. Furthermore, 

previous use of Castle Creations ESCs in CU DBF has made the products and expertise more available. 

As weight is the most important parameter for this year’s mission, the ideal speed controller would be as 

light as possible. With the current limitations, only two Castle products were considered. The first, the Ice 

Lite, was chosen for flight test purposes as it possessed the data logging system mentioned above. For 

the final aircraft, however, the Phoenix 45 was chosen as it is slightly lighter. 

4.2.8 Motor Selection 

The competition requirements state that the motor is to be an electric, commercially available R/C 

motor.  There are two main types of electric motors: brushed and brushless.  Brushless motors are 

generally more reliable, overheat less, are more efficient than their brushed counterparts, and require no 

“breaking in” period. Gear reduction was also explored; however, a comparison of the thrust/system 
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weight ratio revealed that the additional weight of a gearbox offset the additional thrust in the overall 

score.  For this reason, a brushless motor design was selected. 

 The mission requirements dictated the specific motor selection.  Approximately 25 brushless 

motors were investigated, and input into an electric propulsion software, Electricalc (7).  The motors that 

were investigated were from a wide range of Kv ratings and casing sizes.  Using the 14 cell battery 

selected in the previous section, the theoretical maximum power output was determined for each motor 

using a propeller selected to optimize the thrust of each system (provided by the Electricalc (7) design 

software).  This thrust was then compared to the approximated system weight of the propulsion sub-

system.  The results of this investigation are presented in Figure 11. 

 

Figure 11: Propulsion System Weight vs. Theoretical Electricalc (7) Thrust for 25  
Different Commercially Available Brushless Motors 

The analysis interestingly seemed to divide the motors into three distinct groups: a low, mid, and high 

weight group, with low, mid, and high thrust, respectively.  A motor configuration from each group was 

input to a mission analysis MATLAB (9) script to estimate a relative total score as a function of rate of 

climb and propulsion system weight.  The results are provided in Figure 12 through Figure 15. 
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Figure 12: Mission 1 Score 

 

Figure 13: Mission 2 Score 

 

Figure 14: Mission 3 Score 

 

Figure 15: Total Mission Score 
                                   

These results were computed by setting the number of laps completed to 5 because even with the 

increased propulsion performance from the heavier motors, the dynamics of the aircraft limited the 

completion of a full additional lap.  This result was the first indication that a lighter system weight would be 

ideal.  The score for mission two can be seen in Figure 13.  The separation of the three motor groupings 

is quite small; however, the lighter motor configuration yields a slightly higher score.  For the third 

mission, the heavier motor results in a higher score as it has the ability to achieve greater excess thrust.  

The plot provides an iterative depiction of the average time to climb of all of the competing teams, and the 

relative H2BuffalO score for each case.  The summations of the mission scores are provided in Figure 15.  

This score was generated using the lowest average time to climb of all of the teams.  It should be noted 

0 1 2 3 4 5 6 7 8 9 10
1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

Number of Laps

M
1
 S

c
o

re

 

 

Mission # 1 Trend

System Weight = 28.6629 [oz]

System Weight = 24.2957 [oz]

System Weight = 20.6657 [oz]

6 7 8 9 10 11 12 13 14

1.75

1.8

1.85

1.9

1.95

2

2.05

Flight Weight) [lbs]

M
2
 S

c
o

re

 

 

Mission #2 trend

System Weight = 28.6629 [oz]

System Weight = 24.2957 [oz]

System Weight = 20.6657 [oz]

15 20 25 30 35 40
2.6

2.7

2.8

2.9

3

3.1

3.2

3.3

3.4

3.5

Time to Climb (Team) [s]

M
3
 S

c
o

re

 

 

T
avg

 = 17 [s]

T
avg

 = 19 [s]

T
avg

 = 21 [s]

T
avg

 = 23 [s]

T
avg

 = 25 [s]

T
avg

 = 27 [s]

T
avg

 = 29 [s]

1 2 3
3

3.02

3.04

3.06

3.08

3.1

3.12

3.14

T
o

ta
l 

S
c
o

re

 

 

System Weight = 28.6629 [oz]

System Weight = 24.2957 [oz]

System Weight = 20.6657 [oz]



  

 Page 27 of 58 
 
 

H2BuffalO 

that for each mission three score iteration, the relative difference in score is independent of the 

competition average time to climb.   

These results allowed for the selection of the light weight, high efficiency, HIMMAX HC3522-0700 

brushless out-runner to be confidently selected as the optimal motor for the H2BuffalO.   

4.2.10 Propeller Diameter and Pitch 

Following the preliminary design of the electrical components of the propulsion subsystem, the 

propeller diameter and pitch were optimized.  The sizing was defined by the full-throttle current draw.  For 

the payload missions, a high static thrust is desired, requiring a large diameter and smaller pitch.  On the 

other hand, the no-payload ferry flight will score better with a faster top-end speed.  The faster speed is 

obtained by choosing a propeller with a higher pitch value, allowing the propeller to “bite” through the air 

more as the aircraft is moving. 

4.3 Mission Model 

The competition consists of three unique missions.  In all three missions, the aircraft must make a 

rolling ground takeoff within 100ft and begin to fly the course. The upwind leg ends 500 feet from the start 

line. Once the aircraft passes the marker at the end of the upwind leg, the aircraft may perform a      

turn and begin the downwind leg. During the downwind leg of the lap, the aircraft is required to perform a 

     turn away from the runway before crossing the second marker 500 feet downwind of the start line. 

The aircraft then is allowed to turn and fly towards the start line. Once the aircraft crosses the start line in 

the air, the lap is complete. 

4.3.1 Ferry Flight 

The ferry flight puts the aircraft’s speed and agility to the test. With the goal of completing as many 

laps as possible within the four minute time limit, it was necessary to design the aircraft with a minimum 

drag and maximum corner velocity and straight away speed. With a corner velocity of 63.3 ft/s and a bank 

angle of     , the aircraft is calculated to have a turning radius of 72.3 ft at a load factor of 2 g’s. 

Assuming this turn radius, the turning portion of the flight path length is 908 ft long. The straight away 

distance of the course is 2000 ft and average cruise speed is estimated to be 86.5 ft/s. This makes the 

total time per lap equal to 35.1 seconds. Accounting for a slower take off velocity, the maximum number 

of laps is predicted to be 5 laps. This results in a score of 1.83 for the first mission.  

This estimate will lose accuracy as the crosswind velocity increases on the day of the competition. As 

the crosswind component increases, the average flight course velocity decreases hyperbolically. 

Assuming a strong crosswind of 10 mph, the time per lap increases by approximately 3.1 seconds. This 

effect is surprisingly negligible. However, the effects of gusting wind and wind shear complicate the duties 

of the pilot and will increase the time per lap more than estimated above. 
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4.3.2 Passenger Transport 

In the passenger transport mission, the only score contribution is dependent on aircraft weight. 

Optimizing this mission becomes a matter of structure to weight ratio. Having the minimum amount of 

structure not only improves this mission score, it also decreases RAC thus improving the overall score. 

Based on historical data a structure to payload ratio of about 0.8 is common for competitive aircraft of this 

scale optimized for low weight. Since the heaviest payload carried by this aircraft is 4.41 lb, the predicted 

score for the passenger transport mission is 2.56.  

This calculation is made complicated by the fact that the current aircraft design includes a 

permanently waterproofed payload compartment rather than a removable one. The historic data of a 

structure to weight ratio of 0.8 may not be applicable to this style of aircraft.  

4.3.3 Time to Climb 

The third and final mission is the most challenging in terms of design. Completing the mission with a 

high score requires maintaining a sustained climb from the runway to 100m AGL. The minimum time to 

climb is dependent on the power output of the propulsion system and the maximum CL attainable by the 

aircraft. The time to climb is estimated to be 26 seconds. 

An additional consideration in the time to climb mission is the visibility of the time end indicating water 

plume upon reaching the target altitude. It is difficult to quantify the effects of atmospheric visibility and 

the flight line judge’s reaction time to seeing the water plume.   

4.4 Lift, Drag and Stability Characteristics 

4.4.1 Control Surface Sizing 

The aircraft’s control surfaces were sized to produce the proper control authority for the loaded 

missions. The aircraft’s ailerons spanned 50% of the wing’s span and 25% of the chord. The elevator 

spans the entire horizontal stabilizer and 33% of the chord. The rudder spans the entire vertical stabilizer 

and 33% of the chord. Flight tests have proven these control surfaces provide ample control authority. 

4.4.2 Lift and Drag 

For drag analysis, XFOIL (4), XFLR5 (5), and AVL (6) were used to calculate viscous and lift-induced 

drag estimations. Parasite drag for the wing airfoil was calculated using XFOIL. AVL was used to 

calculate lift-induced drag for the entire aircraft. Fuselage viscous and pressure drag was calculated using 

XFLR5. A breakdown of the predicted drag coefficients for each aircraft component is shown in Table 7. 

The aircraft’s drag polar is shown in Figure 16. 
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Table 7: Component Drag Values 

Component CD % of Total 

Fuselage 0.00735 20.4% 

Wings 0.02330 64.6% 

Horizontal Stabilizer 0.00392 10.9% 

Vertical Stabilizer 0.00151 4.2% 

Total 0.03608 100% 

  

Figure 16: Aircraft Drag Polar 

The drag polar above shows that at a 3.551 degree cruise angle of attack, the preliminary design has 

a 23.84:1 lift-to-drag ratio, which decreases to 16.36:1 before stall at 11.4 degrees, showing high rate of 

climb capability. The graph also shows that due to the high camber of the aircraft, the zero lift point 

occurs at -7.2 degrees angle of attack, giving a CD0 of 0.0035. 

In an attempt to reduce fuselage drag the fuselage was fitted with an aerodynamic trailing cone. The 

trailing cone was designed to fit within the low-pressure void immediately behind the fuselage. A simple 

SolidWorks (10) flow simulation, shown in Figure 17, was used to visualize the flow and determine the 

optimum location of the tail cone. 

 

Figure 17: Fuselage Flow Simulation (10) 
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4.4.3 Stability 

Longitudinal stability was vitally important for this aircraft. The aircraft must be stable enough to 

endure the sudden CG shift when water is ejected during the time to climb mission. However, an overly 

stable aircraft will sacrifice maneuverability resulting in a slower lap score and rate of climb. Aircraft 

stability was calculated primarily using AVL (6). Since the wing position was constrained due to structural 

requirements, iterations were performed in AVL to calculate the static margin with different CG locations. 

Figure 18 relates the XCG location to static margin.  

 

Figure 18: Static Margin Variations with Changing CG 

 

Figure 19: Static Margin Variations with Changing Tail Length 

For the empty ferry mission the CG location is 2.7 in behind the leading edge, resulting in a static 

margin of 8.4%. For the time to climb mission at maximum takeoff weight the CG location moves to 1.62 

in behind the leading edge, causing the static margin to increase to 18.5%. Although this static margin is 

pushing the limit of the ideal range of 5-15%, it is considered acceptable due to structural constraints.  

AVL (6) was also used to calculate stability eigenvalues. Figure 20 shows the longitudinal stability 

modes of the aircraft.  
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Figure 20: Longitudinal Stability Modes 

Table 8: Longitudinal Stability Characteristics 

Mode Frequency [Hz] Period [s] Damping Ratio 

Short Period 17.1874 0.0582 1.0 

Phugoid 1.8950 0.5277 0.8653 

 

The aircraft is stable in its longitudinal modes showing a high damping ratio for both the Phugoid and 

short period modes of the aircraft.  The high damping, and lack of oscillations of the short period, in 

particular, is beneficial for the flight conditions due to a fast pitch up as experienced in the time to climb 

mission due to the efficient damping. Figure 21 shows the lateral stability modes of the aircraft. 
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Figure 21: Longitudinal Stability Modes 

Table 9: Lateral Stability Characteristics 

Mode Frequency [Hz] Period [s] Damping Ratio 

Roll 4.0091 0.2494 1.0 

Spiral 0.7738 1.2924 -1.0 

Dutch Roll 1.0746 0.9305 0.2023 

Phi 0.0970 10.3098 -1.0 

The aircraft is stable in roll and Dutch roll, however, it has spiral instability and a phi Euler angle 

instability. The phi instability is a tendency of the aircraft to gain yaw and roll when the aircraft is 

perturbed in the y-direction with an initial phi angle. As Figure 21 shows, the magnitude at which the 

aircraft diverges in both cases is very low.  Because of this both instabilities are acceptable, as they are 

easily correctable by the pilot. 

4.5 Aircraft Mission Performance Estimation 

4.5.1 Ferry Flight 

The ferry mission does not require any payload; therefore, the aircraft will be significantly lighter than 

the other two missions. Because speed is the primary goal in the ferry mission, the propellers will be 14 x 

10 inch to increase maximum speed. The aircraft is designed to cruise at 86.5 ft/s, make 180  turns in 

roughly 4 seconds, and make the 360  turn in 8 seconds. Based on early test flights and comparisons to 
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other University of Colorado DBF aircrafts, the aircraft should fly 5 laps within the allotted four minutes 

with approximately 600 mAh battery capacity remaining. 

4.5.2 Passenger Transport 

Speed is not a concern in the passenger transport mission therefore a 14 x 7 inch propeller will be 

used. This propeller should provide the aircraft with a higher static thrust. The aircraft is predicted to carry 

all 8 passengers for three complete laps with 1.2 minutes of flight time left over. 

4.5.3 Time to Climb 

As this mission requires the aircraft to climb at its heaviest weight, a 14 x 7 propeller will be used. It is 

expected that the aircraft will reach the 100m mark in 26 seconds as the aircraft was built for both 

lightness and climb rate. This climb time should place the team above the overall average. 

5.0 Detailed Design 

5.1 Dimensional Parameters 

Following the extensive design and analysis process, the final aircraft design was selected. A 

preliminary design rendering is represented in Figure 22. 

 

Figure 22: Complete Aircraft Design 

The core dimensional parameters of the aircraft are presented in Table 10 
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Table 10: Dimensional Parameters 

Fuselage Value Wing Value 
Vertical 

Stabilizer 
Value 

Horizontal 

Stabilizer 
Value 

Width (in) 4 Airfoil Eppler 216 Airfoil Flat Plate Airfoil Flat Plate 

Height (in) 6.5 Span (in) 68 Span (in) 14 Span (in) 22 

Length (in) 10  Chord (in) 11 
Root Chord 

(in) 
7.5 

Root Chord 

(in) 
7.5 

Volume 

(in
3
) 

260 Area (in
2
) 753 Area (in

2
) 105 Area (in

2
) 165 

  Aspect Ratio 6 Aspect Ratio 1.9 
Aspect 

Ratio 
2.9 

  
Incidence 

Angle (deg) 
0 

LE Sweep 

Angle (deg) 
20 

LE Sweep 

Angle (deg) 
20 

  Ailerons Value Rudder Value Elevators Value 

  Area (in
2
) 47 Area (in

2
) 35 Area (in

2
) 28 

  % of Chord 25 % of Chord 33 % of Chord 33 

 

5.2 Structural Characteristics: Component Selection, Integration, and 

Architecture 

5.2.1 Wings Sections and Securement 

The aerodynamic analysis indicated that the span of the aircraft needed to be 5.48 ft. An 

attachment involving a single wing spar and a moment pin was integrated in order to minimize the 

moment and weight experienced by the connection of the wing. The wings are connected to the fuselage 

via a carbon fiber joiner with an additional smaller carbon fiber alignment pin aft of the main joiner. This 

joiner extends across the width of the fuselage and is inserted into the carbon spar in the wing itself as 

shown in Figure 23. The wings are secured using a rubber band pin system, where a small pin is 

attached through each of the wings and rubber bands are hooked around the wing pins. The servos are 

nested and secured within the bottom of the wing for aileron control.  

 

Figure 23: Wing Attachment 
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5.2.2 Water Tank, Fuselage and Airframe  

The fuselage design needed to accommodate for the two liter water payload and the aluminum 

block passengers. After obtaining the necessary volumetric dimensions for the fuselage to carry both the 

water and the passengers, different materials for the fuselage structure were explored. A foam fuselage 

with a waterproofed inner lining was investigated. The foam provided feasible structural support, however, 

proved to be difficult to waterproof completely. The use of a plastic vacuum-formed shell with structural 

bulk heads was also investigated. This option had the appealing aspect of being entirely waterproof. The 

plastic, however, proved to be very frail and weak, even with the bulkheads providing structure. The 

vacuum-formed plastic was also difficult to work with when trying to incorporate the passenger restraints. 

The vacuum-formed fuselage had better weight savings, however, the issues with the structural support 

resulted in the foam fuselage being explored for the final design. Ultimately it was concluded that the 

foam fuselage would be the best option for the water and passenger mission and is shown in Figure 24. 

 

Figure 24: Foam Fuselage 

5.2.3 Nose Cone 

The vacuum-forming technique, however, was useful for nose and tail cone configuration. 

Although the structural capabilities of the plastic were found to be minimal, the nose cone would only 

need to support its weight and any aerodynamic loads. Plastic was the favorable material due to the 

weight optimization, the formability around the fuselage, and the ease of manufacturing. The formability of 

the plastic also made for easier modifications with the design of the nose and tail cones. The nose cone 

and tail cones attach with tape that successfully secures the cones to the fuselage with no drag influence. 

The nesting of the nose cone is shown in Figure 25. 
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Figure 25: Expanded Nose Cone and Motor Assembly 

5.2.4 Empennage Attachment 

The vertical stabilizer of this aircraft was mounted using two carbon pins, which provided the 

structural support to endure the forces and moments it experienced. This idea was extrapolated to include 

both horizontal stabilizers by having two long carbon pins extruding from the base of the left stabilizer 

which, upon assembly, are inserted into the base of the right stabilizer as shown in Figure 26.  This 

design allows for the tail to be easily assembled while maintaining a robust structure. 

 

Figure 26: Empennage Attachment 

5.2.5 Tail Boom Attachment 

The tail boom securement involves a tail boom support bulkhead sandwiched between the 

fuselage and a 2” hollow foam fuselage extension. Due to the minimal allotted area, a cedar block was 

added for additional structural support for resistance against the torsion and moment forces on the tail. A 

final, half bulkhead is glued and secured to the foam extension, for additonal moment resistance. The tail 

boom attachement is pictured in Figure 27. 
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Figure 27: Tail Boom Securement 

5.2.6 Water Release Mechanism 

The current water release mechanism for mission 3 was designed to be on the bottom of the 

fuselage due to the ease of dropping the water. The design involves a hatch mechanism, containing an 

open frame and a coupling door. The frame is created from layered plywood such that the door can nest 

adequately in the frame in order to create a leak-proof seal. The door is a truss structure from plywood 

and a layer of plastic for waterproofing. The door is made to nest perfectly with the frame. A servo is 

attached to the fuselage with the specific attachment to hold the door in place, and to rotate when 

activated by the CAM sensor to release the door. This mechanism however, is heavy and not entirely 

leak-proof, and other, lighter options are being explored. The design is shown in Figure 28. 

 

Figure 28: Access/ Water Release Hatch 
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5.2.7 Passenger Restraint 

The aluminum passengers are held in place with a foam seat configuration. The passengers are slid 

into a foam cutout with eight 1”X 1” slots with proper spacing as required by the competition rules. The 

door of the water release mechanism then closes an additional foam cut-out , to restrain the other side of 

the passengers. This configuration fits within the requirements of Mission 2, and the fuselage dimensions, 

without affecting the water release mechanism. The foam provides a secure restraint and adequate 

weight optimization. 

5.2.8 Electronics 

The electronic components of the aircraft were chosen to minimize the RAC of the aircraft in an effort 

to further optimize scoring, and are provided in Table 11.   A 5 cell receiver pack rated at approximately 6 

V was selected to maximize the output torque of the servos, allowing for a lighter model servo to be used.   

Table 11: Electrical Components 

Component Mission 1 Mission 2 Mission 3 

Propeller 14x10 14x7 15x8 

Component All Missions 

Battery Pack 16 1600mAh 2/3A NIMH cells (19.2 V) 

Motor Himax HC3522-0700 

Speed Controller Phoenix ICE Lite 45 

Receiver Spektrum AR6110 DSM2 Microlite 6-Chan. 

Receiver Battery 5 NiMh cells (6 V) 

Elevator Servos HS 81 Metal Gear 

Rudder/Steering Servo HS 65 Metal Gear 

Aileron Servos HS 82 Metal Gear 

 

5.2.9 Propulsion 

Following the preliminary design of the propulsion system, the selected components were further 

optimized for the desired time to climb performance.  Above all else, the weight of the aircraft was aimed 

to be minimized; therefore, the detailed design was centered primarily on using the smallest battery pack 

possible.   

Initially, a 14x7 propeller was selected for the time to climb mission.  This propeller was 

conservatively chosen so as not to exceed the recommended operating ranges of the components.  

Additionally, this propeller allowed for a margin of safety on the current draw of the system so as not to 

exceed the peak current limit of the system safety, resulting in a blown fuse.   

The preceding safety margins were then slightly modified to push the operating limit of the system by 

repeating the preliminary design using a 15x8 APC E propeller.  Using this propeller, the static thrust was 
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increased by nearly 20% from 85 oz to 108 oz.  The thrust and drag was then calculated as a function of 

velocity in order to compute the rate of climb for the aircraft in a loaded configuration.  The obtained rate 

of climb was then plotted as a function of velocity to obtain an optimized velocity at which to climb (Figure 

29). 

 

Figure 29: Optimized Rate Of Climb as a Function of Velocity 

The ideal velocity to maximize the rate of climb of the aircraft was found to be 38 MPH, yielding a 

climb rate of 29 ft/s.  It should be noted that this component configuration is exceeding the suggested 

operational envelopes of the propulsion system. This design decision was justified in an effort to 

maximize the University of Colorado’s total score.   

5.3 Weight and Balance 

Table 12 provides a weight breakdown of the aircraft as well as the CG location and moments of 

inertia for each main section of the assembly.  The coordinate system is defined with the origin on the tip 

of the spinner, positive x towards the tail, positive y towards the tip of the right wing, and positive z down. 
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Table 12: Detailed Bill of Materials 

Component 
Weight 

(lbs) 
Xcg 
(in) 

Ycg 
(in) 

Zcg 
(in) 

Ixx 
(sl-ft) 

Iyy    
(sl-ft) 

Izz 
(sl-ft) 

Total Aircraft (Ferry Flight) 3.78 12.42 0.06 -0.17 129.21 42.89 132.90 

Total Aircraft (Passenger Flight) 8.17 10.98 -0.34 0.56 379.99 270.08 232.00 

Total Aircraft (Time to Climb) 8.23 10.89 0.12 0.60 384.52 271.99 244.60 

Payload 

Water 4.41 9.58 0.18 1.25 255.30 229.1 111.60 

Passengers (x8) 3.90 8.84 0.21 1.18 250.90 227.2 99.12 

Empennage 

Tail Monokote 0.20 39.10 -0.43 -1.87 10.10 10.20 10.14 

Tail Servo, Clevice, and Servo Arm 0.08 14.78 -0.18 -1.64 1.26 1.19 1.28 

Tail Wheel with Spar 0.01 41.15 -0.50 2.28 0.41 0.41 0.41 

Horizontal Stabilizer (1) 0.04 39.37 4.85 0.36 1.83 1.68 2.10 

Horizontal Stabilizer (2) 0.04 39.37 -5.21 0.32 1.84 1.68 2.10 

Vertical Stabilizer 0.03 39.46 -0.16 -6.25 1.89 2.12 1.51 

Landing Gear 

Wheel (1) 0.01 5.53 4.14 8.11 0.09 0.09 0.10 

Wheel (2) 0.01 5.53 -4.49 8.11 0.09 0.10 0.10 

Gear Support (1) 0.06 5.94 2.35 4.64 0.66 0.64 0.53 

Gear Support (2) 0.06 5.94 -2.70 4.63 0.47 0.65 0.54 

Wings 

Wing Left 0.25 12.54 -18.73 -0.74 29.40 7.20 31.00 

Wing Left Spars and Ribs 0.09 10.76 -13.40 -0.69 8.83 1.62 8.92 

Wing Left Servo and Control Surface 0.05 14.15 -27.33 -0.54 1.69 1.65 1.83 

Wing Left Skin 0.05 9.71 -18.95 -0.57 5.26 1.02 5.31 

Wing Right Spar 0.07 10.53 10.16 -0.67 2.87 1.08 2.87 

Fuselage 

Door Servo 0.02 15.14 1.84 3.70 ------- ------- ------- 

Wing Right 0.28 12.71 19.79 -0.74 36.90 8.57 38.88 

Main Wing Spar 0.24 10.53 -0.18 -0.67 24.90 2.52 24.99 

Wing Spar 1 0.02 10.53 -0.18 -0.67 0.12 0.18 0.20 

CAM Sensor 0.02 8.63 0.82 -1.57 0.13 0.13 0.13 

Nosecone 0.03 12.91 -0.02 0.69 ------- --------- ------- 
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5.4 Flight Performance 

Between loaded and unloaded missions the performance parameters of the aircraft vary drastically. 

Table 13 below shows the expected flight performance parameters for the time to climb mission. This 

mission was chosen as it is the most demanding in terms of performance, and is expected to cause the 

greatest shift in performance values throughout the flight. 

Table 13: Performance Parameters 

Parameter  Value 

Weight
 
[lb]  8.4 

Longitudinal Stability Empty 8.4% 

Longitudinal Stability MTOW 15.3% 

Horizontal Tail Volume Ratio 0.59 

Vertical Tail Volume Ratio 0.3756 

-10° Elevator Deflection Pitch 

Rate [°/s] 

99.32 
o
/s 

10° Aileron Deflection Roll 

Rate [°/s] 

113.87
 o
/s 

-10° Rudder Deflection Yaw 

Rate [°/s] 

93.74
 o
/s 

Drag  [lb] 2.611 

Power Required [W]  202.0 

L/D 16.36 

Rate of Climb [ft/s] 29 

 

5.5 Mission Performance 

The flight performance characteristics of the aircraft during each of the three missions are 

summarized below in Table 14. 

Table 14: Predicted Mission Performance 

Mission Parameters Mission 1 Mission 2 Mission 3 

Flight Weight (lb) 3.44 7.34 7.84 

Maximum Climb Rate (ft/s)   29 

Turn Rate (deg/s) 50 50 50 

Stall Speed (ft/s) 24.7 36.1 37.4 

Cruise Speed (ft/s) 86.4 86.4 55.7 (Climb Velocity) 

Predicted Mission Time (sec) 240 228 26 (Time to Climb) 

Note that each value in the table above is estimated assuming the flight weight given. 

5.6 Drawing Package 

The drawing package includes a detailed three view drawing, structural arrangement, systems layout, 

and payload accommodation drawing for the aircraft. 



Eppler 216
 14.00 

 2.48 

 10.00 

 5.00 

 17.75  10.13 
 4.24 

 6.50 

 16.80  16.80 

 2.48 

 10.24 

 22.18 
 10.80 

 2.21 

 9.44 
 11.65 

 2.77 D

C

B

AA

B

C

D

12345678

8 7 6 5 4 3 2 1

University of Colorado - Boulder

All Dimensions in Inches SCALE: 1:10

TITLE:

SHEET 1 OF 4

3-View Drawing
AIAA Design Build Fly

2011-2012

SolidWorks Student Edition.
 For Academic Use Only.



A

C

B

1

2

3

4

5

6

7

8

1

10

DETAIL A 
SCALE 1 : 4

12

DETAIL C 
SCALE 1 : 4

15

16

DETAIL B 
SCALE 1 : 4

13

14

PART 
NO. DESCRIPTION MATERIAL QTY.

1 Right Wing Balsa/1# EPS 1
2 Left Wing 1# EPS 1
3 Fuselage 1# EPS 1
4 Right Horizontal Balsa 1
5 Left Horizontal Balsa 1
6 Vertical Stabilizer Balsa 1
7 Tail Spar Carbon Fiber 1
8 Wing Spar Carbon Fiber 1
9 Water Drop Hatch Plywood 1

10 Tailcone Forming Plastic 1
11 Nosecone Forming Plastic 1
12 Motor Bulkhead Carbon Honeycomb 1
13 Wing Moment Pin Carbon Fiber 1
14 Rear Bulkhead Carbon Honeycomb 1
15 Tail Joiner Carbon Fiber 4
16 Landing Gear Wheel Plastic/Foam 3

D

C

B

AA

B

C

D

12345678

8 7 6 5 4 3 2 1

University of Colorado - Boulder

SCALE: 1:10 SHEET 2 OF 4

Structural Arrangement
TITLE:

AIAA Design Build Fly
2011 - 2012

All Dimensions in Inches

SolidWorks Student Edition.
 For Academic Use Only.



6 6

2

1

34

5

78

A

DETAIL A 
SCALE 1 : 2

1

2

4

9

1011

PART NO. DESCRIPTION QTY.
1 Main Battery - 14 Cell NiMH 1
2 Motor - Himax HC3522-0700 1
3 Flight Pack 1
4 Reciever - Spektrum 1
5 CAM Sensor 1
6 Aileron Servo - Hitec Hs-82 2
7 Elevator Servo - HitecHs-82 1
8 Rudder Servo - Hitec Hs-65 1
9 Speed Controller - Pheonix 1

10 20 AmpSlow Blow Fuse 1
11 Male/Female Deans Connector 2

D

C

B

AA

B

C

D

12345678

8 7 6 5 4 3 2 1

TITLE:

SCALE: 1:10 SHEET 3 OF 4

University of Colorado - Boulder

System Layout
AIAA Design Build Fly

2011 - 2012
All Dimensions in Inches

SolidWorks Student Edition.
 For Academic Use Only.



 3.00 

 4.75 

SCALE 1:2 SCALE 1:2

SCALE 1:2 SCALE 1:2

SCALE 1:2

SCALE 1:4

PAYLOAD COMPARTMENT WITH PASSENGERSEMPTY PAYLOAD COMPARTMENT

PAYLOAD COMPARTMENT WITH WATER

D

C

B

AA

B

C

D

12345678

8 7 6 5 4 3 2 1

TITLE:

SHEET 4 OF 4All Dimensions in Inches

University of Colorado - Boulder

Payload Accomodation
AIAA Design Build Fly

2011 - 2012

SolidWorks Student Edition.
 For Academic Use Only.



  

 Page 46 of 58 
 
 

H2BuffalO 

6.0 Manufacturing Plan 

6.1 Manufacturing Processes 

Plans are in place to manufacture three aircraft. The first aircraft provided validation for the design 

analysis, and provided a durable test bed with which to explore the design’s limitations and capabilities. It 

was decided that the first model would be capable of carrying the payload of water required in Mission 3. 

This test bed was manufactured with removable wings and tail to allow for the possibility of multiple, 

modular components. The second model, or manufacturing prototype, will incorporate all of the complex 

construction techniques and attachment mechanisms and will mimic the competition aircraft. The 

components of the manufacturing prototype will be nearly identical to that of the competition aircraft, 

allowing components to be interchanged in the event of the competition aircraft being damaged during 

transportation or testing. This aircraft will be developed prior to the competition aircraft, allowing the 

lessons learned from the aerodynamic and manufacturing prototypes to be applied to the competition 

aircraft. A detailed manufacturing schedule is provided in Figure 23. 

Task 
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6.1.1 Wing Structure 

The aerodynamic prototype was planned with Mission 3 in mind. The inclusion of the TEIS payload 

and water release system for the first flight encouraged a quickly manufactured wing. Since foam wing 

designs are easier to construct and durable designs, the initial selection of the wing structure of the 

H2BuffalO was a foam and balsa composite. The wings were partially sheeted along the leading edges 

with 6” of balsa. In addition to producing the wings quickly, a removable wing design was favored for 

further flight tests. The removable wing design allowed for modifications to the wing design to be applied 

onto the fuselage immediately. 

For the manufacturing prototype, a rib and spar wing design is planned to be integrated. The 

removability of the wings will still be integrated into the design; however, the carbon fiber spar will extend 

to the end of the wing. The ribs will be created using a laser cutter, for increased precision and accuracy. 

The balsa ribs will be attached along the carbon fiber spar and secured using glue. A layer of Monokote™ 

will provide a light yet robust skin for the wing. 

6.1.2 Fuselage Structure 

The fuselage must carry the internal payloads of the water and the aluminum passengers, be 

waterproof, absorb impact on landing, and withstand forces and moments produced by the tail. This 

resulted in the need for a strong yet light fuselage that could accommodate all three missions. The 

following design options were compared: 

 Foam: The fuselage is cut out of the foam, and is easy to build but difficult to modify or 

repair. The weight is minimal but the foam is problematic when waterproofing.  

 Vacuum-Formed Plastic: A foam mold is created to the necessary outer dimensions of 

the fuselage and plastic is vacuum formed around the mold. Four or five bulkheads are 

added to a longeron within the plastic to support the aircraft components and the 

passengers. A piece of plastic is placed and glued as the sixth and final wall of the 

fuselage. This design proved to be light weight and waterproof, but difficult to 

manufacture and modify. It was also found to be very delicate.  

 Foam/Plastic Composite: The fuselage is also cut out of the foam, but has a plastic 

vacuum-formed inner lining for waterproofing. This design makes a particularly durable 

fuselage with unnecessary weight; however, it is easier to modify.  

The foam fuselage was the chosen construction technique due to its optimal weight and 

structural capabilities. Although the foam is difficult to waterproof successfully, after many tests the foam 

was waterproofed with a wax-based surface coating. The foam also provided simpler securing methods 

for the aluminum passengers and stronger material for the wings and tail boom with which to attach. 

Additional bulkheads were added to the fuselage to provide rigidity. The bulkheads were constructed with 
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foam and plywood, and were sealed with a layer of plastic. The wing spar also runs through the fuselage, 

with support blocks that are waterproofed at the connection.  

6.1.3 Tail Boom Structure 

The tail-boom was chosen to be a 0.5” diameter, thin-walled carbon fiber rod. This was the simple 

and light-weight solution for the loads that the tail would experience. At the end of the fuselage, a section 

of the foam is sandwiched with two bulkhead supports for the tail boom. This contributes toward securing 

the tail boom and supporting the aerodynamic loads and moments that the tail experiences. 

6.1.4 Empennage Structure 

The tail and empennage structure was designed to optimize the center of gravity for the aircraft and 

to provide the pilot with enough control authority after takeoff. The tail structure is a standard truss for 

simplicity and strength. The vertical and horizontal stabilizers are connected with thin carbon fiber rods, 

threaded through and attached to the end of the carbon fiber tail boom. This method of attachment was 

proven to be a light solution and capable of enduring the moment and torsion of the tail. The control 

surfaces of the tail were controlled by servos mounted within the stabilizer surfaces. This design was 

implemented in order to minimize the total aircraft structure weight.  

On an earlier prototype, the use of control rods was experimented with as an attempt to decrease 

weight near the aft of the aircraft. This approach, however, increased total aircraft weight which was 

unacceptable.  

7.0 Testing Plan 

7.1 Testing Objectives 

In order to make successful predictions of the design of the aircraft, a series of tests were performed 

on the various components of the aircraft. From the individual subsystem tests, design decisions were 

made and integrated into the aircraft assembly.  

7.1.1 Wing Testing 

The initial design was a foam wing for ease of manufacturing. A preliminary test for deflection and 

strength was conducted with a foam section of airfoil. A half-wingspan test section was tested using a 

wiffletree weight distribution with the root fixed. The wing was tested until 14” deflection occurred and the 

wiffletree had failed. The wing yielded at 1.5” displacement with a 6-lb load added to it. The flexibility of 

the foam proved the need for a sheeted layer of balsa wood, which was integrated into the aerodynamic 

prototype. Further testing on deflection and torsion will be conducted on the rib and spar wing design. 
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Figure 31: Half-Wingspan Wiffletree Test 

7.1.2 Fuselage Testing 

A formal test of the structure of the fuselage was not conducted due to time constraints, but results 

were gathered from the aerodynamic flight tests. During the two primary aerodynamic flight tests, the 

fuselage proved to be a sturdy design, with the exception of several critical components. The second of 

the two flights conducted, resulted in a crash landing due to structural failure. On-board flight video 

revealed that the rear tail boom securement method failed and caused the aircraft to lose tail control and 

crash. The fuselage was later rebuilt in order to continue testing. Subsequent tests went without incident. 

7.1.3 Static Propulsion Test 

The static propulsion test stand consisted of several important components enabling a broad range of 

testing capabilities. The stand was equiped with roller-bearing sliding rails which allowed the propulsion 

assembly to apply a force to a load cell as shown below in Figure 32. The load cell’s force capacity was 

25 pounds and outputted an analog voltage signal to a 8-bit USB data acquisition card which fed into a 

LabView (8) script. In order to place the output signal in the middle of the output range, the load cell was 

pre-loaded with 5 lb of weight. This pre-load was also effective at eliminating the impulse force on the 

load cell from motor start. A 20 volt, 60 Amp power supply provided power to the propulsion system in 

place of batteries during some tests. The reason for this was the power supply proved to be a more 

reliable voltage and current source. The power system also included an integrated fuse block and an in-

line speed controller. All of these parameters allowed propellers to be quickly switched out without 

altering other testing conditions.The only issues encoutered with this test design was the low acquisition 

resoluition and the noise from the load cell output. 
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Figure 32: Static Thrust Test Stand 
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7.1.4 Aerodynamic Prototype Flight Testing 

To verify the aerodynamic design, an aerodynamic prototype was constructed. The prototype was 

fabricated using high-density foam, vacuum-formed plastic, and balsa with carbon fiber reinforcements. A 

major goal of the first prototype was to fly with the Mission 3 payload of water. Although structurally the 

prototype did not match the final design, it resembled the same aerodynamic configuration and verified 

the operation of the propulsion, TEIS, and flight controls systems. The aircraft was outfitted with an 

accelerometer, and speed controller with data logging capabilities as well as a pitot-static system for 

airspeed data. Data taken from these instruments were used to identify performance in various flight 

regimes. A wing mounted camera was installed to observe the functionality and any unforeseen issues. 

An under-wing photo of the aerodynamic prototype in flight can be seen in Figure 33. 

 

Figure 33: Aerodynamic Prototype Onboard Camera 
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The various flight test goals made for each trial are organized in Table 15.  

Table 15: Aerodynamic Prototype Flight Test Plan 

Task Description 

Maiden Flight 
Small Battery (14 cell) 
Do not fly with probe installed 
Flight controls check out 

Fly Empty Aircraft  
Small Battery (14 cell) 
Pitot-Static Probe installed 
6 + Laps 

Water Payload  

Big Battery (16 cell) 
Pitot-Static Probe installed 
Simulate Mission 3 
Test Cam circuit 
Waterproof? 
Plume Size 

Water Payload 

Small Battery (14 cell) 
Pitot-Static Probe installed 
Simulate Mission 3 
Test Cam circuit 
Waterproof? 
Plume Size 

 

7.1.5 Water Release Testing 

In order to ensure the Time End Indicating System design would work, several prototypes and 

tests were developed.  

The first test conducted determined the necessary orifice area needed to expel the water at a rate 

that would be visible from the ground. The test rig consisted of a 2L container with a hole cut out of one 

side. For each trial, 2L of water was poured from the container and the time elapsed until the container 

was empty was recorded. After each trial, the hole was expanded. The results of these trials can be found 

below in Figure 34. 
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Figure 34: Results of Water Evacuation Trails 

As shown in Figure 34, the trend in the data shows that the time it takes to empty the container 

decreases at a decreasing rate. Eventually, the time to empty remains nearly constant despite an 

increase in area. Because of this trend it was decided that the water release orifice would not need to be 

larger than 4.5 in
2
 to evacuate the water quickly.  

In addition to this test, several water release system prototypes were developed and tested. The 

biggest challenge during this process was constructing water-tight systems. One effective method was 

coating all boundaries in Vaseline. Though this technique stopped water from leaking through cracks, it 

made it more difficult to open and work with the hatch. For this reason it was important to add only the 

necessary amount of Vaseline. An image of one of the prototype hatches can be found below in Figure 

35. 

 

Figure 35: Water Release Hatch Prototype 
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The ideas that were explored most heavily were hatches, sliding doors, and hose release systems. A 

hose release system consists of a flexible rubber hose fixed to the bottom of the water tank. This hose is 

wrapped up and pinned in flight to avoid water leakage and is released at altitude to dump water. The 

main issue with this design is that it does not have a large enough opening to install the passengers. 

7.1.6 Pitot Probe Testing 

To ensure that the preliminary aerodynamic analysis was correct a pitot tube was constructed by 

using a PX 138 series pressure sensor connected to a Logomatic
TM

 data logger. The pitot tube measured 

differential pressure between its static port and the pitot tube port.  This pressure differential was output 

as a voltage differential that was recorded by the data logger. To calibrate the voltage differential to 

airspeed velocity the pitot tube was placed in an air flow with known velocity. The results of this 

calibration are shown in Figure 36.  

 

Figure 36: Calibration Data for Pitot Probe 

The pitot probe first measured static pressure for the first second to set a baseline for the data.  The 

airspeed was then accelerated up to 82 ft/s, which the pitot tube accurately measured.  When the flow 

was increased up to 131 ft/s the accuracy of the pitot tube decreased and more noise was generated due 

to reaching the cutoff voltage for the data logger.  The maximum predicted airspeed for the aircraft, 

though, was 85 m/s; thus the pitot tube is accurate enough for the flight conditions expected.  The pitot 

tube will be used in future test flights to validate the aerodynamic analysis performed by AVL. 
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7.2 Testing Schedule 

Figure 37, provides a testing schedule used to verify the functionality of the subsystems and monitor 

the performance and progress of the aircraft. 

Task 
November December January February March April 
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Figure 37: Testing Schedule Gantt Chart 

 

7.3 Testing Checklists 

Table 16 was used to ensure that all necessary equipment is taken to each test flight. Table 17 shows 

the pre and post flight checklist used for aerodynamic prototype testing. 
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Table 16: Equipment Checklist 

Aircraft and Mission Equipment 

Aircraft  Transmitter  

Wings and Wing Spars  Fuses  

Tail Assembly  Speed Controller  

Nosecone  Receiver  

Propulsion Batteries  Receiver Batteries  

Propeller  CAM Altimeter  

Tools and Support Equipment 

Crescent Wrench  6 Minute Epoxy  

Allen Wrench Set  Utility Sticks  

Needle Nose Pliers  CA Medium  

Battery Charger  CA Activator  

Sand Bags  Dual Lock  

Scales  Ballast Weights  

Scissors  Foam Blocks for Repairs  

Screw Drivers  Servo Wire (extra)  

Xacto Handels  Wax for Waterproofing  

Xacto Blades  Screws  

Tape Measure  Balsa for Repairs  

Speed Square  Gaffers Tape  

Small Drill  Duct Tape  

Drill Bits  Masking Tape  

Sharpie Markers  Paper Towels  

Wire Cutters  Zip Ties  

Table 17: Pre/Post Operation Checklist 

Before Departing for Field 

Gather and pack materials   

Battery packs charged  

Check weather report  

Preflight Checklist 

Verify speed controllers connected to 
motor 

 

Verify servo and throttle connections  

Remove fuse if installed  

Install propulsion battery pack  

Install and connect receiver battery pack  

Install payload  

Verify CG location  

Switch receiver on  

Transmitter on   

Flight controls check  

Range and failsafe check  

Activate data logger  

Connect propulsion battery pack  

Move aircraft to taxi/runway  

Install fuse  
 

Shut Down Checklist 

Uninstall Fuse  

Switch off receiver  

Check for damage/shifted payload  

Bring back to shelter  

Remove/replace battery  
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8.0 Performance Results 

8.1 Structures  

8.1.1 Wing 

The wiffletree deflection test revealed that the flexibility of foam wings was too flimsy for the flight 

forces and loads, and additional sheeting was necessary for increasing the rigidity of the wing. The 

deflection test also showed the great strength of the wing against shear forces. After the aerodynamic 

flight test crash, the balsa-sheeted wings endured an intense impact with no damage. The wings were 

reused for a new aerodynamic test and successfully endured the aerodynamic forces and moments 

generated during the flight. To increase the performance of the wings and the overall aircraft, the 

structure weight is planned to be reduced by using a rib and spar wing. 

8.1.2 Tail Boom 

The first aerodynamic flight test showed significant weakness in the tail and the tail boom structure.  

The video taken of the crash flight revealed that the ultimate cause of the crash was due to the failure of 

the tail boom securement. This was taken into account when rebuilding the aircraft for the second 

aerodynamic prototype. Additional reinforcements were added to help support the tail boom bulkhead, 

which resulted in a successful adjustment for the securement of the tail for the second test flight.  

8.2 Aerodynamics 

Aerodynamic performance results obtained from the test flights confirmed the aircraft’s aerodynamic 

qualities performed as expected. The aircraft had the expected control authority from the control surface 

sizing. Pilot feedback confirmed the stability was appropriate for all missions. Even with a large static 

margin, the pilot was still able to perform the time to climb mission with full payload. Due to complications 

with the performance of the pitot-static system airspeed data was not accurately collected and therefore 

could not be compared to expected airspeed. However, ground speed measurements were similar to the 

expected airspeed. Future flights will be performed to collect accurate airspeed data. Figure 38, shows 

the aerodynamic prototype in flight.  
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Figure 38: Aerodynamic Prototype in Flight 

8.3 Propulsion 

8.3.1 Batteries 

The 1600 mAh NiMH packs have been tested several times to understand the constraints the battery 

systems pose to the propulsion of the aircraft. Using the propeller choices in the initial design, the 

batteries were able to pull approximately 40 amps of burst current for 30 second intervals. Although the 

endurance testing is not completed, the initial battery packs seem to be of adequate size and capacity. 

More testing will provide significant data as to how the batteries affect the propulsion system, including 

high current draw testing to determine the maximum output of the batteries as a function of time. 

8.3.2 Propeller 

The results of many static tests were able to quantify the performance of each propeller as a function 

of time using the ESC on-board speed controller and data acquisition module. These tests provide initial 

design data needed to choose a propeller. The initial designs show that a 14” diameter propeller will 

create adequate thrust from the available power. Following the preliminary design and testing, it was 

found that the system could be further optimized.  For this reason, further testing will be conducted to 

maximize the thrust output of the system.  A larger propeller will also improve the efficiency of the system.  

As of the drafting of this design document, a 15x8 propeller appears to be an ideal candidate for the 

optimization of the team’s score.   

8.3.3 Motor 

The HC3522 – 0700 has proven to be an ideal motor for the H2BuffalO.  The current system is slightly 

exceeding the manufacture’s recommended nominal limits; however, the motor’s performance is still 
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within the rated burst values.  By approaching the operating envelope of this motor, the propulsion output 

power to system weight ratio is better than that of a larger motor capable of higher power output.   

8.4 System Performance 

8.4.1 Unloaded Performance 

In the flight tests performed using the unloaded configuration, the H2BuffalO performed as expected. 

Taking off in 5 seconds after power-up, the aircraft demonstrated the ability to corner, perform the 360 

degree turn, and fly for longer than 4 minutes, demonstrating the ability to complete the ferry flight 

mission. After initial complications were rectified, the aircraft also demonstrated the ability to successfully 

land gently and remain on the runway. 

8.4.2 Loaded Performance 

In its loaded configuration, the H2BuffalO also performed as expected. In both of the loaded test 

flights, the aircraft was able to take off from the runway in 15 seconds and climb to an estimated 100m. 

Unfortunately, during these tests the TEIS was not fully operational and therefore a full water drop test 

was not possible. However, the aircraft was able to carry the maximum payload weight and climb. Further 

analysis will be performed in order to further increase the aircraft’s performance during the loaded 

mission as well as completely test the TEIS. 
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