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1. Project Objectives and Requirements 

 

Author: Spencer Riggs 

 

1.1. Primary Objectives 

 

The primary objective of this project is to design, fabricate, test, and verify a fixed-wing radio-

controlled aircraft able to carry a 7 pound payload and takeoff in 75 feet.  This project is inspired by 

the Aerospace Engineering Senior Design Course and the American Institute of Aeronautics and 

AstronauticsΩ (AIAA) annual Design, Build and Fly (DBF) contest.  The project is also intended to 

ŜȄǇŀƴŘ ǘƘŜ ǳƴƛǾŜǊǎƛǘȅΩǎ ǳƴƳŀƴƴŜŘ ǾŜƘƛŎƭŜ research capabilities by providing a platform to deploy 

high-volume payloads.  The project also plans to fulfill the promise of vertical integration through 

the department by incorporating professors, graduate students, seniors and underclassmen into a 

single project.  Vertical integration provides a continuation of knowledge as well as a well-rounded 

engineering education to students involved in this project. 

 

1.2. Requirements 

The aircraft will be powered by an off-the-shelf electrical propulsion system developed especially 

for this aircraft.  The DBF competition rules from Reference 1-1 specify that the system cannot 

draw more than 40 Amps through a fuse; however, there are no limitations to the size or number 

of motors used.  In addition, the propulsion battery pack cannot weigh more than four pounds, 

which is also a competition requirement in order to get more performance from a given weight.  

The vehicle can be powered by brushed or brushless electric motors, which allows for any electric 

power plant commercially available. 

The aircraft will be controlled via a radio transmitter used by radio controlled (R/C) pilots.  

Telemetry data will be delivered to a ground station laptop via a one-way radio link.  The telemetry 

system will monitor altitude, airspeed, temperature, and motor data.  The uplink to the aircraft 

control and downlink from the telemetry system are separated between different sets of hardware 

and do not interfere with each other. 

¢ƘŜ ŀƛǊŎǊŀŦǘΩǎ ǿŜƛƎƘǘ ƛǎ ƴƻǘ ŀ ŦƛȄŜŘ ƴǳƳōŜǊΣ ōǳǘ Ƴǳǎǘ ōŜ ƳƛƴƛƳƛȊŜŘ ŀǎ ƳǳŎƘ ŀǎ ǇƻǎǎƛōƭŜΦ  ¢ƘŜ 

airframe and battery weight is considered to be empty weight, which must be reduced in order to 

compete in the DBF competition.  Telemetry devices do not contribute to the empty weight of the 

aircraft as these devices are removed for competition.  In order to fly under Academy of Model 

Aeronautics (AMA) requirements, the aircraft cannot weigh more than 55 lbs when fully loaded.  

This limit allows the plane to be covered under AMA insurance in the event of property or personal 

injury caused by the plane.   
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¢ƘŜ ŀƛǊŎǊŀŦǘ Ƴǳǎǘ ƘŀǾŜ ŀ ŦƻƻǘǇǊƛƴǘ ƴƻ ƎǊŜŀǘŜǊ ǘƘŀƴ пΩ Ȅ рΩΣ ǿƘƛŎƘ ƭƛƳƛǘǎ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŀƛǊŎǊŀŦǘΦ  ¢ƘŜ 

DBF competition places this requirement on all competitors in order to encourage teams to get as 

much performance from their planes as possible. 

When fully loaded, the aircraft must have a ground roll takeoff distance of less than 75 feet.  Once 

airborne, the plane must reach an altitude of 50 feet to ensure that the aircraft is clear of ground 

effect and is operating safely away from spectators on the ground.   

The aircraft is required to carry 5 different payloads consisting of different combinations of small 

bricks and water bottles.  This requirement comes from the DBF competition rules and proves that 

the aircraft is capable of being reconfigured for different missions without major design changes to 

the aircraft.  These payloads must be mechanically restrained, which eliminates tape, Velcro and 

magnets as potential restraint methods. 

Before flying any payloads, the aircraft must successfully fly empty in order to verify that the plane 

is capable of flight and will not damage payloads.  After this flight, the aircraft can be loaded with 

payloads and allowed to complete these missions.  The aircraft must be able to sustain a 2.5g turn 

at both weights in order perform missions quickly and easily in the air.  The aircraft must also be 

controllable during all missions. 

In order to be a viable aircraft, the battery system must provide an endurance of five minutes.  This 

allows check flights and competition flights to be completed while also allowing test flights to 

gather enough data to characterize the aircraft.  The battery system must use nickel-cadmium 

(NiCad) or nickel-metal-hydride (NiMH) cells per competition regulations. 
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2. Systems Architecture 

 

Author: Joshua Fromm   

Co-Author: Scott Lowery 

 

2.1. Overview of Systems 

 

The CUDBF aircraft is required to perform as both a functional and competitive aircraft. The 

primary aircraft requirements, as defined in the previous chapter, were modified from competition 

rules and regulations (Reference 1-1) to produce an aircraft that performs as both a functional and 

competitive aircraft. These requirements were the main driving factors in the design process. In 

order to compete at competition, additional constraints were placed on the team in order to 

accommodate the two payload types provided at competition, which are shown below in Figure 2-

1. 

 

 

Figure 2-1: Competition Payloads 

Combinations of these payloads, totaling roughly 7 pounds, will be possible candidates for the 

competition payload. Details of the mission payloads will be covered in later chapters. 

The design of the aircraft was divided into five major sub-systems in order to take full advantage of 

design optimizations. These subsystems are missions, structures, aerodynamics, avionics and 

propulsion subsystems. 

2.2. Missions Concept of Operations 

 

A strict method of operation of the aircraft must be followed at competition according to the 

defined rules and regulations. This process enforces standards for integrity, safety and operation of 
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the aircraft. The mission analysis team was responsible for ensuring the aircraft would perform to 

these standards, including the design of the payload system and mission optimization.  The concept 

of operations is detailed as follows: 

1. The aircraft must pass an extensive technical inspection by competition officials. The 

following aircraft attributes will be inspected: 

a. Weight of aircraft 

b. Weight of battery pack(s) 

c. Size of aircraft 

d. Structural integrity, including visual inspection of all joints and attachments 

e. Simulated 2.5 g load with fully-loaded wing-tip test 

f. Adequacy of electrical sub-system 

g. Radio range check and fail-safe (as defined below) 

i. Zero Throttle 

ii. Full up Elevator 

iii. Full right Rudder 

iv. Full right Aileron 

v. Full Flaps down 

h. Proper control surface functionality 

2. Demonstration of payload carrying capability as illustrated in Figure 2-2. 

a. Aircraft will be timed for loading of full payload as defined by competition officials. 

b. Integrity of the restraint system will be tested by inversion of the aircraft. 

 

 

Figure 2-2: Payload Restraint System 

 

 

Payload 

Restraint 

Device 
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3. Aircraft will be placed on runway loaded for the required  mission 

a. 40 Amp fuse will be placed in the plane when the ground crew is clear of the aircraft 

4. Aircraft will takeoff in 75 feet or less and climb to a safe operating altitude, as determined by 

the pilot operating the aircraft 

5. Pilot will fly aircraft in the required mission pattern 

a. Mission 1: Pilot will fly maximum number of laps until aircraft batteries are fully depleted 

b. Mission 2: Pilot will complete two laps of the course illustrated below in Figure 2-3. 

 

Figure 2-3: Mission 1 & 2 Course Layout 

 

6. Aircraft will be landed on the appropriate runway for mission to count as success. 

7. Aircraft will be disarmed by removing fuse and removed from the runway. 
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2.3. Mechanical & Electrical Design Requirements 

 

 

Figure 2-4: Project Requirement Flowdown 

Figure 2-4 above schematically represents the flowdown of DBF requirements.  At the top of the 

chart are the top-level requirements that must be fulfilled in order to pass the tech inspection at 

competition.  Each block is color-coded to the particular subsystem it applies most directly to.  

These blocks are linked to that subsystem with a matching-color line.  The subsystems are the large 

rectangular blocks: aerodynamics, avionics, fuselage, propulsion and structure.  In addition to the 

direct connections between requirements and subsystems, are interconnections between some 

requirements and interconnections with a requirement and another subsystem.  These 

interconnections are shown in black.  For example, the requirement Aircraft Dimension, which 

specifies that the aircraft was fit within a 4 ft by 5 ft block most directly applies to aerodynamics, 

which must design short wings that still provide sufficient lift.  This relation is shown in red, the 

color of aerodynamics.  Aircraft dimension also affects the size of the fuselage, so a black line 

connects it to the green line flowing into the fuselage block.  As another example, Takeoff Distance 

is directly related to the classification (brushed or brushless) of the motor, so a black line connects 

those two requirements. 
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Beneath each subsystem, also in matching colors, are the deliverables of that subsystem.  For 

example, the propulsion subsystem must deliver sufficient thrust for takeoff, but within current 

draw limits and for an appropriate duration to complete the mission.  They must also deliver a way 

of controlling the thrust without overheating the speed controllers and deliver a reliable system 

that will not disintegrate during flight.  All of these products are connected to the propulsion block 

via the blue line.  A similar connection can be seen on all other subsystems. 

Since the DBF aircraft is a total system, the deliverables of one subsystem are highly 

interdependent on other subsystems.  This cross-pollination is represented by the black lines 

joining deliverables.  It is a simple matter to trace a black line, which may be joined by other black 

lines, from block to block.  For example, the aerodynamics Wing deliverable is dependent on 

Sufficient Thrust, because a wing produces drag that must be overcome, and motors provide an 

accelerated flow over the wing to produce lift.  Another example: Stability interacts with Payload 

Combinations due to shifting c.g. locations; it also interacts with the Telemetry System because the 

avionics package relays data that will be used to analyze stability, and Stability is also connected to 

Control Thrust, because an aircraft is piloted by adjusting control surfaces as well as the throttle.  

¢Ƙŀƴƪǎ ǘƻ ǘƘŜ άƧǳƳǇŜǊǎΣέ ǘƘŜ о5 ōǊƛŘƎŜǎ ǘƘŀǘ ŀƭƭƻǿ ƭƛƴŜǎ ǘƻ Ǉŀǎǎ ƻǾŜǊ ŜŀŎƘ ƻǘƘŜǊ ǿƛǘƘƻǳǘ 

interacting, it is easy to see each connection.   

All interactions have been carefully noted on the chart.  The flowdown is a useful planning and 

management tool for several reasons.  First, if one subsystem wished to redesign a component, 

they can quickly read off from the flowdown which other subsystems should be consulted before 

implementing the change.  Second, it assists in the coordination of subsystems when discussing 

design alternatives to meet the top-level requirements, especially during the PDR phase.  Frequent 

reference to the flowdown has greatly helped the CUDBF team coordinate action items and avoid 

design conflicts. 

 

2.4. Complete System 

 

2.4.1.  Solidworks Models 

 

The Solidworks models in Figures 2-5 and 2-6 illustrate the details of the CUDBF aircraft design. The 

first figure is a transparent model showing the details of the internal parts of the aircraft. Each 

component is carefully placed to allow proper fitting, within tolerances. Important dimensions and 

locations of components are illustrated and will be covered in greater detail in subsequent 

chapters. 
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Figure 2-5: Transparent model of CUDBF Aircraft 

 

Figure 2-6: Dimensioned model of CUDBF Aircraft 
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2.4.2.  Electrical System Schematics 

 

Figures 2-7 and 2-8 outline the electrical system on the CUDBF aircraft. All components are 

purchased commercial off-the-shelf (COTS) as per competition rules and regulations. 

 

 

Figure 2-7: Electrical System Schematic: Propulsions 
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Figure 2-8: Electrical System Schematic: Avionics 

 

2.4.3.  Subsystem Mass Breakdown 

 

Due to the high sensitivity of mass for the purposes of competition, a detailed mass breakdown 

must always be available. This allows to team to focus efforts on mass-critical components. A sub-

system mass breakdown, shown in Figure 2-9, indicates the proportions of the total empty aircraft 

mass as they apply to each subsystem.  The colors on the model match with their respective 

subsystems on the pie chart for visual clarity.  Avionics and missions are not visible due to their 

components being located inside of the fuselage bay. 
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Figure 2-9: Aircraft Subsystem Mass Breakdown 
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3. System Design Alternatives 

 

Author: Michelle Tamayo 

Co-Author: Spencer Riggs, Oleg Usmanov, Jonathan Todd 

 

3.1. Payload Configuration 

The first decision to be made by the missions/ fuselage subsystem that had the largest effect on 

the aircraft was the configuration of the bulkiest payload, which was the 14 bottles. The 

arrangement of these bottles in the fuselage places performance constraints on the aerodynamics 

team, which dictates the allowable configurations that can be flown. The arrangement of this 

payload was constrained by the requirement that any configuration must fit within the 4 ft by 5 ft 

footprint set by the competition rules. The three possibilities considered that fit these criteria were 

configurations of two bottles wide, three bottles wide and a tapered arrangement. These 

configurations can be seen below in Figure 3-1 along with one of various tapered arrangements. 

 

 
Figure 3-1: Payload Bottle Configurations (not to scale) 

 

During the payload configuration selection process, two main criteria were evaluated that had a 

direct impact on the scoring of the aircraft. The first selection criteria was the cross sectional area 

facing the incoming airflow. Larger cross sectional areas cause drag to increase, which necessitates 

a battery weight increase so that the thrust to overcome the larger drag forces. The second factor 

considered was the fuselage skin surface area required to cover the payload. Increased skin surface 

area translates directly into an increase in total aircraft weight, which again decreases the 

competition score. Since the aircraft score is more sensitive to battery weight, this factor was 

considered of greater importance than aircraft weight. The summary of the trade study on the 

payload configuration is shown in Table 3-1 below. 

 
Table 3-1: Payload Configuration Trade Study 
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This trade study clearly indicates that the best payload arrangement is the 2 bottle wide 

configuration. This configuration has the smallest frontal cross sectional area when compared to 

the other configurations. The two bottle wide arrangement had a slightly larger surface area than 

the three bottle wide option, but overall was selected for its aerodynamic performance. No added 

benefits were gained from a tapered layout which caused this configuration to be ruled out easily. 

 

3.2. Payload Access Location 

 

After selecting the payload configuration, the next decision made by the missions/ fuselage 

subsystem was the location of the payload access hatch. This decision had an impact on some of 

the allowable configurations that could be flown, given that not all aircraft configurations are 

compatible with certain payload hatch locations. The three locations for the payload hatch 

considered were from the top, the side and the front or back. Experience has shown that loading 

payloads from beneath the aircraft is not feasible. The three possible configurations are pictured in 

Figure 3-2. 

 

 
Figure 3-2: Payload Access Hatch Locations 

 

When selecting the payload hatch location, only the loading time of the payload was considered. 

As loading time has a significant impact on the aircraft score and is very susceptible to accessibility, 

the goal of the hatch placement was to select a location that maximized the area for the ground 

crew to load payloads. The trade study summary is in Table 3-2. 

 
Table 3-2: Payload Access Trade Study 

 
 

This trade study indicated that the top hatch location is most efficient since it maximizes the 

payload loading area. When scoring the different hatch locations it was apparent that the top 

provides the most unobstructed loading area. The side location can potentially provide the same 

loading area, but obstruction from the wing causes this effective loading area to be reduced. The 
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front of the aircraft provides the smallest loading area, and to provide an efficient means of 

loading would require the use of additional support structures and mechanism for the payloads. 

Although this location provides an unobstructed loading area, the need for additional mechanisms 

may lead to manufacturing and loading complications in addition to mass penalties. Therefore, the 

top payload hatch area was selected as the best option for payload loading. 

 

3.3. Aircraft Configuration 

 

The aircraft configuration was the next decision that had to be made by the team.  The single 

largest factor in the aircraft configuration selection was drag, rated at 40% of the overall choice.  

This parameter was chosen as most important because drag directly translates into battery weight 

and overall system weight.  Since weight reduction is a goal of the project, drag reduction was 

essential.  The second most important factor was payload accessibility, rated at 25%.  The 

competitive aspects of the project required that payloads be easy to load, giving this the 2nd most 

important rating.  For non-competition use, payload accessibility is also important since payloads 

must be easily integrated and flown.  Knowledge base was rated at 15% because the team needed 

to understand the extra time required for a more exotic design.  Ease of manufacturing was rated 

at 10% because several aircraft parts would need to be built quickly for testing purposes.  Natural 

stability was also rated at 10% because pilot friendliness is desirable.   

 

Since the competition restricted the design to a fixed-wing configuration, the team chose six fixed-

wing types to analyze.  These six types cover the range of fixed wing aircraft that met basic stability 

and payload requirements.  The trade study used to choose the aircraft configuration is 

summarized in Table 3-3 below.  All aircraft images are from RCCad (Reference 3-1). 
 

Table 3-3: Aircraft Configuration Trade Study 

 

The bi-wing configuration was the best alternative with a score of 7.1.  The CUDBF team chose the 

more exotic box wing because of its reduced drag and better aesthetics. 

 

The team has the least knowledge about this configuration, but chose it knowing that more 

background analysis would need to be done in order to complete the design.  The drag caused by a 
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box wing is the lowest of any alternative.  Wing-tip vortex strength is reduced by joining the 

wingtips, which reduced induced drag.  The vortex strength is reduced since the pressure 

difference between the top and bottom wing surfaces does not interact as much due to the joiners 

blocking the vortex from forming. 

 

Ease of manufacturing was based on the number of joints between major components, of which 

the box wing had the most.  The box wing requires a fuselage, two wings, and two joiners, which is 

more parts than all but the bi-wing configuration.  The flying wing was given a 10 since it has one 

major component.  The team determined that this risk was acceptable as long as building efforts 

began in January 2008. 

 

The natural stability of a box wing was rated high because it is relatively simple to design in terms 

of stability.  The rear wing is able to be used for pitch and roll controls with the vertical joiners 

holding the directional control surfaces.  A conventional and bi-wing were given scores of 10 in this 

category due to their ease of design.  The flying wing was given a 2 because it does not have 

adequate pitch authority and requires digital control systems in order to fly correctly.  For each 

design, quarter-scale models were built and glide-tested to visually confirm the natural stability 

characteristics of each design.  The pilot for the CUDBF team felt comfortable flying any design, so 

pilot preference was not a factor in this decision. 

 

The aircraft, being designed to accommodate a high-volume payload, needed a high degree of 

accessibility.  The flying wing was rated with a score of 10 since it has no obstructions to the 

payload area of the aircraft.  The box wing was rated lowest with a 3.3 because the wings do not 

allow a person to easily approach the fuselage.  This issue was deemed minor as the risk can be 

mitigated by maintaining a well-practiced ground crew. 

 

3.4. Motor Classification 

 

The first design alternative the propulsion subsystem had to decide on was the type of motor used 

to propel the aircraft. From the project requirements the aircraft must be powered by brushed or 

brushless electric motor. Both of these types of motors can fit the design independently of other 

design choices. The brushless motor eliminates mechanical communicators by means of a special 

speed controller which cycles the magnetic field in the coils. This eliminates friction cased by the 

brushes. The trade study in Table 3-4 was performed in order to decide between these two 

choices. 
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Table 3-4: Motor Type Trade Study 

Performance Variables 
 

 

 

Weighting 
Brushed Motor Brushless Motor 

Score SW Score SW 

Power/Weight 30% 8.0 2.4 10.0 3.0 

Efficiency 30% 7.0 2.1 10.0 3.0 

Speed Range 20% 6.0 1.2 10.0 2.0 

Heat Dissipation 20% 5.0 1.0 10.0 2.0 

 
100% 

 
6.7 

 
10.0 

 

As can be seen from Table 3-4, the brushless motor was superior in all aspects.  

The power that the motor can produce for the same weight (W/kg) was greater for the brushless 

type. Modern RC brushless motors also have up to 95% efficiency and are able to spin up to 

~60,000 revolutions per minute (RPM). The windings are in contact with case, which greatly 

improves heat dissipation and allows for larger electrical current to run through same size winding 

wire gauge if compared to the brushed motor.  As a result the brushless motor was found to be a 

better option for the design. 

3.5. Battery Selection 

The project was restricted by requirements to use NiMH cells or NiCad cells. These two types of 

cells were analyzed in 5 different categories and the results are summarized in Table 3-5 below.  

The most important factor in battery selection was the energy to weight ratio of the chemistry.  

This had to be maximized in order to reduce battery weight, which is essential for project success. 
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Table 3-5: Battery Type Trade Study 

Performance Variables 
 

 

 

Weighting 
NiCad NiMH 

Score SW Score SW 

Energy/Weight 60% 7.0 4.2 10.0 6.0 

Energy/Size 10% 6.0 0.6 10.0 1.0 

Impedance 20% 10.0 2.0 8.0 1.6 

Self Discharge 5% 10.0 0.5 6.0 0.3 

Cost 5% 10.0 0.5 9.0 0.5 

 
100% 

 
7.8 

 
9.4 

  

As can be seen the NiMH cells were found to be a better option. The most important variable for 

consideration was the average amount of energy that can be stored in a cell for the same weight 

(mAh/kg). The team has also considered the size of the cell (mAh/cm3) which revealed the 

advantage of NiMH cells as well. The NiMH cells have higher average resistance (mOhm), however 

some brands have very low resistances comparable to the NiCad cells. Self discharge rate 

(%/month) was of a low significance since the batteries will be charged only before the actual 

flight. Cost ($/mAh) was also less of a concern due to the sufficient CUDBF budget.  As a result 

NiMH cells were chosen for the design due to mostly its superior energy density. 
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4. System Design-To Specifications 

 

Author: Michelle Tamayo 

Co-Authors: Joshua Fromm, Spencer Riggs 

 

4.1. Aerodynamics System Design-To Specifications 

 

The aerodynamics subsystem was tasked with meeting the requirements for minimum altitude and 

flying both empty and full weight missions.  In order to make sure that the aircraft could fly both 

empty and full, the wings were designed in order to fly at full weight.  This decision entailed that 

the empty missions would fly at a much reduced wing loading, which increases the responsiveness 

of the aircraft.  In order to fly at the minimum altitude of 50 feet AGL, the aircraft had to be 

designed to fly without the lifting benefits of grƻǳƴŘ ŜŦŦŜŎǘΦ  ¢Ƙƛǎ ƛǎ ŎŀǳǎŜŘ ōȅ ǘƘŜ ǿƛƴƎΩǎ ōƻǳƴŘ 

vortex reflecting off the ground and causing additional aircraft lift.  At an altitude of 50 feet, this 

phenomenon is negligible and is considered non-existent for design purposes.  The aerodynamic 

design also had to contend with the center of gravity of the aircraft shifting with different 

payloads.  This represented a challenging design problem in order to ensure the stability of the 

aircraft.  The three system requirements addressed here provided the aerodynamic subsystem 

with their main tasks during the design phase of the project. 

 

4.2. Fuselage Design & Mission Analysis System Design-To Specifications 

 

4.2.1. Mission Optimization 

 

In order to design the most competitive aircraft, an extensive mission analysis was performed to 
outline the top driving factors in the design of the aircraft. The competition rules and regulations 
state that there are two different missions that must be flown. The first mission is the delivery 
mission in which the aircraft is flown unloaded and is allotted 50 points. The second mission is the 
payload mission, in which a given payload is assigned and loaded into the aircraft and flown and is 
allotted 100 points, making the total aircraft score out of 150 points. Each mission is graded based 
on combinations of performance criteria outlined in Table 4-1 below for both missions. 
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Table 4-1: Mission Scoring Criteria 

 Applicable Mission Measurement 

Number of Laps 1 Whole numbers 

Battery Weight 1,2 Propulsion, Pounds 

Empty Weight 2 Pounds 

Loading Time 2 Seconds 

 
Competition rules also define rules that encompass all missions and define how scoring is 
calculated. The propulsion battery pack used for each flight mission is limited to a maximum of 4 
pounds. The maximum number of flight attempts for a particular team aircraft is limited to 5 trials, 
which includes attempts for both missions. A flight attempt is used if the aircraft fails to meet a 75 
ft. takeoff requirement, or if the aircraft fails to land on the runway. If the aircraft is heavily 
damaged on landing, the score does not count and uses up a flight attempt. 
The final score of the aircraft is taken as the highest score achieved of all the missions. The 
breakdown of the mission requirements and scoring are outlined in the next sections. 
 

4.2.2. Delivery Flight Scoring Analysis 
 
The delivery flight mission is flown with an empty aircraft. Although the score of this mission is 
important, less design decisions were made based on this mission due solely to the smaller fraction 
of total score. The scoring of this mission is defined in the relation seen below. 

 

        Score = 
Complete Laps

Battery Weight
                                          Equation 4-1                                          

 
In order to determine the flight plan of this mission, a sensitivity analysis was performed on the 
relationship between laps completed and resultant battery weight. It should be noted that only 
whole values of laps are counted, and fractional laps are always rounded down as an unfinished lap 
that does not count towards the aircraft score. The results of the sensitivity analysis are shown in 
Figure 4-1 below and the code used is in Appendix C. 
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Figure 4-1: Delivery Flight Mission Score Sensitivity 

The relationship between mission score and laps flown was determined by calculating the total 
amount of battery weight to takeoff and fly the subsequent number of laps. The sensitivity study 
suggested that the main constraint for the design of the aircraft was the battery weight that will 
allow the plane to meet the required 75 ft takeoff distance.  The 5 minute flight restriction will not 
be of concern with these conclusions for the delivery flight mission analysis. 
 
 
 

4.2.3. Payload Flight Scoring Analysis 
 

Competition rules allow for separate flight battery packs to be used for each mission. For this 
reason, the battery weight again plays an important role in the design of the mission outline. The 
score of this flight is based on the following relation, 

 

Score  =  
1

Loading Time  ×  RAC
                                      Equation 4-2 

 
The rated aircraft cost (RAC) is defined by competition rules to be: 

 

RAC  =  Battery Weight  ×  Empty Weight                         Equation 4-3 

 
For this mission, the competition requires a minimum of two full laps to be flown with a full 
payload. For this mission an aircraft is not allowed to fly again after two successful flights, and the 
final score of the aircraft will be the maximum score of the two flights. For this mission, the 
sensitivity of empty weight and battery weight were investigated, ignoring the loading time. It is 
clear that both a small battery weight and small empty weight are desired. For this reason, the 
sensitivity of the two separate components were compared in order to determine the most critical 
component. The result of this study can be seen in Figure 4-2 below and the code used is in 
Appendix C. 
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Figure 4-2: Payload Flight Mission Score Sensitivity 

These results were generated using a base aircraft weight of 8 pounds and a battery weight of 1 
pound. The results show that an increase in battery weight more negatively affects the total score 
than the same increase in structural weight. This suggests that if a single IB1400 cell is added to the 
pack, 9 ounces of structure must be removed to maintain the same total score at the base values. 
This result drives the design to be more cautious when increasing battery weight over structure 
weight. However, it is still important to reduce structure weight in order to reduce battery weight 
required to meet takeoff distance. 
 

4.2.4. Mission Score Analysis Summary 
 

In order to make use of the mission analysis, the pilot must follow the guidelines as closely as 
possible to ensure that the highly optimized battery pack system does not lose power before the 
aircraft lands. In order to achieve this, the pilot must have a large amount of flight experience with 
the aircraft before competition. The guidelines for the pilot can be seen in Table 4-2. 

 
Table 4-2: Design Constraints Defined by Mission Score 

 Design Constraints Pilot actions 

Delivery 

Mission 

Battery weight for 75 ft. takeoff Fly maximum number of laps at slow speed 

Payload 

Mission 

Maximum capabilities of 40 amp fuse in 

order to reduce cell count 

Complete both laps at speed defined by most 

efficient propulsion use 
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5. Development & Assessment of Subsystem Design Alternatives 
 
Author: Scott Lowery 
Co-Authors: Spencer Riggs, Oleg Usmanov, Michelle Tamayo 
 

5.1. Aerodynamics Development & Assessment of Subsystem Design Alternatives 
 

5.1.1. Tail Configuration 
 

The five tail configuration design alternatives were a conventional tail, a T-Tail, a V-Tail, an H-Tail, 
and no tail.  These five configurations were analyzed because these tail configurations have been 
used on previous R/C aircraft designs.  The criteria for this trade study were: drag, knowledge base, 
ease of manufacturing, and structural loading, with weightings of 35%, 15%, 10% and 40%, 
respectively.  Structural loading was deemed most important because decreased loading directly 
translates to decreased weight.  Table 5-1 summarizes the results of this trade study.  The tail 
images are courtesy of RCCad (Reference 3-1). 

 
Table 5-1: Tail Configuration Trade Study Summary 

 
 

Using no dedicated tail was chosen as the best option for the CUDBF project.  This option 
contributes no additional drag to the aircraft and adds no additional weight to the aircraft.  Since 
the subsystem does not need to perform any additional analysis or build anything for a tail, this 
option wins in all categories.  Pitch control surfaces can be placed on the rear wing, inboard of roll 
control surfaces.  The vertical tail is replaced by the vertical joiners between the wings, and the 
rudders are placed here as well.  During final design, if additional vertical tail area is needed, a 
vertical tail can be added for stability.  The aerodynamic engineers do not wish to totally remove 
this option without further analysis and flight testing.    
 
 
 



Fall Final Report ς CUDBF  ASEN 4018, Senior Projects 1, Fall 2007 

23 
 

 
5.1.2. Wing Planform Shape 

 
The wing planform shape was determined in two stages: aft wing and forward wing.  The aft wing 
shape was decided first since this wing holds the control surfaces for the aircraft.  Three 
configuration choices were selected: elliptical, tapered and rectangular.  The elliptical wing was 
eliminated because its rounded tips are not suited to a joined wing configuration.  In order for an 
elliptical wing to be used, the tip joiners would have a small span and add more drag to the 
aircraft.  The tapered shape was eliminated because it is structurally weakened by additional joints.  
In addition, this planform has the same problem with the joiner size as the elliptical wing.  
Therefore, a rectangular wing planform was chosen to alleviate these problems.  The rectangular 
wing is also easiest to manufacture, which is important for making multiple wing sets.   
 
The forward wing shape was chosen to be rectangular as well in order to conform to the standard 
set by the aft wing.  Swept wings were considered, but the decision regarding sweep needs further 
analysis in order to make the aircraft longitudinally stable.   
 

5.1.3. High-Lift Devices 
 

High-lift devices were considered for the aircraft considering the very short takeoff distance that 
had to be met.  Five configuration alternatives were considered: slats, slats/flaps, flaperons, flaps, 
and no devices.  Slats and slats & flaps were eliminated because slats are complex and do not 
increase airfoil lift; they increase the stall angle of the airfoil without increasing lift.  Flaperons are 
a combination of flaps and ailerons which were eliminated as well.  In order to add lift to the 
aircraft, these surfaces must deflect with the trailing edge towards the ground.  This is opposite to 
how the elevators must deflect for takeoff rotation, which is trailing edge pointing to the sky.  
Since flaperons would decrease pitch authority, they were eliminated.  Flaps were eliminated 
because they add additional complexity and weight to the aircraft.  The option of no devices was 
chosen because it is the lightest weight and can meet the takeoff distance requirement if the plane 
has a slightly larger wing. 
 

5.2. Propulsion Development & Assessment of Subsystem Design Alternatives 
 
Figure 5-1 represents the propulsion system configuration options. The selected design options are 

shown in green. 
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Figure 5-1: Propulsion Decision Flowdown 

5.2.1. Motor Selection 

From Figure 5-1, it can be seen that after selecting brushless motors as a systems design choice, 

the subsystem had to decide on the number of motors that propel the aircraft. 

The aerodynamic design allowed the propulsion team to consider single and twin motor 

configurations as possible options.  These design alternatives were analyzed in 6 different 

categories and the results are summarized in Table 5-2 below. 
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Table 5-2: Number of Motors Trade Study 

Performance 

Variables 

 

 
 

Weightin

g 

Single Twin  

Score SW Score SW 

Ground Clearance 40% 4.5 1.8 10.0 4.0 

Weight 30% 10.0 3.0 8.0 2.4 

Efficiency 10% 10.0 1.0 9.0 0.9 

Directional Stability 10% 1.0 0.1 10.0 1.0 

Structural Integration 5% 10.0 0.5 5.0 0.3 

Knowledge Base 5% 10.0 0.5 8.0 0.4 

 
100% 

 
6.9 

 
9.0 

 

As seen from the table above, the ground clearance was of the most importance.  To quantitatively 

analyze this performance variable the team analyzed the landing gear height.  The minimum 

landing gear height which allows for 15° rotation on takeoff was found to be 2.5 inches. The team 

used SLK Electronics ElectriCalc (Reference 5-1) software to approximate the propeller size which 

would give the sufficient thrust.  Based on the propulsion design-to specifications (see Subsystem 

Design to Specifications) the required thrust was 9 lbs.  The minimum propeller size that could 

provide this thrust using an average RC motor was found to be 18 in which would require to extend 

the landing gear height to 5.5 in.  Considering the fact that landing gear contributes to a large 

fraction of the total structure weight, as shown in Figure 5-2, and also creates a large amount of 

drag, larger landing gear was undesirable.  
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Figure 5-2: Coarse Mass Breakdown 

Additionally, if the motor would be configured as pusher, this would require even more ground 

clearance because of rotation required at takeoff.  The directional stability was also of a concern 

because of the effect called P-factor.  During high angles of attack and high thrust ς takeoff 

scenario, the downward propeller blade moves at higher angle of attack compared to the opposite 

blade.  This produces a yawing moment that has to be overcome by the rudder.  Since the airplane 

has a very low speed at takeoff, the rudder might be ineffective.  The dual motor configuration 

overcomes this problem through the use of counter-rotating propellers. The structural integration 

took into account the number of mounting structures required.  Previous DBF teams from CU have 

never used twin motor configuration, so the twin motors are something novel that the team has 

decided to take a risk on.  

Considering all of the above performance information, the dual configuration was found to be a 

better option for the design. 

5.2.2. Motor Mounting Location Alternatives 

The two motors could be placed on the wings or in tandem configuration as shown in Figure 5-3.  

 

 

 
Figure 5-3: Motor Mount Possibilities 

To investigate the difference between the two configurations the propulsion team decided to 

see how much does the thrust change due to the fuselage being behind the motor.  A test 

Nose / Tail 
Cone
27%

Skin
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Bulkheads
5%

Landing 
Gear
38%

Fuselage Mass Breakdown
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stand was setup with the fuselage mockup made out of foam board.  The cross sectional area 

perpendicular to the flow was 81 in2, based on the required fuselage side for payload 

integration.  The test was performed using the hardware and software setup in Table 5-3 (for 

more information, see Preliminary Verification, Validation and Test Plan): 

Table 5-3: Fuselage Interference Test Software and Hardware 

Acquisition 

Hardware 

Load Cell, Hyperion Emeter 

Acquisition 

Software 

NI LabView 

Analysis Software MATLAB  

Testing 

Components 

Neu 1105 motor, IB3600 16c NiMH battery pack, 15x8 

propeller 

 

First, the motor the setup was ran with the fuselage behind the motor.  The throttle was 

increased until the current reached 30 amperes and the thrust value was recorded.  Then the 

fuselage mockup was removed and the new cross sectional area was calculated based on the 

motor mounting plate.  Only the form drag was considered and since it is proportional to the 

cross sectional area the affect of the area was translated into the change in the payload 

mission static thrust. Figure 5-4 summarizes the results of this test. 
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Figure 5-4: Fuselage Affect on Static Thrust 

From Figure 5-4 it can be seen that the thrust reduction going from the 15 in2 to 81 in2 was ~0.7 

lbs which corresponds to 7% loss which is significant considering it is for the competition 

aircraft. This test showed that the wing mounting would be superior for the design. 

5.2.3. Motor Configuration 

 

It had to be then decided whether or not the airplane would have a tractor or pusher 

configuration. The decision was made solely on the CG location which must be set on the 

payload CG location (see Mission Design-To Specifications). The CG location of the empty 

aircraft was calculated based on all of the other components (besides motors) and the motors 

were decided to be configured as tractors on the front/top wing of the aircraft, illustrated in 

Figure 5-5.  Fine tuning the CG was decided to be made with the shifting of the battery pack. 
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Figure 5-5: Final Motor Configuration 

 

5.3. Fuselage Design & Mission Analysis Development & Assessment of Subsystem Design Alternatives 

 

5.3.1. Payload Restraint System 

 

The main task of this subsystem was to devise a method to mechanically restrain all payloads 
as dictated by the competition rules. The payloads required to be supported and restrained by 
the aircraft are a combination of half pound, half liter bottles with a foam collar and 1.8 pound, 
half bricks that are shown in Figure 5-6.  

 

  
 

Figure 5-6: Sample Brick and Bottle Payloads 

 
The bottle payloads are intended to represent passengers with the collars simulating the 
negative space they require, while the ōǊƛŎƪǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǇŀǎǎŜƴƎŜǊΩǎ ŎŀǊƎƻΦ ¢ƘŜ ǇŀǎǎŜƴƎŜǊǎ 
must be supported vertically in the payload bay, and all payloads must remain in the aircraft 
when it is overturned with the payload hatch open. A summary of the possible payload 
combinations and their respective weights can be seen in Table 5-4 below. 
 
 
 
 

 


