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1. Project Objectives and Requirements 
Author: Kim Kroh 

1.1 Background 

As stated in the Project Definition Document 
(1)

, Sierra Nevada Corporation is currently 

developing a tactical unmanned aerial system nicknamed Spartan.  The UAS consists of the 

Spartan air vehicle, a ground control station, and a variety of sensor payloads.  These 

payloads are represented by the models provided by SNC in Figure 1 and Figure 2.  Sensor 

payloads are nearing completion and are awaiting successful flight tests from the Spartan 

vehicle; however, Spartan is still in development and will require a large logistical footprint 

for flight testing.  The objective of this payload demonstrator project is to provide a low cost, 

easy to operate, and reliable unmanned aerial vehicle to test the Spartan related sensor 

payloads prior to their integration with the Spartan vehicle. 

There currently is not a UAV on the market compatible with SNCôs payload module, so 

this project provides a team of undergraduate engineering students with the opportunity to 

create a unique design solution to a specific customer need.  Having an industry customer 

will provide the team with an opportunity to work in an academic setting while being held 

accountable to industry standards. 

 

 

    

 

 

 

 

Figure 1: SNC Payload Schematic 

(Top View) [Inches]
(2)

 
 

Figure 2: SNC Payload Schematic (Isometric View) [Inches]
 (2)
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1.2 Goal 

As stated in the background, SNC desires a stable aerial platform with a low logistical 

footprint on which several experimental payloads can be integrated for initial flight testing.  

Due to the unique nature of the customerôs payloads, a specific aircraft design is required in 

order to meet mission operation requirements.  Therefore, the overall goal of this payload 

demonstrator project is to design, build, test, and verify an unmanned aircraft to mechanically 

and electronically interface with the 15 pound payload module provided by SNC.  In addition, 

the team will build and fly a test payload, identical in size and weight to that of the customer, 

to verify flight characteristics and models to meet the Senior Design (ASEN 4018) course 

requirements.  The aircraft will be named the Stable Handling Aerial Radio-controlled 

Cargo-testbed, SHARC. 

1.3 Objectives 

The objective of this project is to design, build, test, and verify a UAS.  To meet top 

level project requirements, the UAS must be designed to have a low logistical footprint, be 

built within the budget provided by SNC, and be capable of serving as a sensor payload 

testbed for successful flight testing.  The UAS will consist of the SHARC aircraft as well as 

sufficient ground support hardware.  This hardware includes equipment to charge batteries, 

start engine(s), control, and fuel the aircraft for successful flight testing.  Due to variation in 

payload configurations, equipment may be needed to check the center of gravity of the 

aircraft and add ballast to adjust the c.g.  In addition, the support equipment will be compact 

and able to be transported in any mid-size sedan along with the aircraft itself. 

The aircraft will be flown under radio control and must be able to takeoff, fly, and land 

under its own power and be recoverable.  Furthermore, the aircraft must be able to support 

the customer provided payload and remain in flight for a sufficient amount of time to acquire, 

log, and store data.  Also, in order to meet the course requirements and verify the design of 

the aircraft, a verification payload must be built and successfully tested to gather airspeed, 

altitude, and stability data.  This verification payload will be an augmented payload provided 

by SNC with the same shape and weight. 

This project will be accomplished through integration of several subsystems on the 

aircraft including aerodynamics, flight dynamics, structures, electronics and controls, 

propulsion, and manufacturing.  In order to meet the top level systems requirements, the 

remotely piloted fixed wing aircraft must be designed to be easily transported, setup, and 

operated by no more than two personnel at an RC field.  Therefore, successful completion of 

this project will result in a transportable, easy to operate, low cost vehicle that the customer 

can rely on to test payloads before integration with the Spartan UAS. Table 1, Table 2, and 

Table 3 summarize the project and upper level system requirements as discussed.  These 

flowed down from the customer requirements as given in the Request for Proposal 
(3) 
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Table 1: Upper Level Project Requirements 

 
 

Table 2: Lower Level Project Requirements 

 
 

Table 3: Upper Level System Requirements 

 
  

Type (functional, performance, 

interface, constraint) Ref Description

Functional 0.SYS1 SHARC shall provide a fixed wing UAV

Performance 0.SYS2 UAV shall be capable of electrical and mechanical mating 

with Block 2 Spartan payloadFunctional 0.SYS3 UAV shall be remotely piloted from a ground station

Functional 0.SYS4 UAV shall be assembled and disassembled by no more 

than two personnelPerformance 0.SYS5 UAV shall be capable of operation from a typical RC field

Functional 0.SYS6 UAS shall be capable of transportation to and from the RC 

field in a typical sedan
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2. Systems Architecture 
Author: Brian Taylor 

In order to meet project objectives and requirements, the SHARC UAS is comprised of 

three primary systems: a ground station, a verification payload, and a flight vehicle.  The 

ground station system contains all elements needed to support the flight vehicle.  This system 

includes engine starting equipment, battery supporting equipment to include chargers, 

transmitters, receivers, and real-time data analysis tools and software as well as all equipment 

needed to complete the pre-flight checks on the flight vehicle. 

The verification payload is designed to mimic the SNC customer payloads both 

mechanically and electrically.  This design entails the utilization of the same structure, 

mechanical interfaces, and electrical interfaces as the customer payload.  SHARC will utilize 

accelerometers and gyroscopes to measure and record linear and angular acceleration in all 

three axes to verify that the stability of the flight vehicle matches the design models.  The 

verification payload will consist of a pitot-static, a GPS system, and an outside temperature 

probe that will measure, record, and transmit the aircraft airspeed, groundspeed, altitude, and 

density altitude.  This system will be used to verify that the flight vehicle meets the 

customerôs airspeed and altitude requirements.  Following the flight test phase of the vehicle, 

the verification payload will be removed and replaced with the customerôs payload without 

any necessary modifications to the vehicle during the operational phase. 

The flight vehicle is the primary focus of the SHARC UAS and contains all of the 

equipment necessary to meet the performance objectives of the customer.  It contains the 

fuselage, wing, electronics and control equipment, engine, and all supporting hardware to 

command and control the aircraft.  It is capable of mechanical integration with Spartan Block 

II payloads and supplies regulated 12 VDC at currents up to 10 A through the electrical 

interface. 

2.1 Concept of Operations 

Figure 3 contains a concept of operations for the SHARC UAS. 

 

 
Figure 3: SHARC Concept of Operations 
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The flight vehicle starts in storage and is transported to the flying field before assembly 

and mating with the payload.  Then the aircraft and payload undergo flight operations under 

radio-control from the ground station.  Following landing, the flight vehicle and payload are 

de-mated, and the flight vehicle is disassembled and transported back into storage.  During 

this time, the payload is returned to the customer for data acquisition. 

2.2 Flight Profile  

A flight profile of the SHARC UAS is in Figure 4. 

 

 
Figure 4: SHARC UAS Flight Profile 

 

Startup involves starting the engine and performing pre-flight checks.  This step also 

includes turning on the aircraft and payload power with external switches.  Following taxi 

and takeoff, the aircraft climbs to the customer specific altitude and loiters for a period of no 

less than twenty minutes.  Notice that SHARC will be designed to operate at density altitudes 

of at least 6,000 ft.  The aircraft descends and lands following the loiter period. 

2.3 Functional Block Diagram 

The functional block diagram for the SHARC UAS is in Figure 5. 

 

 
Figure 5: SHARC UAS Concept of Operations 
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Notice that commands are sent directly from the pilotôs transmitter to the aircraft 

receiver.  These commands and power are routed through the aircraft receiver to the servos, 

which control the engine throttle, ailerons, flaps, elevators, rudders, and brake.  On a separate 

circuit, power is supplied to the payload through a regulator.  The aircraft control and 

payload power circuits are separated to reduce risk by ensuring that a fault in the payload 

circuit would not interrupt aircraft control. 

For the verification payload, power supplied by the aircraft will be used to power an 

IMU and Gumstix 
(4)

 computer.  The IMU will measure linear and rotational acceleration in 

all three axes which will be sampled and recorded onto a removable data card by the Gumstix 
(4)

 computer.  The Eagle Tree system 
(5)

 is a commercial product that will use a pitot-static 

tube to measure airspeed and altitude.  In addition, a GPS module with WAAS will be used 

to gather ground speed and altitude data while an outside temperature probe will be used to 

convert altitudes to density altitudes.  This data is recorded on a provided data logger and 

transmitted in real-time to a receiver produced by the same company.  It is powered by an 

independent battery located in the payload structure which will be identical to the battery 

used by the aircraft receiver.  Data transmitted in real time will aid the pilot during flight and 

allow for faster verification of vehicle performance since multiple test points can be met 

during a single sortie. 

2.4 Solid Model 

Two of the three major systems of the SHARC UAV are shown in Figure 6. 

 

 
Figure 6: Flight Vehicle and Verification Payload Systems 

 

Within the verification payload are the components to verify flight stability, airspeeds, 

and altitudes as seen in Figure 7.  Notice that the GPS antenna and pitot-tube are mounted on 

the external structure of the payload while the rest of the components are mounted inside and 

on the bottom of the payload. 

Payload 

Flight Vehicle 
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Figure 7: Verification Payload Components 

 

Inside of the flight vehicle are systems to provide fuel to the engine, power to the 

payload, servos for control and all respective mounting systems as well as mounts for the 

payload and wing shown in Figure 8. 

 

 
Figure 8: Flight Vehicle Interior  

 

On the bottom part of the flight vehicle mounts are the receiver, receiver battery, and 

payload power regulator along with an additional payload mount seen in Figure 9. 

 

 
Figure 9: Receiver Hardware and Payload Power Regulator  
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The rear landing gear assembly consists of a COTS strut.  Due to the critical design 

associated to the real landing gear, it was tested through prototyping discussed further in 

Section 7.1.6.  A modification was done to the rear gear assemble to offset the wheel axis and 

the axis of rotation to allow for castering.  This hardware will be installed along with a servo 

and associated mechanisms to allow for braking as seen in Figure 10. 

 

 
Figure 10: Rear Landing Gear Subsystem 

 

Additionally, a two cylinder, 115 cc engine will be used in conjunction with a three 

blade 24x18 inch custom pusher propeller, Figure 11.  This setup should provide adequate 

thrust with a factor of safety when considering the affects of altitude associated with flying in 

Denver, CO area. 

 

 
Figure 11: Propulsion Subsystem 

 

Finally, the rest of the structure is depicted in Figure 12.  Notice that a compilation of 

detailed parts and assembly drawings are located in Appendix 16.1. 

 

 
Figure 12: SHARC Flight Vehicle Structure 

115 cc 

Engine 
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2.5 System Level Analysis 

Table 4 contains a summary of the major system level requirements and their 

determined build-to specifications.  More detailed analysis is presented in the subsystem 

sections as well as Chapter 11. 

 
Table 4: System Level Analysis 

 
 

Notice that in this case empty weight is defined as MGTW with the payload removed.  

This was used as a method of comparison because the weight of the payload is defined to be 

fifteen pounds including added ballast when necessary to ensure that this weight is met; 

therefore, the only uncertain weights are those located within the flight vehicle.  It is 

estimated that the flight vehicle will weigh thirty-five pounds, giving a weight margin of 

thirteen percent. 

Level 1 stability standards are an indication of the stability of the SHARC flight 

vehicle.  This stability standard is the highest level of Dutch-roll stability offered through 

FAR 23 certification standards.  It was also determined that the SHARC flight vehicle is 

longitudinally stable with a static margin of about seventeen percent, as well as being stable 

in the spiral mode and statically stable in sideslip. 

Structural requirements were for survivability at flight loads of +3/-2 g.  The 

maximum expected stress on the fuselage and wing are 366 psi and 3,500 psi respectively.  

This gives large factors of safety considering that both have a yield stress of 70,000 psi.  The 

fuselage is a COTS product used to reduce manufacturing time.  On the other hand, the wing 

design may be adjusted in the future to save weight and allow for more structural stress; 

although, any design changes would be minor only affecting the structure of the wing and not 

the aerodynamics or flight dynamics. 

The rear landing gear was the major critical component indentified during the 

Preliminary Design Review due to its unique configuration and design.  The entire landing 

gear on the flight vehicle is required to survive a 
+
4 g impact as well as forces created by 

landing without correction during crosswind conditions.  The impact requirement deals 

primarily with buckling of the landing gear while the crosswind requirement produces a 

lateral point load due to frictional forces at the point where the gear and pavement meet.  The 

design in place for the SHARC aircraft has been verified through analysis and was also 

prototyped as detailed in Section 7.1.6.  A solid model of the aircraft showing how it fits 

within the required footprint is in Figure 13. 
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Figure 13: SHARC Footprint Solid Model 

2.6 Request for Action 

One Request for Action was received following PDR.  This RFA encouraged more in-

depth structural analysis on the fuselage and was completed with both BOTE and ANSYS 
(6) 

analysis.  It was determined that the fuselage meets all requirements through design and more 

detailed analysis is located in Chapter 11. 
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3. Development and Assessment of Systems Design Alternatives 
Author: Andrew Mohler 

As directed by Roskam
(7)

, the development and assessment of the SHARC system 

design alternatives began with a logical flow-down process.  At the top of this decision tree, 

shown in Figure 14, is the overall configuration, from which the subsystem configurations 

will logically flow.  

 

 
Figure 14: Fixed-Wing Aircraft Design Alternative Tree 

 

The purpose of this chapter is to define the top system level development and 

assessment as it pertains to the overall configuration of the SHARC aircraft.  Aircraft 

configurations include categories such as conventional, flying wing, canard, and joined wing 

and will all be analyzed in the next section.  Various subsystem level design alternatives are 

developed in Chapter 4. 
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3.1 Overall Configuration  Selection 

Selection of a fixed-wing aircraft configuration is difficult to assess analytically 

because of the numerous design requirements and interdependencies.  While selecting an 

overall aircraft configuration, engineering reasoning was used based upon design experience, 

knowledge of interdisciplinary requirements and constraints, manufacturing, and overall 

systems comprehension. 

The SHARC design team determined six factors of merit by which to develop a system 

analysis of the overall aircraft configuration.  These factors were expected to most heavily 

influence the feasibility of the project and included: 

 

-Stability: based upon a qualitative and respectful prospective of historical aircraft that 

was reinforced by logical systems reasoning. 

-Weight: estimated by the inherent aerodynamic efficiency and required control 

surfaces of a configuration, since these would continue to increase/decrease the 

overall system mass. 

-Manufacturability: determined by the reasoning of team members with production and 

integration experience of various component designs.  A design  in which team 

members have no practical experience would not have been impossible nor 

unsuccessful, however a design that utilizes previous intuition of physical 

production would be more likely to reduce project risk. 

-Knowledge base: relates to the combined academic design and analysis abilities of all 

team members with a given configuration.  This was seen as a necessary 

requirement so that the project could be scoped for success. 

-Size: any configuration is constrained to a 7 ft x 7 ft footprint, and therefore the 

limitations of a design within a specific space must be considered as this is a 

direct customer requirement. 

-Aesthetics: considered the ótie-breakingô factor.  As the SHARC aircraft system will in 

the future be used for expensive electronic testing, it was deemed important to 

design a craft that, while maintaining a sense of novelty, must instill a sense of 

confidence into potential customers or partners. 

 

With these design merits in mind, the SHARC team developed a trade study to select an 

overall aircraft configuration.  As Table 5 shows, stability was the most important because it 

was a customer requirement to have an easy to fly aircraft.  In addition, weight was 

considered the second most important factor followed by size and aesthetics.  This was 

because any design configuration would have to fit in the required footprint, though 

aerodynamic effects may have to be altered or lost, and as aesthetics are important for 

customer confidence.  Configurations were ranked from best to worst for a given design 

factor. 
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Table 5: Overall Aircraft Configuration Selection.  

 
 

Design options that were considered included a conventional, flying wing/blended 

body, canard, three surface, and joined wing configurations.  Discussion of the inherent 

stability of these configurations leads to the determination that a three surface aircraft would 

provide the best performance.  This is due to the increased stability it would gain as a result 

from the control and performance of both a conventional tail and canard.  A conventional 

configuration received the next highest due to their consistent flight heritage.  

It was estimated that the weight would be proportional to the aerodynamic efficiency 

of the configuration.  The flying wing/blended body configuration would be the most 

aerodynamically efficient system due to lift generation by the entire aircraft system and 

would require the fewest control surfaces.  The canard configuration would be the second 

most aerodynamically efficient due to lift from both the canard and wing.  In a conventional 

configuration, the aft tail generally creates downward lift which must be compensated by 

additional lift generated by the wing; therefore, the resulting increase in wing area would 

require an increase in system weight. 

Experience revealed that a conventional aircraft configuration would be the easiest to 

manufacture.  While a flying wing configuration could be created such that a composite shell 

of the top and bottom halves of the planform structure could be manufactured and integrated, 

lack in actual experience to support development caused it received a lower mark than the 

conventional configuration.  A three surface configuration was deemed the most difficult to 

manufacture because of the physical and electrical system integration challenges implied a 

much more complex system than any other configuration.  The requirement to have a nose 

mounted payload eliminated the canard and three surface configurations due to the resulting 

interference and integration complications.  This problem would be simply alleviated with a 

conventional configuration. 

In order to meet the project requirements, the conventional aircraft configuration was 

found to be the most optimal design solution.  Through BOTE calculations it was determined 

that this configuration could be designed within the maximum footprint requirements.  In 

terms of aesthetics, there was no other configuration that could match the ability to enhance 

the customerôs confidence.  With respect to the design requirements, a conventional 

configuration could provide the most optimal combination of stability, manufacturability, 

component integration, and system weight.  Additionally, the majority of undergraduate 

course work in the fields of aerodynamics, flight dynamics, and structures focused on the 

design of conventional aircraft and related components.  Therefore, the previous 

knowledgebase of a conventional configuration would allow for the greatest potential for 

project success given the time constraints. 

  

Stability 0.3 4 1 3 5 2

Weight 0.25 3 5 4 1 2

Manufacturability 0.2 5 4 3 1 2

Knowledge Base 0.15 5 1 4 3 2

Size 0.05 1 5 2 3 4

Asthetics 0.05 5 3 4 2 1

Total 1 4 2.9 3.4 2.65 2.05

Canard 3 Surface Joined WingFactor Relative Weight Conventional
Flying Wing/ 

Blended Body



Final Fall Report  December 17
th

, 2007 

Aerospace Senior Projects (ASEN 4018 & 4028) 

 14 SHARC 

4. Systems Design-To Specifications 
Author: Brian Taylor 

System level design-to specifications come directly from the SHARC system level 1 

requirements.  These are summarized in Table 6. 

 
Table 6: System Design-To Specifications 

Type (functional, performance, 
interface, constraint) 

Ref Description 

Performance 1.SYS1 
UAV shall be capable of mating to and carrying 

payload weight of 15 lbs. 

Constraint 1.SYS2 Size shall not exceed 7 feet in any dimension 

Functional 1.SYS3 
UAV shall use a conventional internal 

combustion engine 

Performance 1.SYS4 
UAV shall have a maximum gross takeoff weight 

(MGTW) of less than 55 lbs 

Performance 1.SYS5 UAV shall be capable of flight for 20 minutes 

Performance 1.SYS6 
UAV shall have a stall speed no more than 45 

knots 

Performance 1.SYS7 
UAV shall have a dash speed of at least 60 

knots 

Performance 1.SYS10 
UAV shall be capable of flight at density 

altitudes of at least 6,000 ft 

Performance 1.SYS11 
UAV shall be capable of operating with a runway 

of at least 450 foot length and 25 foot width 

Performance 1.SYS12 
UAV shall provide payload with electrical power 

of 12 volts at 10 amps for 30 minutes 

Functional 1.SYS13 Ground station will consist of one radio controller 

Performance 1.SYS14 
UAV powerplant shall operate under full power  

conditions for 20 minutes plus 20% reserve 

Performance 1.SYS15 
UAV  shall achieve a rate of climb of at least 500 

ft per minute 

Performance 1.SYS16 
UAV shall have appropriate stability derivatives 

for inherent aircraft stability 

Performance 1.SYS17 UAV shall have structure capable of +3/-2 g's 

Performance 1.SYS18 
UAV shall be capable of turning 360 degrees in 

no greater than 2 minutes 

 

Project level and system level 0 design-to specifications are located in Chapter 1, while 

subsystem design-to specifications are located in Chapter 6 while verification methods are in 

Chapter 13.2. 
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5. Development and Assessment of Subsystem Design Alternatives 
Author: Luke Hartwig 

Top level requirements encompassing the SHARC project are outlined and defined in 

the PDD
 (1)

.  Flowing down from these requirements, subsequent subsystem design 

possibilities became apparent.  Based the design alternative tree shown in Figure 14, 

subsystem design alternatives needed to be derived to help guide the project toward success.  

This was done first by exploring the numerous design possibilities within each subsystem 

and analyzing those using engineering judgment and trade studies to present the results.  

Trade studies provided a process for comparing the alternative concepts and design 

possibilities associated within each subsystem and make logical engineering decisions.  

These studies depended upon having criteria for making decisions based on the measure of 

respective effectiveness and performance.  Each subsystem trade study was analyzed based 

on various factors determined to be influential to the respective design.  Once these factors 

were decided upon, they were given a relative weight considering the resources and technical 

experience available to the group.  For example, when considering the design options 

surrounding the empennage, stability was judged as a valuable factor and assigned the 

highest relative weight to signify its importance to the customer.  The components 

concerning design alternatives were the number of engines, engine location, wing location, 

tail configuration, and landing gear configuration. 

5.1 Number of Engines 

The design possibilities surrounding the propulsion system include the number of 

engines, propulsion methods, and location.  Performance plots from Advanced Aircraft 

Analysis (AAA 
(8)

) showed that the selected design point for a successful SHARC design 

would require a wing area to thrust ratio of 6.8 
Ft̂ 2

/lb as seen in Figure 15. 

 

 
Figure 15: AAA Performance Plot 

(8) 
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To accurately assess the design alternatives of the propulsion system for a given thrust 

ratio, certain assumptions were made.  It was assumed that the aircraft will be flying at a 

constant 60 knots, propeller and Oswaldôs efficiencies of 0.5, and a takeoff lift coefficient of 

0.8.  Given this information, an 8 HP engine would be required.  The next design challenge 

was to decide whether the engine configuration should consist of one engine, or more than 

one engine.  Trade factors were determined and a relative ranking system was defined. 

 

-System weight: this included the weight of the engines and an additional estimate 

of weight required to mount and structurally support the engine (i.e. spars, 

bulkheads, etc). 

-Manufacturability: items concerned with manufacturability were the installation 

of the engine with mounting hardware, incorporation of the fuel system, and 

integration among all the other subsystems (i.e. electronics and controls) 

-Cost: since dollar amounts of numerous engines can be relatively expensive, cost 

was considered such that multiple engines will not affect the budget severely 

(i.e. multiple engines for testing). 

 

Based on engineering judgment it was decided that a single engine would provide the 

lowest weight, greatest ease of manufacturing and integration, and lowest cost.  The primary 

benefits of multi-engine aircraft are reliability and increased mounting location options.  The 

increased number of locations is because a single engine would have to be mounted on the 

longitudinal centerline, which excludes wing mounting while a multi-engine aircraft can have 

engines mounted symmetrically across the centerline.  However, multiple engines would 

increase weight more than a single engine aircraft because of the need for extra mounting 

structure, control hardware, and rudder area.  It was shown in the Systems Definition and 

Feasibility Report 
(9)

 that a variety of engines are capable of producing the required thrust.  

Thus, a single engine would provide SHARC with the best configuration. 

5.2 Engine Location 

After determining the number of engines to be used on SHARC, engine location was 

the next logical alternative design to analyze.  Historically, engines have either been buried in 

the fuselage or attached with nacelles.  Nacelles offer more mounting location options, but 

are generally heavier and result in an increase in parasite drag.  Also, engines either provide 

tractor or pusher propulsion.  Finally, engines can be mounted on or in the wing, near the tail, 

or on the fuselage. 

Engine location was determined without the use of a trade study due to the SNC 

requirement that their payload packages must be located at the nose of the aircraft.  Since a 

single engine selection was previously determined, the engine had to be placed inline with 

the aircraftôs centerline.  Placing the engine on a nacelle would increase overall drag on the 

airplane, increase the weight due to the additional structural members, and would require an 

increase in the overall structural integrity of the aircraft.  Also, placing the engine on a boom 

would produce undesirable pitching moments on the aircraft during throttle variations.  This 

would hinder the overall stability and require additional efforts by the pilot to control the 

aircraft.  This discussion concluded that the engine shall be buried within the fuselage at a 

location on or near the centerline of the aircraft.  Thus, the combination of a single engine 

and a nose mounted payload required the engine to balance the c.g. and be located near the 



Final Fall Report  December 17
th

, 2007 

Aerospace Senior Projects (ASEN 4018 & 4028) 

 17 SHARC 

aft section of the aircraft.  This configuration required the propulsion system to be a pusher 

type engine. 

5.3 Wing Location 

The overall location of the wing was influenced by the constraint on the span of the 

aircraft.  The required 7 ft by 7 ft dimension limitation demanded a very aerodynamically 

efficient wing.  This led to the discussion of wing types which included cantilever, or braced 

wing.  A cantilever style wing was selected for drag reduction. 

In order to determine feasible wing locations, analysis was performed on the moments 

acting about the c.g. of the aircraft. Assumptions made were that the nose down moments, 

caused by the payload in front of the c.g., should equal the nose up moments caused by 

equipment aft of the c.g..  This would require the moments to balance resulting in an 

estimated length of the fuselage based on varying c.g. locations.  Thus, the feasible c.g. 

locations were those which resulted in an aircraft length between 30 inches and 7 feet.  The 

analysis was performed using the following critical weight components as estimated from the 

Systems Definition and Feasibility Report 
(9)

: 

 

-Weight of payload: 15 lbs, acting at ~13.75 in from the nose 

-Weight of engine: 3.13 lbs, acting at the aft end of the aircraft 

-Weight of batteries: 1.2 lbs, acting at the aft end of the aircraft 

 

The aircraft c.g. was then increased from an initial value of 14 inches, 0.25 inches 

behind the assumed c.g. of the payload, to observe the effect on the required length of the 

fuselage.  The results are shown in Figure 16.  The red lines indicate the envelope for 

allowable aircraft lengths, as described above. 

 

 
Figure 16: Allowable Locations for Aircraft c.g. 

 


