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1.0 Executive Summary

This report details the processes used to design Auburn University Aerial Vehicle (AUAV)-2: Eagle Eye, the Auburn University entry into the 2006-2007 AIAA Design/Build/Fly Competition.  The goal of this project was to maximize the team’s competition score which was a function of report score, flight mission scores, ground mission scores, weight, and wingspan.


The main scope of the conceptual design was to narrow the search of all possible aircraft configurations to designs which were more likely to produce the greatest competition score by generating maximum relative flight score for each airframe.  The competition rules supplied by the AIAA were analyzed to isolate specific requirements for the aircraft to meet.  These were organized by section and investigated.  The empty weight and the wingspan were immediately recognized as the most significant contributors to maximizing total competition score since both were computed in the Rated Aircraft Cost (RAC).  The score varies inversely with the RAC.  The total volume of the aircraft, the payloads, and the tools necessary for assembly were restricted to fit within a 4’x2’x1.25’ box.  Both assembly time and payload reconfiguration time were critical criteria for the ground missions.  Speed and loiter ability were critical criteria for the flight missions.  Six configurations including a delta wing tractor, oblique wing tractor, conventional tractor, conventional pusher, heli-body and biplane were evaluated to determine which design would allow the highest possible score.  It was concluded that a top loading, ultra low aspect ratio delta wing fitted with a single tractor motor and tricycle landing gear was the most efficient airframe for considerations including the weight, span, and assembly/reconfiguration time. 


The preliminary design stage was concerned with the optimization of the design configuration chosen at the end of the conceptual design stage.  Several analysis tools were written in FORTRAN, MATLAB and Microsoft Excel to choose an optimal airfoil, analyze takeoff performance, analyze maximum flight speed and estimate other performance parameters.  Solid Edge was used to model the 3-dimensional geometry of the aircraft and MSC/PATRAN to analyze the various structural properties of the wing spar/ landing gear block for weight optimization.  After the aircraft design was further developed, aerodynamic characteristics and stability and control calculations were performed.  These calculations were done to ensure a statically stable aircraft as well as evaluated the proposed aircraft’s dynamic stability parameters.  Design parameters used in the various calculations included wing geometry specifications, payload dimensions and motor configuration.  Each component was included in a center of gravity spreadsheet which not only developed a progressively more accurate static margin calculation, but also an accurate prediction of the aircraft’s RAC and flight score parameters.

The detail design stage was concerned with the development of the remaining structural members and attachments.  With the sizing of the aircraft’s various components completed, the mechanics of assembly and the linkages used to assemble aircraft components such as wing panels and fuselage/payload fairings were investigated to develop a configuration which is optimized for weight, speed (both flight velocity and reconfiguration time), and safe failure mode for the aircraft so as to prevent as much damage as possible in the event of a hard landing or adverse flight condition.  The detail design stage finalized all design points, which were then modeled in Solid Edge and used to analyze any possible interference issues.  Solid Edge also has a material specification function which was used to help predict weights of the various components based on densities of the materials available in the aircraft design lab and enable continued refinement of the stability criteria.   
2.0 Management Summary


Many aspects of the design were influenced by members with aero modeling experience and returning DBF members.  Much of the team organization built on the abilities of the team members and where their experience was with respect to RC systems.  Some team members had considerable experience with constructing and flying RC aircraft, but most of the team had no experience at all.  Team officers were determined on the basis of experience and enthusiasm. 

2.1 Team Organization 

 
Once the conceptual phase was completed the team was organized into subsystem groups which could adequately solve design problems while imposing a minimal amount of overlap in decision-making.  Doing so allowed the sub teams to operate largely alone to analyze problems without requiring outside inputs.  The team met together twice a week to discuss advancements in the design, propose design changes and/or solutions, and to prevent the complete design from diverging.  The subsystems were manufacturing, propulsion, structures, aerodynamics, and flight dynamics.  Each subsystem was managed by a senior with one or more underclassmen associated with that group to facilitate delegation.
[image: image2.emf]
Figure 1. Team Organizational Hierarchy
2.2 Subsystems

The aerodynamics group was primarily concerned with the airflow over the aircraft, generation of lift by the wing, lift enhancement devices, the reduction of drag, and overall performance of the aircraft.  The stability and controls group was concerned with the static and dynamic stability of the complete aircraft.  This group also designed for adequate ground handling of the aircraft and the wiring and design of all the control systems.  The powerplant group was concerned with both the performance and the electrical requirements of the engine.  Optimization of the powerplant dealt largely with the thrust-to-weight ratio, but was driven by a number of motor, propeller, and battery-design features.  Management was concerned with ensuring the design fit the rules, all secretarial work, delegating tasks and aiding in any group that required additional help.  The structures group was responsible for Solid Edge drawings and PATRAN structural analyses.
2.3 Scheduling


A detailed Gantt chart was developed to direct the fall and spring semesters’ work on the aircraft and to prevent any deadlines or opportunities from being missed.  The schedule was developed using Microsoft Project which allowed the dates to be edited easily.  The blue areas denote the time periods when that part of the project was being worked on while the green arrows indicate deadlines.  The black lines in the blue areas indicate the percentage of that part of the project which has been completed.  While a longer time was spent in conceptual design to develop background knowledge, for the most part, the project kept on time.
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Figure 2. Gantt Chart for 2007 DBF Project

2.4 Team Manufacturing Expertise


The team was composed of a wide array of people from a number of backgrounds which resulted in a group with an even wider array of expertise from composites manufacture through competition flying.  The amount of varying expertise made for a very diverse expertise chart.


Everyone on the team joined primarily to learn new skills and to gain experience with a different side of aircraft design than they had seen before, so while the chart below describes the jobs each person has experience in, the work load was generally evenly distributed among the group whether it came to CAD modeling, construction, or testing.  A gray box represents having experience in that area, while a white box represents little or no experience in the given area.
[image: image4.emf]
Figure 3. Group Skill Set


Of note on the expertise matrix above, all the team members had experience with MATLAB and FORTRAN, however, the lack of any real need for a detailed matrix analysis of the aircraft prevented the use of this mass resource.  FORTRAN was used early in the aircraft design process, but early on it was found necessary to create many graphic results making MS Excel a more desirable program.  MSC/PATRAN was used later to develop a detailed structural analysis of the spars/spar box.  SolidEdge was used to make both detailed drawing plans, and 3-D renderings of the model.  Most of the team was familiar with wood and machining light woods, however, prior composites manufacturing experience was limited to about 50 percent of the team.  Several members of the team had varying levels of experience with RC aircraft.  Much of the experience was on trainer type aircraft.  A few of the team members were competent RC pilots and builders in both fixed and rotary wing RC, and one team member was a talented RC airplane pilot as well as a competitive RC helicopter pilot.  It became clear there was a definite separation between the abilities of every member of the team whether it be in the realm of computer modeling or programming or in the realm of materials manufacture and design expertise.  The team spent a great deal of time becoming interdisciplinary and developing interests outside their experience coming into the program.  Therefore the expertise matrix after the competition will look drastically different.    
3.0 Conceptual Design

This section details the concepts which were considered in designing AUAV-2.  Initially as many possibilities for each component of the aircraft were identified, as seen in the section 3.3.  The competition rules eliminated lighter-than-air and rotary aircraft.  A large number of concepts were eliminated based on qualitative considerations including manufacturing difficulty, equipment costs, and availability of both materials and expertise.  The remaining configurations were analyzed based on several figures of merit.  The four available missions were also analyzed to determine the relative difficulty and maximum realistic score.  The configuration which developed the highest score was isolated and refined during the preliminary design phase.

3.1 Mission Requirements

A number of mission requirements had to be met for the aircraft, ranging from payload and powerplant specifications to structural and performance minimums.  The 2006/2007 Design, Build, Fly Competition rules specified four missions for the aircraft, two of which were dependent on in-flight performance and two of which were performed on the ground.  The performance of at least one successful in-flight mission over the path seen in figure 4 below was required including a take off distance under 100’.  
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Figure 4. Shape of Required Flight Path1 

3.1.1 Payload Requirements

Two mechanically attached, exchangeable payload configurations are required.  The first payload consists of a “camera ball” simulated by a 12-inch circumference softball.  The ball must protrude at least half way out from the lowest point on the vehicle and either be located behind the main gear for a tricycle configuration or completely ahead of the main gear for a tail dragger configuration.   No attachments to the ball outside the aircraft surface are allowed.  The camera ball payload arrangement also includes a “processor element” which is 4” x 6” x 15” and weighs 5 lbs. with no restrictions on weight distributions within the element.  The second payload consists of an “air sampler” which is an L-shaped tube made from opaque plastic.  The tube is 18” long with a minimum diameter such that a 1” diameter steel ball can pass through the tube.  The inlet leg must protrude between 4” and 5” from the local air vehicle surface, while the 45° back cut leg must be completely outside of the air vehicle surface, although it had no length restriction.  The air sampler arrangement also includes a processor element that is 8” x 8” x 8” and weighs 3 lbs. with no restrictions on weight distributions within the element.  For both payload arrangements a minimum 3/8” diameter rubber or plastic tube must connect the sensor to the processor element without any visible kinks.  Any further payload arrangements were left discretionary.

3.1.2 Aircraft Storage Requirements

The entire aircraft and both payload options must fit within a box no larger than 4’ x 2’ x 1.5’.  The entire box must be able to be picked up by the lid when latched.

3.1.3 Air Sampler Mission

The aircraft will take off configured with the air sampler payload and fly two timed laps over the flight course and land.  Timed laps will begin when the throttle is advanced and end when the when the aircraft passes over the starting line in the air.  

3.1.4 Surveillance Mission

The aircraft will take off configured with the camera ball payload and fly two timed laps over the flight course and land.  Timed laps are required to be at least 2 minutes each beginning when the throttle is advanced and ending when the aircraft passes over the starting line in the air.  

3.1.5 Reconfiguration Mission

The time for the camera ball system to be exchanged with the air sampler system will be measured.  The reconfiguration time starts when the camera ball system is installed on the aircraft with the air sampler system in the closed box and the timer signals “go”.  The time is stopped when the air sampler system is installed in the airplane, with the camera ball system in the closed box, and the team has signaled “done”.  Following reconfiguration, the team will demonstrate that all controls and propulsion systems are operating correctly.

3.1.6 Deployment Mission

The time to deploy the air sampler system will be measured.  The deployment time is the time from when the storage container containing all tools and fixtures is closed and latched and the timer signals “go”.  Time extends to the time when the aircraft is on the ground, ready to fly, with all tools and fixtures inside the re-closed and latched storage container, and the team has signaled “done”.  Following deployment, the team will demonstrate that all controls and propulsion systems are operating correctly.

3.1.7 Structural Requirements

To verify the strength of the wing structure, a load simulating a 2.5g bending moment at the root chord will be applied.  The plane, at maximum payload capacity, will be lifted off the ground by one point on each wing tip at the location of the center of gravity to simulate the loads in flight.

3.1.8 Performance Requirements

The aircraft is required to take off within 100 feet and will fly a mission specific flight pattern including a 360° turn as described previously.
3.1.9 Powerplant Requirements


The aircraft is limited to electric propulsion systems.  Each engine is allocated 40 amperes of current (via a 40A fuse) per motor, 3lb of batteries (limited to NiCad or NIMH off the shelf cells) total, and may use either brushed or brushless commercially available motors.  The propellers and gear boxes must be commercially available and may not be modified except for balancing.

3.2 Competition Score and Rated Aircraft Costs

The overall competition score to be maximized is a combination of the total flight score (TFS), the rated aircraft cost (RAC), and the written report score which is calculated with the formula below.  
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3.2.1 Total Flight Score Analysis

The total flight score (TFS) is the sum of all mission flight scores.  To optimize the amount of points available, an excel spreadsheet was produced to analyze anticipated scoring.  A score is given for the successful completion of each mission, provided that at least one flying score is completed.  All scores are then normalized.  Thus, if a team could stand far above the rest of the competition in a certain mission, they would maximize their score and substantially decrease the potential scores of the rest of the field.  Conceptual design priorities were set to maximize the missions and aircraft characteristics where largest differences in scoring could be obtained.  Scoring analysis revealed that conceptual design selection could create the greatest point differences in the surveillance mission and both ground missions.  The speeds of various aircraft are not expected to differ substantially, so the sampling mission was designated as low priority.  

The scoring methods used for the sampling, surveillance, reconfiguration and deployment missions can be seen below.  Sections 3.1.2-3.1.6 contain descriptions of all timing methods.  For non-flying missions, a 500 second penalty would be imposed if after signaling “done” the system is inoperative.
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Teams will be given a maximum of 5 flight attempts.  If a team scores for any given mission, they may only perform that mission one more time to improve their score.

3.2.2 RAC Analysis

The RAC of the aircraft strongly influences the maximum score attainable since the parameters used to calculate the RAC affect not only the surveillance mission score, but also are calculated into the final score.  The equation to calculate the RAC of the aircraft is seen below.  The manufacturers’ empty weight (MEW) is defined as the actual airframe weight in pounds with all flight and propulsion batteries, but without any payload.  The span (SPAN) is defined as the measurement in inches perpendicular to the aircraft flight axis from the tip of any wing or aerodynamic surface to the tip of any other wing or aerodynamic surface.
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The emphasis on minimizing weight and minimizing span to minimize the overall RAC of the aircraft were consistently applied to the component analysis which resulted in the final overall configuration of the aircraft.

3.3 Aircraft Component Analysis

To analyze the configuration of the aircraft, the wing, fuselage, empennage, landing gear and propulsion system were isolated and investigated. Each component was examined to determine the effects of variations of that component and obtain a better idea about how to form a competitive initial configuration.  

3.3.1 Wing Types

      
A rectangular wing, an oblique wing, a bi-plane wing configuration, and a flying wing design were considered.  The rectangular wing is conventional, and data for this design is readily available.  Yet, the rectangular wing’s width was estimated to be forty inches.  This would have required assembly time for the aircraft as the wings would not fit into the carrying box without some folding or detaching mechanism.  

      
An oblique wing is a rectangular wing rotated about the vertical axis of the aircraft so that the leading edge of the wing on one side is more forward than the leading edge of the wing on the other side. An oblique wing was considered because of the requirement of the sniffer tube to protrude from the most forward part of the aircraft.  The wing could be rotated such that the forward leading edge was more forward than the spinner of the aircraft.  The sniffer assembly could be mounted on the wing, and the propeller would be free to spin without obstruction.  The oblique wing would also require an approximately forty inch span, and would not fit inside the carrying box without folding or detaching the wings.  

      
A bi-plane configuration was considered as an attempt to fit the fully assembled aircraft inside the carrying box so as to minimize assembly time.  The bi-plane configuration would allow the plane as a whole to fit inside the carrying box, but the chord length would become large due to the shortened wings.  The large chord length is thought to encourage drag and separation of airflow over the wing.  Also, the weight of the aircraft would increase due to the need for additional wing attachment points.

      
The flying wing design was considered in an effort to maximize the wing surface area while keeping the aircraft within the dimensions of the carrying case.  Construction of flying wings requires little structure, and the weight of the aircraft would be kept to a minimum.  Also, assembly time would be minimized as the aircraft can be taken out of the box fully assembled.  Yet, if improperly designed, flying wings have a tendency to be unstable.  Each design requires experimental data to confirm that it will be feasible.
3.3.2 Fuselage Types

      
A conventional fuselage, a helicopter-like fuselage, and a wing profile fuselage were considered during design.  The conventional fuselage would be large enough to contain the required payloads, and provide connections for the wings and tail surfaces.  Also, it would contain the engine and control servos.  Since it is similar to many proven aircraft fuselages it would be likely to succeed.  Yet, the size and shape of this type of fuselage would produce additional drag.  

      
The helicopter-like fuselage was considered as an attempt to reduce the drag of the required large size of the fuselage.  By curving the fuselage to a shape like the fuselage of a helicopter, many sharp edges can be eliminated.  Also, the shape lends itself to having large internal volumes.  For center of gravity considerations, a tractor configuration is advantageous.  Yet, it is not apparent how the motor and battery packs can be integrated into this fuselage due to the lack of internal volume near the nose. 
      
The wing profile fuselage was considered for the flying wing design.  A conventional fuselage would not be appropriate for a flying wing design.  It would create an undesirable profile and disrupt the flow over the wing.  By making the fuselage from a large wing section, the flying wing profile would be kept intact.  Also, the fuselage would provide additional lift compared to a conventional fuselage, which would detract from the available lift.

3.3.3 Empennage Types

      
A conventional empennage was considered during design.  This design would be appropriate for most conventional aircraft, and data is readily available.  Yet, propeller wash and the flow from the wings may affect the pitch of the aircraft with this design.  A T tail would require additional vertical stabilizer strength and therefore a higher weight.  The design did not lend itself to a V tail configuration since twin booms were unnecessary.
3.3.4 Landing Gear Types

      
A tricycle configuration was selected for all aircraft designs because of better ground handling.  With a tricycle configuration the aircraft will be at a lower angle of attack on the runway, lowering the induced drag and facilitating takeoff.  This configuration is more stable than a tail dragger configuration, and makes landings easier.
3.3.5 Propulsion Systems

      
A ducted fan and a propeller driven propulsion system were considered during design.  The ducted fan system was rejected because it would have required additional battery cells to operate.  The type of batteries and 40A limit dictated by the rules do not allow us to use commercial off the shelf ducted fans.  The propeller driven system was chosen as it requires the least amount of power input.   

3.4 Total Aircraft Configuration Chart

Once the most beneficial components were determined, the challenge remained of selecting a competitive configuration.  Six configurations were chosen for further investigation, a delta wing tractor, oblique wing tractor, conventional tractor, conventional pusher, helicopter body-like tractor, and a biplane.  These configurations are illustrated in Figure 5 below.
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Figure 5. Overview of Conceptual Design Configurations

3.5 Figures of Merit

 
Since we are designing for a student competition where score is the ultimate object, the figures of merit (FOM) were set as the metrics which would drive the overall score of the aircraft.  After reviewing the scoring method described in section 3.2, these figures were determined to be the RAC or more specifically the span and weight of the aircraft, the configuration time, the reconfiguration time and the flight speed.  The effect of these factors on the initial design configurations was considered using a standard trade study methodology.  Each of the possible configurations was given a score from 1-10 based on the anticipated scoring potential for that figure of merit.  A score of 5 or 6 was given if the configuration would not gain any competitive advantage from the scoring procedure.  Factors such as the stability and control of the vehicle, the ground handling, volumetric efficiency, operating difficulty, and manufacturing difficulty were considered qualitatively as they impacted the figures of merit.  These factors were not included quantitatively since their effect on the score would be more difficult to quantify accurately.  However, such qualitative factors did play a role in the selection of the initial configurations to investigate.  For example, a delta wing pusher configuration was eliminated due to extreme difficulties foreseen in locating the center of gravity and therefore producing a stable aircraft.  Emphasizing FOM’s that are directly related to the final score may produce a complicated design with high risk, but it should reveal the design with the highest potential score.  Each FOM was given a multiplier based on the anticipated importance of that FOM to the overall score of the aircraft.  These multipliers added up to one and their relative importance can be seen in Figure 6.
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Figure 6. Figures of Merit and Their Relative Importance

3.5.1 RAC: Span Contribution

The span of the aircraft, as a measure which contributes to both the overall score and the surveillance mission score, was designated as very important.  Thus, it was given a multiplier of 0.375.  Reducing seven inches of span were calculated to be equivalent to reducing the manufacturers’ empty weight by one pound, so provided the weight remains competitive, the span should be a primary factor in keeping the aircraft competitive.  Aircraft with the shortest potential wingspan due to either flight efficiency or inherent design were given the highest scores in this category.
	Metric
	RAC: Span 

	Configuration
	Metric Score
	Rationale

	Delta Wing (Tractor Prop)
	10
	Obtains required wing area with shortest span

	Oblique Wing (Tractor)
	7
	Obtains wing area with lower than average span 

	Conventional (Tractor)
	5
	Obtains wing area with average span 

	Conventional (Pusher)
	5
	Obtains wing area with average span 

	Heli. Body (Tractor)
	5
	Obtains wing area with average span 

	Biplane
	10
	Obtains wing area with about half the span 


Table 1. RAC Wingspan Analysis and Scoring
3.5.2 RAC Weight Contribution

The weight of the aircraft as measured in pounds also contributes to both the overall score of the aircraft and to the surveillance mission score.  Thus, it was also given a multiplier of 0.375.  Aircraft with uncomplicated structures that could be designed to fly the most efficiently were given high scores for weight savings.

	Metric
	RAC: Weight

	Configuration
	Metric Score
	Rationale

	Delta Wing (Tractor Prop)
	8
	Limited skeleton structure required, average aerodynamic efficiency

	Oblique Wing (Tractor)
	6
	 Average wing area and aerodynamic efficiency

	Conventional (Tractor)
	6
	 Average wing area and aerodynamic efficiency

	Conventional (Pusher)
	6
	 Average wing area and aerodynamic efficiency

	Heli. Body (Tractor)
	7
	Less structure required, average aerodynamic efficiency

	Biplane
	4
	Extra weight of additional mounting support produces a slightly higher weight 


Table 2. RAC Weight Analysis and Scoring
3.5.3 Deployment Time

The configuration time only contributes to the overall score by changing the score of that mission.  The mission was worth just 50 points, but since the mission scores are being normalized it is anticipated that a team which has the capability to simply take the aircraft out of the box and set it on the ground could have a very short time in comparison to one which had to attach multiple parts.  Thus, this mission could be more than just a tie breaker, but instead gain a team with the ability to obtain a very short time a significant advantage.  Therefore it was assigned a multiplier of 0.1.  High rankings were obtained by the configurations most likely to have a short enough span to have the ability to be removed from the box as a complete piece.

	Metric
	Deployment Time (Out of Box)

	Configuration
	Metric Score
	Rationale

	Delta Wing (Tractor Prop)
	10
	Fastest, comes straight out of the box

	Oblique Wing (Tractor)
	8
	Fast, may design a swivel for wing to come straight out of box 

	Conventional (Tractor)
	6
	Average time out of the box

	Conventional (Pusher)
	6
	Average time out of the box

	Heli. Body (Tractor)
	6
	Average time out of the box

	Biplane
	10
	Fastest if comes straight out of the box


Table 3. Deployment Time Analysis and Scoring
3.5.4 Reconfiguration Time

The effect on the scoring situation is similar for the reconfiguration time.  If one team has a design where reconfiguration time is very short, since the scores are normalized, it could provide a substantial advantage.  Therefore it was assigned a multiplier of 0.1.  High rankings were obtained if the configuration was accessible, especially for the sampler tube, and if payload locations were easy to place in the design due to high available interior volume.
	Metric
	Reconfiguration Time (Out of Box)

	Configuration
	Metric Score
	Rationale

	Delta Wing (Tractor Prop)
	7
	Large amounts of accessible volume

	Oblique Wing (Tractor)
	5
	No benefit to placement options, possibly greater difficulty

	Conventional (Tractor)
	8
	Standard payload placements increases ease of access and location for sampler tube 

	Conventional (Pusher)
	9
	Pusher allows sampler tube to be placed in front 

	Heli. Body (Tractor)
	9
	Pusher allows sampler tube to be placed in front  

	Biplane
	3
	Multiple wings make locating sampler difficult 


Table 4. Reconfiguration Time Analysis and Scoring
3.5.5 Flight Speed

The flight speed, which will essentially determine the sampling mission score, was given the lowest multiplier at 0.05.  Although the sampling mission is worth 100 points, it is anticipated that the differences between teams in the time required to navigate the course will be very small.  Thus, since the scores are normalized this score will serve more as a tie breaker.  High rankings were given to configurations which either could fly fast or required high speeds to fly efficiently.  

	Metric
	Flight Speed

	Configuration
	Metric Score
	Rationale

	Delta Wing (Tractor Prop)
	10
	Required to fly fast 

	Oblique Wing (Tractor)
	9
	Can fly fast, and efficiently 

	Conventional (Tractor)
	9
	Can fly fast, and efficiently 

	Conventional (Pusher)
	8
	Can fly fast, dirty air into propeller lowers propeller efficiency 

	Heli. Body (Tractor)
	8
	Can fly fast, will fly less efficiently from lower lifting surface in fuselage 

	Biplane
	6
	Can fly fairly fast, but drag from two wings will lower the overall benefits gained 


Table 5. Flight Speed Analysis and Scoring
3.6 Configuration Selection

The final configuration scores were calculated by multiplying the individual FOM scores for each configuration by the multipliers that indicated how important that FOM was to the aircraft’s overall score.  This resulted in a score out of a maximum possible of 10 as seen below in Figure 7 for each configuration.  The delta wing tractor came out significantly above all other designs with a score of 8.95 and therefore was selected for further development in the preliminary design stage.
3.5.6 Estimated Competition Score

A spreadsheet was developed to estimate the scoring performance of our design in the competition.  Many factors were still to be determined, but this was an early snapshot of how we thought we could fare against our greatest competitors and reflect our goals of a 5 lb manufacturers empty weight and a span of 23 inches.  Since the competition scores are to be normalized, estimates of the best scores in each category were estimated to be a 4.5 lb aircraft with a 22 inch wingspan.  Our design goals would have us at 82% of the score of a team which won every flight category, so we should be very competitive.
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Table 6. Initial Scoring Analysis
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Figure 7. Overall Configuration Metrics for Final Conceptual Design Selection

4.0 Preliminary Design

 
The preliminary design included initial sizing estimates and more concrete numerical estimations of the size of the aircraft.  For each area of analysis various trade studies were conducted to determine a beneficial configuration.
4.1 Design Variables

A number of variables were used to continue to refine the design of the aircraft as the design became more established.  Data for weights, flight and test loads, powerplants and aerodynamic parameters continued to be refined.  Since the aircrafts’ score has little to do with the final performance, efforts were primarily made to drive down the RAC of the aircraft by minimizing span and weight.
4.2 Initial Sizing 


 Initial sizing was performed based on data from previous competitions to estimate the gross weight of the aircraft.  Standard equations for initial sizing were used to estimate parameters such as the lift, drag, wing loading, wing area, aspect ratio and stability characteristics.  The wingspan was previously determined from the size of the box to be slightly below 24 inches. Preliminary research showed that a delta wing aircraft benefits from a low moment coefficient.  We evaluated multiple airfoils with low moment coefficients to approximate a maximum lift coefficient of 1.3.  We evaluated these airfoils to get an average CD0 of 0.0117.  We approximated the area based on a desired stall speed to be 6 ft2 yielding an aspect ratio of 0.6.
4.3 Performance and Mission Model


A standard mission model was constructed to reflect the expected flight envelope and predict the performance of the aircraft.  Plots of power required and available versus velocity can be seen below in Figures 8 and 9, along with rate of climb estimations for the aircraft.  
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Figure 8. Power Available and Power Required Under Competition Conditions
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Figure 9. Maximum Rates of Climb for Given Airspeed and Propulsion Packages

Using a FORTRAN program developed for this project, approximate rates of climb, lift to drag ratios and best cruise speed were determined as a function of velocity.  Two powerplants were considered to serve as approximate upper and lower bounds to show the effects of different power available from the different motors.  The effect of the motors on the flight envelope was evaluated.  An Excel spreadsheet was developed to determine takeoff distance for the different airfoils.  The takeoff distance using the 750 Watt motor was estimated to be 80 ft and the landing distance was estimated to be 63 ft.  Takeoff distances could not be realistically met with the 500 Watt motor.

4.4 Weight and C.G Modeling
4.4.1 Weight Prediction

Initial weights estimated can be seen below in Table 7 as defined by the weights of each component.  The camera mission with payloads requires a substantially greater overall weight and thus will drive the selection of the propulsion system.  Fuselage and wing structure weights were estimated from the initial design sketch seen in Table 8.
	Weight Chart (Target Weight of 10 Lbs)

	Category
	Weight (lbs)

	Fuselage and Wing Structure
	0.86

	Fuselage Section
	0.2

	Cargo (Camera Mission)
	6.3

	Cargo (Sampler Mission
	4

	Landing Gear
	0.5

	Engine/Gear Box
	1.6

	Batteries
	2

	Speed Control
	0.1

	Control Servos (3)
	0.05

	Receiver
	0.01

	Total Weight (Camera Mission)
	11.63

	Total Weight (Sampler Mission)
	9.33


Table 7. Preliminary Design Weight Estimations

4.4.2 Preliminary Center of Gravity

A preliminary center of gravity estimate was done for the empty weight structure using a volumetric approximation with solid edge indicating a center of gravity at 14 inches from the leading edge.
4.5 Structure Design

An initial design sketch was produced in accordance with the rules on payload orientation to predict an approximate structural weight and place main structural members.  

	Main Structual components (see above)
	 
	 
	 

	Density Basswood
	0.013362
	lbf/in^3
	 
	 
	 
	 

	Components
	Length
	Volume
	Weight

	Main Spar
	32.5
	in
	16.2
	in^3
	0.217
	lbf

	Fuselage Support box
	36.0
	in
	17.9
	in^3
	0.240
	lbf

	Center ribs
	10.0
	in
	4.99
	in^3
	0.067
	lbf

	Balsa other supporting structure 
	 
	 
	 

	Density Balsa
	0.00506
	lbf/in^3
	 
	 
	 
	 

	Components
	Length
	 
	Volume
	 
	Weight
	 

	Leading Edge
	16.6
	in
	4.13
	in^3
	0.021
	lbf

	Fuselage Ribs
	80.0
	in
	39.9
	in^3
	0.202
	lbf

	Edge Ribs
	68.2
	in
	17.0
	in^3
	0.086
	lbf

	Secondary Spar
	14.0
	in
	6.99
	in^3
	0.035
	lbf

	Control Surface Spar
	23.0
	in
	5.74
	in^3
	0.029
	lbf

	Trailing Edge
	23.0
	in
	5.74
	in^3
	0.029
	lbf

	[image: image1]
	 
	 
	Total Weight Structure
	0.860
	Lbf


Table 8. Initial Structural Weight Estimation
4.5.1 Payload Orientation

Since the payloads must be of the given dimensions but it is not required that the center of gravity be at the geometric center, center of gravity considerations gave way to volumetric considerations.  The payloads were fitted where they overlapped as much as possible and still fit within the lines of the aircraft so that the airfoil shape was not disturbed.  The payloads were placed between the two spars near the thickest section of the fuselage.  The fuselage was sized such that the 8”x8”x8” box would fit and still allow adequate space for structure.  Bulkheads would be trimmed so that they would support the bottom of the payloads and still be sufficient for the strength required for the airframe.  The locations of the payloads were confirmed using paper cutouts overlaid on a plotted-to-scale drawing of the fuselage airfoil.  This method approximated the initial placements of the processor elements, the camera ball and sniffer tube.      
4.5.2 Initial Payload Unit Design

It was determined that a “top-loader” design was the design that allowed for the fastest payload exchanges.  After considering many methods of how to construct a top-loader, it was decided that separate fairings specifically designed to fit a particular payload were the lightest to build and the fastest to exchange.  The fairings would be built such that they provided sufficient support for the payloads on the top to secure them to the fuselage which would support the payload from the bottom.  These faring would be attached to the fuselage at the two spar junctions per side using a fast release mechanism.  This incorporation of an existing hard point eliminated the need for added structure thereby aiding in the reduction of weight.     

4.5.3 Initial Wing Loading Design


The main wing for the aircraft was treated as a standard leading-edge-swept RC wing.  The wing was designed initially with a single spar swept at the quarter chord but after drawing and analyzing this design, it was concluded that the spar interfered heavily with the payload location.  It was also concluded that if the spar was bent to go underneath the payloads it would not be even remotely continuous and may have behaved in ways that could not be easily predicted.  The single spar design was abandoned and a twin spar arrangement was introduced as its replacement.  The twin spars run just fore and aft of the 8”x8”x8” payload cube, and the 4”x6”x15” box will rest on top of the aft spar.  The spars will be built using traditional methods.  High-density balsa will be used for the spar caps and thin sheeting will be placed between the beams to create a shear web.  The spar caps will handle the bending loads in the span wise direction from the lift generated by the wings.


A quick calculation showed that the ribs would make up the bulk of the wing’s weight, so a thin material that weighed little but would still resist buckling was selected.  The ribs were cut from 3/32 inch balsa.  Each wing consisted of three ribs. The inboard two ribs were balsa while the outboard rib was balsa laminated with 1/64 lite ply.  The out board rib required more rigidity due to both the required load testing and because it doubles as an end-plate attachment.  The middle rib required no lamination, while the inboard rib shared one lamination with the fuselage to be discussed later.  The ribs were either sheeted or capped everywhere along their surface.  The upper surface was sheeted from the leading edge back to the airfoil maximum height, and the lower surface was sheeted back to the first spar.  The sheeting used was 1/16th inch thick balsa.  The sheeting was used to both create a D-tube spar and thereby increase the structural rigidity as well as ensure that the aerodynamics were maintained by eliminating any possibility of the freestream pushing the covering down and creating a small pocket that would disrupt the flow over the entire wing.  Aft of the sheeting on both the upper and lower surfaces, the ribs were capped with ¼ inch by 1/16th inch balsa strips.  The caps turned the ribs into I-beams allowing them to accept the chord wise loads without buckling over longer distances without the need for additional sub-spars and bracing.  The I-beam would also aid in the reduction of out-of-plane buckling by acting as an H-beam. 

When finished, the wing structure was essentially a series of interlocking I-beams: two which run the spanwise direction of the wing carrying both normal and axial bending, and a network of curved I-beams which are optimally sized for shear loading.  

4.6 Aerodynamic Design

4.6.1 Airfoil Selection

Before the design of external aerodynamics could begin, an accurate description of the expected flight regime had to be made.  As far as the airfoil was concerned, a number of critical parameters existed: the maximum lift coefficient had to be large to allow slow landings and to ensure the aircraft took off within 100 feet.  A low moment was also required due to the lack of a tail.  Finally, given that the design is a low-aspect ratio delta wing, it was highly desirable to choose a proven airfoil with strong empirical data.  The rules state that the aircraft must land safely for the mission to be counted.  Due to the extensive RC piloting experience on the team, a sufficiently low landing speed was deemed the most critical for successful completion of the mission as well as longevity of the aircraft.  It was decided that for a lightly-built, heavily-laden aircraft, such as our aircraft, landing speeds above 30 mph (44 ft/sec) would be unsafe.
	Flight Parameters
	 
	 

	Density :
	0.001963
	slugs-ft^3

	WMAX TAKEOFF :
	11
	lbs.

	Viscosity of Air :
	3.71E-07
	lb-sec/ft^2

	Cl MAX :
	1.35
	-

	Chord :
	40
	in.

	Stall Speed :
	44
	ft/sec

	 
	 
	 

	Reynold's Number
	776657
	-


Table 9. Reynold’s Number Calculation
A database was compiled by the team consisting of many NACA four and five digit airfoils, as well as NACA six-series, Eppler, and Selig airfoils.  The airfoils were analyzed and the NACA 2412 was selected.  There is an ample amount of experimental data collected about the NACA 2412 airfoil.  It has a maximum lift coefficient of 1.32 and an advantageous lift to drag ratio.  Other airfoils, while having a higher maximum lift coefficient, produce a much higher drag.  The NACA 2412 also has a considerably low moment coefficient which is imperative for a delta wing configuration.

4.6.2 Wing Sizing


The sizing of the wing was driven primarily by ensuring the need for the wing to provide sufficient lift to takeoff in 100 ft. loaded with the heaviest payload.  The wingspan was determined largely by the dimensions of the box (4’x2’x1.25’) and the desire to be able to pull the vehicle out entirely intact to reduce the assembly time.  23” was chosen as the wingspan to allow the maximum possible aspect ratio while still allowing some room for end-plates and tolerances for the box on both sides.  It was decided to define the aircraft shape using the NACA 24XX geometry.  A NACA 2424 was selected for the fuselage portion and a NACA 2412 was selected for the wing portions.  This definition made for simpler analysis of the wing.  The area was calculated using historical data to solve for the estimated gross weight in conjunction with the wing loading required for takeoff.  It became desirable to sweep the leading edge of the wing panels.  The sweep moved the aerodynamic center rearward and increased the static margin.         

4.7 Stability and Controls Design


The aircraft was required to be stable and controllable during all phases of flight.  Longitudinal stability, and takeoff rotation were studied.  For a low aspect ratio tailless design, it was determined that experimental data would be needed, however from observing other RC aircraft it was known that control was possible.
4.7.1 Control Surface Sizing


Control surface sizing was evaluated based on previous RC experience and standard initial sizing methods as specified by Raymer5.  Wind tunnel testing will be carried out as described in section 7.4 to further refine the initial sizing of the control surfaces.
4.7.2 Preliminary Stability Analysis

      
Control of the aircraft is accomplished by the use of two elevons located on the trailing edges of the wings.  The elevons control pitch when they are deflected together, and roll of the aircraft through differential deflection.  The aircraft’s remote control is set for a mode conducive to controlling elevons, and the pilot is able to make orthodox control inputs to fly the aircraft.        
The elevons are controlled by two servos (one per elevon).  The servos are placed in a location in which pushrod deflections do not interfere with the aircraft structure.  Also, the pushrod length should not be so long as to allow bending of the pushrod when the pushrod is in compression.  Using a pushrod length of six inches will not interfere with the aircraft structure.  Also, this is a standard length so bending should not be an issue.

      
For controllability, a tailless aircraft must produce as little pitching moment as possible.  Since cambered airfoils produce pitching moments, the amount of camber should be kept to a minimum.  Yet, cambered airfoils also produce more lift than un-cambered airfoils.  The low aspect ratio and lack of surface area required a cambered airfoil to produce sufficient lift for the aircraft.  Wind tunnel testing shows that the aircraft produces a moment coefficient about the center of gravity of approximately 0.000866 at cruise speed and attitude.  A usual moment coefficient for conventional aircraft is around -0.1.  Therefore, the aircraft’s moment coefficient is very small.  The pitching moment of the aircraft can be calculated as follows:
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Assuming sea level density and an approximately level flight attitude, the pitching moment is found to be approximately 950 pound inches at 100 ft/s for the model.  Future wind tunnel testing will enable the elevons to be designed large enough to counteract this nose-up moment.  A natural nose-down deflection would require constant elevator input to correct the flight attitude, which would result in lower aircraft performance.  The pitching moment coefficient versus lift coefficient graph as referenced from the center of gravity of the model is presented below in Figure 10. 
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Figure 10. Pitching Moment Coefficient as a Function of Lift Coefficient
The positive slope of the graph would imply that the aircraft tends to nose-up as lift increases.  Stability becomes problematic as the aircraft will tend to nose-up as the angle of attack is increased.  Without proper elevon input, the aircraft will naturally pitch nose-up until the wings stall.  Flying a tethered model in a wind tunnel will help to determine the flight characteristics of the aircraft, and enable the pilot to gain better control of the aircraft.
4.8 Powerplant Design

4.8.1 Motor Selection

Preliminary investigation of motor packages was influenced by the basic aircrafts’ design and flight envelope.  It’s generally accepted, for electric powered radio control applications, that a high performance aircraft have at least 75 W/lb of power available.  This requirement was also warranted by the speed mission objective.  Wind tunnel tests on a half-scale model confirmed the necessary flight speed for adequate lift.

Based on an estimated maximum aircraft weight of 11lbs. and wind tunnel tests confirming the lift coefficient, our designs’ approximate flight speed would be 100 ft/s at cruise and 60 ft/s at Vstall.  These values are relatively high given a reference area of 878sq.in.  Thus it was concluded for its high wing loading, the aircraft would need to sustain increased flight speeds.  Therefore the selection criteria for powerplant options became a very challenging process that limited component options.

Brushless motors were chosen because of their superior efficiency.  Out-runner style brushless motors were ruled out.  Prior experience with these motors indicated they do not operate efficiently when pushed beyond 7000-8000 rpm.  Also, the required pitch speed needed for cruise flight warrants propeller speeds over 8000 rpm.  Therefore only brushless geared in-runner type motors were considered.  Of the motors researched, the Neu Motors 1506/3Y proved to be the best in weight, efficiency, and internal resistance.  Table 10 lists the higher quality motors considered.

	Manuf.
	Name
	Type
	KV
	Idle Current
	Weight
	Dimensions

	-
	-
	Brushless
	RPM/volt
	Io
	(oz.)
	Diam. (in.)
	Length (in.)

	Kontronik
	FUN 500-19 w/ 4.2:1 Gear Reduction
	In-Runner
	1900
	-
	9.3
	1.4
	2.78

	Neu
	1506/3Y w/ 4.2:1 Gear Reduction
	In-Runner
	1700
	1.2
	8.3
	1.55
	3.1

	Hacker
	B50-9XL

w/ 4.4:1 Gear Reduction
	In-Runner
	1753
	1.37
	13.6
	1.4
	3.76


Table 10: Preferred Motor Specifications
4.8.2 Propulsion Battery Selection

Drawing heavily from the experience gained in the previous years’ competition, the dissatisfaction with previous propulsion battery cells made this years’ battery choice an important issue.  Because the technology of NiMH batteries has equaled that of NiCd chemistry in recent years, and the discharge curves for the two cell types are about equal, the choice really depends on cell weight and brand preference.  Previous brand selection almost resulted in a failure at the previous years’ competition.  Therefore, the team will use Sanyo brand NiMH cells, as the pilot for the team has had good results using this brand of cells in the past.  Table 11 provides the list of battery cells considered for the Neu Motors 1506/3Y.  Analysis based on motor data and MotorCalc confirms Sanyo HR-4/5FAUP 1950 mAh cells as the preferred capacity NiMH batteries because of their high discharge rate (10C).

	Manuf.
	Motor
	Type
	Voltage
	Capacity
	Weight
	Dimensions

	-
	-
	-
	VDC
	mAh
	(oz.)
	Diam. (in.)
	Height (in.)

	Sanyo
	HR-4/5AUP
	NiMH
	1.2
	1750
	1.18
	.67
	1.68

	Sanyo
	HR-4/5FAUP
	NiMH
	1.2
	1950
	1.37
	.69
	1.68

	Sanyo

Sanyo
	N-1900SCR

HR- 4/5SCU
	NiCd

NiMH
	1.2

1.2
	1900

2100
	1.96

1.57
	.91

.91
	1.69

1.31


Table 11: Preferred Cell Specifications

4.8.3 Propeller Selection

The most important criteria for motor selection were efficiency and static power.  Because of the relatively fast flight speed needed to achieve proper lift and the high static thrust needed for take-off under 100 ft., a balance between propeller pitch and diameter is important.  Thus, careful analysis of propeller options for the chosen motor is considered in Table 12.  The data presented was calculated using MotorCalc.  From our take-off calculator, under no-wind conditions, it is estimated that take-off will be achieved in 91 ft. using a 12x8 APC Thin Electric propeller for the camera ball configuration, and 73ft. using a 12x8 APC Thin Electric propeller for the air sampler configuration.  Both calculations include the Neu Motors 1506/3Y.

The data from MotorCalc models static conditions at 100% throttle and serves as an accurate prediction of the load on the power system at take-off.  In accordance with the mission models, it was assumed that there is only one take-off sequence per mission (per charge on the propulsion pack).  Therefore, the motor/propulsion pack will only see approximately 30 seconds of 100% throttle.  Once in flight, the throttle percentage will be backed off to cruise at around 50% throttle.  Applying the estimated 100% throttle duration estimation with the aforementioned assumptions; 4 min of 100% throttle usage equals one 30 sec take-off sequence plus 6 min of flight time.  This allotment is conservative even for the endurance mission, which is estimated to be less than 5 min in duration.  
4.8.4 Power Budget
The preliminary design parameters set forth by the aerodynamics subsystem led to the determination of power requirements as stated in the previous sections.  Some trends were gathered from the data related to propulsion battery pack performance and the effects of propeller characteristics. Some constraints were applied to this comparison.  

The cell count was limited to 21 cells per pack.  The reason for this specific number is derived from the per-pack-voltage calculation.  NiMH and NiCd cells have a per cell voltage of 1.2 V.  Therefore a pack of 21 cells has a total voltage of 25.2 V.  A lower voltage could be achieved by lowering the cell count; however that would result in a higher discharge current, which these cells do not handle well.  Also, the rules dictate a 40 A limit for the propulsion system.  The aforementioned cell count allows easy comparison for other propulsion factors by keeping the current below 40 A.  The current discharge for a 21 cell pack also gives a good cushion for the fuse if the pack peaks at more than it is rated.  Changing the battery cell capacity from 1950 to 1700 mAh, decreased the overall system weight by 3.7 oz, but also decreased the static duration 26 seconds and thrust by 4 oz.  Using NiCd cells increased the weight by 13 oz on average negating any thrust advantage they had over NiMH of similar capacity.  
Propeller diameter and pitch was also an important limitation in the powerplant design.  In an effort to reduce the P-factor on the airframe, the smallest prop diameter that would allow proper static thrust was essential.  With a wingspan of 23 in., a 12 in. diameter prop is already over half the span of the wing.  Therefore a lower pitch was warranted, while still keeping a high RPM on the motor and propeller for fast flight speed.  While P-factor could still pose a problem for stability and control, the issue can be addressed with aerodynamic aids and the use of a gyroscopic stabilizer on the roll axis. The 12x8 APC Thin Electric Prop proved to be the best prop for the 4.2:1 gear reductions.  The 12x8 combined with the 4.2:1 gear ratio provided the highest RPM and duration for thrust within acceptable limits.
[image: image20.emf]Table12: Neu 1506/3Y Motor Performance w/ Sanyo cells
Motocalc RC motor calculator software was used to refine the system parameters as Motocalc is adept at comparing numerous battery and propeller combinations to optimize system performance. At the conclusion of the analysis one configuration was deemed optimal. The configuration consists of one Neu Motors 1506/3Y geared 4.2:1 brushless in-runner. The motor is powered by one 21 cell, 1950mAh NiMH battery pack. The propeller is an APC 12x8 Thin Electric prop. The speed control is a Phoenix-45 sensorless controller. The predicted specifications of the system include a total system thrust of 112.3 oz. (7.02 lbs.) and a total system weight of 40.82 oz. (2.56 lbs.). The maximum current draw is estimated at 26.04 amperes. The system is projected to have an efficiency of 92.2 percent with full-throttle duration of 4 minutes and 29 seconds. Assuming an 11 lb. aircraft this system has a thrust to weight ration of 0.638 which should be sufficient for high performance flight within the mission model. 

	 
	Weight
	% Total

	
	oz.
	lb.
	%

	Battery Pack :
	28.77
	1.80
	70.3

	Propeller :
	1.75
	0.11
	4.3

	Motor :
	8.3
	0.52
	20.3

	Speed CNTLR :
	2.0
	0.13
	5.1

	Total :
	40.82
	2.56
	100.0


Table13: Component Weights

4.9 Preliminary Design Results
4.9.1 Aircraft Geometry

The final preliminary design geometry is seen below in Figure 11.  Approximate wingtips were added for lift augmentation; the RAC emphasis on low weight and wingspan is evident.
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Figure 11. Final Preliminary Design Geometry
4.9.2 Aircraft Specifications

	Sizing Data

	Parameter
	Value
	Unit

	Design Takeoff Weight
	10
	lbf

	Wing Span
	23
	in

	Main Chord
	40
	in

	Tip Chord
	25
	in

	Wing Loading
	1.66
	lbf/ft^2

	T/W
	0.7
	lbf

	Wing Area
	6.022
	ft^2

	Takeoff Thrust
	7
	lbf

	Fuselage Length
	3.33
	ft


Table 14. Final Preliminary Design Sizing Data
4.9.3 Aircraft Competition Score Analysis

 
The anticipated competition score was calculated again as seen in Table 15 below.  Our anticipated score reflects an adjustment to give us a Manufacturers Empty Weight (MEW) of 4.5 lbs from 5 lbs and a wingspan of 23 inches.  The competitors MEW was also decreased slightly to 4 lbs to anticipate an extremely low weight design.  Our weight drives our percentage in comparison to a theoretical plane that scored the highest in every mission down to 72% which should keep us very competitive since no team is expected to win every part of the competition.  This analysis reveals that emphasis must be placed on reducing extra weight as we proceed into the manufacturing process.  Our design should not be beaten by an appreciable margin in any category.  Therefore, since the scores are normalized, our aircraft should score highly provided we are able to complete all missions.
[image: image22.emf]Table 15. Final Anticipated Scoring Diagram
5.0 Detail Design

5.1 Detailed Center of Gravity

The center of gravity was analyzed based on a component breakdown of payload placements and weights seen below.  Each weight was estimated based on the anticipated volume and density.  X values were measured from the nose, Y values from the centerline through the right wing, and Z values from the centerline through the bottom where the chord line was treated as the center line.  
[image: image23.emf]
Table 16. AUAV-2: Eagle Eye Design-Build Fly 2006-2007 Center of Gravity Calculator
5.2 Structure Design

The primary variables for various structural designs investigated during the preliminary design phase were internal spatial and volumetric constraints imposed by the payloads, the locations of the center of pressure on the wing and fuselage, the weights of the payloads themselves, and the material types incorporated.  The structure design went through three main design iterations leading up detailed design analyses.

5.2.1 Overall Structural Configuration

The intermediate and final structural sketches created during preliminary design can be seen in Figure 12 below. The initial design relied on a single main spar to carry the majority of the loads on the aircraft.  A rough PATRAN model was created to confirm the initial sizing of the main spar and payload rectangle which is highlighted in Figure 12.
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Figure 12. Intermediate, and Final Preliminary Structural Designs

The design continued to evolve throughout the preliminary design phase through an intermediate design reflecting an attempt to improve the stability of the aircraft.  The final design for the preliminary design stage was produced in response to changes required to gain the lift to meet the performance criteria for takeoff.   Most of the internal spatial and volumetric constraints were taken into consideration during conceptual design to ensure that the payloads would fit in the aircraft according to the specifications.  However, the location of the main spar was significantly affected by the most beneficial locations for the payloads as defined by the fuselage airfoil cross section.  In general, the spar should be positioned as near to the center of pressure as possible.  Since the center of pressure on the fuselage was different from that of the wings, a dual spar arrangement was selected.  The dual spar arrangement helped to secure the payloads during final payload integration.  A secondary spar also allows the airfoil to maintain shape throughout the length of the abnormally long chord.

5.2.2 Materials

Three main variations for the materials used in the structural design were proposed to build the aircraft.  These included a composite monocock design, an all wood design, and a combination of composites and wood.  The composite monocock design was eliminated because of the careful tailoring that would be required to produce a composite design with significant weight advantages throughout the entire aircraft.  Although the strength to weight ratio of carbon fiber itself is very light, composites lose some of their performance advantages when significant amounts of epoxy are used in the construction or when they are not specifically designed for the loading case.  However, in certain locations, composites can provide advantages from their ability to hold a shape well.  Therefore the all wood design was eliminated since composites could be used to produce parts of the payload specific fairings from such shape maintaining capabilities.  Previous years experience determined that a balsa-basswood composite would have a greater strength to weight ratio than a simple balsa or basswood spar, so the balsa-basswood composite was selected for both spar designs.  For ease of modeling, isotropic material properties were assumed as seen below in Table 17.  Most of the stress will be in bending so the longitudinal direction of the wood will be aligned along the length of the spar to maximize the spar strength.

	FOR ISOTROPIC MATERIAL SIMULATIONS

	 Material Properties Required
	lb/in^2

	Basswood Yield
	4786.14

	Balsa Yield
	1160.27

	Basswood Balsa Composite
	1395.95

	 
	lb/in^2

	Basswood Modulus
	1479354

	Balsa Modulus
	420600

	Basswood Balsa Composite
	489419

	 
	lb/in^3

	Basswood Density
	0.01336

	Balsa Density
	0.00505

	Basswood Balsa Composite
	0.00559


Table 17. Material Properties

5.2.3 Payload Unit Design

Unique payload fairings were used for each payload configuration.  These will be snapped into place to ensure that they remain in place during flight.  Individual fairings will decrease our reconfiguration time.  The fairing will be made using carbon fiber composites to hold the fuselage’s airfoil shape.  The structure supporting the payload fairings was designed to be tied into the main spar structure.

5.2.4 Detailed Structure

The weights and locations of the payloads drove the dimensional sizing of the spars.  Once the spars were located, the rest of the structure was designed so that essentially all of the aerodynamic loads on the aircraft were carried by the spars. Other structures such as the ribs were added to maintain the shape of the airfoil.  Winglets were also added to increase the effective span and increase the aircraft’s ability to produce lift.  Final dimensions were refined using PATRAN modeling.  The final weights were calculated using the densities above and volumes calculated by Solid Edge and can be seen below.  Manufacturing techniques should reduce this weight significantly through cutaways in the ribs and other supporting structures.

5.3 Stability and Controls Design

A ½ scale model has been produced to evaluate stability and control criteria.  Control surface sizings and verification of flyable center of gravity conditions will continue to be analyzed using this test model.  
5.4 Final Aircraft Specifications

The final specifications for the aircraft can be seen below in Table 18.
	AUAV-2 EALGE EYE DETAIL DESIGN SPECIFICATIONS

	AIRCRAFT GEOMETRY
	 
	PERFORMANCE

	Total Span
	1.92
	ft.
	
	CDO
	0.0177
	-
	-

	Mean Chord
	3.18
	ft.
	
	CL MAX
	0.55
	-
	-

	Aspect Ratio:
	0.62
	-
	
	Max RoC
	80
	ft/s
	(Empty)

	Area
	6.1
	ft2
	
	 
	35
	ft/s
	(Max TO)

	Length
	3.33
	ft.
	
	Stall Speed
	34
	ft/s
	(Empty)

	Height
	1.2
	ft
	
	 
	52
	ft/s
	(Max TO)

	Flight Systems:
	
	WEMPTY
	4.5
	lb
	-

	Radio
	Futaba 9 C Super
	
	WMAX TO
	11
	lb
	-

	Receiver
	Futaba R149DP
	
	Max L/D
	8
	-
	(Empty)

	Elevon Servos
	Futaba S3305
	
	 
	8
	-
	(Max TO)

	Nose Servo
	Futaba S3102
	
	Cruise Speed
	100
	ft/s
	(Empty)

	Motor
	Neu 1506/3Y
	
	 
	100
	ft/s
	(Max TO)

	Propeller
	APC E13x5
	
	Max Speed
	105
	ft/s
	-

	Batteries
	Sanyo HR-4/5FAUP
	
	TO Distance
	25
	ft
	(Empty)

	Number of Cells
	21
	
	 
	95
	ft
	(Max TO)

	Gearing
	3.7:1
	
	Thrust
	6.75
	lb
	-

	Weight Budget:
	
	 
	 
	 
	 

	Fuselage
	0.7
	lb
	
	 
	 
	 
	 

	Gear
	0.55
	lb
	
	 
	 
	 
	 

	Wings/Winglets
	0.525
	lb
	
	 
	 
	 
	 

	Electronics
	0.637
	lb
	
	 
	 
	 
	 

	Batteries
	1.8
	lb
	
	 
	 
	 
	 

	Motor
	0.52
	lb
	
	 
	 
	 
	 

	Camera Ball
	6.3
	lb
	
	 
	 
	 
	 

	Air Sampler
	4
	lb
	
	 
	 
	 
	 

	MISC
	0.2
	lb
	
	 
	 
	 
	 

	WMAX TO
	11.232
	lb
	
	 
	 
	 
	 


Table 18. Final Aircraft Characteristics
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Figure 13. Final Detail Design Main Aircraft Structure
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Figure 14. Planform of Final Detail Design Camera Ball System
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Figure 15. Side View of Final Detail Design Camera Ball System
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Figure 16. Planform of Final Detail Design Air Sampler System
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Figure 17. Side View of Final Detail Design Air Sampler System
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Figure 18. Final Detail Design, Detail View Propulsion System
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Figure 19. Final Detail Design Aft Wing Structure and Control Surface
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Figure 20. Final Detail Design Aft Fuselage Structure with Camera Ball System
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Figure 21. Final Detail Design Main Landing Gear Structure
6.0 Manufacturing Plan and Processes

6.1 Wing Construction

6.1.1 Rib Manufacture

The ribs and fuselage sides will be manufactured using traditional methods.  The ribs will be built in a CAD model and produced full scale using a plotter.  These drawings will be cut out and attached to balsa sheets.  The balsa will then be cut and sanded to shape to match the drawings.  This process will be time consuming as there are only two of each rib and the ribs are of considerable length.  

6.1.2 Servo Installation and Operation

The servos chosen for elevon duty, Futaba S3305s, are standard size servos.  Many different servos were looked at and the Futaba S3305 was selected because of the high torque it produces and its relative low weight.  The servos will be mounted inverted in a tray spanning between the root and middle ribs with the servo horn protruding from the bottom of the wing.  This orientation will make the servos accessible for maintenance and replacement if necessary as well as providing the full range of motion to run the elevons. The tray will be constructed using 1/16 inch balsa laminated with 1/64 inch lite ply and 1/8 inch lite ply blocks for the screws.  The servo trays and servos will be installed and tested before the model is covered.  Once the operation is satisfactory, the servos will be removed and reinstalled after the model is covered.    

6.1.3 Motor Mount


The motor will be attached to the aircraft by attaching a traditional motor box to the firewall. 

6.1.4 Wing End-Plate Attachment


The end-plate will be attached using several small nylon screws fastened to blind nuts permanently attached to the outer-most rib.  The use of several screws better distributes the load across both the end-plate and rib.  Using several screws also aids in redundancy in the case that a few are broken or vibrate loose.  
6.1.5 Wing-Fuselage Attachment


The fuselage and wing sections will be built independently.  Once completed, they will be permanently attached together.  The main spars will run through the entirely assembly once it is aligned and securely fastened in a jig.  Finally, carbon rods will be run from the aft tips of the wings to the aft spar on the opposite of the aircraft.  These rods will be placed in the aft wing to triangulate the structure and increase rigidity in this largely unsupported region. 

6.2 Fuselage Construction


The fuselage, being an airfoil, will be built exactly like a wing.  The sides will be constructed of 3/32 inch balsa laminated on both sides by 1/64 inch ply.  Bulkheads will be placed at the aft of the payload section and at the firewall.  The aft section of the fuselage is a built up balsa truss to reduce as much weight as possible.
6.2.1 Bulkhead Construction and Installation


The bulkheads will be constructed from 1/8th inch lite ply and reinforced where they join the fuselage with triangle stock.  1/16th inch doublers will be added where extra strength is needed such as where the nose gear is mounted.  Lightening holes will be drilled and additional material removed.  A motor box built of 1/8th inch plywood will be attached to the firewall.  The depth of this box will be adjusted such that the propeller allows the sniffer tube to protrude from the furthest forward location, and holes will be added to both lighten the box and allow for better cooling of the motor.  

6.2.2 Landing Gear Integration


The center of gravity is between the two spars but forward enough to permit the main landing gear mounting location to also be between the two spars.  A plate built of ¼ inch dense balsa will be laminated on both sides by 1/64th inch lite ply attached to both the fuselage sides and reinforced with triangle stock.  Two trusses will be fabricated, installed, and attached to the fore and aft sections of the plate between the fore and aft spars.  This design creates a cradle that will efficiently and safely transfer the load of a hard landing to the spar if not absorbed by the gear.  

6.3 Payload Fairing Construction and Installation
6.3.1 Fairing Design

The design goal for the payload specific fairings was to create a light and efficiently interchangeable payload system to maximize ground mission scores and maintain aerodynamic shape.  Both payload configurations required specific payload fairings.  These fairings double as structural payload restraints on the airframe.  This was determined necessary per the payload configuration within the fuselage structure and the ground mission objectives.

Therefore, keeping weight and structural rigidity in consideration, fiberglass wet lay-up style construction was chosen to fabricate 2-part “shells”.  One shell is an external fairing that takes the aerodynamic shape of the fuselage.  The other acts as an internal support structure for the payloads with hard points for proper installation.  The internal/structural layer captures both the 8x8x8 in. and the 4x6x15 in. boxes along three sides, with the bottom face open.  The sides extend down into the airframe and come to rest on top of the main spars distributing the load evenly.  The tolerance for this fit is low, as the external shell has to be flush with the rest of the fuselage to keep its aerodynamic shape.

See Figures 22 and 23 below as pictorial references for the design of the payload specific fairing.
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Figure 22. Sniffer Tube Payload Fairing
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Figure 23. Camera Ball Payload Fairing
6.3.2 Wet Lay-up Construction
For the external shells, a plug will be fabricated out of extruded polystyrene foam insulation using a CNC foam cutter.  The dimensions of the plug will be indexed smaller than actual size to account for a layer of Bondo surface preparation and sanding.  After all surface treatments to the male molding plug are complete, a female mold will be cast.  This casting will serve as the wet lay-up mold for both payloads’ external fairings.

For the internal shells and corresponding box payloads, a table top jig will be fabricated to replicate the exact locations of the internal fuselage structure, main spars, and payloads.  Green florist foam will be hollowed out to the approximate dimensions of the mocked fuselage/payload jig and pressed firmly down on top.  The foam, applied as a female cast, allows for further compression and an exact fit over the crucial interior components of the payload compartment within the fuselage.  Once the foam impression is achieved, the cast will be removed and prepped similarly to the external shell for fiberglass wet lay-up molding.

The fiberglass fabric chosen for the payload specific fairings will be made with a tight weave fabric of very thin fibers.  With weight savings in mind, the epoxy resin chosen will be thinned and brushed into the molds sparingly.  For the Camera Ball mission, the external fairing will be constructed with a minimal single layer of fiberglass.  The Sampler Tube mission will require more layers to support the tube and “cabane” strut attachment.  An optimal process is still being tested for this configuration.  The internal shells receive 3 layers as they double as the structural mounting locations for the payloads.

As described, the fairings will be constructed in two halves, one external and one internal.  The two halves will be joined to create one payload fairing after the individual pieces have cured.  At this time additional balsa sheet bulkheads will be added between the pieces to add rigidity and maintain the shape of the thin external section.  To join the two halves, a thin strip of fiberglass will be applied where the pieces mate.

6.3.3 Payload Installation
The Camera Ball box payload will be installed directly to the fairing with nylon bolts along the three sides of the extended fiberglass.  Blind nuts will be pressed into the box to accept these bolts.  The softball will be mounted to the box with a similar nylon bolt arrangement.  A nylon bolt will be epoxied into the softball and threaded into the box once it has been secured to the fairing.

The Air Sampler Tube box payload will be installed in its specific fairing in the same fashion as the camera ball box payload.  The sampler tube itself will be designed to mount within a fiberglass shroud affixed above the payload fairing in freestream via a cabane style strut.  The tube will be secured with zip ties at both ends of the shroud.  Removal of the tube requires removal of the zip ties.

6.3.4 Fairing Integration
The payload fairings will be secured to the airframe with pop style snaps more commonly found on apparel, like winter coats.  The coat snaps will be located on tabs of excess fiberglass on the fairings for flexibility.  The tabs will be secured to the airframe at hard points along the fuselage.  These hard points will be constructed from a composite laminate of 1/32 in. lite ply and 3/32 in balsa wood. 

This system was chosen for its simplicity for attachment and removal as well as a positive feel.  Considering the pressure for quick payload changes during the ground sorties, the audible “snapping” sound of a secured payload is beneficial.
6.4 Powerplant Construction

6.4.1 Propeller Installation and Balancing                                             
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Figure 24. Propeller Balance Stand
The only acceptable method of balancing the propellers is to apply paint to the tips. An apparatus similar to that pictured above was used to evaluate the propeller for an even weight distribution across the span. The necessity of balancing the propellers is due to the vibrations induced by a rotating unbalance mass which will propagate through the aircraft structure and may lead to fatigue and structural failure and unwanted harmonic oscillations. The propeller is attached to the motor shaft using a collet within the spinner that grips the shaft evenly.

6.4.2 Motor Housing Construction and Installation

The motor is traditionally mounted to the main firewall and shares the mounting location with the nose wheel assembly.  There are no apparent weight savings between an of-the-shelf electric motor mount and the fabricated mount of the teams’ design as they both encase the motor housing in a similar fashion.  Further refinement with the composite design will be considered to optimize this system and maximize weight savings.  The motor will be enclosed within the fuselage only exposing the gearbox output shaft to minimize the length of the airframe and aid in storage within the specified box.  Cooling ducts and exit holes allow for air exchange in the motor compartment within the fuselage.  The ESC and battery pack will receive the same treatment to manage proper temperatures especially since the relative placement of these components is so confined.

7.0 Testing Plan

A series of testing procedures have been planned to confirm that the accuracy of the theoretical concepts used to design the aircraft.  These include a powerplant evaluation, a closed circuit subsonic wind tunnel test, a spar evaluation, and flight testing of the final model.  They are currently in various stages of realization. 
7.1 Main Wing Loading Verification
Testing is required to confirm that the detailed structural requirements for the aircraft are met.  The aircraft is required to withstand a simulated 2.5g loading for the 11lb aircraft as indicated from initial sizing and payload weight calculations through the preliminary design.  This load will be applied by lifting up the plane by the wingtips at the location of the center of gravity.  In addition, a 1.2 margin of safety was applied during the structural design to account for material variability and any uncertainties in the analysis methods due to slight differences in actual loadings or boundary conditions.  The factor of safety was set at 1.2 to maintain a buffer, yet minimize weight since this is a design competition.
7.1.1 PATRAN Modeling 

One PATRAN model using finite element analysis (FEA) was created at each design stage to verify that the structure would be able to carry the loads anticipated.  A simulation was run of the main load bearing structure at each stage.  The conceptual design model was analyzed with a distributed load of 10lbs.  The design continued to morph, so the preliminary and detailed designs were analyzed with 11lb distributed loads.  The load was applied across the center of the spars to simulate the weight of the payloads and structure.  Boundary conditions fixing translational and rotational degrees of freedom at the cg location on the wing tip were applied at the edges of the spars to simulate the wing tip test.  An outline of these models can be seen below in Figure 25.
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Figure 25. Conceptual, Preliminary and Detailed Design PATRAN Models

For the final design a nonlinear finite element analysis was performed using MSC.PATRAN software.  Isotropic materials were used to simulate the balsa ribs between the dual composite basswood-balsa spars. The anticipated stresses and displacements can be seen below graphically in Figures 26 and 27.  The Von Mises stresses are commonly used as a do-not-exceed failure criteria, while the displacements show how the material itself behaves under loaded conditions.  
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Figure 26. Von Mises Stress Plot, Final Spar Configuration
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Figure 27. Displacement Plot, Final Spar Configuration

Table 19 below restates the yield stresses, the do not exceed stresses for the test load conditions and the actual stresses seen in the FEA models.  The Von Mises stresses indicate a maximum stress that is approximately 16% higher than the competition allowable stresses in the balsa and 5% higher than the allowable stresses in the composite spars.  However, the boundary condition was not exact and placed more stress on the corner location where the maximum stress is seen in the model.  In addition, both stresses are within our margin of safety so the design was considered optimized.  In addition, the anticipated bending stresses, which will be the primary loading for in flight and landing conditions are seen to be very low across the span of the spar as expected by the very short moment arm created by an aircraft with such a low wingspan.  

	FOR ISOTROPIC MATERIAL SIMULATIONS

	Standard Material Properties (Stress Allowable)
	lb/in^2

	Basswood Yield
	4.786E+03

	Balsa Yield
	1.160E+03

	Basswood Balsa Composite Yield
	1.396E+03

	Load Factor
	2.5

	Safety Factor
	1.2

	Material Properties Adjusted for Load Factor and Safety Factor

(Stress Allowable by Competition Requirements)
	lb/in^2

	Basswood
	1.595E+03

	Balsa
	3.868E+02

	Basswood Balsa Composite
	4.653E+02

	Actual Maximum Von Mises Stresses (PATRAN Model)
	lb/in^2

	Basswood
	N/A

	Balsa
	4.880E+02

	Basswood Balsa Composite
	4.880E+02


Table 19. PATRAN Analysis Conclusions.

7.2.2 Lessons Learned and Experimental Testing
As the design is manufactured a few adjustments will probably be incorporated and experimentally tested to confirm the analytical results.  The spar design will be manufactured starting on March 7th and tested starting on March 15th so that the effect of the real boundary conditions will be able to be investigated.  A solution may need to be proposed to better transfer the testing load on the aircraft from the outside rib to the spar and to determine how the winglet may affect that process.   Some small carbon fiber rods may also be added, as seen in the drawings spanning across the back end fuselage, to counter torsional loadings in flight.  The zig-zag plates in the drawing will also be cut away to make them into small strips of balsa for weight savings since they are only there to make the monocoat hold the airfoil shape.  These adjustments and further analysis should allow material to be eliminated during the manufacturing process and decrease the final weight of the aircraft from final currently predicts it to be.

	Test
	OBJECTIVE 
	DATE

	Wing Structure

Test


	Determine that the central spars are strong enough to carry the airplane by its wingtips
	3/15


Table 20. Structural Testing Plan
7.3 Aerodynamic Characteristics, Stability and Control Testing
To obtain analytical verification that the aircraft will fly as expected and obtain some estimates of the aerodynamics of the aircraft, wind tunnel testing was carried out.  The aggressive design of the aircraft made these tests important to determine that the design was feasible and that no abnormal aerodynamic effects would be encountered.  The stability and control of a flying wing is difficult, so testing will be expanded to refine control surface sizings. 
7.3.1 Testing Objectives and Schedule 

The purpose of the wind tunnel test runs was to obtain actual CL and CD values. A secondary objective was to try to obtain some simple flow visualization of the model in flight conditions.  Due to the restrictions on wingspan and weight implied in a low aspect ratio design, research shows that testing is required to determine the correct CL and CD values.  In addition to aerodynamic characteristics, a model is already being produced to simulate the effect of various elevon sizings on the aircraft and ensure that the aircraft is controllable.  Table 21 below shows the tests, objectives and scheduled dates for the testing procedures. 

	TEST
	OBJECTIVE 
	DATE

	Wind Tunnel 

Initial Design
	Obtain test data for lift and drag calculations to prove design, with half scale model.


	2/21

	Wind Tunnel Secondary Design
	Obtain test data for lift and drag calculations to prove design, with half scale model.


	2/22

	Wing Structure

Test


	Determine that the central spars are strong enough to carry the airplane by its wingtips
	3/15

	Wind tunnel flight test
	Fly the half scale model in the tunnel to determine any unknown flight characteristics and test 

	3/14-3/17

	Flight Test 
	Test actual flight characteristics with payloads.
	4/4-4/1




Table 21. Tests, Objectives and Dates
7.3.2 Wind Tunnel Testing

The tests were performed in a 3 ft x 4ft closed circuit tunnel with a one half scale model. NACA 2420 and 2412 airfoils were used to produce a model for wind tunnel testing. The model was built using a CNC foam cutter with Foamworks software.  Plywood airfoils were cut using standard wood shop tools and used to sandwich the foam.  A single fuselage with two different wing configurations was tested as seen below in Figure 28.  The model was placed on a pyramidal balance for the series of tests.  The wind tunnel went through an automatic calibration procedure to zero out the moments created by the model without air flow at various angles of attack.  Data was collected at flight speeds between 40 ft/s and 125 ft/s to resemble actual Reynolds numbers and angles of attack between negative five degrees and positive fifteen degrees. These tests indicated that aerodynamic tweaking is necessary and will be accomplished by using stall fences or vortex generator strips.
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Figure 28. Two Wind Tunnel Models in the Auburn University Wind Tunnel


The wind tunnel will also be utilized to fly a half scale powered model tethered to the side walls of the tunnel.  By programming predetermined control throws into the controller the team will be able to determine the flight parameters and characteristics as well as increase the accuracy of our control surface sizings.  Some data should be found about the ability of the aircraft to pitch, roll, and yaw will be verified in future testing.  
7.3.3 Test Results

The first aircraft design tested in the tunnel indicated that the wings needed to be lengthened to eliminate large vortices shed off the side of the fuselage.  Once the new wings were manufactured, the model was tested again in the wind tunnel which yielded much more satisfactory results.  The data from the analysis during the second test proved the design provided the lift required.  A comparison of the lift coefficient between the two models is seen below in Figure 29.  The CL vs. Angle of Attack and CD vs. CL are shown in the Figures 30 and 31 below. 
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Figure 29. Lift Coefficient vs. Angle of Attack
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Figure 30. Lift Coefficient vs. Angle of Attack, Second Model, Various Reynolds Numbers
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Figure 31. Drag Coefficient vs. Lift Coefficient, Second Model, Various Reynolds Numbers
7.4 Flight Testing

7.4.1 Half-Scale Model

As recommended by the teams’ pilot, it was determined that a half-scale RC model be developed before actual construction of the competition design.  This model utilized the same prototyping techniques as the wind tunnel model.  The airframe was cut using a CNC foam cutter and assembled with minimal structure.  A scaled, brushless 155 W motor and LiPo battery pack was fitted to the half-scale model, and micro servos attached to the control surfaces.  A cavity within the C.G. range was also carved out of the foam fuselage.

The goal of this half-scale model was to provide basis for the calculations used in determining the design of the competition model by applying procedures used in the Radio Control hobby to familiarize a pilot with an unfamiliar model.  Items of interest include: determining a feel for an acceptable and flyable C.G. range, optimizing end-plate design, confirming control surface sizing and throw authority, and exploration of the designs flight envelope in adverse conditions.

The advantage to this type of testing is evident by the low complexity of the half-scale construction.  Since the primary materials are foam and lite ply, the model was constructed and tested, and will be improved in minimal time.  Small changes will be made between flights (which only need be a few minutes at a time) by the pilot to alter the flight characteristics of the model.  This is done in confidence as the cost of the half-scale model is minimal to replace and often reparable when damaged.

The experience gained from this exercise, while not qualitative, will be invaluable in terms of verification of the designs’ practicality.
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Figure 32. Half Scale Model
7.4.2 Telemetry equipment

The Eagle Tree Flight Data Recorder was chosen for its simplicity, ease of installation and wealth of recording abilities to analyze the aircraft’s test flights. The unit does not add a prohibitive weight penalty during flight testing and provides ample data to analyze the flight modes of aircraft as well as bring to light stability and controls issues to further ease the load on our pilot.
7.4.3 Flight Checklists

Actual flight testing is a dangerous but essential part of the design process. Therefore, to reduce the possibility of a catastrophic malfunction, resulting in damage or the possible destruction of the aircraft during flight testing, our team developed a thorough preflight checklist.
	Preflight Checklist
	
	 
	 

	1
	Verify AUAV-2 power switch is in 'OFF' position
	
	9
	Verify C.G. is in  the acceptable range.

	2
	Verify proper mating of the fuselage and payload inserts
	
	10
	Switch the AUAV-2 power switch is in 'ON' position

	3
	Verify integrity of nose wheel/fuselage interfaces 
	
	11
	Verify all control surfaces deflect in the desired fashion from control inputs.

	4
	Verify motor is oriented in the proper direction
	
	12
	Throttle up for three seconds to verify motor functionality (Secure aircraft)

	5
	Verify the proper motor electrical connections
	
	13
	Verify nose wheel is functioning proper for anticipate ground roll

	6
	Verify the end-plates are secure. (2 ea.)
	
	14
	Perform radio range check.

	7
	Verify servo interfaces between receiver and control surfaces
	
	15
	Verify radio fail-safe check

	8
	Verify battery pack is charged
	
	16
	Switch the AUAV-1 Power Switch to 'OFF' position


Table 22: Preflight Checklist
7.4.4 Flight Testing                                  

The Flight Test Plan was designed in order that the goal of each flight builds on the lessons learned from previous flight tests.  The initial goals will be the determination our flight envelope. When the performance is proved to be at the anticipated level, each payload will be flight tested to verify restraints and that our C.G. locations are properly maintained. Flight testing will continue until the competition in order to increase ground crew efficiency during each sortie for the competition.  In addition, a spreadsheet has been developed to analyze and optimize how to fly each mission profile based on the timing of each part of the flight path (e.g. takeoff, climb, turns, and cruise) during the mission.  This will allow a pilot and flight engineer to work together during the mission to fly at an optimum speed and flight path as established during previous practice.
	Flight Testing

	Item
	Goals
	Date

	Taxi/Ground Handling
	Verify sufficient ground handling capabilities
	March 15-17

	Flight #1 (No Payload)
	Acquaint pilot with aircraft's handling characteristics, identify and correct all problems
	March 15-17

	Flight #2 (No Payload)
	Verify take-off distance, Explore flight envelope
	March 17-21

	Flight #3 

(Camera Ball Payload)
	Familiarize pilot with flight characteristics with camera ball payload. Verify integrity of the payload fairing.
	March 21-23

	Flight #4 

(Air Sampler Payload)
	Familiarize pilot with flight characteristics with air sampler payload. Verify integrity of the payload fairing.
	Mar 25-28

	Flight # 5 

(Sampler Mission)
	Perform Mission profile outlined by rules
	Mar 30-April 15

	Flight # 6 

(Surveillance Mission)
	Perform Mission profile outlined by rules
	Mar 30-April 16

	Flight # 7 

(Reconfiguration/Deployment)
	Perform Mission profile outlined by rules
	Mar 30-April 17


Table 23: Flight Test Plan and Objectives
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