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Abstract

This project deals with the design and fabrication of a prototype for a futuristic aircraft.  The goal of this project was to create an unmanned flying vehicle.  The necessary requirements were that it, most importantly, flies and secondly it hovers. If those goals were achieved, then there were some accessories to add.  The first accessory was a spy camera that would be mounted on the aircraft in order for surveillance.  Another was that the aircraft could tag a target using “bombs” of some sort.  An autopilot equipped with a GPS unit was imagined to be on this aircraft also.  This would allow it to fly to different waypoints without human contact.  

Our main goal was to prove proof of concept.  From an artist concept to a tangible unmanned aerial vehicle, this report covers the whole process.  We have designed and built an aerial vehicle that we believe shows proof of concept.  

The building process was harder than expected.  After many modifications and hours worked on it we came up with the E-37.  We are confident that this aircraft shows proof of concept and is what the customer wanted.   The time spent on this project allowed the group members to gain valuable experience working with composite materials, ceramic mold construction, machining of parts, and basic aircraft design.  Also, the members learned how to interact with companies, customers, purchase departments, and other members to create a positive product.  

1.0 Introduction

1.1 Project Scope


This project will consist of a design and fabrication of a prototype for a futuristic aircraft.  This futuristic aircraft is a powered weapon that will travel from the continental United States to worldwide battle space.  Large fleets will provide continuous search and destroy capabilities.  Positron energy conversion will be used for antimatter annihilation energy, which will provide the aircraft with propulsion and offensive capabilities.  Weapon bays will be capable of firing multiple warheads from behind the aircraft.  Multiple sensors will provide full spectral surveillance of the battle space.  


Eglin Air Force Base requires the following performance specifications for this prototype.  The wingspan of the aircraft cannot exceed three feet and smaller is actually preferred.  The aircraft must have a loiter capability which requires mid flight hover.  To satisfy the offensive requirements paint balls will be dropped from the aircraft as a safe simulated ammunition.  This will prove tagging capabilities, which is necessary in order to mark targets.  This prototype will also be equipped with a simulation of a camera in order to supply visual surveillance.  The camera will be simulated and mounted in the back of the aircraft.  If Eglin Air Force Base provides a GPS aided autopilot navigation system, line of sight will not be necessary.  A cruise speed of 30 mph was expected for the prototype.  This aircraft is expected to prove that the concept was understood and to show that it can be developed.

1.2 Needs Assessment


The first and most critical component of this aircraft we are to design is that it must fly.  In order to do this we will need a forward pulling, or a rear pushing motor with a propeller.  We chose the forward pulling propeller.  The project must also hover; this will require at least one engine to spin a propeller giving vertical thrust and two engines for hover.  We have identified the propellers we need in order to produce enough thrust to achieve hover.  Two frames are going to be needed for this project.  One will be utilized as a test aircraft, while the second frame will be used for demonstration purposes.


The UAV will be made with an exoskeleton of carbon fiber.  This provides the structure to keep the aircraft together, while allowing for maximum room inside for mounting our accessories.  We will be using a pre-preg carbon fiber.  This pre-preg carbon fiber comes with a resin already in it, allowing us to work with it easily.   Servos will be used to perform many tasks where movement is necessary on the aircraft.  These tasks include control surfaces for airplane flight adjustments (pitch, roll, and yaw), hovering stability, and paintball dropping mechanisms.  

The UAV that we are designing, we felt, should have some sort of landing gear.  Because our plane is a VTOL capable aircraft, a simple skid on the bottom, such as on a helicopter, or conventional wheeled landing gear were both possibilities.  The landing gear can either be retractable or fixed.  We decided to go with fixed landing gears with wheels.  This will allow the airplane to take off and land as a conventional airplane.


Not only is this aircraft going to fly but it is going to perform different functions.  One of the required functions is the ability to transmit live battle space surveillance.  To achieve this the aircraft will have to be equipped with a small surveillance camera capable of wireless transmitting.  This will enable the aircraft to send aerial photos of a desired place or object to the command center or G.I. in the field of battle.  The camera will be mounted at the rear of the aircraft.  The aircraft must also simulate warheads and the ability to “tag” a target.  We have decided to use paint balls as simulated warheads.  We will drop these “warheads” out the back of the plane.  The aircraft may be equipped with an autopilot if Eglin Air Force Base is able to provide one.  This will allow the plane to fly without human contact to different waypoints.  


We will also need an American Modeler Association (AMA) membership.  This membership provides insurance in the case of an accident that causes damage to body or property.  It also provides access to a local flying club’s airfield with a landing strip and helicopter pad where we can test fly the E – 37. 

Summary List

For a detailed list of components please refer to 6.2 Appendix Instruction Manual.

2.0 Concept Generation

2.1 Airfoil Design

When our project scope was handed to us, we took notice to the artist conception as seen in figure 1 that is in the shape of a futuristic delta-wing design.
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Figure 1 Artist Concept

 It has a single fan in the center to provide the thrust for hovering capability, but it was obvious to us that the size of the fan was to small to provide the necessary lift.  Although we were told that any design we saw fit to use was acceptable we originally tried to stick with this artist’s conceptual design.  We went through several designs for our hovering system, all of which forced us to modify the airfoil, but we still kept the basic design to a delta wing.  When we decided on the final hovering system, we chose to adopt a more symmetrical airfoil.  Our hovering system takes up about a 1-foot diameter circle in the middle of our plane, so we need as much of the rest of the plane as possible to provide lift during conventional flight.  

Once we decide that the artist’s design concept was not feasible for our project we decided on an aircraft with two symmetrical wings to provide maximum lift.  The wings were to be vertically offset so that the turbulence caused by the front wings would not interfere with the lift that the rear wings could produce.  By including a vertical tail section on the outside edges of our rear wing foil, our plane would be more stable than a flying wing.  The rudders would be designed to be vertical wing tips, which would kill the vertices that flow off of normal airfoil wings.  (Figure 2)

[image: image7.png]



Figure 2 Prototype Design


The final airfoil design we came up with was a cross between a conventional fixed wing jet and a delta wing design.  We are taking a model plane that is currently out on the market for conventional flight and redesigning the middle of the fuselage in order to have room for the hover fan.  The model plane we are going to use is the Twin Jet made by Multiplex USA (Figure 3).  We will modify this airfoil in order to gain a hover capability.  
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Figure 3 Twin Jet

2.2 Hover Design

[image: image1.jpg]


After many meetings and the sharing of ideas, we finally came up with a design for the futuristic aircraft.  Since the hover capability is desired we had to design an aircraft that was going to be well balanced.  We also had to find what motors and fans would give us enough thrust in order to achieve hover.  

The first concept that we came up with for hovering was one gas powered ducted fan.  The weight of the aircraft would be centered about the middle of the ducted fan.  We would use a gas-powered engine in order to get the thrust power we needed. In order to make adjustments while hovering the ducted fan was going to be able to thrust vector from side to side and front to back. 

  The diameter of the ducted fan was going to be around six inches.  However, we felt it may not be stable enough to maintain hover.  The gas engine is heavy and cannot be started in mid flight; it also consumes a lot of fuel that would need to be stored within the body of the aircraft.  For these reasons we went in search of a new method.

[image: image37.wmf]The second concept that was thought of was a triangular design of ducted fans.  This design was able to provide a more stabilized aircraft.  The propellers would be arranged in a triangular formation on the aircraft.  These props would be propelled by electric motors because three gas motors would have been too heavy.  There were a few problems with this idea.  One is that there would be to many controls in order to direct all three fans.  The second problem is that even though it is an all electric this system would still be too heavy.  We also wanted to avoid putting to many holes in the wings, which is where the two rear fans would go.  

After talking with Dr. Alvi, the third idea that we came up with was to put a [image: image38.png]


ducted fan in the front of the plane and direct the airflow through the aircraft and back down to the ground through tubes.  This would complicate the designing of the airfoil greatly.  We felt that this could become a little too complicated in the controls for the airflow.  A loss would occur in the velocity of the airflow due to the ducting, which might affect the lift of the aircraft.    

Before visiting Eglin Air Force Base we thought that we had a concept we were going to stick with.  The idea was a lot like the first one, a single ducted fan in the center of the plane.  But, after taking with Carrie Fowler, we decided to modify the design once more.  The final hover design that we are using is a duel system counter rotating hover fans in the center of the aircraft.  This concept is different than the first design in a few ways.  The first difference is that the hover fan has two propellers that turn opposite of each other located in the same shaft.  This will increase thrust and decrease the moment created by the torque we would have experienced with one rotating propeller.  The two propellers are going to be 11 inches in diameter.  This will provide plenty of lift over a larger area.  The engines running these will be electric.  This will provide a lighter and quieter mode of vertical lift than any of the previous designs. (Figure 2)
2.3 Forward Propulsion

[image: image39.wmf]There were a few different options for the propulsion of the revolutionary munitions prototype.  Initially, it was thought that being pushed with rear propellers would be best to propel the aircraft.  However, a pulling type of propulsion was found to be better suited for the design.  The front propellers commonly called tractors because they pull the aircraft behind them are more readily available than pusher props.  This also eliminates the interference that the hovering device at the center of the fuselage would create on a propeller if it were placed in the rear of the aircraft.  It has been decided that we will use one propeller at the nose. (Figure 4) 
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Figure 4 Forward Propeller and Spinner

2.4 Accessories

[image: image40.jpg]Lt Thrust Augmentaton on the Joint Strike Fighter Short Take-Off Vertical
Landing aircraft
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Our method of warhead delivery systems went through several stages.  Initially we were going to attempt to mount a paintball gun that has been stripped of unnecessary parts, on the plane.  This would allow us to shoot the balls at any angle, in any direction.  After researching the feasibility of this option we decided that this option was too heavy. This was unfortunate, because it would have provided quite a punch.  After talking with Jeff Wagner we started pursuing the idea of propelling the balls with small explosive charges.  This was a viable option, as the weight of paintballs and explosive charges was acceptable, but the complexity of the wiring was unwanted.  This was also a bad idea because it would involve having to constantly change out the entire firing assembly.  The main factor that stopped this option, however, was the unknown effects of the recoil from the shot.  The recoil might have been enough to send the plane into a spin. That led us to our final design.  We are simply going to eject the balls from the plane, and let them fall to the ground.  We have done testing to insure that our paintballs will break under these conditions, and the results are favorable.

The autopilot that was going to be utilized for our aircraft is made by MAGICC technology, and is called the Kestrel Autopilot.  This system has 5 to 7 input channels from RC receiver, and has 4 servos channels.  It is 2.91 by 2.01 by 0.63 inches and weighs only 1.40 ouches.  This autopilot has Traditional, V-tail, Elevon and user defined mixing, giving us versatility in how we utilize it.  It has a differential pressure sensor for calculating airspeed, and has a range of 5-180 knots.  The altitude range varies from 0 to 20,000 MSL and is completely configurable to user needs.  The modem the autopilot uses to send information to the user is an Aercomm 900 MHz 500mW unit.  It has a range of 20 Kilometers, and a bandwidth of 57600 full duplex.
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Figure 5 MAGICC Auto pilot

The autopilot navigates the plane to dynamically adjustable waypoints by using its built in GPS navigation system.  It has a traditional loiter option with adjustable radius, altitude, and timing.  It is also equipped with an auto takeoff and landing, as well as lost communications and failsafe routines to ensure maximum survivability of our model.  The autopilot comes with a wireless data link 900MHz with a 3km range, and a Wireless video link that operates at 2.4 GHz and has a range of 3 km.  This link sends images from a 500-line CCD camera.  This video feed shows up on the Virtual cockpit ground station; the user interface for in flight control.  

The Virtual Cockpit provides an easy to use interface to the Kestrel Autopilot.  The Virtual Cockpit has professional simulated cockpit gauges so we can easily control our flying UAV.  The program includes such features as a moving map display with “click N fly” flight mission programming and in flight waypoint adjustment.  Fully configurable integrated data logging is also included in this program.  Aside from using a full laptop computer, a PDA can be used to control the UAV’s altitude, velocity, and roll angles.  Voice recognition software is also integrated to allow the user to control the UAV “hands free”.
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Figure 6 Virtual Cockpit

This autopilot is designed for normal fixed-wing aircraft.  However, it is re-programmable, so we have hopes that we will be able to program it to be able to handle some of the hovering controls as well in the future.  This autopilot also includes real time mapping of PID loop performance.
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In our final design, we have decided to use one camera.  This decision was reached for two main reasons.  One reason is that autopilot has a port for only one camera; the other is because the UAV’s overall weight is becoming more of a concern.  This single camera is, at present, going to be placed facing straight down at a 90 degree angle to the plane of our UAV’s forward flight.  The camera bay is being designed to mount on the rear of the plane, between the two munitions deployment units.  The position for the camera bay was chosen based on the following reasons; the first was the need for weight to be balanced perfectly around the hover fan necessitated more of our hardware to be moved more toward the rear of the aircraft, and the second was it will allow us to see exactly where the paintballs will be dropped.  When utilizing the hover capability, the camera should allow easy spying on targets.

The UAV that we are designing should have some sort of landing gear.  Because our plane is VTOL capable, one of our first ideas was to put simple skids on the bottom, such as is on a helicopter.  The downside to this idea is that it would not be able to take off like a normal plane.  We decided this is a feature we would like to keep, as vertical take off would lessen our hovering time, and may be harder for the engines to do, thus using more of the battery power.  Also, the autopilot comes programmed for take off; which we have decided is a feature worth using.  Thus, we decided to have conventional wheeled landing gear.  Retractable landing gear was originally considered, but weight restrictions made this unrealistic.  So our landing gear will be a fixed one front, two rear-wheeled drag reducing elliptical design.

3.0 Final Design


The final design of the future aircraft was born from a combination of many different thoughts, ideas, and designs.  The final design is an aircraft that we believe will be able to fly and hover beyond the expectations of our fellow classmates.  The design of the aircraft can be split into three major sections: airfoil design, hover design, and propulsion design.  While each of these sections is different, they are all connected very closely in order to make this project a success.  
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3.1 Airfoil Design

The final design of the airfoil is going to be a modification to an already existing model.  The model plane we are basing our aircraft off of is the Multiplex Twin-Jet 480 Racer’s model.  This is a fixed wing F-series jet model.  The model has a wingspan of 36” and is 31” long.  The biggest modification to this model was going to be for the hover design.  We cut a 12-inch hole in the middle of the model for the hover fan.  The center of this hole is at the center of gravity of the plane.  Since the two counter rotating fans are going to be on top of each other, it is going to be approximately 7 inches high.  This means that the hover modification will stick out the bottom and the top by an average of a 1.5 inches.  In order to cut the drag, we “ramped up” to the top and bottom of the hover fans.  This has cut drag.  

3.2 Building
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The construction of E-37 began with the modification of our base model.  The Twin jet model was adapted to our needs by cutting a 12-inch diameter hole in the body to make room for the hover assembly.  We cut a cardboard concrete form to a height of 7-inches to give us the height we would need for our hover motors, gearboxes, and props.  We used modeling clay to make a smooth shape from the cockpit of the plane to the top of the cardboard form.  On the back of the plane, we made a smooth, but bulbous segment that we used to house the servos for the munitions deployment units, and the batteries for the hover fan motors.  The nose was tailored to be able to take the puller prop we are using.  We removed the tip of the nose to make room for the prop and spinner.  We also had to modify the shape of the nose for the mold making process.  We used clay to bring the centerline of the nose to the same height as the rest of the model.  This would ensure that the mold we were constructing was exactly in half.  
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Once we had these modifications done, we were able to make our mold.  We used MDF (medium density fiber) board to construct a mold form that would hold the plaster as it dried.  Johnson’s sealing wax was used as a release, and was applied liberally onto the surface of the plane. The modified model was suspended half way into the mold form, and then wet plaster was poured underneath, and around the bottom half.  This bottom half was allowed to dry for a day.  Before the top portion of the mold was poured, the exposed top surface of the bottom mold was coated with the Johnson’s sealing wax to guarantee that the two half would not fuse.  The total mold was then allowed another day to dry.


While the main mold was drying, a separate mold was constructed for the upright tail section.  This tail mold was constructed in the same manor as the main mold.


After the molds dried, the MDF form was removed, and the top and bottom halves were separated and cleaned.  The tail section was also removed from its form, separated, and cleaned.
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The construction of the carbon fiber skin could now begin.  The mold was coated with a silicon spray to ensure the resin would not fuse with the plaster mold.  The carbon fiber was cut into manageable strips and set into the plaster mold.  A polymer bag was placed over the carbon fiber.  Builder’s sand was used as a filler to keep the carbon fiber pressed into place.  After the carbon fiber set for 2 days, the sand was removed and a heat gun was used to heat the carbon fiber and activate the resin.  After the carbon fiber cooled, excess carbon fiber was trimmed.  Epoxy was used to smooth the surface of the carbon fiber.  The landing gear was then attached to the bottom half of the frame.  Basswood was used to add rigidity to key areas such at the hover fan walls, and the cockpit portion of the plane.  This wood was also to mount the servos, and to provide screw down points for the hatches.  Once the servos were in place, the two halves were tacked together using CA glue.  Final trimming was at this time.  Strips of carbon fiber were used in conjunction with epoxy to make certain the two halves would not separate, and to make a smooth surface on the seam.


Control surfaces and munitions deployment doors were constructed by sandwiching three layers of carbon fiber with epoxy.  These surfaces were attached to the plane using nylon hinges that were glued in place.  Control horns were attached to the control surfaces and munitions deployment doors.  These control horns were attached using CA glue.


Hatches were cut into the top of the plane in four key locations: the nose, the two sides, and the rear.  All of these locations allow easy access to the servos in the plane, as well as access to point for storing the payload, and for running the wiring.  The Hatch doors were glued to nylon hinges, and the hinges were then glued to the plane.  The loose end of the hinge was then screwed into wood that was placed in the support structure for this purpose.  The plane was then given to the painter for the custom paint job.


Once the paint job was complete, the motors were mounted in the plane, the wiring for the motors, batteries, and receivers was run, and the batteries and receivers were mounted in the strategic places to best balance the plane.  The plane was then balanced using small amounts of lead weights.

3.3 Cooling System Design


Our final design for our aircraft has the entire system running with electricity.  All of the current running through the batteries, wires, and motors will cause the temperature to rise significantly.  The heat causes the components to operate at less than optimum conditions, and could lead to damage.  Therefore, a system for cooling all the devices has to be found.


For the majority of our demonstration, of our aircraft will be in forward flight.  We have decided to utilize this in our design.  We are going to incorporate air intake ducts in the design of our carbon-fiber skin.  In the front of the nose we have made vent holes for cool air to flow into and cool the engines and wires.  This should provide the necessary cooling we need.

3.4 Design for Accessories

The model we are basing our design on has two compartments in the rear for the stock motors.  We have modified our design to fly with a pulling motor, so the two compartments in the back are left open.  We decided to utilize this space as our paintball ejectors.  The two compartments will house their own individual paintball and the servomechanism to open the door for ejection.  Having these ejection chambers in already designed space kept us from having to make room in the inside body of the plane, and puts added weight in the rear of the aircraft to help balance the weight of the front motor and batteries.


Our final landing gear design is in a fixed position.  Because we cannot retract it, it will act as a blunt body and cause drag to slow our UAV.  We have custom made the landing gear that we are using, thus allowing ourselves to make the landing gear as lightweight and aerodynamic as possible.  

There are several different types of tires available to a person making landing gear.  The two main categories are foam and rubber.  The foam tires are the ones we decided to use. They will give more cushion on impact in a vertical landing.  They will be about two inches in diameter.

In an aircraft of this nature, it is crucial that all the accessories and motors are kept in place.  If any of these items slip or shift during flight, it could cause damage or devastation to the aircraft and onlookers.  The motors are held in place using a specially designed motor mount and model adhesive.  The motor mount will provide a steady platform to keep the motors from shifting.  They are also lightweight, which is very important.  The batteries are also going to need clamping of some kind.  What we have used is Velcro.  Velcro would provide a lightweight way of holding the batteries still during flight and then be able to remove them for charging.  The camera simulator is held in by glue.  For the servos and autopilot, we used thin wood mountings.  We glued in the servos and also screwed them in.  We have glued the wood to the carbon fiber of the plane.  This should provide a steady base for the servos and autopilot.  

3.5 Accessories


In our final design, we have decided to use one camera simulator.  This decision was reached for two main reasons.  One reason is that autopilot has a port for only one camera; the other is because the UAV’s overall weight is becoming more of a concern.  This single simulator is, at present, going to be placed facing straight down at a 90 degree angle to the plane of our UAV’s forward flight.  The camera bay has been designed to mount on the rear of the plane, between the two munitions deployment units.  The position for the camera bay was chosen based on the following reasons; the first was the need for weight to be balanced perfectly around the hover fan necessitated more of our hardware to be moved more toward the rear of the aircraft, and the second was it will allow us to see exactly where the paintballs will be dropped.

3.6 Ailerons

The two ailerons, one at the outer trailing edge of each wing, are movable surfaces that control movement about the longitudinal axis. They control the horizontal tilting of the aircraft or the roll.  Normally, lowering the aileron on one wing raises the aileron on the other.  However, in ours, they are independent of each other so that they can act as elevators as well as ailerons at the same time.  The wing with the lowered aileron goes up because of its increased lift, and the wing with the raised aileron goes down because of its decreased lift. The effect of moving either aileron is aided by the simultaneous and opposite movement of the aileron on the other wing.  The use of independent ailerons will enable the aircraft to achieve lift as well as a roll effect.  The use of a rudder is not anticipated because the ailerons will be used to tilt the aircraft enough for it to turn left and right about the z-axis.  Pushrods will connect the ailerons to servos that will control their movement.  They are on one servo located on each wing of the aircraft.  This allows each servo to independently control the aileron on each wing.  This design will cut down on the amount of control surfaces needed since it eliminates the need for rudders and elevators.

3.7 Hover Fan Cover

The hover fan cover will be used to create a smoother airflow over the top region of the aircraft.  They will be set up like two to four window blinds that will open and close when needed.  The control will be one servo located on top of the plane adjacent to the hover mechanism.  There are a few different options for this design.  Pushrods will be utilized to connect the two surfaces and allow for smooth movement of all of the blinds simultaneously.  This part of the design was disregarded due to time and money constraints.

3.8 Torque Eliminators

The use of the torque eliminators will be used for the control of motion and optimization of the hover fan.  They will be located underneath the hover device and will be used to help rotate the aircraft while in hover mode.  The setup will allow for the control surfaces to be tilted back and forth and closed during forward flight.  One servo under the belly of the plane will be used for the actuating of the surfaces.  They will be four or more rotating surfaces that will be controlled by this servo.  This part of the design was disregarded due to time and money constraints.

3.9 Munitions Deployment

The munitions deployment device is located in the current models engine bays at the rear of the aircraft.  It will act as a drop chute for the paintballs and will rely on gravity for acceleration.  The motion is controlled by two servos mounted between the two bomb bays.  Located in the rear, the servos will rotate one direction and push a spring-loaded pushrod that will lower bomb bay 1 and 2. When the servo returns to neutral the spring will close the bomb bay door.  .  The paint balls will be dropped out as the floor is lowered from under them and fall to earth like a bomb.  

3.10 Hover Design

The ability of our model to hover is the task of our hover fan.  The hover fan is an assembly of two counter rotating propellers that are placed one on top of the other.  The first propeller is an 11X3 tractor propeller.  The low pitch allows us to spin the prop at very high RPMs giving us maximum thrust in static conditions.  The second propeller is no longer at static conditions because the first propeller has accelerated the air to 23 mph.  This requires a larger pitch to maintain thrust.  The 11X7 should give us ample thrust from the hover fan to achieve stable hover of the model.  A separate Hacker Brushless B-20 15L motor will power each propeller.  These motors have a reduction gearing on them of 4.4:1 and still only weigh 2.4 oz.  This allows us to maximize motor RPM without exceeding the current limit of 15 A.  A detailed look at the hover performance can be found in 6.6 Appendix - Hover performance.  Two thunder power TP2100 3S LiPoly batteries with 11.1 V and 2100 mAh with a max discharge of 6 times the capacity of the battery will supply power to each of the motors.  A Hacker 18 3P speed control will allow us to control the amount of power going to each motor.  The speed control comes with a Battery Eliminator Circuit (BEC) witch will automatically shut off the motor if the battery drops to a certain charge.  This is to allow the battery to power the servos to get you home and land safe.  The total system should produce 61 oz. of thrust to hover a model that weighs in at about 56 oz.

3.11 Propulsion Design

Using a program called motocalc a person can determine theoretical electric flight expectations.  All figures in the next few pages are actual data for our project.  The project interface is shown in figure 7 below.  This GUI allows the user to choose a motor, battery, drive system, speed control, and airframe from a large database of existing products on the market, or one can even design there own.  The filter allows the user to set limitations of operation so as to narrow down the results when they hit the compute button.
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Figure 7 Project Interface

Once the user selects the compute report button a new window shown in figure 8 appears, showing the user static analysis of the options available with the selected equipment. A black selection is a good result; the red ones signify a stalled propeller.  In this screen there is only one non-stalled propeller option.  This option calls for a 9X6 propeller and an 11.1V battery putting out 23.9 A and a prop rpm of 10,691.  At 100% throttle the model will have a rate of climb of 862 ft/min and a flight time of 15min and 49 seconds.  However hands off flight can be obtained at 76% throttle, which results in over 45 minutes of flight time.  Over all we expect flight times of around 30 minutes.
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Figure 8 Static Analysis
By selecting the in-flight button, figure 9 will open and display the expected flight performance at the default 100% throttle.  From here you can click on the opinion button, which displays the opinion that the program has on the performance of the airplane and how it will handle in easy to understand descriptions, which can be seen in figure 10.  This states that the model should be able to readily loop from level flight as well as take off from grass or short take offs when on pavement.  This is the option that we have chosen for our model.  We feel that it delivers more than adequate performance for the aircraft while keeping it light enough that the hover fan will still lift the airplane.
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Figure 9 In-Flight Analysis
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Figure 10 Programs Opinion of the choice
4.0 Testing

The tests taken on the prototype revolutionary munitions aircraft involved weight distribution, engine efficiency, and control surface optimization. The tests to be done on the engines alone will require an applied load to a prop connected to the engine/s.  The thrust from the engines will need to be enough to lift this applied load at a constant rate.  The Twin Jet motors were used in the test flight of the Twin Jet.  They provided enough thrust for the Foam model to maintain forward flight.  However, the amount of thrust required for the reconstructed aircraft will in turn be much higher.  Our engines will be tested in the manner aforementioned and are anticipated to provide ample force for the prototype design (see operations manual).  The engines that were stuck in customs are on their way and will be able to be tested as soon as they are in the group’s possession.    

No wind tunnel testing will be administered because of cost and accessibility.  The cost of running the wind tunnel at FSU was more than the total amount allocated for this project.  

The 9-channel controller was tested on the original twin Jet model aircraft.  The sensors and controller were compatible and practice flights were executed.  The result of the test flight was a crash landing that was due to the motor and battery not being tightly secured to the cockpit.  The shifting of the battery caused the center of gravity to be thrown off.  One propeller was a casualty of the crash landing.  From this test it was learned that all components should be securely attached to the aircraft to prevent shifting and compromised equilibrium.    Also, the takeoff should always begin with the aircraft at full throttle.  One side of the controller will control the hover prop and another will control forward flight.   The final testing will be administered when the motors are in our possession and the aircraft is fully operational.  

A magnetic prop balancer was used to test the propellers.  The props were tested using two opposite magnets and a rod that was pushed through the propeller.  The propellers were then spun on the rod in between the two magnets.  If the props spun without wobbling or shaking, then they were properly balanced.  Any type of instability during this test proved the props inadequate.  The propellers that were tested all turned out to be adequate for efficient flight support.  

5.0 Conclusions

There have been many conclusions we have come to from being involved in this project.  We would definitely spend more time in the beginning figuring out how to construct such a plane.  This would include how to use and mold carbon fiber.  Since this is what our aircraft is made out of it is of most importance to have been familiar with the way carbon fiber should be worked with.  

The purchasing system here at the engineering school is not very good.  First of all, when we are told you have 5,000 dollars to make a plane to fly and hover it is a ridiculous request considering all the money being put into projects like this one all around the country.  But we managed to budget out the 5000 dollars in order to get what we needed, only to find out that the school can take away any amount of cash they need or want to at anytime.  This affected our molds for the aircraft in a negative way.  We in turn had to use molds made out of the lowest quality material.  We needed a detailed way of making these molds and we were not able to do so.  We did not use the best process for making a carbon fiber mold.  When we found out what the best way was, we had already begun construction.  When we picked up the carbon fiber from Eglin, we found that the best way to make the carbon fiber mold was to use a two-part mold and vacuum seal the two molds with the carbon fiber.  This would have reduced the amount of lumps and air pockets in the carbon fiber mold.  It would have also made it easier to epoxy the two parts of the mold together.

We also had to fight the technology battle:  power vs. weight.   The power of the motors needed was proportional to the weight of the batteries needed run them.  This caused weight issues to be a huge concern.  The anticipated weight of the carbon fiber model was 5 oz.  However, upon construction, the weight of the aircraft came out to be 16 oz., which was 11 oz more than the estimated weight.  This in turn created problems for the efficiency of the engines.  Luckily, the engines used were more than powerful enough for the anticipated weight.  Once positron technology is available the plane would be able to fly with less weight restriction and more power.  


(The rest depends on weather or not it flies!)

6.0 Appendix
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6.1 Appendix – Code of Conduct

Eglin III

Revolutionary Munition Project Code of Conduct
Members:

Mike Raabe

Adam Merritt

David Smith

Brian Arent

Each Person in this group must adhere to these rules and regulations:

· Respect for others

· Listen to each other and care for one another

· Be open to other ideas contrary to you’re own

· Do the work that is assigned to you

· Show up on time to group meetings

· Be helpful to others

· Be a communicator

· Ask questions if you’re not sure

· Put in effort

· Talk with Ken Edwards biweekly

· Have FUN!!

Members Signatures:

​​










6.2 Appendix Instruction Manual

I) Introduction

Congratulations on acquiring the newest innovation in unmanned combat aerial vehicles.  The following manual is a basic description of the E-37, its uses, and how you can perform them.  There is a supplemental CD that is included with this instruction manual.  The CD contains a digital copy of this manual as well as the instruction manuals for both the Futaba 9CAP, and 6EXA radio control systems.  This will aid in your use of the controllers themselves as they are some of the most advanced controllers on the market and require expert set up.  For your safety and the safety of others we ask that you read through all of the supplied readings before attempting to use your E-37.

II) Cautions and Safety Tips

Please read through the following Safety Tips because safety comes first.  Safety tips are also listed throughout the rest of the manual for specific items within their respective section.

· Before every flight check that the motors and propellers are in place and secure – especially after transporting the model, and after hard landings and crashes. 

·  Check also that the frame is whole and in tacked before each flight.

· Don’t plug in the battery until you have switched on the transmitter, and you are sure that the motor control on the transmitter I set to “OFF”.

· When the model is switch “ON”, ready to fly, take care not to touch the propeller.  Keep clear of the propeller and ask spectators to stay back.

· Allow the motors to cool down after each flight.  You can check this by carefully touching the motor case with your finger.  The temperature is correct when you can hold you finger on the case without a problem.  On hot days this may take 15-20 minutes.

· Please keep in mind at all times that planes are not toys and you should not fly towards people or animals.

· Radio Controlled models, and especially model aircraft are very dangerous and can cause severe damage or injury and we ask that you keep this in mind when operating the E-37.

III) Parts List

Table 1 Parts List

	Product
	Part #
	Description
	Cost (USD)
	QTY REQ

	Frame
	
	
	
	

	Carbon Fiber body
	
	
	
	1.0

	Servos
	
	
	
	

	Elevrons  
	FUTM0034
	S3102 aircraft micro
	$39.99
	2.0

	Front Wheel
	FUTM0034
	S3102 aircraft micro
	$39.99
	1.0

	Paint ball dropper
	FUTM0034
	S3102 aircraft micro
	$39.99
	2.0

	Control Horns
	GPMQ3900
	Small Nylon 2-pack
	$0.99
	2.0

	Control Horns
	GPMQ3901
	Large Nylon 2-pack
	$0.99
	2.0

	Control arms w/ kwik links
	GPMQ3783
	2-56 steel clevis with 12" pushrod
	$1.00
	5.0

	Servo extension wires
	BUKM2055
	12 in
	$3.40
	2.0

	Servo extension wires
	BUKM2060
	24 in
	$4.70
	1.0

	Controllers
	
	
	
	

	6 channel
	FUTK 55
	6EXA
	$179.99
	1.0

	Receiver
	R127DF
	
	$0.00
	1.0

	9 channel
	FUTJ 87
	9CAP
	$449.99
	1.0

	Receiver
	R149DP
	
	$0.00
	1.0

	Accessories
	
	
	
	

	Paint balls
	
	
	$0.27
	2.0

	Wheels 3"
	DUB 300SL
	2 pack of ultra light wheels
	$6.75
	3.0

	Landing gear rear
	GPMQ1830
	
	$9.99
	1.0

	Socket head bolts
	GMPQ3052
	8 - 32 1 1/2" pack of 4
	$1.29
	2.0

	Landing gear front
	GPMQ4261
	
	$5.49
	1.0

	Brass Wheel Collars
	GPMQ4306
	Package of 4
	$1.39
	2.0

	Prop balancer
	
	Magnetic prop balancer
	$25.00
	1.0

	Battery charger
	
	Triton battery charger
	$150.00
	1.0

	Electric Propulsion
	
	
	
	

	Brushless (vertical)
	Hacker
	B20 15L 4.4:1
	$140.00
	2.0

	Vertical speed control
	Hacker
	Master 18-3P
	$85.00
	2.0

	Propeller
	APC Sport
	11X3
	$2.86
	1.0

	Propeller
	APC Pusher
	11X7
	$4.54
	1.0

	Prop nuts
	GR605331
	Prop shaft adapter 3.2mm
	$5.50
	2.0

	Battery (Li-ion) 11.1V
	TP2100-3S
	2100mAh
	$79.95
	2.0

	Brushless (horizontal)
	Hacker
	B40 9S 4.4:1
	$229.00
	1.0

	Speed control
	Hacker
	Master 40-3P
	$109.00
	1.0

	Spinner
	DUB273
	2 in black spinner
	$4.65
	1.0

	Prop adapter
	GR288/2
	4mm collets F/PR adapter
	$5.70
	1.0

	Prop nut
	GR288/2N
	Prop nut for GR288/2
	$1.00
	1.0

	Propeller
	APC Sport
	9X6
	$2.29
	1.0

	Battery (Li-ion) 11.1V
	TP6000-3S3P
	6000mAh
	$173.00
	1.0


IV) Charging info for Batteries

Thunder Power Batteries supplied the following information.  The proper care of these batteries is very important and the manufacturer has the most in-depth information to ensure your safety.  All information pertaining to the batteries supplied can be found as the bold items in the tables.

Lithium Polymer batteries are volatile.  Failure to read n follow the below instructions may result in fire, personal injury and damage to property if charged or used improperly.

General Guidelines and Warnings:

1) Use specific Lithium Polymer charger only.  Do not use a NiMH or NiCd charger – Failure to do so may cause a fire, which may result in personal injury and property damage.

2) Never charge batteries unattended.  When charging LiPo batteries you should always remain in constant observation to monitor the changing process and react to potential problems that may occur.

3) Some LiPo chargers on the market may have technical deficiencies that may cause it to charge the LiPo batteries incorrectly or at an improper rate.  It is your sole responsibility to assure that the charger you purchase works properly.  Always monitor charging process to assure batteries are being charged properly.  Failure to do so may result in fire.

4) If at any time you witness a battery starting to balloon or swell up, discontinue the charging process immediately, disconnect the battery and observe it in a safe place for approximately 15 minutes.  This may cause the battery to leak, and the reaction with the air may cause the chemicals to ignite, resulting in fire.

5) Since delayed chemical reaction can occur, it is best to observe the battery as a safety precaution.  Battery observation should occur in a safe area outside of any building or vehicle and away from any combustible material.

6) Wire lead short can cause fire!  If you accidentally short the wires, the battery must be placed in a safe area for observation for approximately 5 minutes.  Additionally, if a short occurs and contact is made with metal (such as rings on your hand), severe injuries may occur due to the conductibility of electric current.

7) A battery can ignite even after 10 minutes.

8) In the event of a crash, you must remove the battery for observation and place it in a safe open area away from any combustible material for approximately 15 minutes.

9) If for any reason you need to cut the terminal wires, it will be necessary to cut each wire separately, ensuring the wires do not touch each other or a short will occur, potentially causing a fire.

10) To solder a connector: Remove insulating tape of Red wire and solder to positive terminal of a connector, then remove insulating tape of Black wire and solder to the negative terminal of connector. Be careful not to short the wire lead.  If you accidentally cause the battery to short, place it in a safe open space and observe the battery for approximately 15 minutes.  Battery may swell or even possible catch fire after a short time.

11) Never store battery pack inside your car in extreme temperatures, since extreme temperature could ignite fire.


How to charge Thunder Power Li-Polymer batteries:

1) Never charge batteries unattended.

2) Charge in an isolated area, away from other flammable materials.

3) Let battery cool down to ambient temperature before charging.

4) Do not charge battery backs in series. Charge each battery pack individually. Failure to do so may result in incorrect battery recognition and charging functions. Overcharging may occur and fire may be the result.

5) When selecting the cell count or voltage for charging purposes, select the cell count and voltage as it appears on the battery label. As a safety precaution, please confirm the information printed on the battery is correct. 

6) Selecting a cell count other than the one printed on the battery (always confirm label is correct), can cause fire.

7) You must check the pack voltage before charging. Do not attempt to charge any pack if the open voltage per cell is less than 3.3 volts.

Table 2 Pre Charging Voltages

	Voltage before charging
	Status

	2SXP 6V or higher
	Good Condition

	3SXP 9V or higher
	Good Condition

	4SXP 12V or higher
	Good Condition


Select number of cells or voltage for charging (**incorrect cell count may cause fire)

Table 3 Cells and Voltages for Charging

	Select number of cells or voltage for charging

	2s2p, 2s3p, 2s4p = 2Cell or select 7.4V 

	3s2p, 3s3p, 3s4p =3Cells or select 11.1V 

	4s2p, 4s3p, 4s4p=4Cells or select 14.8V 




8) You must select the charge rate current if not listed below, limit charge current to 1C. A higher setting may cause fire.

Table 4 Charging Current

	Capacity
	1C
	Charge Current
	Thunder Power Charger

	730mAh
	730mAh
	700mAh to 750mAh
	750mAh

	860mAh
	860mAh
	750mAh to 860mAh
	750mAh

	1300mAh
	1300mAh
	1000mAh to 1300mAh
	1250mAh

	1900mAh
	1900mAh
	1500mAh to 1900mAh
	1500mAh

	2100mAh
	2100mAh
	1500mAh to 2100mAh
	2000mAh

	7800mAh
	7800mAh
	2000mAh to 7800mAh
	2000mAh

	8200mAh
	8200mAh
	2000mAh to 8000mAh
	2000mAh


First discharge: 

Keep the flight time to six-minute sessions with fifteen-minute breaks. 

Storage and transportation:

1) Store battery at room temperature between 40 and 80 degrees Fahrenheit for best results. 

2) Do not expose battery pack to direct sunlight (heat) for extended periods.

3) When transporting or temporarily storing in a vehicle, temperature range should be greater than 20 degrees Fahrenheit but no more than 150 degrees Fahrenheit.

4) Storing battery at temperatures greater than 170 degrees Fahrenheit for extended periods of time (more than 2 hours) may cause damage to battery and possible fire.

Caring for battery:

1) Charge battery with good quality lithium polymer charger. A poor quality charger can be dangerous. 

2) Set voltage and current correctly (failure to do so may cause a fire).

3) Please check cell voltage after the first charge. Table below shows acceptable values:

Table 5 Post Charging Voltages

	After charging, Check battery voltage with a DVM, voltage should read:

	2Cells or 2SXP Fully charged voltage: 8.4V (8.32 to 8.45)

	3Cells or 3SXP Fully charged voltage: 12.6V(12.48V to 12.68V) 

	4Cells or 4SXP Fully charged voltage: 16.8V(16.64 to 16.90V) 


4) Do not discharge battery to a level below 3 volts per cell under load. Deep discharges below 3 volts per cell can deteriorate battery performance.

5) Use caution to avoid puncture of the cell. Puncture of cells may cause fire.

Operating Temperature:


Charge: 32 to 113 degrees Fahrenheit


Discharge: 32 to 149 degrees Fahrenheit

1) Let battery cool down to an ambient temperature before charging. 

2) During discharge and handling of batteries, do not exceed 160 degrees Fahrenheit.

Battery Life:

Batteries that lose 20 percent of their capacity must be removed from service and disposed of properly.

Discharge the battery to 3 volt per cell, making sure output wires are insulated then wrap battery in bag for disposal.



Charger specific settings: 

· For Triton Charger, reset timer to 5 hours (If use with 7.8AH and 8.2AH batteries)

Do not use Orbit charger with 6.1 firmware (use 6.2 firmware or higher)

For Schulze chargers with version 8 (Cell count must be set correctly for every charge, or may cause fire)

V) Motor limitations

The motors that are supplied with this aircraft are both from Hacker Brushless USA.  The B20 15L is the smaller of the two motors.  It is used to supply the E-37 with enough thrust to take off vertically.  The B40 9S is the larger motor capable of flying this aircraft at speeds up to 58 mph.  The following table has some important size information about the motors.

Table 6 Brushless Motor Sizes

	Specifications
	Weight
	Weight+PG
	Shaft Dia.
	Shaft Dia +PG
	Shaft Length

	B40 "S" Series
	4.6 Oz. 
	6.5 Oz.
	3.17mm
	4mm
	12mm

	B40 "L" Series
	5.6 Oz. 
	7.5 Oz.
	3.17mm
	4mm
	12mm

	B20 "S" Series
	1.4 Oz. 
	1.8 Oz.
	2.3mm
	3mm
	10mm

	B20 "L" Series
	1.8 Oz. 
	2.4 Oz.
	2.3mm
	3mm
	10mm


Tables 7 & 8 list the motor constants that can be used to estimate the performance of the motors and allow you to choose the best one for your application.  The higher the Kv the faster the motor will turn, so a high Kv will result in a high top speed.  The higher Kv motors tend to have a higher Io which usually results in less thrust because the motor reaches its limits before the full use of its torque can be utilized.

Table 7 B20 Series Motor Constants

	B20 Series

	Motor 
	RPM/V (Kv) 
	Resistance (Ri) 
	Idle Current (Io)

	B20 31S 
	2903
	0.219
	0.25

	B20 26S 
	3463
	0.155
	0.35

	B20 22S 
	4091
	0.108
	0.55

	B20 26L
	2077
	0.197
	0.2

	B20 18L 
	3086
	0.092
	0.4

	B20 15L 
	3704
	0.064
	0.7

	B20 12L 
	4629
	0.041
	1.1


Table 8 B 40 Series Motor Constants

	B40 Series

	Motor 
	RPM/V (Kv) 
	Resistance (Ri) 
	Idle Current (Io)

	B40 8S
	5325
	0.0092
	3

	B40 9S
	4733
	0.0118
	2.1

	B40 10S
	4260
	0.0146
	1.75

	B40 11S
	3873
	0.0175
	1.53

	B40 12S
	3550
	0.0213
	1.4

	B40 18S 
	2367
	0.0486
	0.74

	B40 8L
	3750
	0.0112
	2

	B40 9L
	3333
	0.0143
	1.7

	B40 10L
	3000
	0.0177
	1.29

	B40 12L 
	2500
	0.0258
	1.08

	B40 18L 
	1667
	0.0589
	0.61


The motors are pushed to their limits when flying the E-37.  Both motors are capable of spinning at extremely high speeds that would cause bodily injury.  Please keep this in mind when you are operating the E-37.

Table 9 Motor Limits

	
	Max

	
	RPM
	Volts
	Current
	Power

	B20 15L
	50000
	12 V
	15 A
	180 W

	B40 9S
	60000
	12 V
	25-30 A
	360 W


The motor’s power is regulated by the two speed controls listed in Table 10 Speed Control Sizes.  They receive a signal from the controller and give the motor the amount of power you tell it to supply.  The battery and the motor are both connected to this small device.  It serves as an electronic throttle.

Table 10 Speed Control Sizes
	Part #
	Amps
	Cells
	Bec/Servos
	Size
	Weight

	Master 18-3P
	18
	6-10
	Yes/4
	1.5”x.9”x.35”
	.52 oz.

	Master 40-3P
	40
	6-12
	Yes/4-5
	2.5”x1”x.4”
	1.1 oz


VI) Wiring of the E-37

Vertical Flight:

1) Connect the two Master18-3P speed controls to the R127DF receiver into channel 3 for the top motor and channel 1 for the bottom motor.

2) Connect the two B20 15L brushless motors to the Master 18-3P controllers.

3) After the controller is turned on and the throttles are in the neutral position, connect the TP2100 3S batteries one to each of the Master 18-3Ps.  If the controller is turned off the throttle will run wide open and the propellers could cause sever injury or damage.

Horizontal flight:

1) Connect the Master40-3P speed control to the R149DP receiver into channel 3 for the throttle of the B40 9S motor.

2) Connect the B40 9S motor to the Master40-3P.

3) After the controller is turned on and the throttle is in the neutral position, connect the TP6000 3S3P battery to the Master 40-3P.  If the controller is turned off the throttle will run wide open and the propellers could cause sever injury or damage.

Controls of the accessories:

1) Connect the servo wire for the front steering wheel to channel 4 on the R149DP receiver.
2) Connect the servo wires for the elevrons to channels 1 & 2 on the R149DP receiver.  Make sure the connections are not backwards or the plane will turn right when you tell it to go left.
3) Connect the servo wires for the bomb bays to the channels that you are most comfortable with on the R149DP receiver.
Test all controls while on the ground so an error will not cause a catastrophic aerial accident.
VII) Controller configurations

The controllers for this project are very advanced and it is not recommended that you try and operate the E-37 without reading the operation manuals for those products as well.  The 9 CAP controller handles the throttle for forward flight on channel 3, the steering wheel on channel 4, the elevrons are controlled by channels 1 &2.  The paint ball droppers can be adjusted to any of the other channels, as they are all switch channels.  Futaba’s 6EXA is used to control the two throttles for vertical flight.  Please read the files supplied to you on the CD to find out how to program the controllers to make your flying experience as effective as possible.

VIII) Final Thoughts

· Before attempting your first flight please run a range test on your controllers.  Also make sure that your controller is on a different channel than the other controllers around, or you will get interference and you will lose control.

· Flight times will vary depending on the percentage of throttle that you run it at.

· There is enough power for about 15 minutes of hover.

· Forward flight can be as short as 15 minutes and as long as 45 minutes, depending on throttle percentages.

We hope that the E-37 is capable of everything that you expected and you enjoy the benefits of owning the worlds most advanced small UCAV.

Brian Arent, Adam Merritt, Mike Raabe, Dave Smith

6.3 Appendix Meetings

Meeting 1

September 9, 2003

11:00-11:15 A M

The first meeting on the phone to Eglin Air Force Base was to Kenneth Edwards.  We called him from Adams apartment and talked to him on speakerphone. The topics discussed are as follows:

1) Gain better familiarity with the project

2) Try to get an idea of what Kenneth Edwards wants

This first meeting was brief but very helpful in order to gain knowledge of the project and what is expected.  Listed below are questions and answers from the meeting:

What about cameras?   Just one nose camera

How much flight time?  30 min - 1 hour 

What kind of wingspan are we looking at?  2’ is best, but up to 3’ if necessary

How fast does it need to go?  30 mph

What is the range the plane needs to fly?  3 km

Next Meeting:  11:00 PM.  October 23, 2003

Meeting 2

September 23,2003

11:17 - 11:28 AM 

The first question we had coming into this meeting was whether or not we were going to 

be able to do our project.   It turned out everything is fine and the project is a go.  We also talked more on the GPS autopilot.  Questions and answers are listed below:

Is the project a go?   “No hang ups on our end.”  So it sounds ok on their end.

Any news on Auto Pilot GPS?  Spoke w/ Kerri Fowler.  Off the shelf item, flies to wave points.  Can it work with hover. 

Do we have funding?  Yes:  Plan on $4-5000. Go up to $12000 if necessary.

Things to do:  Make schedule and send it to him.  

Next Meeting:  12:00 PM.  October 7, 2003

Meeting 3

October 7, 2003

12:00 - 12:15 PM 

In this meeting we decided to tell Kenneth Edwards our realistic goals.  In a project of this scope, one could almost get buried if he tried to take on too much.  Our goals we shared with him are as follows:

1) Fly and hover for around 10 minutes

2) Drop paint balls instead of propelling them

3) One small camera

4) If we succeed in just the first goal we will all be happy

Ken Edwards felt good about these goals.  He knows making the plane fly and hover is main priority.

Meeting 4

October 21, 2003

12:00 - 12:15 PM

In this meeting we really did not get to much accomplished.  We were trying to get more information about the autopilot.  Ken had not yet checked into it with Jennifer Wilds.  We updated him on the design of how the plane will fly and hover in order to give him an idea of where we are in the design process.  He thought everything sounded great!

Meeting 5
November 4, 2003

12:00 - 12:25 PM

Along with talking to Kenneth Edwards, we also talked to Jennifer Wilds.  She was helpful in finding some of the products we need, such as the autopilot.  A summary of the meeting is listed below which was sent to us by Jennifer.

   1.FSU personnel have ordered model for making mold for the Airframe

   2.FSU has identified a source and phone number for having the mold made

   3. Per Jennifer Wilds, no autopilots are available at AFRL for FSU  to conduct this project. Ken Edwards said he would try to get some of these autopilots made available or that the Air Force would buy a unit for this project. Autopilots are needed by Dec 2003 to make schedule.

   4. Toray Manufacturing is a good supplier of bi-directional carbon fiber for making skin of airframe.

   5. There was discussion of having one or 2 cameras on model .One would be straight down. The other would lookdown from the nose at a TBD angle. Weight and battery size are key issues here.

   6. The batteries are to be lithium polymer type from Thunder Power.

  5700 milliamp hours and 8000 milliamp hours are being considered.

  Current draw on takeoff is to be less than 20 amps or less than 50 Amps.

   7. The motor is from Aveox. Jennifer Wilds also suggested 

considering Hacker motors. There was discussion of using AFRL

 facilities to lie up and cure the carbon fiber skin. Jennifer Wilds

 will get info

  8. FSU will get commercially available model and make a foam mold of it. They will then cast a ceramic copy from the foam mold Skin will be laid up on ceramic mold. (And filled with structural foam?)

 9. The cure cycle is 270 degrees Fahrenheit for approx 2 hours  (Please check with manufacturer.) 

Meeting 6

November 18, 2003

12:00 - 12:05 PM

We called Kenneth Edwards and got his answering machine.  We left him updates on the following topics:

1) Ordering the parts

2) Painting the aircraft

3) Update on our purchase orders

Other than the message we left there was no other contact.

6.4 Appendix WBS Diagram
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6.5 Appendix Schedule
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6.6 Appendix Hover Performance
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6.7 Appendix Pro E Drawings

Prop-nut Engineering drawing
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B20 15L Engineering drawing
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Various 3-D drawings 
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Figure 11 prop, motor, gearbox, and prop-nut
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Figure 12 Hover Fan
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Figure 13 Test motor mount

6.8 Appendix Battery Information

	TP2050-2S
	Thunder Power "Dynamic Power" LiPo Electric Flight Pack
2050 mAh, 2 cells (7.4V), 16 gauge wires
Rating: 6C Max Avg. Discharge
Output:7.4V Nominal, 2050mAh
Applications: Speed 400, AAA and AA replacement
Dimension: 50mm x 62mm x 12mm (77gr)

	TP2050-3S
	Thunder Power "Dynamic Power" LiPo Electric Flight Pack
2050 mAh, 3 cells (11.1V), 16 gauge wires
Rating: 6C Max Avg. Discharge
Output:11.1V Nominal, 2050mAh
Applications: Speed 400, AAA and AA replacement
Dimension: 50mm x 62mm x 18mm (114gr)

	TP2100-2SJ
	Thunder Power "Dynamic Power" LiPo Electric Flight Pack
2100 mAh, 2 cells (7.4V), JST connector
Rating: 6C Max Avg. Discharge
Output:7.2V Nominal, 2100mAh
Applications: Speed 400, Brushless 2/3A Sanyo,HeCell/Kan
Dimension: 34mm x 96mm x 12mm (85gr)

	TP2100-2S
	Thunder Power "Dynamic Power" LiPo Electric Flight Pack
2100 mAh, 2 cells (7.4V), 16 gauge wires
Rating: 6C Max Avg. Discharge
Output:7.2V Nominal, 2100mAh
Applications: Speed 400, Brushless 2/3A Sanyo,HeCell/Kan
Dimension: 34mm x 96mm x 12mm (85gr)

	TP2100-3S
	Thunder Power "Dynamic Power" LiPo Electric Flight Pack
2100 mAh, 3 cells (11.1V), 16 gauge wires
Rating: 6C Max Avg. Discharge
Output:11.1V Nominal, 2100mAh
Applications: Speed 400, Brushless 2/3A Sanyo,HeCell/Kan
Dimension: 34mm x 96mm x 18mm (127gr)

	TP8000-2S4P
	Thunder Power "Dynamic Power" LiPo Electric Flight Pack
8000 mAh, 2S4P cells (7.4V), 13 gauge wires
Rating: 5C Max Avg. Discharge
Output:7.4V Nominal, 8200mAh
Applications: Sub C replacement for 3D aircraft and helicopters
Dimension: 50mm x 125mm x 28mm (313gr)

	TP8000-3S4P
	Thunder Power "Dynamic Power" LiPo Electric Flight Pack
8000 mAh, 3S4P cells (11.1V), 13 gauge wires
Rating: 5C Max Avg. Discharge
Output:11.1V Nominal, 8200mAh
Applications: Sub C replacement for 3D aircraft and helicopters
Dimension: 50mm x 185mm x 28mm (460gr)

	TP8000-4S4P
	Thunder Power "Dynamic Power" LiPo Electric Flight Pack
8000 mAh, 4S4P cells (14.8V), 13 gauge wires
Rating: 5C Max Avg. Discharge
Output:14.8V Nominal, 8200mAh
Applications: Sub C replacement for 3D aircraft and helicopters
Dimension: 50mm x 245mm x 28mm (616gr)

	TP8000-5S4P
	Thunder Power "Dynamic Power" LiPo Electric Flight Pack
8000 mAh, 5S4P cells (18.5V), 13 gauge wires
Rating: 5C Max Avg. Discharge
Output:18.5V Nominal, 8200mAh
Applications: Sub C replacement for 3D aircraft and helicopters
Dimension: 50mm x 305mm x 28mm (772gr)

	TP1900-2SJ
	Thunder Power "High Power" LiPo Electric Flight Pack
1900 mAh, 2 cells (7.4V), JST connector
Rating: 6C Max Avg. Discharge
Output:7.4V Nominal, 1900mAh
Applications: Speed 400, AAA and AA replacement
Dimension: 45mm x 70mm x 12mm (77gr)

	TP1900-2S
	Thunder Power "High Power" LiPo Electric Flight Pack
1900 mAh, 2 cells (7.4V), 16 gauge wires
Rating: 6C Max Avg. Discharge
Output:7.4V Nominal, 1900mAh
Applications: Speed 400, AAA and AA replacement
Dimension: 45mm x 70mm x 12mm (77gr)

	TP1900-3S
	Thunder Power "High Power" LiPo Electric Flight Pack
1900 mAh, 3 cells (11.1V), 16 gauge wires
Rating: 6C Max Avg. Discharge
Output:11.1V Nominal, 1900mAh
Applications: Speed 400, AAA and AA replacement
Dimension: 45mm x 70mm x 18mm (114gr)

	TP5700-2S3P
	Thunder Power "High Power" LiPo Electric Flight Pack
5700 mAh, 2S3P cells (7.4V), 14 gauge wires
Rating: 5C Max Avg. Discharge
Output:7.2V Nominal, 5700mAh
Applications: 
Dimension: 45mm x 140mm x 22mm (243gr)

	TP5700-3S3P
	Thunder Power "High Power" LiPo Electric Flight Pack
5700 mAh, 3S3P cells (11.1V), 14 gauge wires
Rating: 5C Max Avg. Discharge
Output:11.1V Nominal, 5700mAh
Applications: 
Dimension: 50mm x 185mm x 22mm (363gr)


6.9 Appendix NASA Lectures

NASA Lecture on Propeller Thrust
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Most general aviation or private airplanes are powered by propellers. The details of how a propeller generates thrust is very complex, but we can still learn a few of the fundamentals using the simplified momentum theory presented here.

Propeller Propulsion System

On the slide, we show a schematic of a propeller propulsion system at the top and some of the equations that define how a propeller produces thrust at the bottom. The details of propeller propulsion are very complex because the propeller is like a rotating wing. Propellers usually have between 2 and 6 blades. The blades are usually long and thin, and a cut through the blade perpendicular to the long dimension will give an airfoil shape. Because the blades rotate, the tip moves faster than the hub. So to make the propeller efficient, the blades are usually twisted. The angle of attack of the airfoils at the tip is lower than at the hub because it is moving at a higher velocity than the hub. Of course, these variations make analyzing the airflow through the propeller a very difficult task. Leaving the details to the aerodynamicists, let us assume that the spinning propeller acts like a disk through which the surrounding air passes (the yellow ellipse in the schematic).

The engine, shown in white, turns the propeller and does work on the airflow. So there is an abrupt change in pressure across the propeller disk. (Mathematicians denote a change by the Greek symbol "delta" (Δ). Across the propeller plane, the pressure changes by "delta p" (Δ p). The propeller acts like a rotating wing. From airfoil theory, we know that the pressure over the top of a lifting wing is lower than the pressure below the wing. A spinning propeller sets up a pressure lower than free stream in front of the propeller and higher than free stream behind the propeller. Downstream of the disk the pressure eventually returns to free stream conditions. But at the exit, the velocity is greater than free stream because the propeller does work on the airflow. We can apply Bernoulli's equation to the air in front of the propeller and to the air behind the propeller. But we cannot apply Bernoulli's equation across the propeller disk because the work performed by the engine violates an assumption used to derive the equation.

Simple Momentum Theory

Turning to the math, from the basic thrust equation, we know that the amount of thrust depends on the mass flow rate through the propeller and the velocity change through the propulsion system. Let us denote the free stream conditions by the subscript "0", the conditions at the propeller by the subscript "p", and the exit conditions by the subscript "e". The thrust (F) is equal to the mass flow rate (m dot) times the difference in velocity (V). 

F = [m dot * V]e - [m dot * V]0 

There is no pressure-area term because the pressure at the exit is equal to the free stream pressure. The mass flow through the propulsion system is a constant, and we can determine the value at the plane of the propeller. Since the propeller rotates, we can define an area (A) that is swept out by the propeller of blade length (L). Through this area, the mass flow rate is density (r) times velocity (Vp), times area. 

m dot = r * Vp * A 

Substitute this value for the mass flow rate into the thrust equation to get the thrust in terms of the exit velocity, entrance velocity, and velocity through the propeller. 

F = r * Vp * A * [Ve - V0] 

We can use Bernoulli's equation to relate the pressure and velocity ahead of and behind the propeller disk, but not through the disk. Ahead of the disk the total pressure (pt0) equals the static pressure (p0) plus the dynamic pressure (.5 * r * V0 ^2). 

pt0 = p0 + .5 * r * V0 ^2 

Downstream of the disk, 

pte = p0 + .5 * r * Ve ^2 

At the disk itself the pressure jumps 

delta p = pte - pt0 

Therefore, at the disk, 

delta p = .5 * r * [Ve ^2 - V0 ^2] 

The force on the propeller disk is equal to the change in pressure times the area (force/area x area = force) 

F = delta p * A 

If we substitute the values given by Bernoulli's equation, we obtain 

F = .5 * r * A * [Ve ^2 - V0 ^2] 

Combining the two expressions for the the thrust (F) and solving for Vp; 

Vp = .5 [Ve + V0] 

The airspeed through the propeller disk is simply the average of the free stream and exit velocities.

[Note that this thrust is an ideal number that does not account for many losses that occur in practical, high speed propellers (like tip losses). The losses must be determined by a more detailed propeller theory, which is beyond the scope of these pages. The complex theory also provides the magnitude of the pressure jump for a given geometry. The simple momentum theory, however, provides a good first cut at the answer and could be used for a preliminary design.]

NASA Lecture on General Thrust Equation
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Thrust is the force which moves an aircraft through the air. Thrust is generated by the engines of the airplane. How is thrust generated?

Thrust is a mechanical force. It is generated through the reaction of accelerating a mass of gas. The gas is accelerated to the the rear and the engine (and aircraft) is accelerated in the opposite direction. To accelerate the gas, we need some kind of propulsion system. We will discuss the details of various propulsion systems on some other pages. For right now, let us just think of the propulsion system as some machine which accelerates a gas.

From Newton's second law of motion, we can define a force (F) to be the change in momentum of an object with a change in time (t). Momentum is the object's mass (m) times the velocity (V). So, between two times (t1) and (t2), the force is given by: 

F = ((m * V)2 - (m * V)1) / (t2 - t1) 

If we keep the mass constant and just change the velocity with time we obtain the simple force equation - force equals mass time acceleration (a) 

F = m * a 

If we are dealing with a solid, keeping track of the mass is relatively easy; the molecules of a solid are closely bound to each other and a solid will retain its shape. But if we are dealing with a fluid (liquid or gas) and particularly if we are dealing with a moving fluid, keeping track of the mass gets tricky. For a moving fluid, the important parameter is the mass flow rate. Mass flow rate is the amount of mass moving through a given plane over some amount of time. Its dimensions are mass/time (kg/sec, slug/sec, ...) and it is equal to the density (r) times the velocity (V) times the area (A). Aerodynamicists often denote this parameter as "m dot" (m with a little dot over the top). Note that "m dot" is not simply the mass of the fluid, but is defined to be the mass flow rate, the mass per unit time 

m dot = r * V * A 

Since the mass flow rate already contains the time dependence (mass/time), we can express the change in momentum across the propulsion device as the change in the mass flow rate times the velocity. We will denote the exit of the device as station "e" and the free stream as station "0". Then 

F = (m dot * V)e - (m dot * V)0 

A units check shows that we are dealing with mass/time x length/time = mass x length/ time squared. This is the dimension of a force. There is an additional effect which we must account for if the exit pressure (p) is different from the free stream pressure. The fluid pressure is related to the momentum of the gas molecules and acts perpendicular to any boundary which we impose. If there is a net change of pressure in the flow there is an additional change in momentum. Across the exit area we may encounter an additional force term equal to the exit area (Ae) times the exit pressure minus the free stream pressure. The most general thrust equation is then given by: 

F = (m dot * V)e - (m dot * V)0 + (pe - p0) * Ae 

Normally, the magnitude of the pressure-area term is small relative to the m dot-V terms. The nozzle of a jet engine is usually designed to make the exit pressure equal to free stream. In that case, the pressure term in the general equation is equal to zero and we can use the previous thrust equation. The force (thrust) is equal to the exit mass flow rate times the exit velocity minus the free stream mass flow rate times the free stream velocity. Since the exit mass flow rate is nearly equal to the free stream mass flow rate, and the free stream is all air, we can call the mass flow rate through the engine the engine airflow rate. 

Looking at the thrust equation very carefully, we see that there are two possible ways to produce high thrust. One way is to produce high thrust is to make the engine airflow rate as high as possible. As long as the exit velocity is greater than the free stream (entrance) velocity, a high engine airflow will produce high thrust. This is the design theory behind propeller aircraft and high-bypass turbofan engines. A large amount of air is processed each second, but the air velocity is not changed very much. The other way to produce high thrust is to make the exit velocity very much greater than the incoming velocity. This is the design theory behind pure turbojets and turbojets with afterburners. A moderate amount of airflow is accelerated to a high velocity in these engines. If the exit velocity becomes very high, there are other physical processes which become important and affect the efficiency of the engine. These effects are described in detail on another page.

For rocket engines, because the oxidizer is carried on board, the free stream mass flow rate is zero. So all of the thrust of a rocket engine is produced by the exit mass flow rate times the exit velocity. For gas turbine engines, we can absorb the engine airflow dependence into a more useful parameter called the specific thrust. For both rockets and turbojets, the nozzle performs two important roles. The design of the nozzle determines the exit velocity for a given pressure and temperature. And because of flow choking in the throat of the nozzle, the nozzle design also sets the mass flow rate through the propulsion system. Therefore, the nozzle design determines the thrust of the propulsion system as defined on this page. You can investigate nozzle operation with our interactive nozzle simulator. 

6.10 Appendix MotoCalc 

MotoCalc is a program for predicting the performance of an electric model aircraft power system, based on the characteristics of the motor, battery, gearbox, propeller or ducted fan, and speed control. You can specify a range for the number of cells, gear ratio, propeller diameter, and propeller pitch, and MotoCalc will produce a table of predictions for each combination. 

MotoCalc will predict weight, current, voltage at the motor terminals, input power, output power, power loss, motor efficiency, motor RPM, power-loading, electrical efficiency, motor RPM, propeller or fan RPM, static thrust, pitch speed, and run time. By producing a table of predictions, MotoCalc lets you determine the optimum propeller size and/or gear ratio for your particular application. 

MotoCalc can also do an in-flight analysis for a particular combination of components, predicting lift, drag, current, voltage, power, motor and electrical efficiency, RPM, thrust, pitch speed, propeller and overall efficiency, and run time at various flight speeds. It will also predict stall speed, hands-off level flight speed, throttle, and motor temperature, optimal level flight speed, throttle, and motor temperature, maximum level flight speed, rate of climb, and power-off rate of sink. 

MotoCalc's graphing facility can plot any two parameters against any other (for example, lift and drag vs. airspeed). 

If you have particular requirements, such as a minimum run time, maximum current, or maximum power loss (which is dissipated as heat), you can use MotoCalc's filter facility to filter out the unacceptable combinations. 

To reduce the amount of information you have to deal with, MotoCalc comes with a database of motors, cell types, gearboxes and propellers, speed controls, and filters. For example, the database contains over 850 motors (including the Astro, Aveox, Graupner, Keller, Kontronik, MaxCim, Plettenberg, and Robbe lines), and over 100 different cell types (including the entire Sanyo and SR lines, and common NiMH and LiPoly R/C cells). 

If the motor you are using is not included in the database, MotoCalc will help you figure out its parameters from test data, catalog information, or from the specs of another similar motor. And if you don't know the aerodynamic characteristics of your plane, MotoCalc's lift and drag coefficient estimator will make short work of determining them. 

Finally, if you are a newcomer to electric flight, MotoCalc's MotoWizard will ask you a few simple questions about your model and your preferences (such as brand of motor), and will then make suggestions as to the ideal power system. You can then use the rest of MotoCalc to investigate one or more of the suggestions in detail, and then use MotoCalc's MotOpinion feature to get a plain-English analysis telling you how the power system, and your plane, will perform. 

Glossary

Armature 

The armature is the part of the motor that turns. It is fastened to the motor's shaft. The armature has three or more poles which are wound with wire to produce magnetic fields. 

Turns or Windings 

The number of times the wire is wound around each pole of the armature is called the number of turns or windings. Some motors are wound with two, three, or four parallel strands of thinner wire instead of a single thick wire, known as a double-, triple-, or quad-wind, which is independent of the number of turns. For example, a 17-turn triple-wind motor has a set of three wires wound together around each armature pole 17 times. 

Commutator 

The commutator is part of the armature, and is responsible for controlling the flow of current to the windings on the different armature poles. As the armature rotates, different poles in sequence receive current. As each pole is energized, it temporarily becomes a magnet, which is then attracted or repelled by the permanent magnets in the motor. It is this constant changing of which poles are magnetized that causes the motor to rotate. 

Brushes 

The brushes supply the current to the commutator. As the armature turns, the stationary brushes slide over the different commutator segments in turn. Most motors have two brushes, although some of the larger motors may have four or more. Because of the constant friction, brushes eventually wear out. Except in the cheapest of motors, the brushes are readily replaceable. 

Timing 

Timing is the process of adjusting the position of the brushes relative to the motor's magnets to optimize the time at which the commutator switches the current from one armature pole to the next. Inexpensive motors cannot be timed. Those that can be should be adjusted according to the manufacturer's recommendations. 

Brushless Motor 

A brushless motor is one in which the windings are inside the motor case, and the magnets are on the armature. Since there is no need for current to reach the rotating armature, there is no commutator, and no brushes are needed. Instead, the windings are energized sequentially by a special electronic controller. 

Electronic Speed Control (ESC) 

This is an electric aircraft's throttle. It works by turning the power to the motor on and off at a high rate. The motor "sees" an average voltage based on the percentage of the time the power is on. 

High vs. Low Rate 

In the early days of electric flight, speed controls switched motor power on and off at the same rate that the transmitter sent control pulses to the receiver, usually about 50 times per second. This resulted in very inefficient motor operation at partial throttle, often causing overheating and permanent weakening of the motor's magnets. Modern speed controls switch the motor at a much higher rate, usually about 1,000 to 3,000 times per second, and do not cause such problems. 

Current Rating 

A speed control can handle only a certain amount of current before it overheats. They are generally rated by the amount of current they can handle continuously, and sometimes also by a maximum current they can handle for a few seconds. It is important to select a speed control whose current rating is at least as high as the current your motor will draw at full throttle. 

Arming Switch 

An arming switch prevents the speed control from applying power to the motor before you want it to (for example, if the receiver picks up a signal from another transmitter on your frequency). Many modern speed controls don't have an arming switch. Instead, they will not arm until they have first received a throttle-off signal for a few seconds.  

Battery Eliminator Circuit (BEC) 

A BEC (often pronounced "beck") provides power to your plane's radio system from the motor battery, instead of requiring you to install a separate radio battery. In a small plane, this can save a significant amount of weight. BECs generally have limits as to the number of cells and/or servos you can use.  

Sensorless 

This term applies only to ESCs for brushless motors. Because a brushless motor relies on electronics for switching the windings on and off, the controller must know the position of the armature shaft and its magnets. Many brushless motors have sensors in them that feed this information back to the ESC. Some brushless ESCs don't need these sensors, and instead detect the armature position by carefully monitoring the currents flowing through the power wires. Such controls are called sensorless.  

MOSFET or FET 

The term MOSFET, usually pronounced "moss-fett" is short for Metal Oxide Semiconductor Field Effect Transistor. A field effect transistor, or FET, is just one form of transistor technology, and a MOSFET is just a particular way of constructing a FET. FETs have the property that changing the voltage on the input (the "gate" lead) affects the resistance between the two output leads ("source" and "drain"). Modern MOSFETs have very low "on-resistance", meaning they can conduct large amounts of current without significant voltage and power losses. Remember that V = IR, and P = IV, so if R is lower, V will be lower for a given current, I, and if V is lower, P will be lower.  

Hall Sensor 

Brushless speed controls that are not sensorless need some sort of sensor to detect the position of the motor shaft as it rotates. Most commonly, these are Hall sensors. A Hall sensor uses a phenomenon known as the Hall effect to detect magnetic fields. Since the shaft of the brushless motor contains the motor's magnets, a Hall sensor is a simple way of detecting where the shaft is in its rotation. 
Battery and Cell 

These two words are probably the most commonly misused by e-flight beginners (and by the rest of the world too). Your flashlight does not use batteries. It uses cells. The cells together make up a battery. Examples of cells are typical AA, C, and D sized carbon-zinc, alkaline, or nickel-cadmium cells used in radios and other gadgets. Examples of batteries are 9V transistor radio batteries, and 12V car batteries, both of which are made up of cells. Electric model aircraft are usually powered by batteries made up of seven or more nickel-cadmium or nickel-metal-hydride cells. One such cell produces 1.2V. By comparison, an alkaline cell produces 1.5V, and a lead-acid cell produces 2V. However, alkaline cells cannot provide the high currents e-flight requires, and lead-acid cells are just too heavy. 

Nickel Cadmium (NiCd) 

The most commonly used type of cell in electric flight is still the nickel cadmium cell, often abbreviated to the chemical symbols for nickel and cadmium, "NiCd" (usually pronounced ny-cad). These cells can deliver very high currents, can be recharged hundreds of times, and are fairly light in weight for their capacity. 

Nickel Metal Hydride (NiMH) 

NiMH cells have higher capacity than NiCd cells of the same height and weight, but until recently, could not deliver the currents we need. The new SAFT and Panasonic 3000 cells have now reached the point of usefulness for our application. They have the same advantages as NiCd cells, with the added benefit of being environmentally friendly (the cadmium in NiCd cells is highly toxic, so they must be carefully recycled). 

Lithium Polymer (LiPoly) 

The newest electric-flight cell technology, really a specific type of Lithium Ion cell. LiPoly cells have a much higher power to weight ratio, although they cannot (at the time of this writing) deliver the high currents that NiCd cells are capable of. However, unlike NiCd or NiMH cells, they can be wired in parallel, increasing their current output capability. LiPoly cells have a nominal voltage of 3.7V, as opposed to the 1.2V of a NiCd or NiMH cell. LiPoly cells cannot be charged on a NiCd/NiMH charger. 

Milliamp-Hour Rating (mAh) 

A milliamp is just one one-thousandth of an Amp. The milliamp-hour rating of a cell indicates how many milliamps of current the cell can deliver for one hour. For instance, a 2000mAh cell can deliver 2000mA, or 2A, for one hour. The same cell can also deliver 20A for one tenth of an hour (six minutes). The higher the mAh rating of a cell, the longer it can provide power at a given current.   
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