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[bookmark: _Toc274572496]Introduction:
	The purpose of this design project is to integrate an electric ducted fan into the fuselage of a micro air vehicle (MAV). Fuselage design, duct design, and integrating the electronics as well as the fan into the fuselage are the main considerations for this project. Ultimately, the goal is to design three types of fuselages to demonstrate the effectiveness of the propulsion system and duct design. 
[bookmark: _Toc274572497]Product Specifications:
	
[bookmark: _Toc274572498]Existing MAV designs:
Generally MAVs have the basic design seen in figure 1. Because MAV design is such a fast growing field filled with possibilities new designs are being created all the time. The goal is to make them as small, as steady, and as fast as possible. Figure 1 below shows the MAV being propelled by a prop at the nose. Though this is by far the most common way to propel the MAV, flapping wings, fans, micro turbines, and various other techniques are being tested and implemented.                                                                                                                                                
Fuselage designs vary greatly depending on the needed dimensions and the propulsion system. This is also true with the integration of the components on to the MAV. Components can be permanently attached or attached using latches and other devices that would release the components.  
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Figure 1: MAV 
[bookmark: _Toc274572499]Selecting Components:
	Selecting the components has been the group’s main focus thus far in the project. A fan with sufficient thrust must be selected. A battery or batteries that can power this fan for an extended period of time is then needed. A speed control then must be attached that is compatible with both the motor and the battery. A receiver and transmitter must then be selected that will also work with the other components. This has been a very large task that involves a lot of searching and comparing of various products. Once the components have been selected the design process can move forward.  
[bookmark: _Toc274572500]Component Analysis:
Component analysis is a key part in creating a propulsion system that runs efficiently and to an acceptable standard.  The process entails selecting a fan that outputs a thrust great enough to move the vehicle at a desired speed, as well as selecting a battery and speed control that accommodates the voltage and current needed to run the fan.  All components are first chosen to be a part of a preliminary design and may or may not be used in the final design.
[bookmark: _Toc274572501]EDF (Electric Ducted Fan) Analysis:
In order to maximize the speed of the MAV (ideally 120 knots), a fan with the greatest amount of thrust output and still fit within our size constraints was chosen.    The EDF shown below outputs four kilograms of thrust and can be bought from airshowrc.com.
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Figure 2: 90mm EDF  airshowrc.com  $199.99
The fan shown has a 94mm external diameter which is well within our constraint of 152mm.  The EDF draws 29.6V and runs of 65A of current.  Other specifications include:  1400 RPM/volt, 540 g, 62mm in length.  In order to run the fan, a battery must be chosen that outputs at least 29.6V and 65A.
[bookmark: _Toc274572502]Battery Analysis:
Because the battery makes up a great deal of the MAV’s weight, a battery with extremely high energy density is desired.  A lithium polymer battery comes to mind because of its high energy content and light weight.  The battery shown below was found on Tower Hobbies’ website and is sufficient to run the fan.
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Figure 3: Towerhobbies.com	$319.99

This is an eight cell lithium polymer battery which provides 29.6V.  It runs current 30 times its capacitance, making it capable to steadily provide 150A.  The biggest problem with this battery is its capacitance.  With a rating of 5000mAh, it means that the battery will drain completely in one hour when powering a load of 5 amps.  Because we are using it to power a fan load of 65 amps, it can be calculated that the battery will be completely drained after roughly five minutes of continuous use.  Also some Li-Po batteries contain safety circuits within their cells that will shut off its power supply when its 3.7V cells are drained to around 3.4V.  This combination will result in flight time of even less than 5 min.  A new combination of EDF and battery must be chosen to increase flight time.

[bookmark: _Toc274572503]ESC (Electronic Speed Control) Analysis:
In order to control speed of the MAV during flight, an electronic speed controller must be chosen.  The ESC sends a signal from the input to the receiver that is located on the vehicle and adjusts the current that leads to the fan.  When choosing an ESC, it is important that it can handle the voltage and current leaving the battery.
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Figure 4: Hobbypartz.com	$88.00
The speed controller above was manufactured to handle from 6-12 cells of lithium polymer batteries and 150A of current.  This ESC is sufficient to manage the 29.6V and 150A leaving the battery.
[bookmark: _Toc274572504]Weight Analysis:
The customer has constrained the MAV to have a maximum weight of 10 lbs.  This includes the entire carbon fiber fuselage, wings, EDF, battery, and components.

	Component
	Weight

	Electric Ducted Fan90mm Model no.  LEDF90-1A14
	563 g

	Battery 6.2”( FlightPower Eon-X 5000mAh 8S 29.6V 30C LiPo Battery)
	1080 g

	ZTW 100 Amp HV Opto Brushless ESC
(Electric Speed Control)
	125 g

	Total
	1768 g = 3.90 lbs


After viewing the table, it is seen that there is only room for 6 lbs of carbon fiber material (fuselage and wings).  Using the average density of carbon fiber composite, 0.065 lbs/in3, and knowing that only 6 more pounds are available for the fuselage and wings, the group can calculate the maximum volume of carbon fiber that can be used to meet the customer’s constraints.
            Equation 1
Equation 1 shows the maximum volume that can be used is 93.84 in3.
[bookmark: _Toc274572505]Cost Analysis:
Before searching for components, it was the goal of the group to keep the costs of the entire propulsion system less than $1,000.

	Component
	Price

	Electric Ducted Fan90mm Model no.  LEDF90-1A14
	$199.99

	Battery 6.2”( FlightPower Eon-X 5000mAh 8S 29.6V 30C LiPo Battery)
	$319.99

	RC-Power 801BC 1 - 8s Lipo LiFe NiMH NiCd Battery Balance Charger
	$109.98

	Woodworks LipoSack Plus 13"x18 (Storage for Batteries)
	$34.99

	Hobby Partz 150A ESC
(Electric Speed Control)
	$88.00

	ZTW Program card for ZTW ESC's
	$8.50

	Futaba 3PM-X 3-Channel 2.4GHz Transmitter/Receiver 39 x 26 x 14mm

	
$179.97  

	Industrial Strength Velcro
	$7.00

	Total
	$948.42



When including the battery charger, battery storage, ESC program card, transmitter, and Velcro, in the cost analysis, it is calculated that all the components involved in the project will cost $948.42.  This meets the group’s goal of spending less than $1,000.  It also leaves the remaining budget of $1,051.58 to design, machine, and test our fuselages and make improvements before the end of the project.
[bookmark: _Toc274572506]Design:
	There are three main design opportunities in this project; designing the main shape of fuselage, designing of the duct system within the fuselage, and designing a method in which to attach components to the MAV. 
[bookmark: _Toc274572507]Fuselage Design:
There are two main considerations that need to be accounted for when designing the fuselage. The first one would be the material it is made from. From the sponsor’s information as well as communication with the groups’ contact at HPMI the fuselage will most likely be made out of carbon fiber composite. Using the average density of carbon fiber composite, 0.065 lbs/in3, and knowing the maximum weight of 10 lbs the group can calculate the maximum volume needed. 
Graph 1 shows the relationship between the coefficient of drag and the ratio between length and diameter. As shown, the ratio of length over diameter increases the coefficient of drag decreases. This makes sense, because the longer and thinner the fuselage is the lower the coefficient of drag. 



Graph 1: CD VS Ratio of L/D
	
From this and the constraints given the group knows the general shape and size of the fuselage but the exact geometry will not be known until a fan is selected. 
[bookmark: _Toc274572508]Duct Design:
The figure 5 below illustrates what the project aims to accomplish. Ideally, a ducted fan would be placed in the fuselage and a duct system would be designed to increase the amount of air the fan can pull in, increase the pressure of the air flow as it leaves to increase the velocity and therefore mass flow rate exiting the MAV. This would increase the thrust. The integration of the duct system into the fuselage has many advantages including; reducing diameter size, reducing weight, uses the actual design of the fuselage to improve thrust and increase efficiency. 
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Figure 5: Ideally Ducted Fan
The group’s goal is to design a duct system much like the one in figure 5 while keeping the weight low, dimensions small, and the efficiency high. The group plans to test multiple designs with the duct system in different positions, various areas in the duct system, and changes in fan placement to the design that performs the best.
[bookmark: _Toc274572509]Integration of Components:
	The goal of the project is to create three to five fuselage designs for MAVs. One set of components will be bought to be used on all the MAVs created. So far, these components include the electric ducted fan, batteries, speed control, servos, and receiver. Because the MAV must be able to fly in wet conditions these components must be mounted securely in the fuselage of the MAV and be protected from the elements. 
	This will be done by design a shallow opening in the first six inches of the fuselage. The component will be placed in this opening and secured by Velcro. Velcro should allow for locked placement and easy removal to be placed in another MAV. Velcro is also very light and would not add a considerable amount to the total weight.  A hatch will be attached to the top of the fuselage and secured over the opening containing the components. Light weight fasteners will be used to hold the hatch in place. This ‘lid’ will most likely be made from carbon fiber composite to keep it light weight and secure. A rubber seal may be placed around the opening to make sure water does not enter the area where the electronics are kept. 
[bookmark: _Toc274572510]Concept Generation:
	The designs below are general ideas concerning the duct system in relation to the rest of the fuselage. The group plans on adjusting the dimensions of the ducted area as well as changing the position of the fan, further forward or further backward, depending on the center of gravity of the MAV. For all the designs below assume the components are placed in a covered area with Velcro. 
[bookmark: _Toc274572511]Design 1:
[image: ]
	This idea consists of a simple design for a MAV with the area for the ducted of the eclectic fan making up the majority of the fuselage. The air will enter into the duct with the same area as the electric fan to provide enough air to propel the MAV. Once the air passes through the fan, the duct will converge to a smaller area which will decrease the pressure of the air. When flow is below mach one and the pressure in the duct decreases, the velocity of the flow will increase causing the MAV to move faster. With the combination of the electric fan and the converging ducted exit, the design will supply a powerful thrust to move the MAV. 
	The design is relatively simple to produce since the front intake for the air is the same size as the fan area.  But that produces a problem because the fan could fall out through the front duct of the MAV since it is the same size. A notch for the fan is needed in the design to provide a stable support for the fan. The components of the MAV including the batteries, speed controllers and RC controller will be located in a separate area above the electric fan in the fuselage.  Since the flow of the air is in a separate compartment, the flow will not be influenced by the electric components. The design will provide for a light weight vehicle that will be efficient in generating thrust to power the air craft.

[bookmark: _Toc274572512]Design 2: 
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Design 2 differs from the previous design when looking at where the duct is placed. The fan and duct system are underneath the area of the MAV where the wing would be attached. The main fuselage design would be on top of the duct system and hold the components. The incoming air would be slightly compressed and sent into the fan. Once the air is accelerated through the fan the pressure would be further increased, by decreasing the area of the flow. This increase in the pressure difference between the flow inside the MAV and the surrounding air would increase the thrust of the fan. A small opening would be placed immediately before the fan allowing the fan to pull more air into the system.
One positive thing about this design is that with the duct system is underneath the traditional fuselage.  This would make it easier to manipulate the shape and dimensions of the duct area without having to change anything above it. On the same note, having the duct system not integrated into the main body of the MAV would likely increase the diameter of the fuselage as a whole. 

[bookmark: _Toc274572513]Design 3
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The main purpose of this design is to increase the velocity of airflow through the intake and into the fan.  The addition of the converging/diverging nozzle duct design in the front allows for a greater velocity of airflow into the fan, thus a greater mass flow.  This technique is advantageous when implemented with a fan that already spins at a higher rate than the oncoming flow.   After the air moves through the fan, it is compressed again which creates a high pressure and a larger pressure drop with the outside air.  This in return creates more thrust and allows the MAV to travel at greater speeds.
The center of mass of this design is located more towards the front of the vehicle.  The components of the MAV will be secured with Velcro inside compartments that open and close with a hinge.  The battery adds the majority of weight to the vehicle and will be stored in the bottom component compartment.  The rest of the components will be secured in the top.  The fan will be tightly fit into its operating position by sliding through a hole in the top compartment. 

[bookmark: _Toc274572514]Design 4
[image: ]
The objective of this design is to maximize the thrust output of the propulsion system.  This is done by using two smaller fans, each with their own ducting system.  The duct designs are the same as in design three.  The oncoming flow is funneled through the converging/diverging nozzle and fed into the fan at a higher velocity to accommodate its high spin rate.  After the air moves through the fan, it is compressed and output at a higher velocity creating more thrust.
In theory this system will capture the same amount of mass flow.  Even though the two fans used will be of smaller diameters, their thrust output will be added together to create a single thrust that is greater than that of a system using only one fan.
The components of the vehicle will be stored in the same manner as design 3.  They will be secured using Velcro within compartments at the top and bottom of the fuselage. 
[bookmark: _Toc274572515]Concept selection:
	For our concept selection our group is to build three to five different MAV designs.  Each of the design concepts that we have produced will bring different aspects to the project. The final few concepts will be chosen based on their ease to produce, the MAVs efficiency, how well the vehicle meets the constraints and the cost to produce.
[bookmark: _Toc274572516]Future plans:
	Once an electric ducted fan is chosen the group plans to create much more detailed designs of the MAVs. Using programs like Comsol and Catia the group hopes to perform various analyses on the flow going through the duct with changing the position of the fan and the dimensions of the inlet and outlet areas. This analysis will help the group determine which design ideas to produce and test. The different locations of the fan that will be tested are the front of the MAV, the center of mass for the MAV, and the rear of the aircraft. The location of the fan will be determined by how maneuverable the vehicle is, how much power it creates from the location and the balance of aircraft. 
[bookmark: _Toc274167390]	The group plans to meet with their sponsor at Eglin on October 22nd to receive further information. 
















[bookmark: _Toc274572517]Resources:

"76mm Aluminum Alloy Electric Ducted Fan." Nitro RC Planes, Inc. 2010. Web. 05 Oct. 2010. <http://www.nitroplanes.com/lealalel76du.html>.
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