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ABSTRACT

The goal of our project is to create a small scale flying vehicle that can take off vertically
and maintain a set altitude. In 1953, the United States Air Force took over a project
originally funded by the Canadian government originally known as Project Y. The
project was re-titled in the United States as project 606, and finally was known as the
Avro Car (McPhee, 2003). It was hoped that this vehicle would be capable of ascending
vertically and be able to attain flight speeds of 1,500 mph, but technological limitations
abounded and the prototypes that were built were never able to lift more than five feet

before becoming unstable. The project was discontinued in 1961.

OBSERVER'S CAB AIR INTAKE TURBOROTOR ASSEMBLY RE:: CARGO

: o
J69.T.9 / o - ENGINE INTAKE
TURBOJET - / Ao

FUEL TANK OPERATOR'S CAB AVRO-CAR

Figure 17 AVRO CAR

The goal of our project is to complete a portion of the work that was started in 1953 with
the Avro Car. The Stabilized Vertical Takeoff Flyer has as its goal to create a small scale
vehicle capable of vertical takeoff and maintaining a level flying altitude. By creating a
prototype of this vehicle, our team will have achieved its goal. This topic has been one of
interest for several of our team members for many years, and while flying vehicles
similar to our proposal currently exist, none appear to be capable of automatically
maintaining a level flight altitude. The target audiences for our product are RC flight

hobbyists, and other parties who are be interested in vertical takeoff technology.
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l. EXECUTIVE SUMMARY

The goal of this project is to create a prototype vehicle for a stabilized vertical takeoff
flyer capable of vertical takeoff from the ground. In addition, the flyer will be capable of
holding a particular altitude with respect to a reference object, such as the ground. In this
proposal, we first introduce the background behind this project and the major concepts
involved in the design and creation of vertical takeoff aircraft. Background is provided on
the topics and engineering concepts behind these types of vehicles. Vehicles and small
scale devices that are currently on the market are also provided. Needs, Risks, and the
Operating environment of such a vehicle are also discussed in detail. The intended users
of the end product are introduced, and Intellectual property considerations are provided
for our project. Any standards that apply to our vehicle are then discussed in detail, as is
the possible social and economic impact of such a device. Later in this proposal, the end
product that is expected is described. Finally, personnel information is provided for the
team members working on this project, as are budget considerations and the projected use
of this project for the future. A final conclusion is then provided, including our hopes for

this project.
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1. PROBLEM STATEMENT

The Stabilized Vertical Takeoff Flyer has as its aim to create a small scale vehicle that is
capable of vertical takeoff and stable flight. Our goal is to research and experiment with
the feasibility of such a design for remote control aircraft hobbyists and possibly even
military uses. Safety will be addressed by enclosing any rotors or rotating flying
apparatus within an enclosure where possible. The resulting aircraft is generally expected
to be no larger than three feet by three feet and is expected to take on a semi circular or a
symmetrical configuration. The aircraft must cost no more than $150 dollars so as to
maintain an attractive price point for aircraft hobbyists and must be compliant with any
regulations governing broadcast transmissions and small scale flying aircraft. As optional
goals, we will also attempt to create a remote control module for the aircraft, and enable
it to fly autonomously in some fashion within a room through a switch on the remote

control.

A. Project Objectives
1) Flight
a. The device must be capable of flight for at least 30 second
intervals
2) Value
a. The aircraft must provide ‘fun’ value for RC Hobbyists and
novice flyers alike.
b. The aircraft should provide value for real world applications
such as heavy cargo, or even military applications.
3) Ease of Use
a. The aircraft must be easy to fly for a novice RC hobbyist.
b. The aircraft must demonstrate stability in flight, which is
crucial to novice RC hobbyists and general avionics.
4) Durability
a. The aircraft must be capable of resisting the shock of a fall

from a low altitude without major damage.
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5) Safety

a.

b.

Any moving rotors or high speed parts should be within an
enclosure of some type that will protect any user of the
resulting aircraft from harm.

The flyer must be capable of keeping control of its stability

automatically to avoid a loss of control and possibly a crash.

6) Remote Control

a.

As an optional goal, we will attempt to make the aircraft

controllable via remote control.

7) Autonomous flight

a.

As an optional goal, we will attempt to make the aircraft
capable of autonomous flight within a defined space.

B. Constraints

A

A

A demonstrated thirty second flight time (minimum) at least
twice during the course of development.

For the prototype model, electric motors are the preferred
power source for generating lift.

The aircraft must be able to fly without instability above 5 feet
altitude.

The device must not exceed an expected cost of $150 dollars
for a production unit.

The aircraft must be independently powered.

A rechargeable power source is preferred.

Optionally, the device should be controllable via remote
control.

Optionally, the device should use a combination of sensors to

achieve autonomous flight in a defined space.
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1. ASSUMPTIONS AND LIMITATIONS

A. Assumptions

1) An indoor environment or a calm outdoor environment.

2) There are no moving objects in the air with the flyer.

B. Limitations

1) Limited horizontal movement.
2) If the sensor option is implemented, daytime operation.
3) If the remote control option is implemented, distance.

V. NEEDS FEASIBILITY ANALYSIS

A. Needs Analysis

Client Survey
1) Need Statement

The Client needs a flying disc that is cost effective, controllable and

autonomous to some extent, stable, and able to travel over a variety of

topological surfaces while keeping a minimum distance from them.

2) Client and User Needs

a.ls the flying disc to be wirelessly controllable? (yes/no)

3) How far from the control transmitter are you going to operate the flying

disc?

a.
b.
C.

nwithin 5 ft.
within room
within 15 ft.
within house

other

Page 9 of 61
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4) What areas of wireless control are desired for the device?

a.
b.

c
d.

- o

pitch and yaw
roll

rotation

speed
altitude

all of the above

5) Where are you planning on storing the transmitter while it’s not in

use?

a.
b.

o

pocket

car
home/closet
boat

6) Under what type of terrain will the flying disc be used?

flat and static
flat and translational (shifting ground)
uneven and static

uneven and dynamic (earthquake)

7) Under what temperatures should the device operate?

room temperature
desert
snow/winter
outer space

other (please specify)

8) Would you like to have more than 1 of input on the device?

(yes/no)

Page 10 of 61
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9)  Are you willing to pay $150 for a flyer that is controllable? (yes/no)

10) Would you be willing to pay an extra $50 for a device that can avoid

obstacles autonomously? (yes/no)

11) Would you be willing to pay an extra $10 for a rugged device? (yes/no)

12) Do you want the device to be powered by multiple sources? (Yes/no)

13) If so what type?

a.
b.

C.

Solar
Battery
Fuel Cell

14) What should be the expected battery life for the flying disc?

a.
b.
C.
d.

e.

1 min
2 min
5 min
10 min

15 min

15) Would physical dimensions be a consideration/factor in the decision to

purchase this device? (yes/no)

16) What physical dimensions/attributes are most important in the physical

design of the device?

a.
b.
C.
d.

weight
density
area

all of the above

Page 11 of 61
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B. Feasibility Analysis

1. Feasibility Assessment

Solution
Qut of_4teams r_nembers only or!e has Ressarch and teach
X extensive experience p rogramming
. ourselves
microcontrolers
We need to buy some electronics and
X ) . JBuy
air propulsion components
X Four people in our team Enough

Table 17 Feasibility Assessment

2. 1to5 Scale

Attribute p Solution

Resource Feasibility

Do we have the attributes OO:IIy;J:: r?:; ce)f fef;m; members
needed to complete the 2 y . X v . Research and teach ourselves
: experience programming
project? .
microcontrollers
Do we have sufficient 3 We need to buy some BU
equipment? electronics components y
Do we have sufficient a 5 |Four people in the team Enough
number of people?
Schedule feasibility
What are the chances of We should be able to complete
meeting our set deadlines our tasks by the required Not Required
for each task? 5 |deadline
Economic feasibility
Do we have the required .
funds for the project? 5 We have the required funds N/A
TOTAL 20
AVERAGE 4

Table 27 1to5 Scale
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3. Pugh’s Method

Attribute - + Why? Solution

Resource Feasibility

Do we have the attributes Only one out of 4 team members

needed to complete the 1 Ihas extensive experience JResearch and teach ourselves

project? programming microcontrollers

Do we have sufficient 1 We need to buy some electronics BuU
equipment? components I Y

Do we have sufficient a 1 JFour people in the team IEnough

number of people?

Schedule feasibility
What are the chances of
meeting our set deadlines for 1
each task?

Economic feasibility
Do we have the required

We should be able to complete our

Jtasks by the required deadline JNot Required

funds for the project? We have the required funds IN/A
TOTAL 1 4
DIFFERENCE 3

Table3TPughoés Met hod

4. Weighted Scale

Attribute Solution

Resource Feasibility
Do we have the attributes Only one out of 4 team members
needed to complete the 0.50 2.0 1 has extensive experience Reasearch and teach ourselves
project? programming microcontrollers
Do we have sufficient 0.50 3.0 15 We need to buy some electronics |Buy
equipment? components
Do we have sufficient a 0.50 5.0 25 IFour people in the team IEnough
number of people?
Schedule feasibility
\What are the chances of
meeting our set deadlines for] 0.80 5.0 4 \We should be ablg to comp?ete our Not Required
tasks by the required deadlines
each task?
Economic feasibility
Do we have the required We have the required funds N/A
. 1.00 5.0 5
funds for the project?
TOTAL 3.30 17.0 14.00 ZW Score
WEIGHTED AVERAGE 4.24 Weig hted Average = -
> Weight
Table 4 7 Weighted Average
th
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V.

RISK ANALYSIS

The SVT Flyer aircraft project is quite complex and requires planning and careful
analysis of tasks to be accomplished. It is for this reason that a risk analysis is
needed. With this analysis in hand, we have a better idea about what can go
wrong and what preventive steps can be taken to correct it. The following

category and risk assessment model will be used:

Likelihood of Occurrence

Very Likely Possible Unlikely
Class IV
g é Class 11 Moderate
[ -
- O Class | Moderate

Table 57 Outcomes vs. Likelihood of Occurrence
Risks are evaluated according to the chart above, by associating them with a class.
Any risk that falls in class | would require no management, while items that fall in

Class IV would require immediate attention if they were to occur.

A fault tree analysis has been used below to organize the risks as they can be

foreseen for this project as follows (see next page):
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Resources Technical

(T2 Electrical
¢ Noise

(R1) Needed
Parts may be

unavailable (T2) Wing
Arm Bearings
failure
«— (R2) Wrong Parts
rgoRtsgeP :\r/tasu jable ]gT_?) gearbox shaft
ailure
for delivery on
time ——
(R4) dynamics
gimble Incomplete
unmodelled Project
Y i

(S1) Schedules may
conflict for regular
meetings

(EQ) Initial

L2) Patent
(L2) Paten Purchase Costs

infringement | (S2) Some members

may end up doing a
larger share of the
work.

Legal Economic Scheduling
A AR A

Cause - Moderate | Low | Effect I

Figure 27 Fishbone Diagram
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Risk

Action

S1

Regularly go over schedules to find conflicts before they occur.

S2 | Regularly review wilk load to ensure that no member performs more work than necessarn
E1 | Use components that are commonly available and are inexpensive to keep costs low.
L1 | No action required

L2 | Use alternative designs

T1 | Work together to come up with a better

T2 | Work to solve this mechanical failures

T3 | Work to solve this mechanical failures

T4 | Obtain assistance from other students on how to properly solder and assemble boards
R1 | Order parts early to ensure they arrive in time

R2 | No action required

R3 | Order pars early to ensure they arrive in time

R4 | No action required

Table 67 Risk Actions

Page 16 of 61 December 10", 2007



SENIOR DESIGN Il PROPOSAL — TEAM 8

VI. OPERATING ENVIRONMENT

The self stabilizing flying disk is a radio controlled device that hovers and flies up
to several feet in the air like an alien spacecraft. It is going to be designed for both
indoor and outdoor use (limited). This system will be designed to fly and hover in

the air maintaining stability.

In order for the disk to be completely stables we will have to avoid extremely
strong winds. The device has to be able to drop from an altitude and withstand the
resultant shock without sustaining major damage. It also has to have its center of
gravity very well aligned in the middle of the disk to achieve stability. The
following figure shows a disk currently on the market that has some of the

characteristics that are desired.

Figure 37 A flying disk currently available on the market
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VII.

INTENDED USER(S) AND INTENDED USE(S)

A. Intended users(s)

The intended users for this design are very broad. Any age range if the flyer
were to be used only for recreational purposes, assuming the optional
communication system discussed in the following section is not part of the

design.

One of the optional goals for this project is to work together with two or
three other senior design teams to design several devices that are joined via a
communications network. An air device which could be our self stabilizing
flyer, a ground vehicle, and ideally a water vehicle would constitute the three
vehicles. These devices should maintain communication with each other and
be controlled by means of a central station based in the ground in a neutral
location; audio and video communication will be the ideal, but are not

considered critical to the success of this project.

The users of a more advanced version of this device would be any
government agency around the globe that wants to experiment with a spying
intelligence network or to use this as a tool for wide variety of research
projects where it may be useful. Low altitude reconnaissance with a low

radar footprint would be one possible use for a device such as this.

Military institutions can also be users of this device as well. It could be an
important tool to many missions without needing humans to operate the
vehicle inside it. The following block diagram describes in general the

aforementioned for the optional communications network.
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Flying Ground Water
Disk Vehicle Vehicle
Central
Control
Station

Figure 47 Block diagram for optional communications network

B. Intended use(s)

The self stabilizing flying disk is primarily intended to be used as a playing

device for children and adults of all ages.

If the optional communications network is also included, the use for this

device will be enhanced greatly. With these added capabilities, it could

conceivably be used for spying missions without having an operator

physically present therefore not needing to spend extra funds to get the

operator. Also for government agencies it is convenient because the operator

is not present so he would be exposed to any danger whatsoever.
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For the military the flyer can be a good tool to examine enemy frontlines
with minimal man power, allowing for the planning of strategic attack or
defense missions, along with many other functions that government and
military agencies can find for this flyer. Private investigation agencies may

also find many convenient uses for the flyer.

VIiIl. BACKGROUND

The self stabilizing flying disk that we are designing is going to be a fun and challenging
project. We are going to research and use some technologies that are already in the
market to help us implement the design of the flyer. In some cases engineers have used
helicopter technologies in order to get a hovering aircraft, which is one of the functions

that we want our final product to execute.

Researchers have also studied hovercraft technologies which is something that we might
want to combine with helicopter technologies. Helicopters hover in the air and they are
very stable that’s why we want to research helicopter technology, but also hovercraft
research has to be done in order for us to design a UFO looking device that hovers while
marinating stability. The strategy is to research these two technologies and join the
together to come up with a unique product. In the following paragraphs these

technologies will be summarized.

A. Helicopter Technology

A helicopter (Wikipedia) is an aircraft which is lifted and propelled by one or
more horizontal rotors, each rotor consisting of two or more rotor blades.
Helicopters are classified as rotorcraft or rotary wing aircraft to distinguish
them from fixed-wing aircraft because the helicopter derives its source of lift

from the rotor blades rotating around a mast.

As an aircraft, the primary advantages of the helicopter are due to the rotor

blades that revolve through the air, providing lift without requiring the
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aircraft to move forward the way an airplane does. This creates the ability for
the helicopter to take off and land vertically without the need for runways.
For this reason, helicopters are often used to operate in congested or isolated
areas where airplanes are generally not able to take off or land. The lift from
the rotor also allows the helicopter to hover in one area for extended periods
of time, and to do so more efficiently than other forms of vertical take-off
and landing aircraft, making it useful in accomplishing tasks that airplanes
are not able to perform.

A helicopter pilot manipulates the helicopter controls to achieve controlled
aerodynamic flight. The manipulation done to the flight controls are
communicated mechanically to the rotor with aerodynamic effects on the
helicopter’s rotor blades, that’s how the helicopter is controlled. To tilt
back, forward or sideways, the angle of the main rotor blades are altered
during the rotation creating different amount of lift at different points in the
cycle. For increasing or decreasing lift, the angle for all blades is collectively
changed, the same amount at the same time having as a result climbs,

descent, and changes in airspeed.

A standard helicopter has three separate flight control inputs. The cyclic, the
collective, the collective, and the anti-torque pedals. Depending on the
complexity of the helicopter, the cyclic and the collective may be joined
together by a mixing unit, a mechanical or hydraulic device that combines
the inputs from both and then sends along the mixed input to the control
surfaces to achieve the desired result. The throttle is also considered a flight
control because it is required to maintain rotor rpm on smaller helicopters.

Below we show a helicopter control:
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Cyclic

Figure 51 Helicopter Controls

Hovering is the most challenging part of flying a helicopter. This is
because a helicopter generates its own strong wind while in a hover, which
acts against flight control surfaces. This ends up in a constant control
inputs and corrections by the pilot to keep the helicopter where it is
required. Despite the complexity of the task, the control inputs in a hover
are simple. The cyclic is used to eliminate drift in the horizontal plane,
which is to control forward and back, right and left. The collective is used
to maintain altitude. The pedals are used to control nose direction or
heading. It is the interaction of these controls that makes hovering so
difficult, since an adjustment in any one control requires an adjustment of

the other two, creating a cycle of constant correction.
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Figure 6 1 Hovering Helicopter

A. Hovering Technology

Hovercrafts (Wikipedia) have one or more separate engines. One engine
drives the fan on the bottom of the hovercraft, which is responsible for lifting
the vehicle by forcing high pressure air under the craft. The air therefore
must exit throughout the skirt, lifting the craft above the area on which the
craft resides. One or more additional engines are used to provide thrust in
order to propel the craft in the desired direction. Some hovercraft utilize
ducting to allow one engine to perform both tasks by directing some of the
air to the skirt, the rest of the air passing out of the back to push the craft

forward.
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1. Propellers
2. Air
3. Fan
4. Flexible skirt

Figure 77 Hovering craft
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IX. INTELLECTUAL PROPERTY CONSIDERATIONS

A. Patent 5,609,312 Control System for a flying vehicle

This invention (Patent Storm) relates generally to a flying vehicle and more
specifically to a hovering vehicle that includes a control system to automatically
control the height of the vehicle above a surface or another object. Inventors are
Jeffrey Rehkemper, Nicholas Grisolia, Peter Greenley, and Bret Gould. It was
filed on 1/14/2005.

It describes an improved fuselage with a structure that supports radio-control
components, and drive train components in an attempt to provide a simple
structure; is directed to a rotary wing model aircraft that includes a power
distribution system that efficiently distributes engine power to the rotary wings
and tail rotor system; U.S. Pat. No. 5,879,131 is directed to a main propeller
system for model helicopters, which are capable of surviving repeated crashes;
and U.S. Pat. No. 4,604,075 is directed to a toy helicopter that includes a

removable control unit, which a user may plug into the toy helicopter.

B. Lightweight helicopter patetdnited States Patent 7168656

The present invention (Patents Online) relates to a lightweight helicopter with
features of coaxial, contra-rotating rotors and weight shift control. It has a rotary
wing unit attached to a tricycle assembly through a hang bolt. The rotary wing
unit has an engine mounted below a keel post, which drives a pair of contra-
rotating coaxial rotors through a primary gearbox and a secondary gear box. The
keel post is attached to a triangular control frame, the base of which forms the
control bar. The keel post also supports a fuel tank connected to the engine and a
tail plane having one or more articulated vertical flaps actuated by cables. The
secondary gearbox is provided with a free-wheeling clutch, a pinion gear and
bevel gears for transmitting the rotary movement of the engine to the counter
rotating coaxial vertical shafts each carrying two rotor blades of airfoil cross
section fixed by pitch bearing on teetering plates and teetering hinges to form
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horizontal rotors. The tricycle assembly has a pilot seat and landing gear as well
as controls for operation of the engine, rotors, tail plane and landing gear. The
directional control of the helicopter is achieved through the weight shift principle
by manipulating the control bar, thereby causing a tilt of the contra-rotating
rotors, which cause a corresponding tilt in the aerodynamic thrust of the rotors,

propelling the helicopter in the required direction.

C. Lightweight helicopter paterinited States Patent 7168656

A helicopter (Patent Storm) has a main rotor with propeller blades which is driven
by a rotor shaft and which is hinge-mounted to this rotor shaft. The angle between
the surface of rotation of the main rotor and the rotor shaft may vary. A swinging
manner on an oscillatory shaft is essentially transverse to the rotor shaft of the
main rotor and is directed transversally to the longitudinal axis of the vanes. The
main rotor and the auxiliary rotor are connected to each other by a mechanical
link. The swinging motions of the auxiliary rotor controls the angle of incidence
of at least one of the propeller blades of the main rotor. There are wings from the

body and a stabilizer at the tail.
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X. STANDARDS CONSIDERATIONS

Standards are guidelines that have as their purpose to help disparate entities or
organizations work together in a meaningful way. Without standards like those imposed
by the FCC for communications, there would be no good way for a user to receive a
reliable radio signal throughout the united states. A user would have to have a different
radio depending on what area of the US he/she lived in and what the dominant
communications method is in that area. Without this standard, communication via radio
would be difficult indeed.

As in any project, the team must understand that any applicable standards must be
followed. Failure to do so can be the source of sleepless nights and difficulties at any
stage of the project, especially at manufacturing and integrated testing. Many times, only
by using standards can engineers know with some degree of certainty that a proposed
design stands a good chance of working once built.

While preparing this proposal, we found several applicable standards to which we plan to
adhere. The Federal Communications Commission has regulations regarding the optional
portion of our project to remotely control the flyer. Flying devices must abide by the
standards that are relevant to remote controlled hobby level aircraft. Such aircraft must

also follow standards set forth by the Academy of Model Aeronautics (AMA).

These standards are important for our project because they entail design considerations

and constraints that must be taken into account when designing our aircraft.

A. ISO/IEC 180085:2004

Defines the air interface for radio-frequency identification (RFID) devices
operating in the 860 MHz through 960 MHz bands used in general applications.
Its purpose is to provide a common technical specification for RFID devices that

may be used by ISO committees developing RFID applications and standards.
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ISO/IEC 18000-6:2004 is intended to allow for greater compatibility and to
encourage inter-operability of RFID products for the growing RFID market in the
global marketplace. ISO/IEC 18000-6:2004 defines the forward and return
communications methods for technical attributes including, but not limited to,
operating frequency, operating channel accuracy, occupied channel bandwidth,
maximum EIRP, spurious emissions, modulation, duty cycle, data coding, bit rate,
bit rate accuracy, bit transmission order, and where appropriate operating
channels, frequency hop rate, hop sequence, spreading sequence, and chip rate. It

further defines the communications protocol used in the air interface.

ISO/IEC 18000-6:2004 contains one mode with two types. Both types use a
common return link and are reader talks first. Type A uses Pulse Interval
Encoding (PIE) in the forward link, and an adaptive ALOHA collision
arbitration algorithm. Type B uses Manchester in the forward link and an
adaptive binary tree collision arbitration algorithm. The detailed technical
differences between the two types are shown in the parameter tables.

B. International Telecommunication Union (ITU)

The Geneva based specialised agency of the United Nations which coordinates
and standardizes the operation of telecommunication networks and services and
advances the development of communications technology.
Covering both legal and technical issues, it serves as a supranational instrument
for the optimal international management of the radio spectrum.
The Radio Regulations define:

e The allocation of different frequency bands to different radio services;

e The mandatory technical parameters to be observed by radio stations,

especially transmitters;
e Procedures for the coordination (ensuring technical compatibility) and

notification (formal recording and protection in the Master International
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Frequency Register) of frequency assignments made to radio stations by
national governments;
e Other procedures and operational provisions.
The drafting, revision and adoption of the Radio Regulations is the
responsibility of the World Radiocommunication Conferences (WRCs) of the
ITU, meetings of which are typically held every three or four years. Recent
WRCs are:
o Geneva, 1995 (WRC-95)
o Geneva, 1997 (WRC-97)
e Istanbul, 2000 (WRC-2000)
o Geneva, 2003 (WRC-03)
The 2004 edition contains the complete texts of the Radio Regulations as
adopted and revised by WRC-03, including all articles, appendices, resolutions,
and a subset of the recommendations issued by ITU-R (previously known as the
CCIR) (those "recommendations™” which have a mandatory nature, as a result of
being cited in the Radio Regulations).

The next revision of the Radio Regulations will take place in Geneva in 2007.

C. Official Academy of Model Aeronautics (AMA) Model Aircraft Safety Code

GENERAL

1. A model aircraft shall be defined as a non-human-carrying device
capable of sustained flight in the atmosphere. It shall not exceed the
limitations established in this code and is intended to be used exclusively
for recreational or competition activity.

2. The maximum takeoff weight of a model aircraft, including fuel, is 55
pounds, except for those flown under the AMA Experimental Aircraft
Rules.

3. 1 will abide by this Safety Code and all rules established for the flying
site 1 use. | will not willfully fly my model aircraft in a reckless and/or

dangerous manner.

Page 29 of 61 December 10", 2007



SENIOR DESIGN Il PROPOSAL — TEAM 8

4. 1 will not fly my model aircraft in sanctioned events, air shows, or
model demonstrations until it has been proven airworthy.

5. 1 will not fly my model aircraft higher than approximately 400 feet
above ground level, when within three (3) miles of an airport without
notifying the airport operator. | will yield the right-of-way and avoid
flying in the proximity of full-scale aircraft, utilizing a spotter when
appropriate.

6. I will not fly my model aircraft unless it is identified with my name and
address, or AMA number, inside or affixed to the outside of the model
Aircraft. This does not apply to model aircraft flown indoors.

7. 1 will not operate model aircraft with metal-blade propellers or with
gaseous boosts (other than air), nor will | operate model aircraft with fuels
containing tetranitromethane or hydrazine.

8. I will not operate model aircraft carrying pyrotechnic devices which
explode burn, or propel a projectile of any kind.

Exceptions include Free Flight fuses or devices that burn producing smoke
and are securely attached to the model aircraft during flight. Rocket
motors up to a G-series size may be used, provided they remain firmly
attached to the model aircraft during flight. Model rockets may be flown
in accordance with the National Model Rocketry Safety Code; however,
they may not be launched from model aircraft. Officially designated
AMAAIr Show Teams (AST) are authorized to use devices and practices
as defined within the Air Show Advisory Committee Document.

9. 1 will not operate my model aircraft while under the influence of alcohol
or within eight (8) hours of having consumed alcohol.

10. I will not operate my model aircraft while using any drug which could
adversely affect my ability to safely control my model aircraft.

11. Children under six (6) years old are only allowed on a flightline or in a

flight area as a pilot or while under flight instruction.
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12. When and where required by rule, helmets must be properly worn and
fastened. They must be OSHA, DOT, ANSI, SNELL or NOCSAE

approved or comply with comparable standards.

FREE FLIGHT
1. 1 will not launch my model aircraft unless I am at least 100 feet
downwind of spectators and automobile parking.
2. | will not fly my model aircraft unless the launch area is clear of all
individuals except my mechanic, officials, and other fliers.
3. 1 will use an effective device to extinguish any fuse on the model

aircraft after the fuse has completed its function.

Of particular importance to our project are AMA rules 2, 5, and 8, which specify
that we must keep our total weight below 55 pounds, not an easy feat if we are
using powerful electric motors. Additionally, we must keep our flight height
below 400 feet, and we may not use any kind of rocket or explosive device in

order to get our device up in the air.

These AMA rules put forth design restrictions that we must take into

consideration in our design.
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XI. HEALTH AND SAFETY CONSIDERATIONS

Advances have been made in recent years in developing and implementing technologies
to reduce risk to passengers in the event of a crash or in-flight fire. Some technologies,
such as smoke hoods, are controversial because their use could have unintentional
negative side effects for safety (e.g., putting on smoke hoods could slow passengers’
egress from the cabin after a crash) .51 Thus, careful research by the Federal Government
IS needed to evaluate potential crash and fire safety technologies; this research is
performed at FAA’s (Administration, 2001) Technical Center in Atlantic City, New
Jersey. Areas for further investigation include aircraft and aircraft engine structural
integrity, improved fire and smoke-resistant materials for aircraft interiors, improved
smoke detection and fire containment systems (particularly for in-flight fires), automated
systems to aid pilots in detecting and responding to in-flight fires, and advanced fuels

with low flammability.

Although technology can improve crash and fire safety, regulations requiring these
technologies will have economic and other effects on aircraft manufacturers, airlines, and
passengers. For example, the FAA rule to require cabin materials in transport category
aircraft that meet a test criterion based on heat release52 will have significant impacts on
design and construction of aircraft interiors. Cost-benefit analysis can shed light on
difficult decisions regarding regulations for crash and fire safety technologies, but other
types of judgment are necessary in balancing the many disparate considerations.
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XIl. ENVIRONMENTAL CONSIDERATIONS

The air transportation system already expends considerable resources to deal with public
concerns and government regulations related to the effects of aviation on local and
regional air quality, climate change, and community noise. All of these environmental
problems will be aggravated by growth in air traffic. Problems related to emissions are
abated by propulsion and airframe concepts and technologies that improve aircraft
efficiency. However, the rapid growth of demand for air transportation and the growth in
capacity have exceeded the rate of improvement of specific fuel consumption, so that

over time aviation consumes larger amounts of fuel.

The amount of carbon dioxide (CO,) released in the atmosphere is roughly proportional
to fuel consumption, so more CO; is being released. The amount of other emissions, such
as oxides of nitrogen (NOy) and particulates, is also increasing even though engines are
becoming more efficient and cleaner, producing fewer emissions per pound of fuel
burned. Higher engine combustion temperatures tend to improve the efficiency of the
propulsion system, but higher temperatures also increase NOy emissions. The production
of specific emissions can be minimized by changes to the combustion cycle and other
aspects of engine design, although changes in engine design to reduce one emission
might increase the production of other emissions.

Noise can also be reduced by improvements in the design of the integrated aircraft as
well as specific changes to the engine and propulsion system. In some cases, noise
reduction technologies reduce overall aircraft efficiency because, for example, they

increase aircraft weight.

Breakthroughs could be achieved through use of an alternative fuel such as liquid
hydrogen or revolutionary technologies such as fuel cell-electric propulsion. However,
breakthrough technologies such as these are likely to take several decades, at least, to
become operational. Accordingly, research in environmental technologies should focus
on conventional jet propulsion systems, while continuing to explore promising longer-

term technologies.
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X1, MANUFACTURABILITY CONSIDERATIONS

Although the emissions from aircraft during their lifetime are dominated by the
consumption of fuel the environmental impact of manufacture, maintenance and disposal
of such large and complex systems is not inconsiderable and research is required to
reduce this aspect still further. The environmental impacts of the manufacture and

of the overhaul and repair of products present many diverse but related challenges for
minimization. These can be grouped into resources, emissions and hazardous materials
and processes. Resource minimization encompasses energy, water, materials and

chemicals.

Opportunities for energy and water reduction are well documented but need wider
promotion. The demand for materials and chemicals and the environmental impacts of
their primary production can be minimized by research to improve yield during the whole
of the manufacturing cycle. A further opportunity to reduce demand is to ensure that
manufacturing scrap, end-of-life components generated during overhaul and also whole
products at the end of their functional life are identified and segregated to maximize the

recovery and recyclability of their constituent materials.

Emissions occur to air from processes, to land from waste and to water from effluent.
Research is required to develop alternative processes with lower zero emissions that will
reduce the impact on the environment. The objective is to reduce the health, safety and
environmental hazards presented by the use of hazardous materials and processes,

whether as part of the product or used during manufacture, overhaul and repair.
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XIV. ETHICAL CONSIDERATIONS AND SOCIAL IMPACT

Our design group is in compliance with the IEEE code of ethics and this has been ensured
as a result of the following guidelines that have been established by the group and
followed by each of its members. The products that have been used in assembly, as well
as the final product itself, including all external interfaces that make contact with the end
user have been selected to minimize health risks and environmental risks, with particular
emphasis on health risks. In addition, throughout project design, the design group has
remained aware of patents and designs related to ours and have consulted with them so as
to not infringe their rights. Under no circumstances will we compromise the integrity of
our technology by taking or giving intellectual property at the cost of the end user, any of

its members or the biological environment.

Our products performance will be set so as to give maximum user satisfaction while
reducing any health/injury related risks. The performance data and specifications for our
product will be given as they are collected under a variety of real world user conditions.
Careful instructions on the proper use of our product (flying disc) have been provided in
written form to prevent misuse of the product. The development and design of this
product was undertaken only after a significant understanding of the underlying subject
matter, its nature, potential applications and their implications was grasped. ldeas for the
functionality of our product were kept in check by running surveys in order to collect

feedback from potential users of the device.

The group that designed this product respects the well-being of its members as well as the
end user and all other potential personnel that must coexist with our product. As a result,
we will in no way take any action that will endanger the wellness or reputation of others
by providing the consumer with faulty information or information that would
compromise the intellectual integrity of our group. Our has maintained a system of
accountability to assure this occurs, by requiring ourselves to document all our design
decisions with respective reasons for each of them throughout every step of the design

process.
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If at any time there was a conflict between the IEEE code rules and a product related
decision, preventing us from following all of them, we brought them to the attention of
our group mentor, and after careful consideration, proposed our preferred course of action
and justification for it. If it was approved by the mentor, we went along with it and
documented our reasons for having to override one of the IEEE codes in some fashion. If
the mentor did not agree with our proposal and could not provide a suggestion that could
be agreed upon by the group, the issue was brought before the product contractor, who
proceeded to approve our decision, correct it, or disapprove it for further revision. This
process was repeated iteratively until an accord was reached by our group and the

contractor/mentor.
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XV. CONCEPT DEVELOPMENT

The design of self stabilizing flying disk includes a number of components that can make
up the design of the system more complex. Our project needs to be able fly at fixed
altitude and maintain a constant altitude for a fixed period of time. With the help of the
decision making matrix we are going to evaluate what is the most reliable and useful way
in which we can successfully implement the needed functions. To reach our goal we must
carefully decide what method we are going to implement in the process to find the

appropriate hardware and software components that we are going to implement.

FunctionMeans Tree

The graphic representation of the basic and secondary functions that allows us to develop
a concept is shown in the function means tree. The means are shown in trapezoids and the

functions are shown in rectangles.

Reliable Power

Efficient

Battery Power
Management

Provide
Energy

Regulate
Voltage using a
standard voltage

NiMH LiPo regulator
Battery Battery

Figure 81 Function Means Tree
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Decision Making Matrix

The Decision Matrix process is shown in the following tables. This provides an insight of

the most effective means of design.

Indoor Outdoor
Source Design Constraint Operation | Operation

The device must be powerful enough to hover and keep

Client | stable

Client [ The device must be able to fly for at least 10 minutes
The device must be financially feasible

Team Y Y
The device must be able to be controlled with a remote

Team control Y Y
The device must maintain a constant altitude

Team Y N
The device must have a limit length with the ground

Team

Team || The device must supply a variable amount of power
The device must comply with appropriate laws and

Team regulations

Team [ The device must be shock resistant
The device should be able to maintain n stability at all times

Team

Team [ The device should never run out of batteries while flying
The device must not interfere with other radio components or

Team devices Y Y
The device must have a low battery alert

Team Y Y
The device needs to be able to operate in all weather

Team conditions

Team [ The software must be able to control the speed of the rotors
The device should follow patents for flying remote controlled

Team aircrafts

Team [ The device must have a charger for the battery
The device must be able to carry minimum extra weight for

Team the communication network Y Y

Table 77 Decision Making Matrix with constraints
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The device must have a convenient

Client | !anding system 10 Jos 12 0.8 12

Client The device must be compact 5 0.5 25 0.5 25

Client The device must be user friendly 10 0.2 2 0.5 5

e The device must be durable and reliable 10 05 5 0.5 5
The device must prevent power failure

Client 10 0.8 8 0.8 8
The device should be able to

Team || @utomatically balance itself 5 0.2 1 0.4 2
The device must be properly used in order

Team | ' @void damage 7 05 3.5 05 35

e The device must be affordable 4 0.2 0.8 0.5 2
The device must have good performance

Team 4 0.2 0.8 0.2 2
The device must have the wiring safely

Team | insulated 2 05 1 0.5 1

res The device must have excellent efficiency 10 0.8 8 0.8 8
The device should be completed by

Team | deadlines 5 05 25 0.6 3
The device should be shock resistant

Team 10 0.8 8 0.8 8
The device should be able to be

| Team | undetected | 8 0.6 4.8 0.6 4.8
o ] w0 599 668

Table 81 Decision Making Matrix
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A. Different Solutions
Through the selection matrix, we were able to determine that there were
five key factors that weighed most heavily on the design of our Stabilized
Vertical Takeoff Flyer. These were:

e Cost

o Weight

e Flight time

¢ Flight stability

e User friendliness

Taking these factors into account we designed several possible solutions

for our Vertical Takeoff Flyer.

Star shaped design

This design has five lift producing fans and will be shaped in the form of
a starfish. Each extremity would contain a fan to assist in stable flight. A
centrally mounted fan would be mounted in the center of the design

either above or below the lift producing surface for directional control.

A) Advantages
e High degree of control from multiple lift surfaces
e High lift power

e Easy to balance and distribute weight.

B) Disadvantages
e Complex design
e High weight

e High probability of mechanical failure
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Triangle shaped design

The tri-force design is a simplified star-fish design, having only three lift
producing fans working in tandem to allow the aircraft to hover. With
this design however, fewer motors are required for directional control,

and weight is conserved.

A) Advantages
e High level of control from multiple lift surfaces
e Medium-high lift power

e Easy to balance and distribute weight.

B) Disadvantages
e Complex design
¢ Relatively heavy weight
e High probability of mechanical failure

e Loss of asingle engine results in inability to fly

Circular shaped design

The UFO design is based on a single lift producing fan centrally mounted
in the aircraft. This single lift producing fan would be very large in
relation to the total weight of the aircraft, and moving air would be
channeled through a system of ducts to various control surfaces
throughout the aircraft allowing a function similar to that of the triangular

design, but without the additional complexity of additional motors.

A) Advantages
¢ High level of control through control surfaces without additional

engines
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e Very light weight
e Simple engine design

e Easiest to balance and distribute weight.

B) Disadvantages

Low lift power

Complex control design

Relatively slow compared to other designs.

A single engine failure means total flight loss.

Tri-Force circular shaped hybrid design

The Tri-Force hybrid design combines the flexibility of the UFO design
with the redundancy of the Tri-Force shaped design. Three centrally
mounted fans would produce lift and channel air into a system of ducts

leading to control surfaces throughout the aircraft.

A) Advantages
e High level of control through control surfaces without additional
engines
e Light weight
e Medium speed
e Redundant engine design
e Easy to balance and distribute weight

e Assingle engine failure does not cripple flight

B) Disadvantages
e Medium lift power
e Complex control design

e Lift power lower than other deigns
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Through the selection matrix, we were able to determine preliminarily that
we would be building a Tri-Force hybrid design. This design would allow
us to maintain a high degree of control in flight while increasing the safety
of the model by ensuring that a single engine loss will not result in a crash,

but rather only limit the flight speed of the aircraft.

Page 43 of 61 December 10", 2007



SENIOR DESIGN Il PROPOSAL — TEAM 8

XVI.  END PRODUCT DESCRIPTION AND OTHER
DELIVERABLES

A. End Product Description
As discussed in the earlier sections of this proposal, the end product that
is expected is an aircraft capable of vertical takeoff and stable flight for a
time period of at least 30 seconds. This will be the base requirement
needed for the project to be considered successful. Optionally, control
surfaces will be added for directional control and a radio control module
for remote radio control. Other optional components include a remote
communications module capable of communicating with other land and
sea craft and/or a land based communications station. These will not be

considered required however in order to consider the project a success.

As mentioned earlier, the currently selected design for our SVT Flyer is
the Tri-Force Hybrid design. A basic rendering of this design as it

currently stands is shown below.

Centrally mounted fans

Control Surfaces

—

Air ducts

Figure 91 SVT Flyer

A prototype that has at some point been capable of the mentioned stable

flight will be the primary deliverable for this project.
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Functions

The flyer will contain several components that will work together in

tandem in order to achieve the aforementioned stable flight. At this point

in the design, several sub systems have been identified that are planned to

work together as part of the final design. A block diagram of these

functions describes the way in which these design elements will work

together.
Input > | AM Transmitter
Potentiometers Microcontroller 1

> | AM Reciever | >

Disc Controller
Microcontroller 2

Driver
Mosfet Switches

DC Fan(s)

Accelerometer ‘>| IR Sensor ‘>

Disc Controller
Microcontroller 2

*Elements in green are located on the device transmitter while elements in blue are located on the
flying disc.

*Arrows indicate direction of signal flow

Figure 10 7 SVT Flyer functional design

C. Specifications

Stabilized Vertical Takeoff (SVT) Flyer

Wingspan:
Width:
Length:
Height:
Weight:
Surface Area:

Requires:

N/A

36 Inches

36 Inches

8 Inches

8 Pounds

1296 sqg. inches
3 DC Motors capable of delivering up to 4800

rotations per minute to a fan load.

Sensors (Optional):
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e Altimeter
e Ultrasonic ping sensor (for landing)
e Gyroscope

e Accelerometer

D. Other Deliverables

To finalize our project we will be submitting a fully documented report of
the procedure implemented. An oral power point presentation will also be
performed by the engineering group. Detailed technical and user
specifications will also be completed by our set deadline, along with the

finished prototype.
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XVIl. STRATEGY

In order to complete this project within a single semester the team will first research
extensively the different modes of flight that are currently available for vertical takeoff.
In order to keep costs low, the team will first perform several small scale tests in order to
determine the lift capacity of the DC motors used and the fans used with them. The team
will then calculate precisely how much weight will be permitted for the SVT Flyer and
how to ensure that all parts do not exceed this weight. There will be continuous testing as
the semester progresses in order to ensure that the project does not fall behind. A weekly
or bi-weekly meeting will be conducted first by phone and later in person in order to keep
the project moving. A progress report and project plan will be maintained in order to

ensure progress.

A. Plan of Action
A successful project will require that our team perform up front the
necessary research and work regularly to test and build the necessary
circuitry on a regular basis. The research completed here will be used to

select the easily available parts most suited to our project.

B. Statement of Work (SOW)
1) Scope:
Design, Build, and Test a Stabilized Vertical Takeoff Flyer

2) Location:
Florida International University Engineering Campus and

homes of team members

3) Period:
The project will commence in December 2007 and be
completed by the end of the Spring 2007 semester,
currently May 2008.
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4)

Responsibilities
Team responsibilities have not yet been firmly defined for
this project. As the project progresses these responsibilities

will be defined further.

C. Work Breakdown Structure (WBS)

1)

2)

3)

4)

Phase 1: Motor control circuitry

The objective of this phase of the project is to design and
implement the necessary circuits to control the DC motors
to be used for lift.

Phase 2: Sensors and relatedcaiitry

The objective of this phase of the project is to design and
implement the circuits necessary to provide sensor
feedback for automated stabilization functions of the

aircraft.

Phase 3: Microcontroller programming and motor
interface

The objective of this phase is to integrate the previously
implemented circuits with a microcontroller in order to

allow central automated control of the components.

Phase 4: Power circuitry
This phase of the project is reserved for the creation of the
power circuitry and the implementation of the permanent

power source for the project.
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5) Phase 5Assembly and integrated testing
This phase of the project is for the final assembly and

integrated testing of all components as a whole.

6) Phase 6 (Optional): Navigational sensarcuitry
This phase of the project is reserved for the optional design

and building of navigational sensor circuitry.

7) Phase 7 (Optional): Remote control circuitry
This phase of the project is reserved for the optional design

and building of the remote control circuitry for the aircraft.

8) Phase 8 (Optional): Coordinating communication circuitry
This phase of the project is reserved for the optional design
and building of the coordinating circuitry and MCU
programming for the aircraft.

D. Project Milestones

In order to achieve success, the SVT flyer project will follow a timeline

that will lead to the achievement of several milestones throughout the

timeline of the project:

Motor Control circuitry complete

Stabilizing Sensor circuitry complete

Initial coding and testing of microcontroller interface to hardware
Power circuitry complete

Assembly of integrated unit complete

Final code adjustments and integrated testing complete

Test final aircraft in a variety of environments

Final presentation
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E. Gantt Charts

The following Gantt chart displays the intended timeline of tasks and milestone

achievement. The

length of each bar represents the expected duration in relation to

other tasks in the project.

Project Assignment Key
B=Teams

Start date: 11/15/2007

Project: SVT Flyer

Current Week l

Tasks

Research and Proposal Creation
Order Parts

Motor design and implementation
Stabilizing design and implementation
Initial MCU Coding and testing

Power circuitand testing

Assemble parts and integrated testing
Debugging and Testing

Final Presentation

Tasks

Weeks | 11/15|11/22|11/29 12/06|12/13|12/20|12/27 01/03|01/10 01/17 01/24|01/31 02/07 02/14|02/21 02/28 03/06 03/13 03/20|03/27 04/03 04/10/04/17 04/24

to to to to to to to to to to to to to to to to to to to to to to to to
11/22|11/29|12/06 12/13|12/20 12/27 01/03 01/10 01/17 01/24 01/31|02/07 02/14 02/21|02/28 03/06 02/13 03/20|03/27 04/03 04/10 04/17 04/24 05/01

11/15|11/22 | 11/29 12/06|12/13|12/20|12/27 01/03 | 01/10|01/17 01/24(01/31|02/07 02/14|02/21|02/28 03/06 03/13 03/20 03/27 04/03|04/10 04/17 04/24
[£ to to | to | to  to | to | to  to to | to  to to | to | to  to | to | to  to | to | to | to | to
Weeks | 11/22[11/2912/06 | 12/13|12/20|12/27 01/03 01/10 01/17 01/24 01/31|02/07 02/14 02/21|02/28 03/06|03/13 03/20 03/27|04/03 04/10 04/17 04/24 05/01

Current Week I

Figure 117 Gantt Chart
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XVIIlI. MULTIDISCIPLINARY ASPECTS

Our group consists of Alex Herrero, Yaniel Lopez, Luis Gallo and Pedro Cantuarias,

each with an assigned responsibility having to do with the development of flying disc.

The flying disc project requires a good deal of joint effort, consisting of a

combination of research, programming, hardware design and assembly. This is why a

combination of computer and electrical engineering disciplines is crucial to the

success of this project.

A) Alexander Herrero is a computer engineering major with significant computer

B)

C)

D)

programming and software development experience for a variety of applications.
He has programmed the control logic for robotic systems and has been project
leader for a variety of software and electronic design projects. His experience
with modulation and demodulation of transmitted radio signals will allow him to
apply his programming expertise to the remote control of the flying disc.

Yaniel Lopez is an electrical engineering major with a strong background in
electronics design and simulation, particularly with PSpice. His in depth
knowledge of various electronic devices has allowed him to pursue, in-depth,
various open and closed-loop amplification schemes using transistor based

integrated circuits.

Luis Gallo is an electrical engineering major with interests in signal processing
and filter design. He is well acquainted methods for maintaining control and
stability over devices employing a variety systems, including purely mechanical
and electrical systems as well as electromechanical systems. Luis will develop
the control algorithm for maintaining the pitch/yaw, roll and rotational stability of

the flying disc.

Pedro Cantuarias is an electrical engineering major with up to date knowledge on

power source management and regulation. He is in charge of obtaining the
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required power supply and regulation characteristics that will power the hovering

device.

XIX. PERSONNEL

Pedro Cantuarias is currently a senior in Florida International University. He is currently
working on his Bachelors of Science in Electrical Engineering. Pedro’s specializing in

Communication Systems and Power Systems.

As a Technical Engineer for US Biosolutions, Pedro acquired experience in the field of
Biomedical Engineering and Management. Worked as a technician with the Beckman
Coulter’s Cell Lab Quanta SC. This is a flow cytometry system that simultaneously
measures electronic volume, side scatter and three fluorescent colors to provide

unsurpassed population resolution and accurate cell counting.

This advanced flow cytometer has multiple excitation wavelengths, including 488 nm
laser and a UV light source optimized for excitation at 366, 405, 435 nm. Together with
interchangeable filters, the Quanta SC allows flexible fluorochrome selection for a
variety of multicolor applications typically only achievable with expensive and
complicated systems. Side scatter and Coulter volume make size analysis and fluorescent

measurements more precise.

Pedro worked manufacturing, troubleshooting, and calibrating the above mentioned
instrument and acquired hands on experience with filters, microelectronics circuits,

lasers, UV lamps, and microscopes.

Yaniel Lopez is currently a senior at Florida International University, majoring in
Electrical engineering, with a specialization in Computers. He has extensive academic
experience in power systems, where he has particular ability. Yaniel counts among the

honors he has achieved the Bright Futures Scholarship, as well as being a regular member
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of the Deans list. Yaniel has assisted the team greatly this semester with his expertise in
power systems by assisting the team with the design of the necessary amplifiers for the

flying disc.

Luis Gallo is currently a senior at Florida International University, majoring in Electrical
Engineering. Luis has a particular interest in filter systems, and has lent his experience
and interests to our project by developing a control algorithm for the flying disc. Upon
graduation, Luis plans on continuing on to earn his masters degree and enter the field as
an Electrical Engineer. He is looking forward to gaining work experience in the coming

years as he is able to put his knowledge to use.

Alex Herrero is now in his final year at Florida International University, majoring in
Computer Engineering. Alex has completed his degree over the past years while holding
a full time job at Baptist Health South Florida, where he works as a Systems Engineer.
Alex has extensive experience in IT Systems and systems engineering, having
participated in many large scale integration projects at the hospital system, which spans
over 7 hospitals and 13 urgent care centers. Upon completing his bachelor’s degree, Alex
plans on continuing his studies and earning a Master’s degree. Alex has been
programming computer systems since early childhood, and has lent his programming
experience to the team by providing the primary programming of the dsPIC

microcontroller for this project.
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XX. BUDGET

The budget for this project is made up of the necessary hardware plus labor costs for each
of the team members involved. The table below is a generalization of the expected budget

for this project:

Labor Costs:

Name Hourly Cost Hours Weekly | Total Weeks Labor Costs
Alex 18.00 12 16 $3456.00
Pedro 18.00 12 16 $3456.00
Yaniel 18.00 12 16 $3456.00
Luiz 18.00 12 16 $3456.00

Materials Costs:

Item Cost Number Extended Cost

Assorted IC’s $120.00 1 $120.00

Assorted Parts $240.00 1 $240.00

PIC Boards $130.00 1 $130.00

Prototype Board $50.00 1 $50.00
m
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XXI.  RESULTS EVALUATION

In order to shoe that show that the objectives and constraints were met when
implementing this project, we are going to analyze and test the results based on the
expectations that were made throughout this report. To do this we are going to compare
the project objectives, constraints, concepts, specifications and deliverables against the
results that we are going to obtain at the end of our design. This is going to determine
how good we accomplished the goals that we setup at the beginning of our self stabilizing
flying disk. Throughout this report, we included a number of parameters that we have to
fulfill. To meet the project objectives and constraints we are going to look for some
aspects or parts of the project that will show us that we have met the conditions proposed.
Some of these factors that will determine that we have successfully accomplished them
are:

e Test for stable hovering.

e The system is going to be inspected for safety.

e Evaluate and compare parameters to determine performance and efficiency.

e Test the response time of the system for accuracy.

e Make sure that isn’t interfering with other adjacent equipment.

We are also going to evaluate the phases of the project and how good we accomplished
each deadline. In addition, the standards of our project will be examined by subjecting

the project through separate test to see if we comply with the predetermined standards.

e Using measuring equipments to make sure that the device never loses power and
gets seriously damaged
e Making sure that there is good communication between the radio remote control

and the flying disk.

The last components that we have to check for are that the specifications and the

deliverables are complied. This is going to be accomplished by measuring and comparing
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the actual results of the project when is fully completed. After the data is collected and
analyzed we are going to determine which items are going to be changed or modified and

which are going to comply with that stated in our proposal.

XXIl.  PROJECTION OF THE PROJECT INTO THE FUTURE

We expect potential applications of the technology involved in this design to lie in

transportation, military reconnaissance and unmanned terrain exploration.

XXIIl. CONCLUSION

We would like to make the UPO design aircraft that was started in the 1950’s a reality
today. With advancements in technology, we believe this is a possibility and that it can be
done at a reasonable cost. We also believe that this project could open the doors for
future research into this type of aircraft and its possible beneficial uses. A small hovering
aircraft has potential uses ranging from reconnaissance to hobby aircraft flying. A large
hovering aircraft that is both fast and maneuverable has long been sought for use on
battleships and for search and rescue operations where helicopters now are the norm. We
believe that the future for this type of technology is bright, and we hope to have a lot of

fun while we’re at it!
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XXV. APPENDICES
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XXVI. SENIOR-DESIGNT Il PROCEDURES

Department of Electrical & Computer Engineering

Florida International University

SENIOR PROJECT PROPOSAL SUMMARY FORM

(A full proposal must be submitted and approved along with this fdvim
later than the end & EEL-4010each semester. All information must be
completed)

Course Number: EEL 4011

Reference Number:

Semester: Spring 2008

Senior I Instructor’s Name: Wilmer Arellano

Team Leader Name: Alex Herrero

Major: Computer Engineering

Other Member Information:

Year: 2008

Faculty Name: Dr. Jeffrey Fan

PID: 1352478

Telephone: 786-293-0285

Discipline / Specialization: Computer

Discipline / Area of

N Major_ Specialization

ame Student ID # (e.0. Electrlt_:a!, (e.g. Communications,
camipisr, Chl) Powers, Transportation)

Alex Herrero 1352478 Computer

Pedro Cantuarias 1294098 Electrical

Yaniel Lopez 1413867 Electrical

Luis Gallo 1375592 Electrical

Proposed Project (Summary Only)

A. Project Title: Stabilized Vertical Takeoff Flyer (SVT Flyer)

B. Design Specifications (Please List items)

DC Motors

Rechargeable Battery Source
Maximum diameter of 36 inches
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C.

Design Constraints (Standards, Economic Factors, Patents, Safety, Reliability,
Ethics, Social Impact).

Patent 5,609,312

Patent 7168656

Patent7168656

Flight Time of at least 30 seconds

Price of production system cannot exceed $150

Initial research results. Analysis and synthesis, procedures to be pursued.
Evaluation of alternate solutions.

Multi-DC motor solution to be pursued
Alternate solutions presented determined to be too complex, heavy, or limited

Project Evaluation/Teasting Criteria.

Did the resulting aircraft fly?

Was the minimum flight time met?

Was the minimum flight height met?

Did the aircraft maintain stability during flight?
Multi-Disciplinary Areas Involved in the Project

Pedro Cantuarias has extensive experience in low power applications of
technology through his experience in the bio-tech industry.

Luis Gallo has experience with control algorithms and systems that will be
important to the stability of the flying disks.

Yaniel Lopez has knowledge of power systems that will assist the team in
achieving the maximum flight time for the aircraft.

Alex Herrero is a systems engineer of several years professional experience

and has the needed knowledge to ensure that the systems microcontrollers
function as designed.

Team Assignments (Who will do what )
To be Determined

Attach a schedule, including two or three intermediate milestone.
Attached
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A. E-mail address and phone number and PID of ALL team members (Must be
Completed)
Name PID E-mail Address Phone Number
Alex Herrero 1352478 Aherr004@fiu.edu 305-772-1517
Pedro Cantuarias 1294098 ylope005@fiu.edu 954-655-0536
Yaniel Lopez 1413867 prca_217@hotmail.com | 305-213-6154
Luis Gallo 1375592 luisg@fiu.edu 305-588-1881
PRINT SIGNATURE DATE
Group Leader Alex Herrero 12/6/2007
Team Member Pedro Cantuarias 12/6/2007
Team Member Yaniel Lopez 12/6/2007
Team Member Luis Gallo 12/6/2007
Senior Design | Coordinator | Wilmer Arellano
Mentor Dr. Jeffrey Fan 12/6/2007
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