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ABSTRACT

It is the intent of this senior design team to design, test, manufacture, and implement an
atmosphere re-entry ballute. Building upon the work of previous senior design teams, this team
seeks to research the documented work of teams that have tried unsuccessfully to achieve this
and successfully bring the team’s ballute back safely.

Working with a six pound weight limit and working in conjunction with electrical
engineering teams, it is necessary to implement appropriate electrical equipment to monitor and
record at the very least: acceleration data, location, and video.

A basic description of this work is as follows: Using a lighter than air gas (Helium) this
team will seek to lift a reentry ballute to 100,000 feet. At or near that altitude the balloon
containing the lighter than air gas should expand beyond its maximum limit and break. However
the team hopes to release the ballute before the balloon ruptures. Upon release from the balloon
the re-entry ballute will descend through the outer atmosphere back toward earth. This team
intends to use that ballute’s shape to induce drag. At 60,000 feet a parachute will deploy.

During the actual flight of the ballute, GPS tracking was lost. The radio beacon was also
lost once the ballute landed. The most probable cause for this was a water landing. As a result the
landing site the ballute was never found.
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1 INTRODUCTION

The Wright State High Altitude Balloon Team was created to study the aerodynamic properties
of various re-entry structures in near-space. Near-space is a region in earth’s atmosphere
between 65,000 feet above mean sea level (msl) and 350,000 feet above msl. Testing in this
region of the atmosphere allows the team to simulate the environment found on other planets
such as mars. The type of structure tested on this project was design to simulate a ballute.

The word ballute is a portmanteau of the words balloon and parachute. It is defined as a
large “inflatable device that provides a large drag area to slow a vehicle entering an
atmosphere™.” Figure 1 shows an example of a ballute type device.

W o - p .. o -
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Figure 1: Example of a Ballute, taken from www.daviddarling.info

Using a ballute for re-entry into the earth atmosphere or entry into other planetary environments
allows for a stable free fall while having enough drag to slow itself down once it enters dense air.

The basic goal of the project is to design and construct a ballute or a ballute type device,
and then allow the ballute to free fall in near-space. Stability data will be collected via
accelerometers and the ballute must be tracked so that it can be recovered. To slow the ballute
below near-space altitudes a parachute needs to be released from the ballute. This requires two
way communications with the ballute and the teams on the ground. After recovery of the ballute
the accelerometer data can be analyzed to determine how stable the descent was. Later this data

! (Ballute Reentry Technology 2008)



can also be used to verify any computational fluid dynamic (CFD) models made of the ballute.
However this last aspect is outside the realm of this project.

The High Altitude Balloon Project is an interdisciplinary engineering projecting
combining students from both mechanical and electrical engineering. This allows the mechanical
engineering students to concentrate on the structure aspects of designing a ballute while giving
the electrical engineering students the time to work on the internal electronics and letting
everyone gain some experience in another discipline.

1.1 Necessary Components

The basic goal of the project is to design and construct a ballute or a ballute type device, and then
allow the ballute to free fall in near-space. Stability data will be collected via accelerometers and
the ballute must be tracked so that it can be recovered. To slow the ballute below near-space
altitudes a parachute needs to be released from the ballute. This requires two way
communications with the ballute and the teams on the ground. After recovery of the ballute the
accelerometer data can be analyzed to determine how stable the descent was. Later this data can
also be used to verify any computational fluid dynamic (CFD) models made of the ballute.
However this last aspect is outside the realm of this project.

To transport the ballute to the near-space altitudes a helium balloon is used. These are
simple latex enclosures which are very light but can stretch to great lengths to account for the
expansion of the helium as the altitude increases. The balloon will expand with increasing
altitude due to the ideal gas equation,

or solving for volume, V,

The number of moles, n, will not change as the balloon rises and neither will the ideal gas
constant, R. Therefore the only variables affecting the volume of the balloon are temperature and
pressure. At high altitudes the atmospheric pressure greatly decreases so the balloon expands
greatly. While the temperature decreases which would cause the balloon to decrease in volume, it
is only by a factor of 3 whereas the pressure decreases by a factor of 100. Therefore the decrease
in atmospheric pressure causes the balloon to expand much more than the decrease in
temperature causes the balloon to contract.

Traditionally the Wright State high altitude balloon projects in the past have
followed the same basic schematic shown in figure 2.
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Figure 2: Typical Launch Configuration

As shown in the figure a control box is inserted between the balloon and the re-entry
vehicle, in this case a ballute. The purpose of the control box is to contain the cut-down from the
balloon. Without a cut-down the balloon will simply burst and shreds of latex may interfere with
a stable descent. To solve this problem some method of cut down is used to cutaway the balloon
from the ballute before the balloon bursts. The control box’s parachute (labeled primary chute) is
deployed prior to the balloon launch as it is not necessary for the control box to free fall.

Another reason a control box is often used is to save weight in the ballute. In order to
bypass obtaining permission from the Federal Aviation Administration (FAA) for a launch it is
necessary for each package on the balloon to be less than six pounds. This is referred to as an
exempt launch. Each balloon may carry up to two packages. The FAA guidelines regarding
exempt balloon launches can be found in Federal Aviation Regulation (FAR) Part 101. Using a
control box gives a team six more pounds they can use for items that do not have to be inside the
ballute such as the cut-down. An excerpt of FAR 101 is given below in figure 3.

§101.1 Applicability.
(a) This part prescribes rules governing the operation in the United States, of the following:

(1) Except as provided for in §101.7, any balloon that is moored to the surface of the earth or an object thereon and that
has a diameter of more than 6 feet or a gas capacity of more than 115 cubic feet.
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(2) Except as provided for in §101.7, any kite that weighs more than 5 pounds and is intended to be flown at the end of a
rope or cable.

(3) Any amateur rocket except aerial firework displays.
(4) Except as provided for in §101.7, any unmanned free balloon thatd

(i) Carries a payload package that weighs more than four pounds and has a weight/size ratio of more than three ounces
per square inch on any surface of the package, determined by dividing the total weight in ounces of the payload package
by the area in square inches of its smallest surface;

(ii) Carries a payload package that weighs more than six pounds;
(iii) Carries a payload, of two or more packages, that weighs more than 12 pounds; or

(iv) Uses a rope or other device for suspension of the payload that requires an impact force of more than 50 pounds to
separate the suspended payload from the balloon.

Figure 3: Excerpt of FAR 101

For this project a control box was not used. This was decided because it became clear that weight
would not be an issue with the ballute designed.

1.2 Design Overview

The primary material the ballute was made out of was carbon fiber. This material was

chosen due to its high strength-to-weight ratio and because it was donated to the team by a
private company. The carbon fiber shell used for this project is shown below in figure 4.

Figure 4: Carbon Fiber Shell of Ballute



An internal support structure was designed to house the electronics. This support
structure consisted of a PVC bolt which was used to hold two round plastic plates in
compression. The bottom of the ballute was a foam nose which served to house the rubber duck
antenna and also provided some cushioning upon landing.

The electronics of the ballute consisted of a GPS antenna, GPS receiver, Nichrome cut-
down boards, power bus, dual-tone multi-frequency (DTMF) board, handheld radio, batteries,
CW radio beacon, accelerometer and data logger, camera, and a siren. A detailed discussion of
the design and configuration of the ballute is given in the experimental procedure.

To track the ballute, APRS is employed. APRS stands for Automatic Packet Reporting
System. This system works by using a handheld radio inside the ballute to transmit data packets
which can be received by other radios. The data packets contain the current position of the
ballute and its altitude. Figure 5 gives a more detailed view of the APRS tracking system.

@ﬁ\ﬁéa

Figure 5: Flow Chart of APRS Tracking

The GPS antenna on the left side of figure 5 connects to the Garmin 15L GPS receiver (center of
figure 5). The Kenwood D7 radio (right side of figure 5) has an input jack for GPS data. The
Garmin 15L GPS receiver has a pin out which plugs into the Kenwood radio. The radio had an
internal TNC converter which converts the GPS signal from the 15L to the APRS data packets.
The radio then transmits these data packets every 30 seconds so that radios on the ground can
receive the data.



2 DESIGN OF EXPERIMENTAL PROCEDURE

Understanding the objective of this project did little to minimize the effort necessary to
achieve it. A stable free fall in near-space requires balance, stability, and aerodynamic
cleanliness. Constructing such a ballute alone is not sufficient to meet the requirements of this
project. The ballute must also be tested in real world conditions. To conduct such a test a suite
of electronics is necessary to log inertial data throughout the test flight. Additionally the tracking
equipment must be housed and protected inside this same ballute. With these things in mind the
building of the ballute required much more than a simple stream lined design. As well as having
to be balanced, stable, and aerodynamically clean, the structure also must possess enough
structural rigidity to house and protect electronics as well as shock absorbent enough to sustain
multiple impacts, those experienced during parachute deployment as well as landing.

As such this section of the report will be divided into several parts. The four main
portions of the build for this project were structural, electrical, harnessing and total assembly.
The structural portion will discuss the material selection and strength of the design as well as
equipment mounting and selection. The electrical portion will cover the selection of
components, wiring, and equipment interfacing. The harnessing section will cover the routing of
the parachute and lift lines, as well as the methods used to cut them. Finally the total assembly
discussion will explain the final decisions on placement for the components.

The extreme environment (-40 degrees Celsius, 1/100 of an atmosphere) the ballute is
tested in leaves the design prone to many failures. Predicting what components will fail and
when is a near impossible task. Therefore it was necessary to incorporate several redundancies to
ensure that if one component fails, the testing will not be in jeopardy. However, as shown in the
final results, incorporating enough redundancies is difficult, and one overlooked component
could ruin a test.

2.1 Structural

A free fall through thin atmosphere means that the usual drag associated with terminal
velocity decent is significantly less than that of a similar fall through near earth pressures and
densities. This thin atmosphere condition mandates a more stable platform. The degree of error
allowed for any density of atmosphere can only be estimated with powerful FEA analysis and
can only be truly validated through real world testing. With this in mind it was the decision of
this team that an attempt to completely design and validate a suitable airframe is far beyond the
scope and time frame allowed for this project. In order to design an airframe from the ground up
that is capable of near-perfect stable free fall through near-space, a complete CFD analysis
would be necessary. This analysis would require the understanding and inclusion of the changes
in density and temperature as a function of altitude. This same density is of course also a
function of temperature, so any attempt to model this atmosphere would be only as accurate as
the data it was using to simulate the conditions present on the day deemed appropriate for
modeling. Considering the team's limited knowledge of CFD testing, the level of proficiency to



conduct high-level and accurate CFD research, and the time involved to perform CFD; it was
decided to forego CFD tests. Consulting several experts on CFD also reinforced this decision as
the experts pointed out that the CFD testing would be a senior design or possibly a master’s
project in and of itself. However one objective of the experiment is to use the free-fall data
collected to validate CFD testing performed by other researchers.

Since CFD was not practical for this project, real-world testing of the electrical and
structural components became necessary for success. The manufacturers of each component
advise safe operating temperatures for their products. Some of the equipment chosen to fly on
the ballute will be asked to function outside those parameters, especially the lower temperature
range. Adding insulating or heaters inside the ballute can only go so far due to the lack of
convective heat transfer at altitude. Without extensive testing in a cold vacuum environment,
knowing how each component will behave is a stab in the dark at best. With these things in
mind experimentation is again credited as the most feasible means of validating a design. The
only way to move forward on a project like this was to start brainstorming and start weighing all
of the pros and cons associated with each step of the design process.

Due to our strict six pound weight limit lightweight composites were near the top of the
list of possible materials to be used in the construction of the ballute. Early discussions and
considerations focused on the use of cardboard, balsa wood, Polystyrene, or carbon fiber.
Cardboard was quickly ruled out as a possible material due to its poor strength to weight ratio in
torsion applications as well as its weak compressive strength when loaded perpendicular to its
axis of construction. Being porous and highly absorbent meant that cardboard posed several
very serious weaknesses. The ballute is to be launched from the surface of the earth where
temperatures will be near room temperature. A launch is also not likely to occur on a rainy day
so the moisture content on the day of the launch is assumed to be rather low. The dry cardboard
structure is then susceptible to saturation as it climbs through the air. The strength, conductivity,
and weight of the structure then all become functions of altitude and moisture content of the air.
This introduces an additional level of difficulty that none on the team felt inclined to tackle,
especially considering cardboard had little to offer by way of strength or impact absorption.

The next material considered was balsa wood. Balsa wood is extremely light. Its
accepted density is 7 pounds per cubic foot. Balsa’s extensive use in RC cars, airplanes, and
boats is a testament to its extremely low density. Balsa also exhibits excellent impact absorption
characteristics as it is soft and ductile up to fracture. Balsa is easy to work with and readily
available. The main drawback to balsa is that using it makes it necessary to construct a skeleton
first than a skin to cover this structure. With the skin and skeleton constructed additional internal
bracing would need be constructed to mount and house the necessary electrical equipment,
making a cluttered and fallible internal structure. The balsa is strong enough for some structural
uses, but it is best if used in a compressive state as binding to it is difficult and unreliable. A
balsa wood and skin structure was deemed to be a feasible option but probably not the best
course to pursue.



Polystyrene foam is an excellent option for lightweight structural components for several
reasons. It is light, has a wide range of densities, and is very impact absorbent. Polystyrene has
a myriad of traits that would make it ideal for use as a primary structure in building the ballute.
Automobile manufacturers have long appreciated the amazing qualities of foam, as foam
bumpers are used in all but full size truck applications as a first line impact absorber. Early
design plans called for the use of foam. It was the intent of the team to construct a solid core
foam cube than using hot knife techniques constructs a hollow tear drop shape. This design
provided thermal insulation, impact resistance, and necessary structural rigidity, ample internal
surface area for electrical mounting and housing, and ease of manufacturing. It was not until
consultation with the electrical engineering students assigned to this same project that the several
problems associated with foam came to light. According to the electrical engineers, because
foam is not electrically conductive any static charge that is generated during the flight will sit on
the surface of the foam. This is likely to cause problems with the radios and wreak havoc on
sensitive electronic components as shorts and electrical discharge issues can become more
possible in such an environment. For these reasons foam was also abandoned as a candidate
material for construction of the ballute.

One other material considered for construction was carbon fiber. Carbon fiber (CF),
being an advanced composite, presented several challenges. Carbon composites in general are
still in their infancy as a major structural material. Only cutting edge aerospace and military
applications have been able to supply enough funding to adequately test and develop safe and
reliable compilations of the composite material. Research was conducted concerning the basic
premise of some composite materials. To the surprise of the team, carbon fiber’s density is
112.32 pounds per cubic foot, making it much more dense than previously assumed. Where
carbon fiber really shines is its strength to weight ratio. While CF is not incredibly light per
volume, it is incredibly strong. Unfortunately, the exact properties of CF are highly variable.
The main reasons for this are that carbon fiber is often woven with other materials in order to
achieve the proper properties for any specific material. Research taught the team that the use of
carbon fiber would be practical if implemented properly.

With these things in mind it was the decision of our team to seek some guidance from
professionals in the field of aerodynamic composite construction. A meeting was scheduled and
conducted with Mark Spoltman and Josh Horn of Hartzell Propeller in Piqua Ohio. These two
engineers specialize in lightweight composites used in aerobatic propeller applications. The use
of Kevlar and carbon fiber weaves provides for exceptionally strong, yet extremely light
structures. The engineers at Hartzell explained to our team that the data used to generate reliable
construction techniques took years of research by teams of engineers in closely monitored and
controlled settings. It was also made apparent to the team that carbon fiber is a very brittle
material. Any endeavor requiring carbon fiber to take a punch was not going to be successful.
The meeting concluded with the Hartzell Engineers suggesting the use of foam for its previously
mentioned outstanding weight and impulse characteristics. These engineers suggested that if CF



were to be employed on the ballute it would be necessary to use an existing structure, as the set
up and manufacturing techniques associated with CF require major capital and custom
equipment. The team was provided a “spinner” or nose cone for a four bladed propeller
assembly. This nose cone was constructed with state of the art manufacturing techniques and
designed to meet stringent FAA reliability standards. The environment the nose cone was
designed to operate in required it be as aerodynamically clean as possible, balanced, light, and
strong, a perfect fit for the application at hand. Also, because the use of composite nose cones is
solely held for high performance aerospace applications it can be guaranteed that the general
shape and composition of said structure is already as optimized as possible.

Weighing the pros and cons of each material against one another it quickly became
apparent that the opportunity afforded the team by the use of the carbon fiber nose cone was too
much to pass up. Had it been necessary to construct a CF structure from scratch or pay someone
to manufacture it, the team would have been vastly over budget and the benefits of CF would not
have over weighed this extra cost. However, because the team had a CF shell donated to us, this
material seemed like the best choice. The spinner provided a solid “chassis” to begin building
around, strong, lightweight, and incredibly aerodynamic it was exactly what the design called
for. Had the CF not been available, balsa wood would have been used.

With a basic shape selected it was necessary to decide upon a “loading” method. How
would the necessary electronics and hardware be safely nestled into the spinner? Several options
were again discussed, ranging from insulated cells independent of one another, connected to each
other only with wires and free to float around inside the vessel, all the way to a balsa internal
lattice to mount everything to. The first seriously considered prospect called for the use of foam
cells to be used as packing of sorts to protect the instruments. This idea was abandoned for the
same reasons why foam was decided to be a poor choice for structural components.

A compressed mainstay idea was finally decided upon as the best option for a mounting
layout. The final design called for a threaded mainstay to support concentric disks that would
rest against the outside wall of the carbon fiber spinner. By tightening the disks into the dome
the entire outside structure would be brought to a state of compression. Through the course of
our discussion with the engineers at Hartzell it was learned that CF is considerably stronger in
compressive loading than tensile. For these reasons the mainstay idea would become the
centerpiece of the project. Various disk and clamp arrangements were tested and examined, but
the final layout came in the form of laminate plastic disks sized according to the depth that they
would fit into the dome, being compressed with a threaded PVC rod with way of PVC nuts.
These disks were then permanently attached to the threaded rod and could be removed from the
dome by simply relieving the compressive load applied to the top and bottom disks by the
threaded fasteners at each end. With the threaded fasteners removed the entire inner structure
could be easily removed from the dome. This feature was something the team had sought to
achieve from the very onset of the project, but was uncertain how to configure something of this
nature.



The threaded rod was constructed using /2" PVC pipe. External threads were cut into the
PVC, essentially making a hollow plastic bolt. Soft black PVC also /2" in nominal diameter was
similarly tapped with internal threads. This created a bolt and nut combination of lightweight.
The added bonus of the hollow bolt was that it provided a central column that load bearing wires
and electrical wiring could be easily routed through to connect multiple layers of the structure.
The final design was such that three concentric disks were attached to the main stay. The upper
most disk had a dual purpose. This disk not only supported equipment on its underside but it
was also reinforced with additional layers of heavier particle board to serve as a mounting point
for anchors. In addition to being a central mechanical structure for both mounting and
anchoring, this upper disk also served as a lid for the contents of the ballute. When the upper
most disk was cut out of the sheet it was the one the team spent the most time on getting the
circle just right as it was intended to keep out the draft from the speedy descent as well as keep in
some thermal energy during the long trip up. The reinforcing components came in the form of a
plate that was constructed and attached to the underside of the disk. This plate was constructed
of Y4” board rather than the usual 1/8” used elsewhere. The support plate than had four quarter
inch holes drilled into each of its four legs. These four holes allowed mounting of eye bolts that
parachute strings were attached to. Because some of the load tension from the parachute lines
would be routed through these eye bolts it was also necessary to safeguard against the top disk
pulling off of the mainstay. Using thin walled plastic tube as a nut had its advantages; however
its minimal surface area in contact with the disk was a concern. Accordingly additional material
was added to the top disk in order to build up the frustum area under the nut. The built up area
acted in the same fashion as a washer on a bolt head by helping to increase the total area
contacted by the minimal area of the nut.

The internal disk served as a barrier between the two compartments. This disk was used
primarily as a location for mounting electrical hardware to, it did not have to carry any of the
loads. By using the top and bottom surfaces of the CF dome as a compressive structure the
internal structure of the ballute needed only provide enough structure to carry the hardware, not
reinforce the overall structure of the ballute.

The bottom of the mainstay housed the antenna and shock absorbent bumper. As was
explained to the team by the engineers at Hartzell Carbon Fiber is a poor material choice if
impacts are expected. To help alleviate the immediate effects of a hard landings a foam sphere
was halved and fixed to the end of the mainstay. This foam half sphere was than modified by
hollowing a thin vein through its center where the antenna could protrude through. The entire
interior of the ballute then became suitable for easy modifying for equipment mounting.

As the build of the ballute was really starting to take shape another unforeseen problem
with carbon fiber was brought to the attention of the team. Bruce Rahn, an electrical engineering
advisor, pointed out the faraday cage effects associated with CF. As CF is conductive it is very
difficult to transmit radio waves through CF, or to mount electronics directly to the conductive
surfaces made of it. This was solved by deciding that a foam nose cone would house the antenna
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and all electrical hardware would be mounted to cardboard surfaces affixed to the mainstay. No
electrical equipment would ever be less than two insulating layers away from the CF and the
antenna was selected and mounted such that its entire transmitting array would be clear of the
carbon fiber. With the above solutions the team felt relatively confident in the overall structural
strength of the ballute. The carbon fiber cone was significantly more rigid than necessary to
support the minimal weight it would be carrying. With the basic layout of the ballute built it was
time to tackle the tracking and data acquisition aspect of this project.

2.2 Electrical

From the first meeting with the advisor on this project it was understood that amateur radio
would be the primary means of tracking for flights of the ballute. The primary data collection
would be in the form of an accelerometer affixed as close to the center of gravity (COG) of the
ballute as possible. These systems were referred to as “legacy systems” as they had successfully
been employed in the past. While these systems have worked in the past, they are complicated
for mechanical engineering students unfamiliar with electronics and the principles of radio. The
first quarter of this two quarter project was mainly dedicated to the mechanical aspects of the
project. Proper material selection, shape, and functionality of the overall design were the first
thing resolved by the team. At the beginning of the second quarter it became apparent that the
project time table could not be met without immediate action regarding familiarization,
construction, and testing of the electrical suite.

The centerpiece of the electrical suite was the two-way radio used to send tracking
information as well as receive commands to cut the ballute from the balloon and later a
command to release the parachute. The two-way radio selected for this experiment was a
Kenwood D7. This particular unit has dual bands, meaning that it is capable of transmitting and
receiving two frequencies. This allowed tracking information to be sent out via the nationally
recognized APRS frequency of 144.39 while command frequencies could be transmitted to the
radio on a different frequency.

In order for the radio to broadcast GPS data it must have the appropriate hardware
attached and interfaced with it. The GPS of choice for this type of situation is a Garmin 15L.
The L denotes this unit is a low voltage component, meaning it is to operate on a 3-5V input.
The GPS chip calculates the location of the ballute and sends that information to the radio. A
Garmin external GPS antenna was attached to the 15L chip. The interfacing between the GPS
chip and the radio proved to be a very difficult task as the radio is capable of receiving data in
multiple formats, rates, and provides more information than is necessary. A difficult part of
making the GPS work was creating a wiring harness to both power the 15L chip and relay the
GPS data to the radio through a 2.5mm jack. The owner’s manual for the 15L was helpful in
explaining which pins were what on the actual chip, as shown in table 1.
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The table above made it relatively easy to wire up the power supply into the chip and the
signal out from the chip to the jack. The difficulty lay in trying to determine where the signal
needs to come into the radio. Testing was conducted using existing jacks that functioned with
the GPS jack on the handheld. The same handheld functioned perfectly with other tracking
systems but was not functioning with the set up constructed by the team. Figure 6 below shows

Table 1: Garmin 15L Pin-Out

the testing set up used to systematically eliminate the possibilities for wiring.
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Figure 6: Wire Testing Set-up for GPS

The orange wire to the right side of the picture is the wiring harness configured for use
with the D7 and the 15L. Visible in the picture is a 9V wiring plug. The battery configuration
used for testing is visible in the top of the photo. Three AA batteries were inserted into the
battery holder to make a voltage of 4.5V. The black line shown exiting at the bottom of the
picture is a jack used for a Kenwood factory built GPS unit. Once the proper wiring layout was
configured for the GPS tracking set up it was safe to move onto the command portion of the
project.

In order to command a cut down it is necessary to broadcast a signal to the ballute to
initiate some electrical process that will charge a circuit. To do this a DTMF board is employed.
This board has eight relays. Each relay is capable of functioning either as a normally closed or
normally open circuit. In order to operate the DTMF board a signal must be supplied to the
board as well as a 12V power supply. Once the DTMF board was figured out, wiring harnesses
were constructed to power the board. Additional harnesses were built to signal the audio portion
of the board from the radio. Before any of the harnesses could be constructed pins had to be
installed on the board. The soldering of the pins to the board was undertaken with great care as
these boards were relatively expensive and the terminals are very close together. With the
DTMF tested independently of the tracking system it was necessary to construct a complete set
up with tracking.

For the complete setup a 12V lithium lon battery pack was used in tandem with a voltage
regulator supplied to the team for the project. This voltage regulator allowed the single 12V
battery to be reduced incrementally to power several items. The GPS unit, DTMF board and
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Audible Screamer were all powered from the same battery pack. With the necessary command
and tracking circuits now constructed it is necessary to test the entire set up.

Speaker Jack
Audio In

12V Power In

DTMF Board

Nichrome Wire

Power Bus Supplying 12V Nichrome Board

Figure 7: DTMF and Nichrome Board Flow Chart

To do this all of the components used in the command and tracking set up were installed
on a mock board that would allow easy transportation of the entire set up for testing purposes.
This test board allowed day to day testing by each of the team members transporting the tracking
system home with them at night to test the reliability and ease of use of the whole set up. Figure
8 below shows the test board with the individual components used labeled accordingly.
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Figure 8: Test Board Set-up

Notice in the upper right hand corner of the figure the “audible screamer” This was added
as a method for aiding in recovery of the unit. The plan was that should the ballute land in a
sparsely populated area the audible tone could be activated to help speed up the location process.
This speaker was also powered by the main power supply.

The test board complete with handheld and batteries was than subjected to day after day
of testing in various conditions. The antennas were partially covered with plastics, foam, or
carbon fiber to test the most optimal antenna arrangement to guarantee reliable communication
with the ballute.

Once relative confidence was placed in the reliability of the tracking and DTMF
functions the team moved on to building wiring harnesses to utilize the multiple channels for
actuating the cut down commands. The accepted method for cutting lines on this project is the
use of nichrome wire. Actuating the correct relay will signal the nichrome board to dump
voltage from an auxiliary battery through the nichrome circuit. This voltage is capable of
causing the wire to heat to temperatures capable of burning through nylon wire in less than one
second. Each board is capable of charging two circuits. That is one nichrome board can be used
to initiate two independent cuts. By implementing two boards the team was able to configure a
cut down platform that would allow the ballute to be radio commanded to release from the
balloon, and a second radio command to release a parachute. Each of these commands was
covered twice. In the design cut down design it was determined that the boards would be labeled
board two and board five. Each of which is capable of two cuts, now called cut 2A, 2B, 5A, and
5B. By using cut 2A for a balloon cut down and cut 2B for a parachute release one board was
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capable of successfully completing the entire process. Redundancy was achieved by using cut
5A for a backup balloon release and 5B for a backup parachute release. With this set up either
one of the boards could fail and success could still be achieved.

The final DTMF configuration is shown below in table 2.

DTMF Function
Channel
1 Cut 2A, Primary
Parachute Cut Down
) Cut 2B, Primary
Parachute Release
3 Cut 5A, Auxiliary
Parachute Cut Down
4 Cut 5B, Auxiliary
Parachute Release
5 Not Used
6 Not Used
7 Not Used
8 Audible Screamer

Table 2: DTMF Board Channel Chart

Using the electrical configuration discussed above all systems were used for several
weeks prior to launch to ensure reliable functionality. All electrical connections were soldered,
encased in shrink tube, taped, and in some cases wrapped in shrink tube again. Once the final
DTMF configuration was laid out and all electrical pins were attached all connections were super
glued together to ensure in-flight jostling would not unplug any of our vital tracking systems or
command systems. A close inspection of figure 8 above will show the great attention that was
placed on guaranteeing no connections were untested or unsecured. A block diagram showing
the complete electronics set-up is shown in figure 9.
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Figure 9: Electronics Block Diagram

2.3 Harnessing

Ultimately all of the prior construction is for naught if the team were unsuccessful in
hoisting the ballute to the extreme altitudes demanded by this project. Reliability of the balloon
is something that is beyond the control of the group. The best that could be done is to ensure that
the rigging of the hoist lines and parachute lines is as reliable and fool proof as possible. To do
this research was conducted on existing parachute line stowing and release techniques. It was
determined that the most common mode of failure in parachute applications is fouling of the
lines which is near always found to be caused by tangling.

To ensure the parachute lines would not become tangled during the flight of the ballute
all lines were folded in and bound in rubber band figure eights. The rubber bands promised that
the lines would be held taught until they were forcibly pulled from their positions on top of the
lid of the ballute. Another concern of the group was fouling of the lines post parachute
deployment. This is possible during moments of parachute stagnation when the lines are not
held taught. To alleviate this problem the bottom of the parachute had a hoop sewn to it, made
of CPCV. This hoop kept the parachute taut at all phases of the flight. The completed parachute
set-up is shown below in figure 10.
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Figure 10: Parachute Assembly

Equally important was the ability to cut the lines. Because of the redundant cut down
methods it was necessary to keep a safe distance between the lines so the nichrome wire would
only cut the correct line. By winding the hoist line around the central column and out through the
eye bolts it was possible to mount two cutting locations 180 degrees off of each other. Similarly
the parachute release lines were also wound across the central column in a similar fashion. This
set up was tested to ensure immunity from tangling or peripheral burning. Figure 11 below




Figure 11: Nichrome Wire Cutting Layout

2.4 Total Assembly
With the structural components constructed, electronics suite configured and wired, and

harnessing of parachute and hoisting balloon laid out, it was time for the final assembly to be put
together. The entire point of the project was to construct a ballute capable of maintain stability
during a free fall through thin atmosphere. All of the work regarding parachutes, tracking,
structures, and wiring is peripheral to that ultimate goal. With this in mind the team sought to
maintain as balanced and stable a ballute as possible. The single heaviest component in the
entire suite is the battery pack, followed in weight by the handheld radio. Beyond that the
electronic components used were all very close to one another in weight. Considering 80 percent
of the weight of this project was consumed by only two components, great emphasis was put on
determining the most optimal placement for these components. It was determined that keeping
the COG as low as possible would pay dividends in stability, so naturally the decision was made
to mount the heaviest of the instruments near the bottom of the main stay. The foam bumper
used for a nose cone to the ballute also helped insulate and seal the front most portion of the
ballute. These factors were the determining ones in deciding upon the placement of the battery
and handheld radio.

The battery pack was originally configured as a double stack of 2V batteries configured
in a rectangular layout. As a rectangle the pack was going to throw off the balance of the ballute
no matter how it was attached, because the center of the ballute was occupied with the main stay.
To alleviate this problem the battery pack was modified and re-soldered as a cylindrically loaded
battery. The cylindrical layout meant that the battery pack could be wrapped around the
mainstay at the very base of the column. This layout ensured that the battery would be insulated
from the draft that was sure to occur elsewhere in the ballute. Directly above the battery was
mounted the handheld radio. The radio measured 5” x 2” thick and 3” wide. These dimensions
were not negotiable as the radio had to be powered by its own battery pack. The handheld was
mounted to the main plate directly over the radio. This configuration allowed access to the
keypad on the radio for last minute adjustments. Also, by placing the radio this way the ports on
the side of the radio were accessible to attach the GPS, Audio, and antenna lines. In terms of
securing the loads to the ballute the radio was wire tied to both the main disk and the main stay.
This meant that the only way the radio could wiggle free would be in the case of stay breakage or
disk removal. Both of these issues were nearly impossible. The battery was attached to the
mainstay using wire ties and electrical tape. The ties were initially that to be enough, but last
minute thoughts provoked the additional use of some electrical tape to double secure the batteries
in place. A third and major contributor to the placement selections for these components was
that the batteries were now all within only five inches of each other. This meant that only one
compartment of the entire structure needed to be heated. To heat the batteries chemical hand
warmers were attached to the main battery pack. Additional hand warmers were also attached to
the lower most plate in order to add needed thermal energy to the battery compartment.
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The upper compartment housed nearly the entire electronics suite. The use of the main
disks top surface as a mounting plate was very convenient. The audio and GPS lines were easily
routed through the main disk to be easily attached to the handheld radio. The main power line
from the battery pack was routed up from the bottom compartment to the top through the same
hole that the GPS and Audio signals were brought down. The accelerometer, voltage regulator,
GPS chip, data logger, and DTMF board were arranged on the top surface of the main disk such
that the power lines could be easily routed with minimal tangling with other lines. The nichrome
boards were mounted on the bottom side of the top disk. This allowed for the shortest possible
lead lines that were to feed the nichrome wires. The GPS antenna and audible screamer were
both mounted on the top surface of the top plate. This was done to ensure clear visibility of the
GPS antenna to the open skies above it. The audible screamer was intended to aid in locating the
ballute upon landing, as such the screamer was also attached with a clear line of sight to the
outside of the structure.

To observe the flight, a helmet cam was affixed to the outside of the ballute. The helmet
cam was bolted to the shell using a quarter-20 bolt through the shell into a mounting bracket on
the camera. The camera was placed opposite the handheld radio. Conveniently the moment
induced by the radio at the extreme radius of the ballute was nearly perfect to counteract the
moment of the radio being mounted on the mainstay. The configuration of the entire structure is
shown in the following figures.
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Figure 13: Detailed Component Layout

Testing of the final design was conducted at length by subjecting the total assembly to
rigorous exposure to vibration and jarring by attaching it to the roof rack on a ballute and driving
it during normal driving circumstances. The high wind speeds and changing location were
helpful in recreating real world tracking situations that would be present during the test flight.

CW beacon enclosed in Styrofoam
and mounted to side of parachute.
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Assembled Vehicle

Figure 14: Mobile Testing

3 RESULTS AND DISCUSSION
On May 5, 2011 Team 19 Mile High Club launched Wright State University High

Altitude Balloon Flight "19 at 10:52 a.m. At 2:13 p.m., and with the ballute at 111,320 feet,
communication with the capsule was lost and never recovered.

The purpose for this experiment was to design an atmosphere entry ballute that maintains
a stable free fall in near space environment. To accomplish this goal the team employed an
aerodynamic carbon fiber shell. This material led to many possible difficulties. Due to a
generous donation of what otherwise would be a very costly component it was determined that
Wright State might not be able to incorporate carbon fiber in the future. The weight of the
possibility led to the decision to overcome the obstacles. Most of the problems inherent in the
material were electrical in nature. Being a conductive material, no antennas could be placed in
the shell. It was believed and through testing confirmed that the carbon fiber would create a
faraday cage. Therefore all antennas needed to be placed outside the shell, but in such a way as
to not interfere with the dynamics of the ballute. In answer to this the antenna was place as the
leading point of the capsule. Also, great measures were taken to insure a low center of gravity
by the placement of the internal components. The heaviest components were the battery pack
and the radio. These devices were placed in the lowest compartment of the capsule. Since the
shell was tapered for aerodynamic reasons these components were not easily situated in the
confined area. In order to demonstrate that the main objective was met the payload included an
accelerometer and a data logger. To record the information produced by this equipment a SD
mini card was inserted into the data logger. These instruments were obviously lost with the
ballute. This leaves the team with no evidence that the free fall was in fact stable and
manageable. For a backup an external camera was also fastened to the shell and it too was lost.
This distinct lack of data lays heavily on the team.
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A team objective was to create the ballute in such a way as to be conveniently
broken down for future modifications or maintenance. To accomplish this goal the entire
internal frame was built around a central mast.

Figure 1_5: Modular Design
This mast was made of PVC piping and had threads cut on the outside. This unique design

allowed for platforms to be adjusted up and down the mast depending on where they were
needed. To keep these platforms in place a light weight “nut” was needed. Cutting threads on
the inside of more PVC filled this requirement nicely, as seen in Figure 16
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o

Figure 16: In-field Reassembly

the payload was able to be easily disassembled and then just as easily reassembled shortly before
launch time. Because of this, the team considered this design element a success.
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For any High Altitude Balloon project, tracking is a serious necessity. To fill this
requirement a transmitter and GPS along with a CW beacon was used. The GPS was the primary
devise for tracking because of the precision of the location data. The CW beacon was intended
for a backup system until the payload fell close enough to the ground then it was to replace the
transmitter as the primary. A Kenwood D-7 was used as our transmitter because of its dual
channel capability. This allowed the team to use it as a tracking devise as well as a tool for the
cut downs planned for the flight. A Garmin 15L accumulated the positioning data. For reasons
still under investigation this system failed three and a half hours into the flight. Further
communication with these units was never reestablished. The CW beacon performed well
throughout the flight. Its signal was received for many miles. However, at what is assumed to
be touchdown the signal was lost. Because of the rugged nature of the device something
catastrophic is suspected to have happened to it. The estimated landing area contains many
bodies of water as seen in Figure 17 and it is supposed that the capsule incurred a splash down
instead of hitting terra firma. An airplane was brought to aid in the search. The airplane, flying
at 8,000 feet, was unable to pick up the CW beacon. This fact leaves the team with little doubt of
the water landing scenario.
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The flight did have some successes though. Flight “19 reached an altitude of 111,302
feet. This is a school record. It was calculated that for a 1500g balloon an entire tank of helium,
with a psi of 2000, would be needed for the correct ascent rate. Upon opening the balloon
package it was discovered that the balloon was actually a 1600g balloon. This misunderstanding
is attributed to the fact that the label on the package was in Chinese and was unable to be read.
At launch time the balloon difference was weighed and it was decided that the team would go
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ahead as if the balloon was a 1500g for a couple of reasons. First, this difference in balloon mass
would allow for more expansion capability in the balloon at higher altitudes which would make a
record high altitude a strong possibility. This was at the cost of a more rapid climb time
however. Second, there was only one extra tank of helium in the HAB department’s possession
and another team was planning a launch later in the week and they might have needed that tank.
To use any part of that tank would scrub their mission until more could be acquired. For these
reasons the calculated risk was taken.

This balloon configuration resulted in the data in Table 6, which can be found in the
appendix. This information is more readily displayed in following graph.
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Figure 18: Flight Data, Attitude vs. Time

This data reveals an ascent rate of 562.13 ft/min. While slow, at the time it did not seem
alarming. In hind sight it can be reasoned that this ascent rate would subject the electrical
components to adversely cold conditions for an even longer time than planned. The electrical
engineering team is still calculating the load analysis to determine if that was the reason for
tracking failure.

The first cut down command was given around 2:08 p.m. To make sure other radio traffic
did not produce interference, the command was transmitted several times. APRS data ceased
from the ballute at 2:13 p.m.; just shortly after these signals were sent. This time frame seems
more than coincidental. At this time there is no substantial evidence that the batteries were under
enough strain as to fail. In fact all preliminary calculations point to the fact that the batteries
should have been more than sufficient to complete the task. An electrical load analysis was
performed and is demonstrated below. Also included in the uncertainty is whether the nichrome
ever worked. If the batteries were capable of actuating the relay as they were suppose to the next
question is on the actual cut down. The nichrome controllers were powered separately from the
other devises. Therefore there is no reason to believe that a problem ensued from a lack of
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power. For that matter there is little reason to believe the cut down didn’t work at all. The only
fact that raises a question is that the two transmissions between the cut down and the loss of
contact did show that the altitude of the package was still increasing. While this may sound
rather definitive, we are unsure of which, if any, of the cut down signals made it to the capsule.
The elapsed time could be contributed to many factors such as environmental conditions and the
point of contact the nichrome had on the nylon string. It is quite possible that the nichrome did
not cut in enough time for the radio to verify a descent.

The predicted flight path seen in Figure 19 ran very similarly to actual one seen in Figure
20.
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Figure 20: Actual Flight Path

The biggest difference would be the location of the maximum altitude. However the prediction
was made with regard to a 1500¢g balloon instead of the 1600g used. The slower climb rate
would easily explain this inconsistency.

With the limited data recovered from the project it is impossible to definitively determine
the exact cause of failure. It can be reasoned that due to the length of known flight time and
altitude there seemed to be no mechanical problems. The only structural malfunctions that could
have presented the termination of communication would be if the antenna malfunctioned due to
the cold or some other unforeseen event.

To determine if the batteries died during the flight, an electrical load analysis was
performed on both the main lithium ion battery pack and the radio battery pack. The first step of
the load analysis was to calculate the power draw of all the electronics connected to the batteries.
Table 3 shows which electronics were connected to which batteries.

Main Battery Pack- 11.1 Volts (nominal), 4.4 Radio Battery Pack- 6 Volts, 3 Amp-hours
Amp-hours

DTMF Board Kenwood D7 Radio

GPS Receiver

Accelerometer

Data Logger

Table 3: Electronics Connected to Batteries

Table 4 gives the voltage, current draw and power of each device. The power was calculated
using the relation
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Device Voltage (V) Current (mA) Power (W)
DTMF Board 12 60 0.87
GPS Receiver 5 85 0.48
Accelerometer 3.3 65 0.26
Data Logger 3.3 80 0.32
Radio (receiving only) 6 230 1.38
Radio (transmitting) 6 500 3.0

Table 4: Electronics Power Consumption

The power consumption of each device takes into account the efficiency of the power bus. These
efficiencies are given in table 5.

Output on Power Bus (V) Efficiency
3.3 83 %
5 88 %
9 76 %
12 83 %

Table 5: Power Bus Efficiency

Therefore the total power on the main battery pack was 1.93 watts and the total power on the
radio battery pack was 1.38 watts when receiving and 3.0 watts when transmitting. To determine
the current draw on the main battery pack the standard electrical equation

was employed. The current draw on the main battery pack was found to be 0.174 amps. The amp
hour rating of the battery pack was divided by this current to find the total possible operating
time. The main battery pack was found to be able to operate for 25.29 hours. This was reduced
by half to account for the cold operating environment to give an operating time of 12.64 hours.

The radio was determined to have transmitted approximately 6.5 minutes. When not
transmitting the position of the ballute it was likely receiving other APRS data. The radio would
have been able to transmit continuously for 1.5 hours and receive continuously for 6.25 hours.
Combining the transmit and receive values for the radio gives a total operating time between 5
and 6 hours.

The results from the electrical load analysis show that it is very unlikely that either
battery pack died during the flight which lasted only 3.5 hours.

4 CONCLUSIONS

As with most experiments; everything did not go as planned. The team suffered some
disappointments as well as some successes. Not finding the package after the experiment has to
be the largest misfortune that befell the team. With that said, breaking the school record with an
altitude of 111302 feet is an accomplishment that the team can claim.
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The carbon fiber shell more than adequately served the purpose of both structure and
aerodynamics. Donated by a local aerospace company, it proved to be an excellent material for
the ballute. The main complication it produced was antenna location and that was overcame by
putting the antenna as the leading point of the payload. Enclosed in this shell were the mast and
the platforms. All mechanical and structural elements of this design showed to perform well
during the most challenging environments. Wind records show that the highest winds the ballute
was exposed to were in the jet stream. These winds reach a maximum velocity of around 50
mph. The ballute reached the jet stream and elevated above it for another 40,000 feet. For this
reason it can be concluded that the structure itself survived the flights harshest conditions. This
however does account for the antenna. It is not known whether the antenna was the point of
failure but it is not outside the realm of possibility. It could be that it became brittle due to the
intense cold and broke.

Although though this was an interdisciplinary project the mechanical engineering team
manufactured quite a bit of the electrical harnesses and learned much more than expected of
electronics. Through the advice and help of advisors like Bruce Rahn and Nick Baine the team
was able to create and test working tracking and accelerometer systems. Quite a lot of time was
submitted by Mr. Baine in both helping the team test and analyze electrical problems and
components. Not only was he generous with his time in the production stage but he contributed
in the launch and the ill fated search for the package. The team would like to extend special
thanks for the use of his airplane in the recovery attempt. Was it not for the kindness of people
like these; this project, literally, would not have left the ground.

The main objective was to create a capsule that the team could prove maintained a stable
free fall. To ascertain this goal was met an accelerometer package was included in the payload.
The accelerometer package also included a data logger and a SD mini card. Unfortunately this
data was lost with the rest of the parcel.

The tracking system consisted of a Kenwood D-7 connected to a Garmin 15xL GPS and a
CW beacon. This system did perform for the estimated flight time. However due to other
setbacks the flight took longer than expected. The GPS system broke communication 3 hours
and 26 minutes into the flight. The definitive reason for the loss of contact is still being sought.
The CW beacon performed as expected until what is believed to be the time of landing. The
most reasonable assumption of failure is that the ballute landed in water. This scenario would
explain why the beacon functioned so well until it suddenly stopped transmitting a signal at all.
Without any additional information all is conjecture.

The cut down systems is even more unclear. The tracking signal was lost just moments
after the first cut down was initiated. It is still undetermined if one had anything to do with the
other. With nothing tangible to inspect it is difficult to say that the cut down relay ever acted,
and if it did, if the cut down itself worked. Hopefully time will tell but it is doubtful that this
question will be answered in the near future.
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It is impossible to say with 100 percent certainty what failed to lead to the loss of GPS
tracking. However the post analysis help provide some clues to the most likely reasons for
failure. The most likely reasons for failure, in decreasing probability are: GPS receiver failure
(due to cold operating temperatures), radio battery case failure (shattering at cold temperatures),
the antenna breaking apart at balloon bust, wiring failure, and battery failure.

Unfortunately The 19 Mile High Club did not accomplish all the goals it set. Nonetheless
the team learned much about mechanical construction and electronics. The high altitude balloon
project proved to be fun and left each member with a great learning experience as well as many
stories to tell.

5 REFERENCES
Ballute Reentry Technolog008. http://www.andrews-space.com/content-
main.php?subsection=MTAO (accessed May 15, 2011).

6 APPENDICES
Table 6: Launch 19 Data

Time (Zulu) Alt (ft)
5/5/11 14:56 1633.86
5/5/11 14:57 1988.19
5/5/11 14:58 2519.69
5/5/11 14:58 2723.10
5/5/11 14:59 3100.39
5/5/11 15:00 3599.08
5/5/11 15:01 3950.13
5/5/11 15:01 4416.01
5/5/11 15:02 4632.55
5/5/11 15:02 4917.98
5/5/11 15:03 5324.80
5/5/11 15:03 5764.44
5/5/11 15:04 5987.53
5/5/11 15:04 6213.91
5/5/11 15:06 7063.65
5/5/11 15:06 7211.29
5/5/11 15:07 7788.71
5/5/11 15:08 8349.74
5/5/11 15:08 8559.71
5/5/11 15:09 8982.94
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5/5/11 15:10 9573.49
5/5/11 15:11 10121.39
5/5/11 15:12 10249.34
5/5/11 15:13 10462.60
5/5/11 15:13 10885.83
5/5/11 15:14 11102.36
5/5/11 15:14 11276.25
5/5/11 15:15 11587.93
5/5/11 15:15 11686.35
5/5/11 15:15 11965.22
5/5/11 15:16 12299.87
5/5/11 15:17 13047.90
5/5/11 15:18 13208.66
5/5/11 15:19 13707.35
5/5/11 15:20 13982.94
5/5/11 15:20 14281.50
5/5/11 15:21 14678.48
5/5/1115:21 14908.14
5/5/11 15:22 15062.34
5/5/11 15:22 15255.91
5/5/11 15:23 15580.71
5/5/11 15:24 15892.39
5/5/11 15:24 16085.96
5/5/11 15:25 16391.08
5/5/11 15:25 16587.93
5/5/11 15:26 16742.13
5/5/11 15:27 16906.17
5/5/11 15:27 17322.83
5/5/11 15:28 17477.03
5/5/11 15:29 17782.15
5/5/11 15:29 18241.47
5/5/11 15:30 18402.23
5/5/11 15:31 18881.23
5/5/11 15:32 19543.96
5/5/11 15:33 20157.48
5/5/11 15:34 20344.49
5/5/11 15:34 20711.94
5/5/11 15:35 20944.88
5/5/11 15:35 21131.89
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5/5/11 15:36 21368.11
5/5/11 15:37 21725.72
5/5/11 15:38 22119.42
5/5/11 15:39 22355.64
5/5/11 15:39 23067.59
5/5/11 15:40 23307.09
5/5/11 15:41 23750.00
5/5/11 15:41 24130.58
5/5/11 15:42 24402.89
5/5/11 15:43 24750.66
5/5/11 15:43 25134.51
5/5/11 15:45 25374.02
5/5/11 15:45 25636.48
5/5/11 15:47 27201.44
5/5/11 15:49 28038.06
5/5/11 15:50 28838.58
5/5/11 15:51 27706.69
5/5/11 15:51 29107.61
5/5/11 15:52 29566.93
5/5/11 15:52 29921.26
5/5/11 15:53 30419.95
5/5/11 15:54 31217.19
5/5/11 15:55 31633.86
5/5/11 15:56 31945.54
5/5/11 15:57 32234.25
5/5/11 15:58 33123.36
5/5/11 15:59 33467.85
5/5/11 16:01 34183.07
5/5/11 16:01 34645.67
5/5/11 16:01 33818.90
5/5/11 16:02 35291.99
5/5/11 16:03 35951.44
5/5/11 16:03 36236.88
5/5/11 16:05 36538.71
5/5/11 16:05 37135.83
5/5/11 16:05 36794.62
5/5/11 16:07 37391.73
5/5/11 16:09 38467.85
5/5/11 16:09 38707.35
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5/5/11 16:09 39353.67
5/5/11 16:10 39744.09
5/5/11 16:11 40032.81
5/5/11 16:12 40751.31
5/5/11 16:13 41076.12
5/5/11 16:13 41669.95
5/5/11 16:15 42204.72
5/5/11 16:16 43123.36
5/5/11 16:16 43415.35
5/5/11 16:19 44232.28
5/5/11 16:22 46420.60
5/5/11 16:22 45761.15
5/5/11 16:24 47572.18
5/5/11 16:25 47870.73
5/5/11 16:26 48641.73
5/5/11 16:27 49035.43
5/5/11 16:28 49862.20
5/5/11 16:29 50252.62
5/5/11 16:30 50977.69
5/5/11 16:31 51263.12
5/5/11 16:32 52112.86
5/5/11 16:34 53195.54
5/5/11 16:35 54101.05
5/5/11 16:36 54445 .54
5/5/11 16:37 54829.40
5/5/11 16:37 55574.15
5/5/11 16:38 55833.33
5/5/11 16:39 56571.52
5/5/11 16:40 56896.33
5/5/11 16:41 57221.13
5/5/11 16:42 58005.25
5/5/11 16:43 58431.76
5/5/11 16:44 59251.97
5/5/11 16:44 58431.76
5/5/11 16:45 59534.12
5/5/11 16:45 59957.35
5/5/11 16:46 60482.28
5/5/11 16:47 60790.68
5/5/11 16:48 61650.26
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5/5/11 16:49 61886.48
5/5/11 16:50 62874.02
5/5/11 16:51 63188.98
5/5/11 16:52 64071.52
5/5/11 16:53 64337.27
5/5/11 16:54 65370.73
5/5/11 16:55 66187.66
5/5/11 16:55 66489.50
5/5/11 16:56 66699.48
5/5/11 16:56 66860.24
5/5/11 16:57 67339.24
5/5/11 16:57 67637.80
5/5/11 16:58 67962.60
5/5/11 16:59 68415.35
5/5/11 16:59 68910.76
5/5/11 17:00 69196.19
5/5/1117:01 69616.14
5/5/11 17:02 70462.60
5/5/11 17:04 71751.97
5/5/11 17:04 70771.00
5/5/11 17:05 72109.58
5/5/11 17:06 73097.11
5/5/11 17:07 73805.77
5/5/11 17:07 73382.55
5/5/11 17:08 74347.11
5/5/1117:10 75705.38
5/5/1117:10 75997.38
5/5/1117:11 76437.01
5/5/1117:12 76971.78
5/5/1117:13 78320.21
5/5/1117:14 78674.54
5/5/11 17:15 79137.14
5/5/1117:16 79708.01
5/5/1117:16 80022.97
5/5/1117:17 80462.60
5/5/1117:17 81010.50
5/5/1117:18 81286.09
5/5/1117:19 81669.95
5/5/1117:20 82408.14
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5/5/1117:21 83697.51
5/5/1117:22 84045.28
5/5/1117:23 84504.59
5/5/1117:24 85088.58
5/5/1117:24 83284.12
5/5/11 17:25 85295.28
5/5/1117:26 86538.71
5/5/1117:26 86761.81
5/5/1117:27 87493.44
5/5/1117:28 87880.58
5/5/11 17:29 88090.55
5/5/1117:30 89156.82
5/5/1117:31 89599.74
5/5/11 17:32 90472.44
5/5/1117:33 90721.78
5/5/1117:34 91725.72
5/5/1117:34 91971.78
5/5/1117:36 93248.03
5/5/1117:36 92627.95
5/5/1117:36 93615.49
5/5/11 17:37 94061.68
5/5/11 17:37 94543.96
5/5/11 17:39 95610.24
5/5/11 17:40 95790.68
5/5/11 17:40 95075.46
5/5/11 17:41 97063.65
5/5/11 17:42 96020.34
5/5/11 17:43 97700.13
5/5/1117:43 98208.66
5/5/11 17:44 98412.07
5/5/11 17:46 99619.42
5/5/11 17:46 99842.52
5/5/11 17:47 98832.02
5/5/11 17:47 97303.15
5/5/11 17:47 100429.79
5/5/1117:48 100833.33
5/5/11 17:48 101007.22
5/5/1117:49 101423.88
5/5/11 17:50 102188.32
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5/5/1117:51 102490.16
5/5/11 17:53 103530.18
5/5/1117:53 103809.06
5/5/11 17:54 104632.55
5/5/11 17:55 104937.66
5/5/11 17:56 105721.78
5/5/11 17:56 105908.79
5/5/11 17:58 106601.05
5/5/11 17:58 103809.06
5/5/1117:59 106820.87
5/5/11 18:00 107454.07
5/5/11 18:01 107667.32
5/5/11 18:02 108267.72
5/5/11 18:03 108389.11
5/5/11 18:04 108950.13
5/5/11 18:05 109124.02
5/5/11 18:06 109737.53
5/5/11 18:07 109940.94
5/5/11 18:08 110426.51
5/5/11 18:09 110538.06
5/5/11 18:09 110718.50
5/5/11 18:11 110954.72
5/5/11 18:12 111207.35
5/5/11 18:13 111302.49

Item Description

VN100 DEV-T IMU (Accelerometer)

Logomatic v2 Serial SD Datalogger

Jumper Wire- JST Black Red

Molex Connectors

Battery Holder

Kenwood D7 Radio

15L GPS Receiver

GPS Antenna

19 Mile High Club 2011 Budget

Manufacturer/ Supplier
Vector Nav
Spark Fun Electronics
Spark Fun Electronics
Mouser Electonics
Mouser Electonics
Kenwood
Garmin

Garmin
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Cost Per Item

$1,100.00
$59.95
$0.95
$36.67
$15.19
$400.00
$53.50
$31.49

Quantity

1

Total Cost
$1,100.00
$59.95
$0.95
$36.67
$30.38
$400.00
$53.50
$31.49



Micro SD Card , 2 GB Kingston $5.00 1 $5.00

Helmet Camera Tachyon $109.99 1 $109.99
Siren Midwest Electronics $14.99 1 $14.99
Lithium lon 12V Battery Pack Unknown $100.00 1 $100.00
Fabric for Parachute Joanne Fabrics $11.95 1 $11.95
CPVC and Hose Clamps for Parachute Home Depot $15.90 1 $15.90
Electrical Connectors Midwest Electronics $15.00 1 $15.00
Spray Paint Home Depot $4.98 3 $14.94
Great Stuff Foam Home Depot $3.98 4 $15.92
Helium for Balloons Weiler Welding $96.00 1 $96.00
1600 Gram Balloon Unknown 1 $0.00
Gas for Balloon Chase Unknown $200.00 5 $1,000.00
Other Various $200.00 1 $200.00

Total Cost $3,312.63
Table 7: Budget

Gant Chart
Wk LWeek  Week JWezk JWeek S week o waek ek dWeek dWeek 10Waek 10Week 12Week 1 wezk 14waek 15Week 1 Week 17Week 1 Week 19 Wezk 20 Week 2]

Activity

Researching Designs
Fingl Basic Design
Fabricating Vehicle
Testing Vehicle Properties
INEOrparting EE Camponents
Initial Testing
L5t Flight and Modifieations
nd Flight and Madlfications®
3rd Flight*
Analyze Data
Write Final Report

"if necessary

Figure 21: Gantt Chart
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