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ABSTRACT

Funded by the National Science Foundation, the Wright State University High Altitude
Balloon team (WSU HAB) has had 17 successful launches and recoveries. Throughout these
tests, WSU has achieved in launching devices to heights of nearly 100,000 fe@d @#@bove
regulated airspace) while conducting experiments containing temperature sensors, cameras,
video transmitters/recorders, actuation devices, etc. As a result of being nationally recognized
and containing an unlimited amount of funding, the W&dtion can sponsor multiple groups
consisting of students from practically any engineering degree.

This quarter the HAB team fooed on creating a scaled atmospherieergry ballute.
This vehiclewasused to test and demonstrate the aerodynamicistaidivarious ballute shaped
designs for the ILC Dover for a Mars atmospheric decelerator according to certain regulations.
Design parameters includieout werenot limited to: a maximum weight per unit of six pounds,
an altitude parachute deployment & @00 feet, and drag of 125 mph. The teams alsoemdork
on the enhancement of launch methods as well as all faces of aerospace design. A
transmit/receive tower on top of the Russ Engineering Ceraerintended to besed for digital
control and communication with the balloonos
around campushowever, was unsuccessful. Nevertheless, electrical components were
contributed by an Electrical Engineering team group on the Higkuédt Balloon Teanand
placed in a control box to follow the ballu8y combining mechanical structures and electrical
devices,new ideals and objectiveduring this termwill continue the efforts of Wright State
engineering students who have worked angloject over the past five years.
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1 INTRODUCTION

High altitude airborne developmengsich as airplanes and unmanned aerial vehicles have
presented huge advantages in the US military
monitoring, precision navigation, communication, missile warning, and intelligence surveillance
and reconnaissaac(ISR) platforms. However, considerirtigat conventional aircraft have a
practical upper altitude limit (600680000 ft above the sea level), where engine efficiency
greatly diminishes due to lower oxygen levels, causing internal combustion, turbine engin
failure, certain restrictions apply. Thus, tf
60000 ft above the sea level) that remains underutilized -&ltghde maneuvering lightehan
air platforms such as High Altitude Balloons uses the pie®f buoyancy to take advantage of
this region and became potential platforms for ISR, precision navigation, environmental
monitoring, communication relays, missile warning, and weapon delivery. These vehicles can
provide persistent coverage overlaege eas of t he earthés surface \
than an eartorbiting satellite, while providing longer loiter times and larger ground footprints
than conventional aircraft.

In 2005, the Wright State University High Altitude Balloon Teamated in Dayton, Ohio
began its first development of high altitude mechanisms while being funded by the Ohio Space
Grant Consortium. Members of the team included current students, recent graduates, and
professors at Wright State University. The team sihea has had over 17 successful launches
and recoveriefrom over 100,000 feet while being funded by the National Science Foundation.
During these launches, experiments have been conducted containing: temperature sensors,
cameras, video transmitters/recorders, and actuation devices. While experimenting, various
desgns have been tested for the launching of a mechanism to withstand the high altitude and
environmental impact. Present designs include aldwomechanism and a tear drop shape as
well. However, per future technology and advancement, the current Highd&ltBalloon Team
is examining the possible success of a ballute aerodynamic decelerator design.

fiBall ute aerodynamic decel erators have been
proposed for aer oc agBraum &€he GoodydahAcrospace Coyporatich8 0 6 s
coined the term Aballuted (a contraction of @

closely resembles) for their cone balloon decelerator in 1882e concept of the thifilm

ballute for aeocapture shows the potential for large mass savings over propulsive orbit insertion
or rigid aeroshell aerocaptaréBraun) Due to anticipated success of the ballute deagra
decelerator, the High Altitude Balloon Team aipites to use the ballute structure as a
mechanism for the design of a balloorerdry vehicle by using ireon plastic as the thifilm
surrounding, balsa wood as the membrane, and an expanding balloonbadiutesing. The

study of the ballute will nclude various manipulations to the structure of the balloon and
research of structural sap of the high altitude balloon. These studies will be performed in the
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High Altitude Balloon research lab located at 014 Russ Engineering Center, Wright State
University. Vacuum chambers, impact testers, and Computational Fluid Dynamics will be used
to enable the High Altitude balloon team to simulate high altitude occurrences in order to
successfully collect data from more than 60,6eet above sea level.

2 DESIGN OF EXPERIMENTAL PROCEDU RE

The high altitude balloon project has many desigd performancspecifications dueotthe
fact that the ballootravek through commercial air space. Thmst stringent specifications are
those imposed by the Federal iAon Administration, FAA. Regulatiors for none pre
determined launches, meaning the team can launch the balloon without having to get FAA
approval, are that the weight of the load cannot exceed two six pound pa¢kssonic
Code Design specificatios alsoincludethat all electrical components stibe able to function
inanearspacenvi ronment . A near space environment
spacé 65,000 t0325,000 feeabove sea | evel 0) (Thsenmwans tBagpthe e Sy
pressure that the vehicle will experience will be approximately one percent of what it is here in
Dayton Ohio, and thahe vehicleand all it components must be able to function propertiz wi
this constraintThe temperatures thdte components experience are also a great constrain as the
temperaturesan be anywhere froa70 to 100 degrees Celsius dependindpéfiehicleis in the
sun or shade (U.S. Standpard

The most important performan@pecification is that the complete lwah system must
disengage from each other properfhe complete balloon system consists of the balloon, a
already deployed parachute, the control box and finally the actual reehicje

In order for alaunch to be considered a succssseral things mnst happen. fie ballmn
mustdetach from th control box parachutend the reentry vehicle must detach from the control
box. This wasdone usinga command cut dowand timer switchThe reentry vehicle athis
point stars its free fall for35,000 ft and at 65,000 ft depkiys parachutel-or the experiment to
be considered completely successful accelerometer data must be gathered for the duration of the
flight.

It is through the launch that this project gadtbdata and determinef the ballute design
chosen showeldenefits inincreasingdragstability. Various testing methodseseused to ensure
that all devices functiaed properly during the vehicles flight. These methods indubtat were
not limited tq testing materials and compongin a vacuum to simulate high altitude pressures,
cold testing to ensure functionality at high altitude like temperatures and general device testing to
guarantee specific tasks can be completed successfully. The last step in the experimental
procedurewnas actual launchsof the vehicle. @ce the vehicle wastrieved the datavastaken
from the collection package and analyzéldease note:he flight can still be considered
successfl if the vehicle is destroyeals long as the electrical components are not destrojeel



vehicleds main purpose wase gather data during its flight and sajigard this data so that it was
retrievable after landing. Essentialls long as the structure protects the internal commsne
the launchis a success. The vehicle wamade from easily replaceable and inexpensive
componerg so that a complete rebuild cole quickly and easily achieved.

2.1 Fabrication

The ballute wasnainly fabricated from balsa wdoBalsa wood was chosen as a material
due to its high strength to weight ratids can be seen in table 1 balsa wood has the highest
strength to densitgatio of the materials looked at, therefavas choseffor the material to use to
build the frame of theehicle

Table 1. Material Comparison (Matbase)

Material Density (kg/m) Strength (MPa) Ratio
Balsa wood 130 75 0.5769
Birch wood 610 270 0.4426
PUR (flexible foam) | 100 1.1 011
PUR (hard foam) 20 0 0

A small laser cuter which can cut sheets of up to 12 byn@es wasised to cut théalsa
wood This device works by using a CAD drawing which has been formatted to a 1:1 scale and
then cutting out the exact lines that are shown in the drawhegody of the vehicle is made up
of concentric circles ahstruts as is shown in Figure 1

Figure 1. SolidWorks model of the frame of the reentry vehicle



All of the circular sections wereut using the laser tier andstruts were bought and
conformed to the geometry desired for the structyehand The pieces were then glued
together usingr.C. Hobby extra thick glu@his structure was thezovered m an ironron plastic,
which shrinks to form to the contors of thebody. A foam tip wasittached to the body to help
absorb sme of the impact when the vehicle touches dowmsulation was also inserted into the
bottom of the ballute to protect the electronic components used during launch. As previously
stated, decreasingmperatures cause strenuous effects to the strength of different materials at
high altitudes. Thus, blanket insulation made out of polyester and cotton was rolled and aligned
along the edge of the balluteTo assist in protecting the electronics fronidctemperatures,
hand warmers were added {flight. Figure2 and 3displaythe full ballute structure.

Figure 2. Re Entry Vehicle



Figure 3. Interior of Re Entry Vehicle

The body is made of tweectionsto allow the electronic components to be mounted and
moved with ease. All of the electronic componeats housed in the bottom secti@nd the
parachutes housed in the top sectiaf the balluteThe final dimensions of the cone are a base
of a diameter of 26 and a h &0dehraes forh ce@t€r. TRe8 6. T
optimum anglevas determined based upon draglumeand strengthAs can be seen iRigure
4, as the angle of the cone increases so does the drag coefficient, with the largest drag for
essentially a plane. The optimum angle to chose would be 90 degrees because it gives a large
drag coefficient, but this wide of cone could have stability issuedaitibeing essentially a flat
plane Considering these facts, and the fact that the ballute will add drag which is lost due to a
lower angle, 30 degrees was chosBEms angle also gives an adequate amount of room for all
the electrical components, antas and parachute deployment device that must be placed inside
the structure. Larger angles also decrease the strength of the structure so the 30 degree angle is
the optimum angle fathis application The design of the cone was based upon the strudtare o
balsa model airplane.
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Figure 4. Drag Coefficient of conegAerospace Web, 1997)

After the angle of the ballute vehicle was chosen a terminal velocity could be estimated using
Equation1. The dragcoefficient 6 , was assumed to be 0.5 when in actuality it should be
greater due to the addition of the ballute to the cone. The weight was assumed to be at maximum,
6lb. This equation was solved at several altitudes and it was estimated that the vehicle would be
descending at a peak rate of 60 mph but should only be descending at approximately 21 mph
upon impact to the ground. These estimates are assummgpaotialparachute deployment, so
one can imagine how much slower the vehicle would be traveling considering a successful
parachute deployment.

Equationl

2.1.1 Ballute

The actual ballute section of the vehidlas attached to the basef the cone Several
different materials were considered for the ballute ranging from aluminum hose to pool floaties.
The issue with an inflatable ballureasthe differences in the air pressure at various altitadels
the unpredidbility of the exact behavior of the material in these conditidnsacuumwasused
to study the effects low pressure on various inflatables. Due to the pressure at 100,000 ft being
1.01kPa the volume of a gas, such as air, thaeaded vessel will conta would grow to
approximately 74 times its original volume. This ratio was obtained by using the following
equation:
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Equation2

The P1, V1, T1 values were taken to be at the altitude of Dayton Ohio which is
approximately 224 ft above sea level. The P2, V2, T2 values were taken to be at an altitude of
100,000 ft. From this equation, leaving the volume at 100,000 ft the only unktiogvratio of
1:74 was obtained’his equation is considering @san ideal gas, which it wilhot be, therefore
this ratio wasonly an estimate and considered with limited dependency when testing various
materials.

Another material that was testacs aluminum and vinyl dyer vent hose, as it is rigid and
can be formed to the desired shape. The aluminum hose was not used due to its interference with
theantennasignal that needed to be clearly sent out of the badlndeassociated weighthus, a
vinyl dryer vent hose was used due to the light weight of the material and flexibility (as
mentioned before) to be formed into various shapes depending of the désmgend goabf
using the ballute wa® increase the drag of tivehiclewhich wastestedduring the free fall of
the launch.

2.1.2 Parachute

Previous measurements have been made to describebthel | vetum éht® the
atmosphereThese measurements include a drag of 125 mph and impact velocity of 45 mph.
Thus, a successful parachute wagded to ensure a saéturn. For the curreftallute design, a
cylindrical devce washbuilt of plastic with a spring launching device in order to apply a force to
assist with deploymenHousehold items such as popcorn containers, flour containe2djter
cola bottleswere tested to find a reasonable diameter and dept#owever, die to weight
limitations, chaces of cylindrical material weremited thus expermentswereneeded to choose
the most optimamaterial. These experiments inclddeleasing a sample fromlarge height
and meastumg the impact result$-ollowing experimentation, a popcorn cylinder was chosen for
the parachutéleployment containedueto its strength during teslight weight propertiesand
larger diameter to enseira clean release of the parachute without cawsiltg of friction. A
fiberglassarrowwasused alongvith aneye boltto allow for releaseind athin but, strong disk
made out of balsa woodas gluedto the end of the fiberglassrow to impulse the parachute
which will be in the middle of a compressispring A stringwhich wasburnt bynichrome wire
connected to #imer switch wasattach tobottom of the arrow and pulled bacto allow for the
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user to activate the deploymeiitie Figure 5displays a simple mechanism used parachute
deployment.

Figure 5. Parachute Launching Mechanisir

The following equation (Equation)2was used when determining the proper spring for
the parachute deployment. ThHerce to apply depersdon the amount of drag and weight
experienced by the parachute when compmoterpower these amounts when deployifigus,
a 20 gaugeshot gun spring was useo overcome theswrcesdue to the availability, spring
properties, and length. To ensure a successful deployment, a disk was used (as stated before) and
mounted at the end to overcome the amount o&ferperienced by the parachute in flight.
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Equation3

2.1.3 Release Mechanism

As the balloon rises to altitudes of approximately 100,000 feet, the balloon expands with the
greatly reduced pressure and eventually ruptures. The balloon does not break and come off the
assembly clean, but bursts into hundreds of stringy remains taptamd twist around the other
components. Schematicsmviously implementefialloon trairs are shown irFigure 6§ where
the left figure represents the assembly from launch to 100,000 ft and the right figure represents
the balloon burstNote the releas mechanism (here, the ZTR) location above the payload and
parachute.

BALLOON‘///'

ZTR /

SECONDARY

PAKAGE w/
PARACHUTE\‘
BALLUTE—___

Figure 6. Schematics of the Balloon Train Assembly

[ i

Since theexploded balloon remnangtay intact on the entire descent, many tangle issues
can arise as the parathattempt to deploy. This could potentially result in a complete free fall
from 100,000 ft, which igdetrimentalto the vehicle and hardware within, causing potential
failure of data analysis.

In past years, not a single group has incorporated a device that cut the balloon from the rest
of the package/parachute assembly. Although the previous design teams have successfully
launched 17 projects, there hast beena singlesucessful parachute deploymenthis could
partially be due to the tangled balloon mass wrapping around parachute lines and causing major
malfunctions The goal this year wag create a mechanism, using previous research and



designs, ad successfully incorporate this replicationthe2 011 HAB Teaands pr o

possibly future useTwo devices were pursued; one of which was a zero tension release, the
otherwas a harness for a direct line cut.

The zero tension release method relirghee physics behind the balloon rupture to release
the payload. Previous teams have tried, without success, to use a similar design to release the
balloon. As the balloon bursts, the device (mountelthen with payload as shown iRigure §
experiences am tension. This allows the device to open, releasing from the ballo@nder to
model both designs, the components were created in the CAD program Autodesk Inventor.

The previousZTR device, partially shown ifrigure 7 works with simple calculationssing
the weight of the payload, the tension created by the balloon, and the force of an extension
spring. The orange rinig tied onto the end of a string thattachego the balloon. The blue
arrow pointing up indicates the direction of
are the holes that stringe® through in order to connect to the rest of the payload. The red
arrows signify the direction ofdif the weight force of the payload. The black arrows show the
direction of the spring force. After inflation, tlhalloon riss at a constant rate, and loak&ich
like the configuration shown iRigure 7 The ZTRdoesnot fire because the moment caubgd
the weight force at each point exceeds the moments created by the spring, keeping the device
closed. When the balloon finally bursts and the entire assembly is in free fall, the balloon
tension force will no longer be present. Since the ZTR and péykils at a relatively similar
speed, the weight forces almost norexistent. Thisphenomenomow allows the moment
created by the spring to govern, which caube spring force to open the device as seen in
Figure 7

Figure 7. Solidworks Models of Conceptual ZTR Device
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The ZTR device is designed to release the balloon on burstings leguipped with both a
safety and secondary release. The safety cemdist sting tied across the top of th&@'R (Top
holes located on thevb plates seen iRigure 7 attached to a Nichrome wire burn unit. As the
balloon rises in altitude, it passsome very turbulent air within the first 4,000 ft of its journey.
The balloon train experiensémmensevibrationsand this disturbance could trigger theRZ#0o
feel zero tension from the balloon and fire early. To prevent this, the stringtheeldevice
together until the balloon passes through the turbulent atmosphere. At this point the Nichrome
wire burnis renotely fired, and the string caiarming the device for a normal zero tension
release around the 100,000 ft mark. The secondary release incaporatesr Nichrome wire
burn that can also be manually controlled. Although the HAB team has wind pretbetilays,
sometimes the weather patterns shift swiftly. If the team ever finds that the launched package is
heading directly over regulated airways, (WPAFB, airports, etc.) the mission can be abandoned
with a remote signal activating the Nichrome stringrbdirectly under the ZTR device. This
controlled release can also serve as a backup or secondary cut in case the mechanism does not
fire properly. In this scenario, the controlled burn release would occur sometime aftdiRhe Z
device malfunctioned. nlan attempt to salvage the mission, the secondary release would be
activated and the rest of the package would theoretically separate from the balloon remains.

TheWright Deviceo is a mechanism that effectiwv
commandborand ball ute assembWgghtDponhnceommandessihe
true free fall testing (no trailing balloon fragments) and prohibited parachute tangling.

TheWright Devi cedo mechanism inspired by the #fAlc
contahs multiple components enabling the ballute and control box to release properly from the
balloon at 100,000ft.On e maj or i mprovement on t he prev

implementation of the device inside of the control box, rather than externally. dreemsultiple

benefits to this design; namely the improved reliability that comes from limited exposure to the
elements. It has beenud in prior experience that hiome becomes brittle and tends to break

when exposed to cWrighdDed rcck 0l csauccicregs.s fTuHd yi | i mi t e
and elimhated any loads carried by theclhrome wire TWeghtDevi ced0 setup uc
Flight 18 is shown iffrigure 8
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Figure 8. "Wright Device"

The main body of the device is made out of a household plastic electrical box, which proves
to be very cost efficient and uses nylon stri
of time. The nylon string was cut by two 28 gauge nichrome wwash were triggered by a
signal to the DTMF board inside the control box. By using two different burns, each on a
separate channel ,WrightRe viedadh demswyr eed & hrmoriie s u
the balloonThe voltage supplied to each wiwas 6 V, supplied by two completely independent
batteries for reliabilityOnce the nylon string was cut from the nichrome wire, the ballute and
control box released as a result of running the string through both packages to the balloon.
During launch, knylon string is in tension causing a clean cut from the nichrome boards.

When | ooking at the pros and &oghtDewfi caozZei ¢
became c | &aghtDtetva tc etohevoful d be more | ikely to p
the balloon. One problem with ZTR is the necessity for safety burns, only further complicating
the device. Also, research has shown that wind is not always calm at altitudes above 2000 ft
previously thought, which would instigate an early release of the payload, jeopardizing the
mission.Also, the ZTR requires external hiome burns that have been shown ineffective in

past | a unwigheBe v iTcheed fiel i mi nat e d bumihg opeeationse In n a | W
addition to this increase in reliability, it offers a method to release the payload thefdralloon
has bursted, which eliminates any poWsghtbi |l ity

De v i Iseimiplements two sepate nitirome burns, on separate channels for redundancy.

For the redesign of the current device, there are a few key areas that are targeted for
improvement. One of these areas is friction due to bolts on the spring bracket contacting each
other. The shlition for this is to move the mounting location of the bracket from the side of the
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ZTR plate to the bottom of the plate, because the bottoms of the plate never come in contact with
one another. Another key area is the notch that houses the ring attadhedballoon. After

some testing was done on the device from last year, it was found that the ring can exert all its
upward force on one plate, rather than evenly distributing the load on both. This phenomena
causes the device to tdue touneven loadig, thus the ring is never released. Currerdagign
strategies will take this into account, and avoid this problem. The third problem is reducing
friction in the axle about which the device rotates. In order to counter this, new material will be
choserto have less friction, while maintaining stability of the plates. A bearing mechanism will
be utilized to stop this problem. However, much care must be taken when choosing materials to
make sure the extreme cold will not cause brittle failure in the deAlse, a low coefficient of

friction is preferable to avoid potential jamming of dhevice. Table Zhowsthe properties that

were taken into account when choosing materials for fabrication.

COEFFICIENT d TEMPERATURE
MATERIAL FRICTION w! bD9 0)COST
PLATE
NYLON 6/6 1525 -22 TO +210 19.53
HDPE 0.28.35 -40 TO +149 5.08
LDPE 2-4 -40 TO +125 4,94
UHMW .10-.22 -452 TO +200 11.16
PVC -99 TO +60 6.57
PEEK 0.25.3 -99 TO +400 291.99
BEARING
NYLON 6/6 1525 -20 TO +250 0.43
UHMW .16-.18 -200 TO +180 7.31
PTFE 0.1-.15 -350 TO +500 3.09
GlassFilled
PTFE .1-.15 -350 TO +500 3.34
VESPEL .12-.18 -400 TO +550 58.52
ROD TEFLON PTFE | .12 TO .15 -350 TO +500 1.44/FOOT
VESPEL 12 TO18 -423 TO +550 26.48/IN
RULON .1TO .13 -400 TO +550 19.82/FOOQT
KEVLAR/HYDLA
Z .23-.25 -40 TO +300 6.35/FOOT
UHMW A7-2.1 -40 TO +185 1.86/FOOT

Table 2. Comparison of ZTR Materials
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As can be seen in table 2, the selected material for thepfat® was UHMW (ultréhigh
molecular weight) plastic. This material demonstrates a low coefficient of friction, a great
temperature range, and a relatively low cost. The material chosen for the bearings is PTFE
(polytetrafluoroethylene). This material elits an extremely low coefficient of friction, and
satisfactory temperature qualities. Although Vespel may be a more prime candidate based on
friction and temperature, the cost of Vespel is extremely high, thus it is not prdactiche
application (moslikely one tme use scenario). As for thertral rod, the decision is a Virgin
Electrical Grade Teflon PTFE. Because the ratleseas the agiabout which everything rotates,

a low coefficient of friction is especially important here. Choosing TEH®RE over Rulon was
a difficult decision, because they are very equally Weid in benefits. Whild&Rulon exhibits

better physical properties, it has a much higher cost. Due to the one timetwseof this piece,
it is more optimal to choose a mateti@t will cost less when a rebuild needs done.

An alternateZTR design involves a wall anchor toggle bialtrelease upon zero tension in a
similar way to the ZTR device described above. The toggle bolt ZTR utilizes the forces
surrounding atorsionalspi ng and an angled housing box. Tt
in the housing so when tension from the balloon is exerted, the clipsaigen This prevents
the bolt assembly from slipping through the housing. When the balloon finally rugitaresme
weightless phenomena occurs (as described above) and the torsional spring forces the clips to
shut. This enables the bolt to pass through the housing, hence separating the balloon from the
payload. The simplicity of the design reduces the chémcenechanical failures at remote
distances, which makes it much more favorable over the original ZTR. Since this device was
never previously explored, much more testing must be performed before realistically considering
employment in the HAB project.
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Tension from Balloon

Payload Weight

Payload Weight

Figure 9. ZTR Alternate Design (Toggle Bolt)

2.2 Measurement and Testing

In-depth dimensions for each part of the ballute were obtained using the SoldWaatkk
of the ballute. During freefall, the geometry of the ballute is key in stability properties. If freefall
accelerometer data were gather, the placement of the Inertial Measurement Unit (IMU) is critical
in determining characteristics such as ballrientation and moments of inertia. Figué€sand
11 show dimensional details.
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Figure 11. Dimensional View of Lower Ballute, Containing IMU

Cold testingwasdone on the electrical components to ensure proper insulaasmsedor
the device to function properly attitude. This cold testing wasonducted by using dry ice to
bring a chamber down to approximateB0 degrees Celsiuand measuing the voltage output
and functionality.These esultsallowed us to modify and insulate in the most efficient matter,
minimizing the weight allocation needed for insulation.

16



Due to the critically important parts inside the ballute frame, it was imperétiat the
structure withstand the shock and vibration that is associated with descent and landing. If the
IMU or data logger were destroyed, there would be no freefall data to gather, resulting in
experimental failure. In order to simulate the forces ggpeed during landing, the Von Mises
stresses and deflections of the ballute were modeled in SolidWorks. The first scenario modeled
was thestress on frame alone duringpact. This showed that the supporting rods successfully
distribute forces along tHmallute rings.

Model name: Yehicle Model

Study name: Study 2

Plat type: Static nodal stress Stresst
Deformation scale: 1

e
o A L 1 iﬁi-!-f . -.q.ﬁt\_n.a._.-.-.\.----

‘\I\I\l T 14
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il WIEN - 13,3220
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Educational Version. For Instructional Use Only

Figure 12. Von Mises Stress Analysis

Also modeled in SolidWorks was a deflection case. For this case, a loading scenario was
modeled as follows: The bottom would remain fixed, while the load is applied on tee upp
rings, which accurately simulates the electronics and mounting thereof. For a worst case, twice
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the weight of the ballute wapplied, or 7.5 Ibf. This accounts for some of the dynamic loading.
See Figure 13.

hodel name: Yehicle Model

Study name: Study 1

Plot type: Static displacement Displacement
Deformation scale: 1
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Educational Version. For Instructional Use Only
Figure 13. Deflection of Ballute
The parachute deployment system hadny initial tests to ensure functionality. Due to the
unpredictability of tumbling and wind gusts the true testing will come during the launch.

Accelerometers hesed in the vehicle armhmeras alloedfor review of d@loyment in the field.
From thedata gathered iwasseen wheithe parachute deploys, if it wasthe desi&d time, and
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how well it deployedThe wellness of deployment wHge parachutes ability to catch the air and
begin to slow down #hdecent of the vehicle.

ANSYS wasused tosee the effects thgarachute deployment shock will have dne Balsa
structure. Data from these analybesefitted with design group refine the design of the whole
system, allowindor a successful laundind optimizationThe ANSYS ring model is shown in
Figure14. This analysis showed a deformation of only 0.138kfor a worst case force which
would exceed the actual force experienced.

Figure 14. ANSYS model of balsa ring

Once the balloon reachedaximum altitude and/or bursts, theawrtry vehicle and control
centerseparatedAt altitudes in excess of 60,000 ft, the free fall trajectories of these two devices
vary dramatically. In order to track the control center andntey vehicle separately, multiple
deviceswerestoredon separate parts of the systein this manner,a&h devicevastracked to
its own separate landing location.

In order to track the rentry vehicle, devices aveinstalled inside. The primary mode of
tracking the device is an APRS transmitter. This is used in conjunction with a Kenwood D710
AV Map appaatus. The transmittenside the ballutea Byonics MicroTrak 30(Qyroadcasting a
call signof W1 WSU11, is tracked with the Kenwood via repeater stations. The MicroTrak
broadcast data including position and altitudeack to the Kenwoodlhe transmitter inside the
control box, anArgent OT+1 trackerbroadcasting via Puxing handhgldroadcasted on a
separate call sigfWwl WSU-12). This device is also programmed to relay latitude and longitude
coordinates, along with altitude readingbhe display on the AV Mapvould showthe current
location of thesystemsand also gives a direction and distance to thes.uUnjith this system, the
teamwasdirectedduring both launche® a close proximity of the landing location.

Once within a close rae of the landing sitéhe CW beacon vas used to successfully locate
both the command box artte ballute This beacon is independently powered by a nine volt
battery, and broadcasts a moceele signal every minute via a dipole antenna. In order to track
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this device, a directional antenna is implemented to detect null zones, thus is can be determined
the general direction of the signallthough the AV Map gives a close proximity of the
whereabouts of the rentry vehicle, thergrasa good chance inay not have beevisible at first

glance (i.e. it could land in dense shrubbery, water, a ditch, etc.). Once the aesacbf was
narrowed down, the Af ox h utornfinding echrigees)cstocd ( ut i |
operators a more specific location

Implementing all of these new devicesanly one flight involves many risksAlthough
many of the mechanical systems and electronic circuits were cold/vacuum tested, all of these
were executed at ground level. For this reason a test laoockisting of just the control box was
organized and carried out on April®302011. This test would eliminate some of the variables
associated with testing the control box and ballute together, vghileallowing several
experiments on new devices to occuhneTtestiaunch was intended to go to0,800 feet to test
the new mechani sms, materi al s, and Aomef i gur a
switch whichwasultimatelybeingmounted in the ballute, and tracking systemesealso tested.
This launch allowdthe team to fully understand all the necessary steps that enteskdn for a
successful launch and experimentally analyze changes for future launches. Details andf results
this test launch along with other launches are discussed in s2dtianf this report.

3 RESULTS

During the testing ofhe ballute experimenand control box the following proceduresere
done on the day of the launch. Weather predictieer@madethat day which prediedthe wind
direction and speed. Depending on the wind speed and direction, the location of the launch will
have to be selected on that day. This is important for the recovery of our ballute because the team
will want the packages tand in a place where it will be easy to retrieve along with the safety of
the experiment and public in mind.

After the lunch location has been chosen, the balloon will be filled with the appropriate
amount of helium and released so that testing maynb&gie amount of helium depends on the
balloon size and the temperature where the helium is being inserted into the Halloaltulate
the amount of helium needed for the flight, an existing MatLab program written from past groups
must be utilized. Thiprogram calculates the final volume of the balloon after it is filled to the
correct amount. Using the relationco 0 @ the amount of helium extracted from the tanks is
found. Wheray is the volume of the tank, is the pressure in psi at the altitude of Dayton and
@ is the volume of the balloon calculated by the MatLab prograri@in The volume the
MatLab program calculates is dependent on the temperature at the location the balloon is being
filled, balloonsize and weight of the system. When filling the balloon, a pressure gauge on the
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tank allows the user to see the pressure from the tank that has gone into the balloon which is the
0 value that was calculated.

Plastic gloves will be required while harmdii the balloon. The reason for this is because oil
from the operatoros skin could become a prob
extremely low temperatures. The low temperatures will freeze the oil and this will hinder the
balloon from expandig properly where the oil is located on the surface of the balloon, thus the
balloon may rupture. This has been a problem in the past so the team must be very scrupulous
when handling our balloon.

Following the launch, the group will start heading for pinedicted landing spot of the
balloon which was predicted by the flight prediction. The team will be able to track the two
packages by using the APRS, and fox hunting beacon inside the two packages and
communicating with the HAM radios.

Subsequent to thkalloon reaching approximately 100,000 feet or the balloon bursting, a
signal will be transmitted to the control box (which is attached to the badindrballutég to
releasefrom the balloon and ballutey burning the nicrome wiraVhen the ballute sepates
from the control box, a pin attached to the control box and will pull out from the ballute starting
a timer.The ballute will free fall foten minutes or approximateB5,000 feet until it reaches
65,000 feet. The control box will not free fall butlivdescend to the ground with a parachute
attached to it at all times.

After the ballute has fretell for 10 minutes atimer will signalthe nicrome wireburn for
release of the parachute mechanism. The mechanism will be a compressed spring that is being
held by a string in tension, thus when the nicrome is burnt, the string will no longer be in tension
and will release the spring ejecting the parachute. Thacpate will deploy and allow the
ballute to descend to the ground safely and unharmed. The team will be following the ballute and
control box around, waiting for them to land for recovery. Following recovery, the team will be
able to retrieve the data id& the ballute from the accelerometer to determine if the ballute
slowed the decent of the package during the free fall. It is expected that the ballute will slow
down the decent.

Wind predications are paramount during the day of the experiment. The redkanif the
wind is to strong in the upper atmosphere, the flight may be delayed. If the wind is to strong, the
team may have to go to great lengths to retrieve the packages. The team does not want to go
cross country to find the experimental desigisoAthe wind predictions will allow the team to
get a head start with regartts retrieval. With wind predictions, the team can anticipate the
general area where the experimental packages it will land.
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In figure 15 it can be seen that the upper atmospheric winds can carry the packages for
many miles before they come to the ground. In this graph, the winds carried the packages in the
past beyond 160 Mile per Hour at the peak.
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Figure 17. Flight Path of Balloon (20092010, 2011)
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Figure 18. Fight Path of Balloon(20092010, 2011)

Figures 16, 17 and 1&how the flight paths of three different launches. This goes to show that

the wind predictions for the day of each launch are different and very important for the teams to
retrieve the packages.

Also, it is unknown how the ballute will descendihis is where an onboard camera along
with anaccelerometewith three axesvill evaluate thdree-fall of our ballute. The major result
from this experiment is how the ballutentributed to the decent of our design. This data will be
gathered by the accelerometer inside the ballute design.
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Figure B showsthe type of data that the accelerometer will gather from the decent of the design.
This data was from the past group for year 20090 which did not use the ballute concept.
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Figure 20. Anticipated Results from Accelerometer in Red

100

120

The hopes of the ballute are that decent will dramatically decrease from the point it is
released from the control box. Figuzé in red shows how the accelerometer daiih change
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with the balluteconcept The decent may take longer than in the past because the drag from the
ballute will slow the decent, this is the aspiration of the ballute.

Also, the success of the parachute deploymentVeright Deviceis another major project
parameter the team wishes to achieve. The team will plan and design our project around what
could possibly go wrong and hope for the best.

3.1.1 Launch 187 April 30" 2011

The firstlaunch served as a primary test flight the corrol box. During this launch the
control box configuration and command cut down were tested. Also tested was the timer switch
that would be used to start thitaned nichrome burns in the ballutased for parachute
deployment The only thing that chanddrom the configuration launched and that used with the
final launch was the addition of two nichrome burns and the removal of the switch. The control
box also had a head camera mounted inside with its field of view being th&lsglallowed for
better understanding othe path the balloon took and how the control box and parachute
interacted with the balloon.

The launch site chosen was Wright State University Lake Campus due to the flight prediction
showing an ESE direction. A 2000gram old stock balloon was chosen due ta
miscommunication in new balloon ordeighe Balloon was launcheat 887ftand reached a
maximum altitude of 55,980 ft. At this altitude a command cut down was ini(tstcever by a
Wright State University team3everal minutes after the cut down signal was sewtther
transmission came in showing thhé package began to lose altitude. This indicated that the cut
down from the balloon was successfitom later video evidence, the burn and complete release
took approximately 3.5 seconds.Figure21 showsthe complete flight path of the balloofhe
reason for this low altitudeut downwas because of the lack of trust plhaoe the balloon. The
balloon used was a year old and had been exposed tallighb this the balloon was unreliable
for a high altitude flight The purpose of this flight was to dhie control boxrom the balloon
while it was still inflated and the burst altitude of this balldming unknown because of its
condition.
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Figure 21: Launch 018 Flight Path
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Figure 22: Predicted Flight path from winds the night before

Figure 22 shows the predicted flight path from a sounding the night before the lafach.
one can see the two patherefairly close taking into account that there was at least a 12 hour
lag from the data to the actual launch tifhbere wasanissue with the APRS in that it did not
transmit altitude data along with its position every time. It is believed thatwhs due to
antennaand GPSolacementBoth were placed on the side of the control 8ixice the control
box spun during the entire flight so did the antenna, making it difficult for the GPS to get a clear
grasp on its locatiorAfter this flight, the conclusion for the next flight was that the antenna must

be pointing toward earth and the GPS must be placed on top of the box.
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The main objective of the test flight was to validate the reliability of a commardbeurt.
This cutdown involves a multitude of mechanical and electrical systems that have never been
tested. One of the objectives was to test how efficiently a Puxing handheld radio could receive a
signal sent from the ground and rely this signal to the DTMF (dual totiefrequency) board.
This board contains eight outputs that can operate a variety of different electrorhes.
command box6s DTMF board wutilized three of th
used for nichrome burning lead wires that wereaesce d by t he AWright Dev
previously, at the altitude of approximately 55,000 feet, the DTMF signal (*1) was sent from a
moving vehiclebs Kenwood D710 radio. The sec
ensure a complete and sucdessommand box release from the balloon. The third channel was
used to initiate the siren of an electronic screamer that would help locate the box during recovery
on the ground. This signal was sent while the command box was attadeadti approximaty
8,000 ft. Although the first burn signal was never received, the second one was, effectively
separating the command box from the balloon. The screamer signal was also received at the
appropriate altitude, and both of these can be confirmed throegauttio on the flight video
recording.

The launch also tested the new parachute attachment configuration that is associated with the
AWri ght AMAsrapiwithea siall ring wasewn onthe top of the parachuteThe string
attaching the balloon to theontrol box was fed through this ring which helped hold up the
parachute in a deployed position and also allowedtiireg tobe pulledthrough when cut below
by a nichrome burn. This small device allowed the connecting string to pass throaghrigé
freeballoon release.

The pull pin release was tested, but not fc
string was removed to avoid possible entanglement with the parachute. The original plan was t
connect this striimg,t ot hwehemma It lheeo nidveér i ggth t Dev
from the command box the pin would be pulled out. The pin removal would simulate the pull
pin timerswitch that was later installed in the ballute. Although the string was removed, the
flight provedthat wind vibrations would not be enough to remove the pin on its own.

Another test executed in the test launch was the video recording capabilities at high altitude.
Although the Tachyon camera is water proof and very durable looking, no other balbapn gr
had createdive video of the entire flight path of the ballno The video recorded from our test
flight proved that this was possible, whaéso providing evidence for other tests via the audio
data.

Other tests that were not unique, but neyarformedby our groupwerealso accomplished
during the launch. This included the APRS and beacon tracking abilities of the group during a
live flight, although the beacon directional finding was never needed because the APRS gave the
exact coordinatesf the command box upon landing. The balloon filling and flight preparation
was also practiced during the fligldood preparation provided relatively quick {blight repairs
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and balloon fill calculations/procedures allowed for an excellent balloontasterThe Stable
climb rate can be seen kigure23. The Ascent was very linear and if calculated comes out to
approximately 1400 ft/min.

Launch 018: Control Box Altitude
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Figure 23. Altitude Profile

Figure23shows the ground speed according to the GPS tracking. These values were not taken as
vectors, neaning that there is no negative sign to distinguish from ascent to descent. This was
due to the data being from the GPS tracking and the only way to tell if the package was going up
or down was the time stamp.
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Launch 018: Ground Spee

120

100

VI‘ “
o
= 80
3 I
2 60 n
o == Ascent
5 \ f H
S 40 M =—Descent
° Vi i

20

0

0 10 20 30 40 50 60

Time (min)

Figure 24. Ground Speed

Figure25shows the control box position after landing. The only damage that can be seen is that
the CW beacon antenna wires were broked bent. This is due to the wire casing becoming
brittle in the cold temperatures and fracturing in the turbulence.
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Figure 25. Control Box on Landing

The test flight was considered a success oraabunts. The command cut down was
completed, the timingwitch was not jostled loosthe box was recoverexhd video footage was
taken during the entire flight.essons learned from this launch werecheck and recheck all
connectios prior to launchand antenna placement is key in the reportingnsmissionsof
location. The GPS antenna was moved to the top of the control box and the APRS antenna
moved from its horizontal orientation to a vertical one. The relocation of the anteooé&s
hopefully dign the null zones to more optimum location to help ensure there is a clear signal
path.

3.1.2 Launch 20- May 31" 2011

Currently, the High Altitude Balloon Teans completelyfinished with manufacturing and
experimentally testinghe systemMay 31, 2011was chosensathe final date for the launch.
Delaysweredue to theu pc o mi ng e v e n tin tiietheeanin Whichm numerau HAM
radio users use various frequencies to communicate during a recreational locatingl leigent
eventcould potentiallyjeopardze the experimerds a result of th&PRS tracking systerbeing
dominated by local HAM radio user&nother delay were the numerous thunderstorms we have
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been experiencing in the greater Dayton aW#hile waiting, the High Altitude Balloon team
continuel simulating launches to modify experimental-sptin order to successfully launch in
the near future.

The following figures depict the CAD models of balloon train configuration for launch 020.
As can be seen, the same control box implementation as |@dB8clvas used. This enabled the
AWright Devicedo to make a single cut that rel
and the ballute from the command package. With the ability to release both packages with one
single cut, many causes of failure wezliminated, i.e. tangling of lines, failure of electronics,
and failure due to vibration at free fall speeds.

4

Figure 26. Launch 020 Balloon Train Configuration
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Figure 27. Command Package Rigging

Figure 28. Ballute Rigging
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