Elijah High Altitude Balloon Project Launch Team

Eric Deering from Milwaukee School of Engineering; Brian Nguyen from Milwaukee School of
Engineering; and Nathan Sward from Milwaukee School of Engineering.

Please noteDue to the deadline for this report, it will primarily be about the first launch of 200@.
responsibilities of the Launch Team extend through the summer and the following academic year, and
accommodate both the Payload Team and the Instrumentation Té#nftiple future launches are
planned, therefore, which are not covered in this report.

Members and Roles

Because the Launch Team has only three members this year, each member is involved with all aspects of
the project. However, Eric Deering servedtses primary liaison in communications with WSGC and
StratoStar. All members bring some experience to the table, since Brian Nguyen and Nathan Sward
were on the Payload Team last year, and Eric Deering was on thelHhbject.

Equipment
Overview
The 2@9 Launch Team is again using the StratoSat complete flight package, by StratoStar Systems. This
system was first used by the 2008 team and was found to be an excellent tool. The system contains
everything necessary to plan, launch, and remotely traekghyload. The following components are
included:
e Command pod with GPS and data
transmitter
e Three payload pods
e Two 900 Mhz Modules and antennae
e StratoStarsoftware, which interacts
with Microsoft MapPoint
e Battery chargers for the pods
e Parachute
e Cables ad tethering

Figure 1: StratoSat System

In addition to the StratoStar package, the launch team acquired high altitude weather balloons, helium,
and the payload to be carried, which was supplied by the payload team.

Balloons

The Elijah launcteam began the season using a 1200 gram balloon that was left over from last season.
After witnessing the performance of the first balloon and after talking with the company who sells the
balloons (Kaymont), the decision was made to purchase two more ¢r200 balloons for future flights.



From some of the information Kaymont had on their webs#garding balloon performancse were
able to get a better idea of how our balloons should be performing. The 1200 gram balloons we
purchased had an averagecasit rate of 1050 feet per minute with an average bursting altitude of a
little over 30 kilometers. Tik now gave us some ground statistidsichwould allow us to better predict
landing locations for future launches.

Command and Payload Pods

TheStratoSasystem comes with one command pod and three payload pods. The command pod is
responsible for flight data acquisitimuch agosition,altitude, speed, and heading while the payload
pods can be set up with other sensors to collect data suckrapérature and pressure. The payload
pods can communicate wirelesstjth the command pod whickends all of the information gathered by
both the commandood and the payload pod batf the tracking software. Once tracking is complete
the data can be siply exported into an excel file and analyzed even withtbetrecovery of the system.

Equipment Testing

Since the tracking of our balloons was to be done with StartoStar Systems StratoSatvechagan by
installing Microsoft Mapoint and the Stratofar software. The new StratoStasoftwareconveniently
interfaced with Microsoft Mapoint whichallowed for easy geographical location of the ballo&&fore
our first laurch we took all of the StratoSetjuipment outside to verify it wasvorking propery. After
overcoming a few obstacles with the USB to sexalverters we were able to locate theommand pod

on our computers. After tracking one of our team members driving around Milwaukee we concluded
that the equipment was working properly.

Our team quickly noticed that the command pods transmitter needed to be directionally positioned to
the antenna receiver. For example, when the transmitter was pointed away from the antéen@aPS
transmitter on the command pod could not communicate with teeeiver While this remains an issue
once the balloon is on the ground, this problem is diminished wherballoon ishigh above the GPS
receiver.

High Altitude Launch Opportunity (HALO) Il

The Wisconsin Space Grant Balloon Launch Team began itd datiasa in the 2002010 season by
participating inthe High Altitude Launch Opportunity (HALO I1) this spring. The HALO II project consisted
of the simultaneous launching of 15 high altitude balloons from 15 universities in 9 different states. The
purpose of the HALO Il launch was to set up a high altitude communications network along with
collecting temperature, humidity, pressure, altitude, £fate, and radiation data. By having each

payload transmit a radio frequency, the different balloonsiddink together thragh the radio

transmissions andhare data. Taylor University in Indiana served as the mission control for the project
and through the communication network created, could receive data in real time. This eliminated the
need for a smetimes unsuccessful recovery of the balloon.



Our experience with the HALO Il launch g
went well and was a good starting point B
for the rest of the season. We were able
to experience some of the basic
procedures such as caring for and filling
the baloon along with practicing with the
software and the payload unit that was ‘ S
sent to us from StratoStar While the
procedures of the launch and actually
launching the balloon went well, tracking >
and recovering the balloon was a differen : : N evCs
story. Up to abouhalf way through the
balloons flight, the tracking software was
working well and was transmitting GPS
points back to our softwareHowever, T
shortly after the balloomeached Figure 2: HALONetwork Coverage
approximately 100,000ft we stopped

receiving GPS and data packages. After driving around for about four hours trying to asigngl on
the payload, our team was forced to abort the recovery mission.

A few weeks ago our team contacted Jason Krueger 8tratoStar to try and figure out the reason for

the GPS failure. His conclusion was that the payloads aerodynamic design caused it to twist and turn,
eventually becoming tangled in the cord, causing the antenna to break off. We were not the only team
to have trouble with tracking and data transmission so hopefully these problems will be corrected for
the nextteamthat decides to partake in the continuing HALO project.

For more information on the HALO Il launch you can go to the following website

http://www.nearspacenetwork.com/group/halo2project

Launch Planning

Balloon Choice

As stated above our team chose to use 1200 gram balloons for our launches. 1200 granslzattoon
relatively smd so they allowus to maximize our use of helium while still providing ample lift for any
payload the team may choose to send up. 1200 gram badlatso havaimilar maximum height and
ascent rate haracteristics when compared witarger balloons.

Location Choice

An optimal location for a launch is dependent upon 1) the ideal location of landing, 2) weather
conditions, and 3) risk factors in the areBhe ideal location of a landing would be in a rural location,
away from power lines and heavy tfiaf Further, it would be someplace that is not heavily wooded,
since this makes retrieval difficult. The location for which we aifoedur first launchwvas near
Monroe, Wisconsin. This is a rural, sparsely populated with less trees and hills ém Western
Wisconsin.


http://www.nearspacenetwork.com/group/halo2project

Prediction Software

To be able to accurately predict where a high altitude balloon will land is next to impossible unless you
are able to consider all of the variablestltome into play. Fortunatel§light prediction software

based online atwWww.nearspaceventures.coys able to consier all of these variables and put them to
use This software takes into account the weather predictions for the area in question and plots take
off, landing, and balloon burst points omzap.

In days leading up to the laundiight prediction software was used tagdict the course of the flight
usingweatherforecast details from the closest weather statiand details abouascent and descent
rate which we obtained from the balloon manufacturefhis tool was first used to predict the flight
path from BoscobeWI. The software predicted that the payload would land near Dubuque, lowa,
which wasunacceptable. Mt. Horeb, Witas finally decidedn as the most convenient site that would
result in a landing location around Monroe, WI.

For the second launch the same prediction software fraw\.nearspaceventures.corwas used to
again try and find aoptimal landing zone as discussed aboBelow is a figure showing the results of
the prediction for the second launch.
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Figure 3: Flight Prediction for Launch 2

Launch Day

Launch

On Saturday July f8the launch team and 4 members of the payload team headed to Mt. Horeb to
execute the first launch of the 2068010 seasonThe first task for making our first launch successful
was finding a safe place to launch the balloon. By ubkimgatellite viewon Google mapge were able
to find anearbyfootball field. Thdaunchsite worked well due to the fact that it had no trees or power
linesin the immediate area anthe site was elevated relative to the surroundings.

After finding the site we brought out all of our gear and laid extrythingwe would need on the grass.
A tarp was laid on the ground so the balfocould be filled without causing any damage to it. Rubber
gloves were worn by the launch team membersanthandling the balloon to avoid getting skin oil on
the balloon which can hamper the balloons expansion at high altitu@ies. balloon was then filled


http://www.nearspaceventures.com/
http://www.nearspaceventures.com/

which had been @roblem in the past due to a check vaiwethe connection fitting tothe helium tank.
After unsuccessfully looking for a new tank fitting without a check valve, the decision was made to
simply drill out the check valve to provide better air flowhis decision proved to be a successthe fill
time of the ball@n went from about 2 hourto 15Y A y dzii S & @ 2 KAtS (GKScheck GGAYy3
valve it is stilkafe since the flow of helium can be regulated by the tanks i

valve.

At approximately 11:00AM the balloon and the payloads underwent a fina
check along with turning the GPSteys on and checking to see hownas
performing. A few minutes later the balloon sveeleased and instantly we
1ySe az2YSUKAY3a gl ayQi NRIKGOD ¢ K
started descending. The members present rushed to grab the ballbdita = ‘
was brought back to the launch pad. An oversight had been made while |
reading the scale which measured the amount of lift the balloon was
providing. Since the wind was blowitige balloon sideways while thdt
was being measured, the wind added torthe amountof lift significantly.
After holding the balloon steady we were able to get lifteup to around

6lbs, about 3/2 the weight of our payload

at 2ot e

The balloon was released a second time, this time with much better result
The members present watch the balloon rise away and then proceeded to

. pick up all of the gear and
begin tracking the balloon.

Figure 4 Balloon and Payload
Tracking
Possibly the most fun part of beimgmember othe
balloon launch team is tracking the balloons.
Following the balloon on our laptops, our convoy of
three vehicles drove around back roads trying to stay
close to the balloon. We had set up two laptops in
separate carsbothtracking the balloon This reduced
the risk of losing the balloon due to computer
problems. We tracked the balloon from Mt. Horeb,
WI to just north of Monroe, WI. THatratoSat
tracking systenpreformed well and got us the
landing point.
Figure 5GPS GeneratelTrack of Balloon Flight




Local Search

While we were right under the balloon when it came dowa were unable to see it. This began a long
process of trying to find the balloon in a wooded area. We knew thledrawas close but we were
unable to obtain dinal landing poinfrom the trackingsystem. Due to the directional nature of the
antenna andransmitter as discussed aboyi is very have to obtain tracking information once the
balloon is on the ground. Once the search area was narrowed dsimg our GPS systeymge began

to look in a limited area for the balloon. After talking with the landowhervolunteeredto help ustry
and find the balloon. Followirepout four hours bsearching the woods with trucks, ahTV, and on
foot, we had to call it a day. We were not able to find the unit even though the system had worked
perfectly.

Ideas for Future Launches

The largest problem with the current system is the directionalrabf the antenna and transmitter.
Once the balloon is on the ground the only wiayfind it is to get a final landing poiaind then go to

that point and search the are€Sometimes the final point is obtained while the balloon is still in the air,
allowing the balloon to drift an unpredictable distance before landiAgsolution to this came in the

form of a radio tracking system that the laun&atn had purchased previouslffhe system was in need
of a new tracking collar and so one was purchasedthadystem was tested. With an ideal range of up
to seven miles the new secoad tracking system seemed ideal for short range tracking.

Another idea to try and locate the payload once the balloon was on the ground came in the form of a
loud beeper. Tlsibeeper made a sound similar to that of a truck back up alarm. This would allow us to
audibly locate the payload from well over 100 yard away.

Lastly, since we had determined the parachute had not opened in our first launch due to our high
decent rate déa, we wanted to find a way tmore consistently have the parachute open. We
determined that making the cord from the top of the parachute to the balloon slightly longer would give
the parachute more time to fill with air after the balloon had popped.

Second Launch

Armed with our new secondary tracking ssist andthe loudbeeper we were confidat we would

retrieve the payloadfter our second launchAfter running the prediction software each day the
previous week, Mt. Horeb was again determined asdaalilaunch site The prediction for this flight
(Figure 3 told us the balloon would travel north east, landing in south central Wiscordtar getting
everything unpacked some weather began to roll in, threatening our ability to launch. Witmdtitiur
before the storm hit we decided to launch the balloon. This time the balloon was carrying the payload
S YQa $ Eals&onlary3agio téacking device, the StratoStar command pod, and a very loud
beeper.

Atfter tracking the balloon for a little over an hour the balloon hovered oveiHbgconmarsh for 30
minutes at an approximate altitude of 25 kilometerg/hilethe balloon remained in the same position
horizontally, it slowly climbed in altitude wheri finally popped at around 30 kilometer§ he balbon
again began traveling nordfast during its descentStaying just ahead of the looming storm we tracked
the balloon across highway 41 where it landed just east of Lomira.



Figure 6: D GPS Gendrd Track of Balloon Flight

Using our secondary tracking device we were able to locate a general area in which we thought the
balloon had landed. Heading in on foot with the radio tracking device we continued in the direction of
the strongest signal uritive heard a noise. It was the beeper on the paylhith seemed to be just
beyond a patch of woods. When we arrived at the payload we were both excited to have found the
system and disappointd to see that it was stucB0 feet up in a tree. With no eans ofretrieving the
payload from the treave were forced to temporarily abandon our pagH.

Conclusion

The launch team haglentified some problems with the system of launchargl retrievingthe balloons

but has also@me up with solutions tanany ofthose poblems. The solution to finding the balloon

after it was on the ground came in two separate systems. The radio collar tracking system and the loud
beeper that was placed on the payload for easier short range recovdry.radio tracking systetad us

to the payload where we were then able to hear the alarm and locate the payload in aAls®.

adding a few feet to the tether between the balloon and the parachute solved the problem of the chute
not opening.

These additional systems have gigancreased the percentage of balloon recovery. While our first
launch recovery was unsuccessful even with the StratoSat system performing well, our team was able to
come up with secondary systems to aid in the recovery of the balloons. With multiplehles in the
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make it easier on teams in the future.



